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1 Introduction: “We’re Doing Something Completely New”

On April 29, 2022, the Human Computation Institute hosted a live event for the final

hour of their so-called Catchathon. For this special 24-hour event, the institute invited

participants, schoolchildren, libraries, and the general public to join a timed competition

taking place within the human computation (HC)–based citizen science (CS) game Stall

Catchers.Theparticipants’ task consisted of analyzing Alzheimer’s disease research data

presented as short video sequences in a gamified setting on the Stall Catchers platform.

In doing so, they checked the blood vessels depicted in the videos for blockages, annotat-

ing them as either “flowing,” or “stalled” if they detected a blockage or “stall” in the blood

flow.Within this competition format, teamsof participants competed against eachother

aiming to annotate the highest number of research videos by the end of the competition.

In this specific Catchathon, they also competed against the artificial intelligence (AI) bot

GAIA.

During the final-hour event hosted on Zoom, joined by several classes of students

fromMiami alongwith other participants from around theworld, PietroMichelucci, the

director of the institute and Stall Catchers project lead, summarized this Catchathon

competition: “GAIA is fast, but not quite as skillful as” (Human Computation Institute

2021, 32:28–32:31) Stall Catchers’ best human participants. While the institute had pre-

viously organized several such Catchathons, this competition was unique: “We’re doing

something completely new” (Human Computation Institute 2021, 17:36–17:40). In addi-

tion to the human crowd participating in the competition, the “intelligent bot,” as it was

called on the institute’s blog (Egle [Seplute] 2021c), or the “artificial intelligence agent”

(Human Computation Institute 2021, 18:15–18:17) GAIA analyzed research videos along-

side human participants. Not knowing how human participants would respond to and

engagewith the bot and how these new participant–bot relationswould unfold, the Stall

Catchers teamhadworked hard on building a “bot-wrapper” to introducewhat appeared

to be the very first “world’s citizen science bot” (Human Computation Institute 2021,

18:10–18:12).1 Named after the primordial goddess in Greek mythology, the personifica-

1 This included the development of an application programming interface (API) to allow the ma-

chine learning (ML) model to communicate with the Stall Catchers platform and bot–user profiles



14 Libuše Hannah Vepřek: At the Edge of AI

tion of Earth, GAIA was trained on human participants’ annotation data and built using

techniques from deep learning (DL) employed to play Stall Catchers.

Michelucci assessed GAIA’s performance as good, although not exceeding some hu-

man participants’ skill levels.This assessment seemingly also reflected some relief after

one participant referred to GAIA as a “pesky bot” (Egle [Seplute] 2021c) capable of an-

notating research videos all night, while most of the human participants slept. The in-

stitute’s blog post summarizing the final statistics of the Catchathon eventually stated

that, even though it was a “close race,” “it’s 1 for supercatchers, 0 for GAIA [robot emoji],

eh? [emoji with awinking face and tongue sticking out] Just kidding—we’re all in this to-

gether, GAIA [robot emoji] included, and hopefully she will help us analyze data faster in

the future!” (Egle [Seplute] 2021c).The experiment, therefore, succeeded, demonstrating

that a bot such as GAIA could be successfully introduced to the platform without com-

pletely outpacing andbeatinghumanparticipants. Instead, this introduction stimulated

competition.

Stall Catchers, aimed at advancing the Alzheimer’s disease research conducted at the

Schaffer–Nishimura Lab in biomedical engineering at Cornell University, was created

to solve a specific data analysis problem that could not be solved by the laboratory’s

researchers nor via computational methods alone. The introduction of GAIA into Stall

Catchers kicked off the Human Computation Institute’s ongoing research into how hu-

man participants and AI bots could be combined to not only speed up analysis, but also

ensure the scientifically required quality of crowdsourced answers (or, simply, crowd

answers). Even without AI bots, Stall Catchers relies on a complex “wisdom-of-the-

crowd” approach (Surowiecki 2005) to calculate crowd answers from individual partici-

pant’s video annotations. This approach itself relies on nontrivial human–technology,2

human–software or human–algorithm relations, which together form the core of the

HC system Stall Catchers.

The Human Computation Institute followed an HC approach, combining humans

and computers in new ways to solve the data analysis problem.While participant–soft-

ware relations had thus far relied on humans performing the actual data analysis with

algorithms consigned to evaluating and combining human inputs, the introduction of

AI bots to the regular Stall Catchers game would alter these relations. Creating partner-

ships between humans and AI bots (Vaicaityte 2021a), for instance, would redistribute

human and software roles and shift the respective responsibilities in this sociotechnical

system.These human–technology relations, however, do not simply rely upon and come

into being based solely on the designers’ and developers’ imaginations, decisions, and

implementations. Instead, they depend just as much upon participants’ active engage-

ment and adoptions, alongside technological affordances (Gibson 1977; 1979; Bareither

2020a) and action potentials, which only become actualized through usage and practice

(Beck 1997). Together, these human and nonhuman actors form dynamic and contingent

allowing ML models to become part of the game. This also included adapting the platform and

improving its resilience to anticipate increased traffic during the event.

2 Human–technology relations here do not suggest any order between humans and technology but

represent different relations, such as human–human, technology–human or human–technolo-

gy–human relations.
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relations which together create the HC-based CS system. This first encounter between

humanparticipants andAIbots serves as a salient and illustrativemoment inStallCatch-

ers’ evolution,given that it introducesnew forwardmovementswithin its participant–AI

relations. I call thesemovements involving the redistribution of agency, shifts in the role

assignments of subjects andobjects, and reconfigurations of tasks andpractices between

human and nonhuman actors intraversions.

Fundamentally, this book concerns HC-based CS projects such as Stall Catchers as

sociotechnical assemblages and the human–technology relations unfoldingwithin them

and simultaneously forming them.The assemblage concept was originally proposed by

philosopher Gilles Deleuze and psychoanalyst Félix Guattari (2013), and subsequently

further defined and developed by different scholars with various foci and without al-

ways strictly following Deleuze and Guattari’s thinking (e.g., Law 2004; DeLanda 2006;

2016; Ong and Collier 2005; Brenner, Madden, and Wachsmuth 2011; Buchanan 2015).

While I discuss the concept in detail in Chapter 2, assemblages can be broadly defined as

temporally consistent and volatile compositions of heterogeneous elements, such as hu-

man and nonhuman actors, and their relations, temporarily coming together and form-

ing certain configurations from which assemblages emerge that go beyond the sum of

the individual elements (Welz 2021a, 161). I analyze how HC systems in the field of CS

are formed in the interplay of different human—such as developers, scientists, and par-

ticipants—and nonhuman (or more-than-human)3 actors to determine how they are 1)

imagined and developed as new forms of hybrid intelligence (HI) and 2), at the same time,

negotiated in everyday life and ethical practice in the entanglements of play and science.

3) I investigate the role of trust in the continuous formation processes. Building upon

this, I focus on how human–technology relations unfold within this complex interplay

and thesenegotiations,aswell ashowthey continuously transformthrough future think-

ing, everyday adaptations, and failures.Thus, I followananalytical approach that focuses

on the becoming (Hultin 2019) of human–technology relations andHC-basedCS assem-

3 With the aims of moving past the divide between nature and culture, decentering the human,

and “get[ting] non-humans to speak as more than spokespersons for human interests” (Latimer

andMiele 2013, 7), ecological, anthropological, science and technology studies (STS), feminist, and

other programs turned to naturecultures andmore-than-human approaches (cf., e.g., Gesing et al.

2019;Welz 2021b). The philosopher, anthropologist, and sociologist Bruno Latour has aptly shown

in his bookWe Have Never Been Modern, aiming to reconnect nature and culture, that the divide is

a modern invention that cannot hold (1993). I discuss actor–network theory’s (ANT) role in these

discussions and its symmetric ontology in Chapter 2. Taking it a step further, the biologist, phi-

losopher of science, and feminist theorist Donna Haraway, in The Companion Species Manifesto, de-

scribes the aim of the manifesto’s agenda as follows: “Cyborgs and companion species each bring

together the human and non-human, the organic and technological, carbon and silicon, freedom

and structure, history and myth, the rich and the poor, the state and the subject, diversity and

depletion, modernity and postmodernity, and nature and culture in unexpected ways” (2003, 4).

Today, these pathbreaking conceptual shifts have gainedmuch support across research programs,

as stated above. In this work, I discuss humans and nonhumans, or human and nonhuman actors,

and further specify, whenever possible, who and what are acting and engaging with each other in

which relation.
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blages that, with the concept of intraversions (see below), considers both instantaneous

situations and historical becoming.4

As the example of the Catchathon has already shown, different human actors—in-

cluding the institute’s designers and developers, the volunteer participants, and the

biomedical researchers—come together and contribute to form the assemblage. They

do so not only by engaging in relations with other humans, but also (indirectly or di-

rectly, depending on their role) with nonhuman actors. I consider nonhuman actors

as including materialities, such as infrastructure and microscopes, along with other

entities such as data, algorithms, user interfaces (UIs), AI bots, and mice. I refer to

nonhuman actors stressing that they are neither neutral nor passive objects only acted

upon. Nevertheless, and following physicist and feminist theorist Karen Barad’s un-

derstanding (1996, 181), I consider human and nonhuman agency asymmetrical. The

different but interwoven human–technology relations resulting from the engagement

of human and nonhuman actors continuously lead to the becoming of Stall Catchers,

which, in turn, (re)configures the relations embedded within it. This becoming of the

assemblage is simultaneously situated in a space which is both productive and features

tensions because of the different affordances, expectations, and goals associated with

play and science in CS games. Additionally, various processes impact the assemblages,

bringing them closer together or tearing them apart. One example of such processes

affecting HC-based CS assemblages, which I observed during my research, is trust. As

my analysis shows, trust and trust-building mechanisms emerge and must be adapted

alongside the intraverting relations in HC-based CS.

Thus, I employ the concept of intraversions to describe how human–technology rela-

tions inHC-basedCSprojectsunfold ineveryday life anddevelopcontinuouslyover time.

As a concept, intraversions refer to the processual forwardmovements and shifts within

relations between humans and technology.These movements and shifts result from the

introduction of new computational capabilities and through the potential arising from

existing relations directly forming based on human actors’ practices or algorithmic and

material affordances. Various forms of reconfigurations occur along the processual for-

wardmovements within human–technology relations.These include 1) shifts in the role

assignments of subjects andobjects—or,more precisely, in the distributed agency across

the different actors—, which can never be fully attributed to one side or another; or 2)

redistributions of tasks or practices. Intraversions take place along two dimensions: via

instantaneous interactions—or intraactions (Barad 1996)—and via gradual temporal de-

velopments, thereby justifyingwhy theymust always be analyzed in and across time.Fol-

lowing this understanding, power dynamics are also not fixed in time, but change with

these reconfigurations.

4 Emergence-theoretic approaches, like ANT, which emphasize specific moments, have faced cri-

ticism for overlooking the historical and societal embeddedness of phenomena (Hinrichs, Röthl,

and Seifert 2021, 93; Wietschorke 2021, 57). While other scholars have stressed that ANT does, in

fact, include processualism as one of its theoretical dimensions (Belliger and Krieger 2006, 24),

using the concept intraversions, I aim to provide an analytical and heuristic tool that overcomes

the risk of neglecting these formative factors.
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Intraversion, in contrast to inversion, does not merely mean that the exact opposite

of what previously existed emerges (thismay be possible, but is not a necessary or defin-

ing characteristic). Instead, intraversionsdescribe cyclicalmodifications that build upon

previous instances of relations and are, thus, always connected to the past while gener-

ating something new. If assigned subject/object positions, for instance, at some point

flip back to a previous constellation, they are, nevertheless, not the same as they were

previously. A simplified general example is as follows: An AImodel was first used to ana-

lyze specific data and the human participants’ taskwas to review the result, followed by a

new taskdistributionwhere thehuman’s taskwas to analyze thedatawhile the resultwas

reviewed by a computationalmodel (because the previous AImodel did not perform suf-

ficiently well on the analysis), in order to ultimately retrain the AImodel to take over the

analysis once again; the relation emerging from this constellation differs from its first

iteration. This is because the AI model and human participant are no longer the same

in this new relation (e.g., the AI model learns from the human participants and the par-

ticipants change their practices in working with an improved AI model). In this example,

tasks and subjectivities are not merely swapped, but transformed or generated anew. 

The concept of intraversions is conceptualized by building upon and drawing from

a combination of existing theoretical approaches, which I outline in detail in Chapter

2, to derive an analytical and heuristic tool that contributes a specific focus on chang-

ing human–technology relations in HC systems. I employ Barad’s understanding of in-

traactionswhich, instead of referring to interactions betweenfixed and independent en-

tities, moves beyond such dichotomies (1996, 179). According to this understanding, hu-

mans and technologies can never be considered independent of each other, but instead

are co-constituted in relations. Accordingly, responsibilities and power are understood

in the Foucauldian sense as things that do not belong to one party or actor, but are dis-

tributed andmove across these relations (Foucault 1998).

The notion of intraversions emerged during the analysis of my empirical material

of HC-based CS when I attempted to understand how human–technology relations in

the projects I studied evolve and unfold in everyday life.The fact that they continuously

change became clear quite early:HC-basedCSprojects are created to solve a specific (sci-

entific) problem that cannot be solved with current AI capabilities only, relying instead

onnew interplays betweenhumans and computational or AI entities to do so.Thus, these

projects necessarily must evolve alongside AI developments to remain at the edge of AI

and scientific problem solving.They, and specifically their human–technology relations,

must stay (and are intentionally pushed) open for future tweaking and changes.The rela-

tions’ intraversions are, therefore, imagined bydifferent actors,particularly by designers

and developers. However, intraversions are also material, situational, and contingent,

and guided by the encounter of different actors and a continual attempt to structure

these human–technology relations differently. From this emerges resistance, counterac-

tions, and failings, alongwith variously ascribedmeanings;5 intraverting relations, then,

are multiples (Mol 2002b).

5 I am interested in the everydaymeanings actors ascribe to the HC-based CS systems studied when

referring to “meaning” (Beck 1997, 14).
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In thiswork, I analyze intraversions of human–technology relations inHC-basedCS

projects designed as gamesor so-called “gameswith apurpose” (GWAPs) (VonAhn2005).

The intraversions observed are, thus, specific to the context of HC and the play/science

“interferences” (Dippel and Fizek 2017a; 2019) in which they emerge. Returning to the AI

bot example, the possibility of including AI bots in the Stall Catchers game only emerged

from previous participant–software relations, which, at some point, enabled the train-

ing of AI models on data generated by participants. Subsequently, when wrapped in a

bot participant on Stall Catchers (identifiable for participants by its username and bot

icon on the leaderboard), AImodels became new subjects in the game. Instead of human

participants’ performances being merely evaluated by computational tools in the back-

ground, software is now perceived as another fellow participant or, as I show in Chapter

6, as a competitor.

In addition to examining the intricate entanglements of play and science, analyzing

human–technology relations in HC-based CS assemblages necessitates a comprehen-

sive understanding of the broader field of HC and its overarching goals and visions. I,

therefore, now turn to a brief overview of the emergence and historical development of

HC.Thisoverview is intended toprovide a foundational understandingof thefieldbefore

I shift to its current state of the art and how it relates to other areas of AI research.

According to computer scientists Alexander Quinn and Benjamin Bederson (2011),

HC can be situated in the history of AI research beginning from the 1950s. They refer

to mathematician, logician, computer scientist, and cryptanalyst Alan Turing’s article

“Computing Machinery and Intelligence” (1950) and computer scientist and psycholo-

gist JosephCarlRobnett Licklider’s “Man–ComputerSymbiosis” (1960) as examplesof the

interconnectedness between HC and machine computation (Quinn and Bederson 2011,

1403).However,scholars onlybegan thoroughly investigating the idea in theearly twenty-

first century (Quinn and Bederson 2011, 1403).One of the first HC systemswas the “com-

pletely automated public Turing test to tell computers and humans apart” (CAPTCHA),

developed in 2000 by computer scientist Luis VonAhn and colleagues at CarnegieMellon

University in Pittsburgh (VonAhn2005).CAPTCHAwas created as a securitymechanism

on the Internet to block programs and bots from accessing platforms and Internet ser-

vices by asking users to recognize and correctly type a distorted word. This task proved

simple for humans, while it was unsolvable for computer programs. Note that humans,

here, are understood as seeing and without visual impairment.

CAPTCHAs were also considered free cognitive workers (Aytes 2012, 79). In 2010,

about 200 million such CAPTCHAs were completed daily worldwide, which, at ten sec-

onds per CAPTCHA, equated to about 500,000 hours of human work per day (Von Ahn

2010). Von Ahn explained in a presentation at the US National Science Foundation that

this figure prompted him to think about how CAPTCHA could be used for something

“good;” after all, it is not only valuable human time,but also a valuable activity computers

could not simply take over (Von Ahn 2010). As a result, scientific research at Carnegie

Mellon University gave rise to the reCAPTCHA project, subsequently purchased by

Google (Google, n.d.), which now used these access restrictions to digitize books and

train AI using data. By presenting people with images or words, one part of which is

machine “known” or readable with the other part remaining unknown, reCAPTCHA

checks whether it is a human completing the reCAPTCHA.At the same time, it “learns” a
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new word.The same task is presented to several people and their answers are combined

to ensure that the word or image is correctly annotated or recognized. The paradox of

reCAPTCHA is that a computer program initially creates a task for humans that it cannot

solve itself, but simultaneously checks whether humans solve the task correctly.

However, these relations between humans and software are not fixed, because even

reCAPTCHAs are constantly changingwith the emergence of newmachine solutions and

user tactics aimed at automatically bypassing such tests.6 I refer to such changes as in-

traversions.While Internet users contributed to reCAPTCHA because they had no choice,

Von Ahn soon developed the first computer games building upon theHC approach in his

doctoral thesis in 2005, introducing GWAPs (2005). In his dissertation, Von Ahn likely

first defined7 the term human computation8 in its current understanding in HC research

as “a paradigm for utilizing human processing power to solve problems that comput-

ers cannot yet solve” (2005, 3). In a later book Von Ahn published together with Edith

Law, they further specify HC as “a new and evolving research area that centers around

harnessing human intelligence to solve computational problems […] that are beyond the

scope of existingArtificial Intelligence (AI) algorithms” (LawandVonAhn2011, xv).Com-

pared to Von Ahn’s first definition, they now specifically situate HC within AI research,

using a definition that can be understood as minimal, and upon which most HC propo-

nents appear to agree. At the core of HC research lies the combination of humans—or to

bemoreprecise,human intelligence (see above) or cognition (Michelucci et al. 2015, 2)—and

computational systems.

Aiming todefineanddistinguishHCfromother concepts that buildupona“wisdom-

of-the-crowd” approach like Wikipedia, Law and Von Ahn revisit computer science un-

derstandings of computation and algorithm (Law 2011; Law and Von Ahn 2011). Building

on the perception of computation as “the process of mapping of some input represen-

tation to some output representation using a explicit, finite set of instructions (i.e., an

6 See, for example, the list of practices to bypass CAPTCHAs in the digital publication “HackTricks”

by Carlos Polop (n.d.). On awebsite regarding CAPTCHA by CarnegieMellon University, CAPTCHAs

are described as a win–win situation since, even if they were broken bymalicious users, this would

have the advantage of solving an AI problem: “CAPTCHA tests are based on open problems in ar-

tificial intelligence (AI): decoding images of distorted text, for instance, is well beyond the capa-

bilities of modern computers. Therefore, CAPTCHAs also offer well-defined challenges for the AI

community, and induce security researchers, as well as otherwisemalicious programmers, to work

on advancing thefield of AI. CAPTCHAs are, thus, awin–win situation: either a CAPTCHA is not bro-

ken and there is a way to differentiate humans from computers, or the CAPTCHA is broken and an

AI problem is solved” (Carnegie Mellon University, n.d.). From the perspective of HC, subversive

or malicious practices were, thus, considered an AI advancement rather than a problem. However,

this understandingmight not be shared by service providers on the Internet who rely on CAPTCHA

as a security measure.

7 Computer scientist Edith Law refers to 2006 as the year in which HC was first coined (2011).

8 The term “human computation” forms an interesting return to the term “computer” as used be-

ginning in the 1600s, where “computers” referred to humans performing calculations (Grier 2013).

In the twentieth century, “human computers” were mostly women, who “were the computational

processors behind everything” (Gray and Suri 2019, 52), including, for example, supporting the US

in World War II and in space exploration (Light 1999; Holt 2016).
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algorithm)” (Law 2011, 2, emphasis i.o.), Law and Von Ahn specify HC as “intelligent sys-

tems that explicitly organize[ ] human efforts to carry out the process of computation –

whether it be performing the basic operations, or taking charge of the control process

itself (e.g., specifying what operations need to be performed and in what order)” (Law

2011, 2). In addition, they build upon “explicit control” as an important element of HC

systems. Explicit control here refers to the notion that the computation is a direct result

of a predetermined algorithm, controlled by either humans or computers (Law 2011, 3).

Applying this definition, Law and Von Ahn frame HC based on the ideas of, on the one

hand, people being “engaged to performmeaningful tasks through some other activities

that they are already deeply interested in (e.g., playing games, signing up for email ac-

counts)” (Law 2011, 1), such as inGWAPs or in reCAPTCHA.However, I would argue, peo-

ple are probably engaged in the latter example because they cannot avoid it.On the other

hand, computations are always controlled to accurately and efficiently solve a problem

addressed (Law 2011, 1).While an understanding ofHC systems as “purposeful” is shared

as a key concept to HC by various advocates, including Michelucci (e.g., 2013d, 84), the

purpose does not necessarily refer to an individual’s enjoyment, but can instead refer to

results “that derive from collective behavior or interactions, such as the advancement of

science that results from citizen science projects” (Michelucci 2013d, 84).

There have also been numerous attempts to differentiate HC from other terms like

crowdsourcing, human-based computation, organismic or social computing, and col-

lective intelligence (for different taxonomies, see, for example,Quinn andBederson 2011;

Michelucci 2013d; Newman 2014). At times, these terms are used synonymously,while at

other times controversy arises, illustrating the fuzzy concept of HC and the numerous

attempts to delineate the boundaries of this emerging field.

While thefirst years ofHCwere characterizedby individual researchers, thefirstHu-

man ComputationWorkshop (HCOMP 2009) took place in Paris, France, in 2009, bring-

ing together “a wide variety of perspectives” (Ipeirotis, Chandrasekar, and Bennett 2009)

from different disciplines (Quinn and Bederson 2011, 1403). Less than ten years after the

first mention of HC in Von Ahn’s doctoral thesis, researchers from the fields of AI, art,

genetic algorithms, cryptography, and human–computer interaction—each field itself

describing interdisciplinary fields—contributed to HC research (Quinn and Bederson

2011, 1403). The Association for the Advancement of Artificial Intelligence (AAAI) Con-

ference on Human Computation and Crowdsourcing (HCOMP) was first organized in

2013 in Palm Springs, California, as a new space to bring together these different dis-

ciplines and researchers in a recurring format, which has since taken place annually.9

The first conference covered topics and research ranging from human–computer inter-

action to cognitive psychology, economics, and various fields of AI. While the overlap

with AI research is rather broad, according to the co-chairs, HCOMP extends beyond

AI research. “[H]uman computation promises to play an important role in research on

principles of artificial intelligence as well as in the engineering of systems that can take

9 However, critical scholars, science and technology studies researchers, and cultural anthropolo-

gists, for example, seem to be missing or, at least, do not yet appear represented within this inter-

disciplinary conference.
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advantage of the (changing) complementarities of human andmachine intellect” (Hart-

man and Horvitz 2013, xi). Pointing to the interdisciplinary nature of the new research

area of HC, the co-chairs aimed to highlight the context, field, and attention HC gained

over the years. Despite the domination of hard science perspectives, varied disciplinary

perspectives and approaches to knowledge production come together in the discourse

on HC. Conceivably, the diversity reflected in the various definitions of HC is, to some

extent, explained by these varied traditions and epistemologies.

Following the publication of Von Ahn and Law’s bookHumanComputation in 2011, the

field witnessed another significant contribution with the publication ofHandbook of Hu-

man Computation. Edited by Michelucci and published in 2013, this handbook presented

a more extensive and broader approach to the field of HC (Michelucci 2013a). One spe-

cific aim of the handbook was to further broaden the interdisciplinarity of HC.This, for

example,manifests itself in the preface written by cultural anthropologist Mary Cather-

ine Bateson. The handbook includes chapters from both scientists and practitioners as

well as visionaries in the field, offering the most comprehensive collection of different

perspectives on HC to date. Only one year later, Michelucci established the transdisci-

plinary Human Computation Journal, the first journal dedicated specifically to HC, which

further contributes to the HC discourse by continuing to publish research in the field,

thereby accompanying and steering the developments in HC research (Michelucci and

Gadiraju, n.d.).

Beyond organizing conferences dedicated to HC and the publications mentioned,

the field appears to have gained further attention in recent years with the term “hybrid

intelligence.” In the HI literature, combining the skills of humans and machines or AI

aims not only “to collectively achieve superior results” (Dellermann, Calma, et al. 2019,

276), but to also ensure that both “continuously improve by learning from each other”

(Dellermann, Calma, et al. 2019, 274). Not only have research institutes named after HI

been founded over the years (e.g., Elmann 2022; The Hybrid Intelligence Centre, n.d.)

and the first HI conferences organized (Humane AI Net; The Hybrid Intelligence Cen-

tre, n.d.), but startups and companies such as McKinsey also seem to claim the term for

their approach to AI, understanding HI as the “future of artificial intelligence at McK-

insey” (McKinsey 2022). While definitions for HC and HI may vary and their research

agendas sometimes focus on different aspects, considerable overlap remains in the un-

derstanding of HC and HI. In addition, researchers in these fields often employ sim-

ilar approaches. Consequently, given these commonalities, I often discuss HC and HI

together within my research (and “HC” can mostly be read as “HC and HI”); however, in

general, they should not be considered as completely synonymous.10

If we now look at existing HC systems, in a broad sense they appear in various fields

of everyday life, such as within access control systems for web services in the case of re-

Captcha or in crowdworking platforms such as Amazon Mechanical Turk (Amazon Me-

chanical Turk, Inc., n.d.) and Clickworker (Clickworker GmbH, n.d.), where humans are

monetarily compensated for completing so-called microtasks (Gray and Suri 2019). Mi-

crotasks can be understood as a “contemporary instantiation of piecework” (Alkhatib,

10 A more detailed definition of HI and how its development as a research field relates to HC is pro-

vided in Chapter 4.
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Bernstein, and Levi 2017, 4609).HC systems can also be found in digital CS projects, such

as Stall Catchers in which participants voluntarily contribute and where the form of in-

volvement primarily relies on initialization from researchers, HC designers, and devel-

opers.

In general, the development of HC systems closely aligns with that of AI. In more

recent years, AI has witnessed significant achievements, providing numerous examples

of machines outperforming humans given their incomparable speed, accuracy, and

tremendous memory. A recent example from natural language processing (NLP) lies

in OpenAI’s ChatGPT (OpenAI, n.d.) (along with the subsequent surge of models it

inspired, including Anthropic’s Claude [Anthropic PBC, n.d.] and Meta’s LLaMa [Meta

2023.; cf. Touvron et al. 2023]). ChatGPT is a conversational model that builds upon DL

and reinforcement learning from human feedback to generate outputs often indistin-

guishable from human responses, usually capable of performing complex, advanced

tasks such as writing code, creating poetry or solving reasoning problems. Other do-

mains includeOpenAI’sDALL-E (OpenAI,n.d.; cf.Ramesh et al. 2021; 2022) andCompVis

Ludwig Maximilian University (LMU)’s Stable Diffusion developed together with Sta-

bility.AI (Rombach et al. 2022). Both of these represent DL models that generate digital

images from natural language prompts. In addition, DeepMind’s AlphaFold (EMBL-

EBI, n.d.; cf. Jumper et al. 2021), is a high-performance AI system that can predict three-

dimensional (3D) protein structures from amino acid sequences.

Despite these advancements, however, AI-based computer algorithms and models

often still face fundamental limitations in tasks such as mathematical reasoning and

some comparatively basic problems easily solved by humans like planning and creative

thinking (Bry, Schefels, and Wieser 2018; Bubeck et al. 2023). Furthermore, the limita-

tions of current AI systems repeatedly become apparent when the promises of new ap-

proaches remain unfulfilled or AI systems demonstrate their ability to cause real soci-

etal harm, such as in the field of law enforcementwith the example of predictive policing

(e.g., Brayne 2017; Ferguson 2017; McDaniel and Pease 2021). In addition, even where AI

systems appear to solve complex problems with a high accuracy (and, in fact, may do

so), the problem remains that most AI systems, especially the most successful ones often

based on DL, are effectively black boxes whose outputs cannot be easily explained and

whose accuracy is difficult to verify. Today’s large language models (LLMs) are specifi-

cally known to perform well, producing confident responses, while unreliably discerning

true facts from plausible fiction in doing so. Research directions in the field of AI gen-

erally aim to develop a strictly computational AI, often in pursuit of strong AI and artifi-

cial general intelligence (AGI). Such developments, at some point, are expected to achieve

human-like intelligence, or at least weak AI, which aims to develop systems with superhu-

man performance targeting specific, albeit limited tasks. By contrast, HC pursues the

goal of combining the respective strengths of humans andmachines to realize unprece-

dented capabilities (Michelucci and Simperl 2014, 1). Human Computation is guided by

the idea that combining humans and machines can solve complex problems for which

no solutions currently exist with either merely computational or merely manual human

approaches.

In the Stall Catchers example, the problem to solve was the data analysis problem

that biomedical researchers at the Schaffer–Nishimura Lab faced in their Alzheimer’s
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disease research. Building on a biomedical understanding of Alzheimer’s disease based

on the understanding of neuropathological changes in the brain as causing disease—an

approach medical anthropologist Margaret Lock refers to as “localization theory”

(2013)—researchers study the reasons for the decreased blood flow in Alzheimer’s

disease using genetically engineered mice.11 In their previous work, they found that

blockages or stalls in capillaries, the smallest blood vessels, occurred in mice with

Alzheimer’s disease ten times more often than in mice without the disease, generally

leading to a 30 percent reduction in the brain’s blood flow (Egle [Seplute] 2018; cf.Bracko

et al. 2019; Ali et al. 2021). This decreased blood flow, also associated with Alzheimer’s

disease in humans, could also lead to an accumulation of amyloid beta, which is likely

partly responsible for characteristic Alzheimer’s symptoms. To understand the reduced

blood flow better and how it can be ameliorated, researchers take in vivo images from

the brains of mice using highly advanced fluorescence microscopy techniques.12 The

images acquired must be thoroughly analyzed individually, which, given the amount of

data generated, is a tedious and time-consuming task. Eventually, this process led to a

backlog of data to be analyzed, substantially slowing down the research process.

The laboratory’s attempt to automate the image analysis using ML algorithms was

unsuccessful because no model at that time achieved the data quality and accuracy re-

quired.This problem provided the perfect opportunity to build an HC-based CS project

for cognitive scientist,mathematical psychologist, and founder of theHumanComputa-

tion InstituteMichelucci, viawhich to explore anddevelop “novelmethods leveraging the

11 I do not specifically focus on mice or build upon the interdisciplinary field of human–animal stu-

dies (DeMello 2021) in my research, even though such studies play a fundamental role in Alzhei-

mer’s disease research conducted at the biomedical laboratory and, thus, in the Stall Catchers pro-

ject. In fact, Stall Catchers would not exist without mice. However, such a focus lies beyond the

scope of this study due tomy research interest, which focuses on HC, and specifically on HC-based

CS games and their human–technology relations, which do not necessarily include animal re-

search. Furthermore, to ensure the feasibility of my research, I needed to draw boundaries around

the Stall Catchers assemblage studied. In this research, mice are, therefore, mostly present in the

form of digital research data. Mouse models, nevertheless, played an important role during my

fieldwork at the laboratory, since most research practices related to Stall Catchers involved mice,

including caring for mice, performing surgeries on them, doing experiments with them, and, in

the end, also euthanizing mice. Conducting participant observation on these practices was chal-

lenging for me and it became a topic of conversation with various members of the laboratory and

theHumanComputation Institute. Researchwith animals is controversially discussed in the public

and scientific discourses, andmy research partners were aware of that. They cared for the animals,

at times beyond the requirements in various guidelines and ethical regulations.

12 Fluorescence microscopy is a technique in which expressed fluorescent proteins or administered

small molecule fluorophores are excited with a specific wavelength; during recovery into their en-

ergy ground state, they emit a photon of a defined higher wavelength. Two-photon imaging was

most commonly used for in vivomouse studies (Denk, Strickler, and Webb 1990; Palikaras and Ta-

vernarakis 2015). In two-photon imaging, two photons of lower energy—for example, near-infra-

red light—are used to achieve the excitation of fluorophores. The use of low-energy near-infrared

light and a good tissue penetration allows for the imaging of a thick specimen and even living

tissue. Researchers at the Schaffer–Nishimura Lab primarily used two-photon microscopy for Alz-

heimer’s disease research, although the laboratory also had amicroscope for three-photonmicro-

scopy.
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complementary strengths of networked humans and machines” (Human Computation

Institute,n.d.).Coincidentally,Michelucciwas searching for a problem to solve usingHC

at that time.Researchers hoped that this newproject could solve their data analysis prob-

lem by combining a crowd of volunteer participants performing analytical tasks along-

side computer algorithms that tracked and evaluated each individual participant’s con-

tribution and calculated and finalized crowd answers by combining them. Stall Catchers

is, thus, an example of how HC systems rely on humans and algorithms to jointly tackle

problems neither can easily solve on their own.They do so by delegating specific compu-

tational steps or tasks to humans “in the loop.”These computational tasks can range from

classification tasks, as is the case in Stall Catchers, to taking over complex design tasks

(e.g., Center for Game Science [University ofWashington] et al., n.d.a). Human compu-

tation systems, therefore, can assume various configurations regarding howhumans are

invited to contribute.

Starting from current scientific and AI problems, HC remains at the edge of AI and,

as such,must continuously adapt to new developments in AI, while simultaneously also

influencing these developments (albeit indirectly). Human Computation, like HI, not

only begins with current AI problems, but also actively distances itself from other AI

research approaches: “Research in the field of Artificial Intelligence seeks to model and

emulate human intelligence using amachine.Research in human computation leverages

actual human intelligence to perform computationally-difficult tasks” (Crouser,Hescott,

and Chang 2014, 48). Representatives of HC even view it as a better alternative for the de-

velopment of a “superior intelligence” (Michelucci 2016, 5). Due to this ethical framing

of HC in the field of HC-based CS, I consider the development of HC systems “ethical

projects” (Ege andMoser 2021a), since they are “future-oriented undertakings” (Ege and

Moser 2021a, 7) that strive for “better” human–AI systems. The concepts of “sociotech-

nical imaginaries” (Jasanoff and Kim 2015), and philosopher of ethics and technology

Steven Dorrestijn’s “subjectivation and technical mediation” (2012a), which he develops

following philosopherMichel Foucault, provide further helpful theoretical approaches to

analyze howHC-based CS systems are imagined and howhuman actors relate to, shape,

and are shaped by them.

As “laboratories” for exploring new human–technology relations of the future,

HC-based CS forms a particularly fruitful research field for cultural anthropological

analysis. In particular, designers and developers of these sociotechnical systems do not

pursue the goal of developing a system that at some point is complete, but instead focus

on tackling specific scientific problems andmove on to new challenges once a solution is

found. In this sense, human–technology relations, as well as the sociotechnical systems

themselves and their purposes remain open and continuously changing. Projects range

from astronomy and biochemistry to flood prediction and art history.13 In general, CS

is commonly understood as “the active engagement of the general public in scientific

research tasks” (Vohland et al. 2021, 1).The term itself has become an umbrella (Wiggins

and Wilbanks 2019, 5) for various kinds of public involvement in scientific projects,

13 See, for example, Stardust@home (Westphal et al. 2005; Stardust@home, n.d.), Foldit (Center for

GameScience [University ofWashington] et al., n.d.a), UpRiver (Suarez 2015), andARTigo (Ludwig-

Maximilians-Universität n.d.).
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allowing “citizen” scientists without professional training to collaborate with academic

researchers in various ways and at all stages of the scientific process, primarily con-

tributing to data collection and data analysis.14 In my research, I focus on CS initiated

by professional scientists themselves, and more specifically on online and digital CS,

to which participants can contribute using their own computers or mobile devices.

Most projects in the field of HC-based CS are designed as GWAPs, in which “players

perform a useful computation as a side effect of enjoyable game play” (Von Ahn and

Dabbish 2008, 61). This “useful computation” often both directly serves to advance the

scientific research behind the game and the development of AI models to solve the

underlying problems,while simultaneously allowing participants to contribute to scien-

tific research and enjoy the games. Following the term “playbour,” first coined by game

researcher Julian Kücklich (2005), such platforms serve not only as laboratories for new

human–technology relations, but also as playgrounds, in which humans and algorithms

fuse into “playbouring cyborgs” (Dippel and Fizek 2017b).

Following sociologist Pierre Bourdieu’s understanding of social space and different

“social fields” (1985), play, science, and work can be understood as social fields each

following their own specific logics. In the example of HC-based CS games, the “inter-

ferences” (Dippel and Fizek 2017a; 2019) of the different fields form a productive space

in which HC systems unfold. This space, however, is not without friction as different

field logics merge and, at times, conflict with one another. Transferring the term from

physics, historian and cultural anthropologist Anne Dippel andmedia and game scholar

Sonia Fizek use “interferences” to describe “the overlay” of work and play in the digital

sphere and specifically in “[c]itizen science games as new modes of work/play in the

digital age” (2019, 263). While Dippel and Fizek talk about “work/play” interferences

in CS games, I focus on “science/play” interferences, which, of course, are a form of

“work/play” interferences, because science is often understood as the counterpart (and

sometimes even opposite) to play in my examples.

The science/play entanglements allow volunteer participants to engage in scientific

projects in an enjoyable way, while (partly unresolvable) tensions and frictions also per-

vade the sociotechnical assemblages. By moving between these fields of everyday life,

HC-basedCSoftenuncoversunquestionedascriptionsof the entangledfields.Moreover,

14 The terms “citizen science” and “citizen scientists” remain controversial due to the meanings and

exclusions they carry. For example, the term “citizen,” according to the Cambridge Academic Content

Dictionary, refers to “a person who was born in a particular country and has certain rights or has

been given certain rights because of having lived there” (Cambridge University Press n.d.). Various

alternatives have been proposed, such as community science, participatory research or open science,

each including their own problems. For an overview of the different considerations, ongoing dis-

cussions, and alternatives, see, for example, Eitzel et al. (2017).Moreover, themode of involvement

of citizen scientists is much discussed in the CS literature. At its most simplified, while CS propon-

ents claim that it makes science more democratic by opening up the production of knowledge to

society, others understand CS as a “renewed approach to exploit citizens bymaking themwork for

free” (Vohland et al. 2021, 2), thereby criticizing CS projects for both reproducing hierarchies and

exploiting volunteers without involving them in the actual knowledge production step (Vepřek

2021b). While I consider these questions throughout my research, they do not form the focus of

my research interest. In this work, I use CS as a term from the field itself, choosing the term “par-

ticipants” for “citizen scientists” (cf. Chapter 3).
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the sociotechnical systems must not only be scientifically sound and technically func-

tioning, but also engaging and enjoyable for participants. Considering how play and sci-

ence interfere is crucial to understandingHC-basedCS as assemblages and their contin-

uously changing human–technology relations, since these interferences create specific

affordances and open up new action potentials, which, if activated, can lead to new in-

traversions.

As I learnedduringmyfieldwork, the scientificdata analysis problemchallenging the

work of Alzheimer’s disease researchers presented not only an interesting problem for

theHumanComputation Institute in Ithaca,NY to solve employingHC, but, at the same

time, introduced productive constraints into the otherwise infinite space of possibilities

(fieldnote Oct. 20, 2022). These constraints both facilitated building an HC system and

set the direction for how the Human Computation Institute would build HC-based CS

systems introducing “path dependencies,” thereby guiding the further evolution of such

systems and rendering some developmentsmore likely than others (Klausner et al. 2015;

DeMunck 2022).

The project could build upon existing HC-based CS platforms, which, similar to the

scientific constraints, introduced further path dependencies.However, the development

of Stall Catchers—and HC-based CS systems more broadly—requires enormous effort

in exploring the possibilities of human–technology relations, creating infrastructures,

and developing algorithms.This is because the scientific problems tackled lie at the very

frontiers of both AI and science.

The development of HC-based CS is shaped by visions of future human–technol-

ogy relations alongside normative assumptions regarding how humans and machines

shouldwork together and how projects should unfold.More precisely, the envisioned hu-

man–technology relations of the future refer to participant–technology relations and

questions regarding how to include unpaid and untrained volunteer participants in al-

gorithmic systems and scientific research. Building upon the understanding that HC

systems “all serve a purpose” (Michelucci 2013b, xxxvii), the Human Computation Insti-

tute considers it unethical to ask humans to perform a task that a computer can solve.

This implies a necessity to evolve and adapt as soon as computational solutions advance

andmove on to new problems requiring human input.However, as I demonstrate in this

work, such programmed inscriptions and a project’s purpose andmeaning by design are

not uncontested. Instead, they are frequently challenged in their everyday unfolding by

varioushumanactors, such asparticipants and scientists, andmaterialities such as tech-

nical possibilities and breakdowns. Together, these continuously reshape the sociotech-

nical assemblage of HC-based CS projects.

Some participants of Stall Catchers, for example, objected to the project being la-

belled a game because that label did not properly reflect their motivation to contribute

nor how they perceived their engagement.15 They did not simply contribute to just any

scientific research project, but had a personal connection to and were in a direct or

indirect way affected by Alzheimer’s disease. Participating in Stall Catchers, as I ar-

gue in Chapter 5, can be interpreted as a form of coping with everyday life marked

15 For this reason, I use the term “participants” throughout this work—rather than, for example,

“players”— to refer to those who voluntarily engage in these projects as part of a crowd.
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by this disease.16 Analyzing participants’ perspectives, their motivations to contribute

to HC-based CS, and the meanings they ascribe to their engagement is important to

understand howHC-based CS projects—initially imagined and designed by researchers

and developers—are (re)negotiated in practice. These negotiations contribute to the

formation of the assemblage and influence how human–technology relations in these

systems unfold and intravert.

Thus,by consideringnotonly the visionsanddesignofHC-basedCS,but also themo-

tivations of the actors involved, “serendipitous discover[ies]” (Schaffer in Human Com-

putation Institute 2018, 00:33), timing (Mousavi Baygi, Introna, andHultin 2021), break-

down (e.g., Larkin 2008),17 and the unruliness of nonhuman actors, it becomes possi-

ble to understand how the sociotechnical assemblage evolves. Moreover, and returning

to the introductory example, it helps to analyze how, for example, the introduction of AI

bots in Stall Catchers changes the participant–technology relations informing the calcu-

lationof “cyborg answers,” asMichelucci described them (HumanComputation Institute

2021, 22:25–22:26).

Human computation, and specifically HC-based CS as a research field and subject,

has thus far primarily been addressed by computer science, information science, and

related fields with a focus on quantitative and standardized analysis.18These studies do

not centrally focus on the social, cultural or semiotic dimensions,which always represent

a part of and form sociotechnical systems. As Barad aptly states, “[P]henomena are the

placewherematter andmeaningmeet” (1996, 185); I consider this to include the sociocul-

tural sphere.However,HC systems do notmerely imagine possible future combinations

of humans and technology in order to move beyond today’s AI capabilities and human

abilities. As laboratories for such new combinations, they already impact, create, and

change our everyday lives today. Moreover, given the rapid developments in the field of

HC,which increasingly inform and contribute to AI discourse, it is important to analyze

and critically engagewith these developments.Throughmy research, I aim to contribute

to a digital anthropological and science and technology studies (STS) understanding of

HC and its human–technology relations. I also attempt to inform the development of

HC systems by including perspectives from the various actors involved and considering

their roles in forming the intraverting human–AI relations.

HC-based CS has thus far not been extensively analyzed in cultural and digital an-

thropological or STS investigations. However, important studies exist in these and re-

lated fields on crowdworking, CS, the relationship between play and work or science in

the digital age. Such studies also extend to digital and media anthropology, the anthro-

pology of technology or STS on human–technology relations and AI. I build upon and

discuss these in Chapter 2.

16 I first discussed this idea at the conference “Breaking the Rules: Power, Participation, Transgres-

sion” of the International Society for Ethnology and Folklore in 2021 (Vepřek 2021b).

17 Like anthropologist Brian Larkin, I am interested in forms of everyday breakdown: “the small, ubi-

quitous experience of breakdown as a condition of technological existence” (2008, 234).

18 One of the few exceptions is the anthropologist Mary Gray and computer scientist Siddarth Suri’s

work on “ghostwork” or crowdworking (2019), which I discuss in the relatedwork section in Chapter

2.
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In my research, I conducted inductive ethnographic fieldwork, drawing on praxiog-

raphy (e.g., Knecht 2012) and grounded theory (Glaser and Strauss [1967] 1971; Charmaz

2000; 2014), over the course of three years (Oct. 2019–Nov.2022) in theUSandGermany.

To gain an in-depth understanding of how HC systems in the field of CS are developed

and maintained, I joined the Human Computation Institute as an “intern” and worked

together or co-laborated (Niewöhner 2016) with Michelucci and the institute’s team. In

the remainder of this chapter, I briefly introduce this field site for my research as well as

the HC-based CS games I studied, and, finally, provide an outline of this book.

TheHuman Computation Institute refers to itself as an “innovation center” (Human

Computation Institute,n.d.), andwas initially foundedas aLimitedLiabilityCompany in

2014 before reincorporating as a nonprofit in 2017.The first and most popular project of

the institute, Stall Catchers forms themain example inmy research, providing a suitable

focusnot only because it is a highly successfulHC-basedCSvis-à-vis participant engage-

ment and “analytical throughput” (Michelucci, fieldnote Nov. 2, 2022), but also given the

access to the institute I obtained. Stall Catchers was launched in October 2016, and cur-

rently (May 2024) has over 71,000 registered participants.19Whilemost participants con-

tribute during special events or only occasionally, the average number ofmonthly partic-

ipants is 313;20 the core, persistent and committed on a daily basis, consists of around 21

participants.21 Stall Catchers can be accessed via a web browser or a mobile app and has

been designed as a “casual” game that one can engagewith for only a fewminutes or over

several hours. Contributions from Stall Catchers participants have also been recognized

by referencing themas coauthors on scientific publications related to the project (Bracko

et al. 2019; Ali et al. 2021).

I also draw from the analysis of two other HC-based CS games—Foldit and AR-

Tigo—to contextualize Stall Catchers and its different perspectives more accurately and

to gain a better understanding of elements that generally apply toHC-based CS. I briefly

introduce these two comparative examples in what follows.

Foldit (Center for Game Science [University ofWashington] et al., n.d.a) is one of the

most long-term and successful CS projects utilizing HC.This online puzzle video game

focuses on protein folding, in which participants are challenged to fold the structures of

proteins as efficiently as possible.22 Promising protein structures developed by partici-

19 I noted inmy field diary on September 18, 2020, that the current number of registered participants

was 29,314. By mid-2023, there were over 52,000 registered participants, meaning the number of

participants had increased by nearly 80 percent over the course of my research.

20 I obtained the number ofmonthly participants from the Stall Catchers database using a SQL (struc-

tured query language) query. The querywas run onMarch 27, 2023. This number reflects the search

period, from October 1, 2016 to March 27, 2023.

21 I obtained the average number of daily participants from the Stall Catchers database using an

SQL query, run on March 27, 2023. This number reflects the search period, from January 1, 2019

to December 31, 2022.

22 The 3D structure of proteins defines how they interact with other molecules and their biological

function. Therefore, knowing how sequences of amino acids, the building blocks of proteins, fold

into such a 3D structure is important in medicine (such as in developing drugs), biotechnology,

and other scientific fields. Protein structure prediction attempts to infer a protein’s structure from

its amino acid sequence, taking into account the various forces determining a structure, such as

hydrogen bonds. However, due to the many possible amino acid arrangements in space, predic-
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pants together with algorithmic tools and automated scripts (and, more recently, with

the assistance of the AI program AlphaFold) are tested in a wet lab. On their website, the

Foldit team emphasizes the enormous contribution of human participants to research

on diseases such as COVID-19, influenza, and even cancer and Alzheimer’s (Center for

Game Science [University of Washington] et al., n.d.c). Similar to the example of Stall

Catchers, participants have been included as coauthors in scientific publications (Khatib

et al. 2011).

Foldit is a collaborative project, specifically between the Center for Game Science

and the Institute for Protein Design at the University of Washington in Seattle (USA)

and other,mainly US–based research institutions.23 Since its launch in 2008,more than

460,000 participants have contributed to Foldit, although the active player base consists

of only a small fraction of these participants (Curtis 2015, 729). Foldit, as a “multiplayer

online scientific discovery game” (Khatib et al. 2011, 18949) serves as an interesting exam-

ple of HC-based CS, because it appeals to users in their creativity and spatial reasoning

skills, as well as their skills in the development of 3D patterns. Thus, Foldit presents a

rather different problem compared to Stall Catchers. Players—even those without prior

biochemical knowledge—become highly qualified in the task by playing it extensively (cf.

Khatib et al. 2011; Ponti et al. 2018), rendering Foldit particularly interesting for partici-

pants eager to learn and develop new skills. Compared to Stall Catchers, Foldit features

a steep learning curve, causing some participants to drop out of the game early.

The field of protein structure prediction has significantly developed in recent years

thanks to AI models such as DeepMind’s AlphaFold and RoseTTAFold developed by the

Institute for Protein Design at the University of Washington. Such developments have

led to the declaration that the scientific problem of protein structure prediction is effec-

tively solved (Moult inCallaway 2020).Foldit offers an intriguing example of the relations

betweenAI andHCendeavors andhow they influence eachother, starting fromtheprob-

lem of protein structure prediction as a way to bridge the gap between what computers

and AI can do and what humans alone can achieve.While first focusing on the problem

of protein structure prediction, over time Foldit has shifted its focus to protein structure

design, for which no fully automated solution currently exists. Just as Foldit’s purpose

has shifted over the years, the human–software and human–AI relations in the project

are continuously intraverting, as I show in this book.

The thirdHC-basedCSproject I analyze is ARTigo (Ludwig-Maximilians-Universität

n.d.a), a game platform developed at LMUMunich, Germany, resulting from a collabo-

ration between the computer science and art history institutes. This project, similar to

Stall Catchers, is also primarily related toAI problemswithin computer vision,butwith a

different twist: the tagging of digital representations of artworks.As an interdisciplinary

ting that structure remains a challenging task. Protein design, in contrast, describes the process of

building newproteins that have specific functions or characteristics rather thanmodifying existing

proteins. Both computational and experimental methods can be used.

23 The Cooper Lab at Northeastern University, the Khatib Lab at the University of Massachu-

setts–Dartmouth, the Siegel Lab at the University of California–Davis, theMeiler Lab at Vanderbilt

University, and the Horowitz Lab at the University of Denver (Center for Game Science [University

of Washington] et al., n.d.a).
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project which began in 2007, ARTigo affords an interesting comparative example since

it is both a long-term example of HC-based CS and a project avant la lettre in terms of its

purpose and developments in the field of computer vision and deep neural networks.

In 2017, ARTigo included a large database of more than 65,000 images of artworks

(Bogner et al. 2017, 53).The integration of this large database into various GWAPs aimed

to achieve two goals: first, to generate keywords for individual artworks facilitating

a semantic search engine, and, second, to engage “lay art historians” (Kohle 2018, 1)

by providing them with new learning opportunities while also potentially influencing

established approaches to art history. By 2017, more than nine million annotations had

been collected (Bry and Schefels 2016; Bogner et al. 2017, 53). However, after thriving

in its initial years, ARTigo navigated a lean period, during which it was temporarily

inaccessible or only accessible through the LMU network. This rendered the collection

of empirical material difficult. Consequently,my analysis of ARTigo here is less detailed

than that of Stall Catchers and Foldit, primarily featuring a subsection of Chapter 6 only.

Nonetheless, the project regained momentum in November 2022,24 when relaunching

on a new platform, featuring new games and addressing new image recognition issues.

ARTigo’s relaunch and the evolution of its human–technology relations accompanying

the new computational possibilities and advancements can also be understood through

the concept of intraversions.

This book spans eight chapters of which Chapters 4 through 7 present the core anal-

ysis of my research. Chapters 2 and 3 lay the groundwork for the empirical chapters.

More specifically, in Chapter 2, I discuss the related literature from cultural and digital

anthropology, STS, and related fields, and the theoretical perspectives I build upon

in my analysis, drawing specifically from assemblage theory and thinking, relational

conceptualizations of technology and human–technology relations, moral anthropol-

ogy, and the ethics of technology. Moreover, building upon cognitive anthropologist

Edwin Hutchins (1995b; 1995a) and Barad (1996), I develop and discuss the concept of

intraversions. In Chapter 3, I present and discuss the methodological approach, based

on co-laborative ethnographic fieldwork combining classic ethnographic methods such

as participant observation, qualitative interviews, andmedia analysis with themore ex-

perimental analysis of code, the Stall Catchers in-game chat, and collaboration with the

Human Computation Institute. I considermy own role in the development of HC-based

CS, which I ultimately revisit in the conclusions to the book to discuss how cultural

anthropology can contribute to the development of (hybrid)25 sociotechnical AI systems.

The first empirical chapter (Chapter 4) then focuses on the visions, imaginaries, and

designs of advocates,designers, anddevelopers of suchHC-basedCS systems in the con-

text ofHCresearch.Here, I explorehow they are imaginedas counternarratives to strong

AI,while sharingmuch in common, andwhat visions of human–technology relations in

the future underlie the design of these ethical projects. The fact that they are designed

24 Information was kindly provided by the ARTigo team via an email exchange (Mar. 26, 2023).

25 In the following, “hybrid” can refer to both a term used in the fields of HC and HI, or one used by

STS and feminist researchers and in the philosophy of technology. Wherever I refer to it or use the

term, it should be clear from the context to which field or scientific tradition the term refers.
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as open systems that can be understood as in-betweens on the way to developing HI is

crucial to the possibilities of human–technology relations intraverting. Since imaginar-

ies and visions must materialize to drive the development of HC, the second part of this

chapter analyzes examples of infrastructuring (Bossen andMarkussen 2010; Niewöhner

2015) performed at the Human Computation Institute.

This perspective, which focuses on design and initial implementation, is not only in-

formed by directions and visions, but just as much by everyday negotiations. I turn to

these in the next chapters. Chapter 5 discusses how these inscriptions of visions, values,

and norms are continuously contested and negotiated in everyday life through various

motivations, interests, and aims. Such inscriptions drive, for example, CS participants

and the software’s affordances (Gibson 1977; 1979; Bareither 2020a),materialities, and ac-

tion potentials emerging from human–technology relations, all of which are situated in

the entanglements of play and science. I focus here on discussing themultiplemeanings

of the case studies. To do so, I employ the example of how participants challenge the de-

signer’s image of them,adapt systems in their ownways, and ascribe differentmeanings

to them than those intended by design. My analysis illustrates how these projects are

included in the participants’ everyday lives, which, for example, for some, are marked

by a deadly disease. In the second part of Chapter 5, I turn to the interferences of play

and science, which, on the one hand, productively create a seamless space, while, on the

otherhand,create tensions and frictions, together forming theassemblage.Within these

entanglements, human–technology relations in HC-based CS unfold and continuously

change.

While Chapters 4 and 5 provide a fundamental understanding of the formation of

HC-based CS assemblages, in Chapter 6 I further build upon this analysis, investigat-

ing examples of human–technology relations in the HC-based CS games in detail and

how they continuously intravert over time. Using the concept of intraversions, I demon-

strate how tasks are redistributed, how practices change, and how role allocations shift

alongside intraversions. First, the focus lies on participant–technology relations in Stall

Catchers and Foldit and how they evolve in daily life and over time through the meshing

of HC visions and everyday negotiations, the multiplicities of meaning of HC systems,

and within the space created by the play/science entanglements. HC-based CS projects

not only consist of sociomaterial participant–technology relations, despite the HC liter-

ature commonly only referencing participants when it talks about “humans in the loop.”

With the aim of developing a better understanding of the different actors and relations

formingHCsystems inCSas sociotechnical assemblages, Imove to the human–technol-

ogy relations developers and researchers of HC-based CS projects enter into, using the

example of researcher–technology relations in Stall Catchers. Just as participant–tech-

nology relations intravert over time, researcher–technology relations are never fixed,

but evolve alongside the introduction of new tools or automated steps in the data infra-

structure connecting the biomedical engineering laboratory to the CS gaming platform.

This infrastructure is never complete, requiring continuouswork and improvements.My

analysis of human–technology relations employing the concept of intraversions brings

forth a pattern, which, by turning away from the microanalytical perspective of HC sys-

tems in their everyday situatedness,also allows for abetterunderstandingof thenontriv-

ial and dynamic relations betweenHCandAI research. Finally, at the end of this chapter,
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I demonstrate how the concept of intraversions can be applied in a fruitful way to de-

scribe the evolution of HC-based CS in relation to AI advancements using the example

of ARTigo.

In the continuous formation of theHC-based assemblages, intraversions destabilize

established practices, requiring different processes of alignment.Chapter 7 then focuses

on trust as an example of such alignment processes and how it is built in and with HC.

Trust, as I understand it in this chapter, is not amere cognitive phenomenon,but unfolds

in sociomaterial practices and within human–technology relations. It plays a constitu-

tive role in assemblages and needs to be adjusted and reestablished with intraverting

relations. In this chapter, I, thus, analyze trust in HC-based CS collaborations, how it is

programmed algorithmically, and the role it plays from the perspective of participants.

In this book’s conclusions, I bring together the various perspectives and scales of

analysis, arguing that cultural anthropological and STS research can help us understand

HC systems and the hybrid modes of becoming of their human–technology relations.

Inspired by STS anthropologist Lucy Suchman (2007b; 2021) and cultural and feminist

anthropologist and early STS researcher Diana Forsythe’s (2001f) fieldwork, my study

also illustrates the value of ethnographic research inHCdevelopment.Here, I emphasize

the need for HC development to consider all actors and human–technology relations in-

volved. It should integrate various aspects of everyday life, aswell as the relations’ histor-

ical evolution, path dependencies, and existing relations remaining from the past, and

understand andmake explicit its underlying future imaginations and visions.
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Citizen Science Analytically

To the best of my knowledge, HC-based CS has not yet been thoroughly analyzed from

a cultural or digital anthropological perspective. A few prior investigations were under-

taken, such as in the field of crowdworking (Gray and Suri 2019), the interplay of AI tech-

nologies and humans in CS (e.g., Ponti et al. 2021; Ponti and Seredko 2022), and the ex-

ample of Foldit (Curtis 2015; Ponti et al. 2018). Nevertheless, my research builds on ex-

isting literature on related fields, such as crowdworking and CS in general, the relation-

ships between play, work, and science in the digital age, and analyses of infrastructures,

sociotechnical systems, and human–technology relations (with a focus on digital tech-

nologies), especially in the broader field of AI.1 I mostly draw on research in cultural and

digital anthropology, media anthropology, anthropology of technology, and STS. In the

first part of this chapter, I give an overview of related work without claiming, or aim-

ing for, completeness. Instead, I present and discuss selected work that is of particular

interest to my research endeavor and helps to situate my research in both related fields

and existing studies. For my analysis, I refer to and draw on theoretical concepts from

the scientific fieldsmentioned above, in addition to philosophy of ethics and technology

and moral anthropological theory. The theoretical concepts that form the overarching

foundation uponwhich this work is built are assemblage theory, human–technology re-

lations, sociotechnical imaginaries, ethical projects, and the care for our hybrid modes

of being. In the second part of this chapter, I discuss these concepts in detail, followed

by the introduction of the concept of intraversions. I apply this concept to analyze how

human–technology relations unfold and continuously develop in HC-based CS.

1 The related work discussed here refers to research on topics and fields that are of overarching im-

portance for my own research. Where necessary throughout this work, I discuss additional litera-

ture on subtopics, such as research on trust in Chapter 7.
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Crowdsourcing and Crowdworking

According to anthropologist Mary Gray and computer scientist Siddarth Suri, who de-

scribeHC as “people working in concert with AIs” (2019, x), “[t]his fusion of code and hu-

man smarts is growing fast” (2019, x). Gray and Suri refer here to the context of crowd-

working. While I focus on CS as another application of HC in my research, HC gener-

ally intersects with phenomena such as crowdworking and crowdsourcing.2 Most cul-

tural anthropological and related investigations that directly or indirectly address HC

are concerned specifically with the latter. I would like to briefly discuss crowdsourcing

and crowdworking and selected work in these fields due to the overlap of practices ob-

served in HC-based CS and the concurrency of the phenomena in neoliberal economies

and “ludic capitalism” (Dippel 2018, 125).3

Tasks in crowdsourcing are outsourced from “traditional human workers” to “mem-

bers of the public” and do not always rely on humans taking over computational tasks

(Quinn and Bederson 2011, 1405). In contrast to crowdsourcing, Quinn and Bederson

argue that “human computation replaces computers with humans” (2011, 1405). While

HC-based crowdsourcing applications such as reCAPTCHA can be considered a form

of “unpaid labor practices” (Scholz 2013, 2), in crowdworking, understood as a form of

crowdsourcing,people arepaid for their contribution toHCsystems.Mediaandcommu-

nication scholar Ayhan Aytes argues in his analysis of the crowdworking platform Ama-

zonMechanical Turk that “[c]rowdsourcing is ahybrid concept thatmerges theneoliberal

outsourcing paradigm with the crowds on the digital networks” (2012, 88).The develop-

ment of crowdworking is closely linked to the rise of digital platforms (Srnicek 2017). As

a “neoliberal reincarnation of the chess-playing automaton” (Aytes 2012, 81) ofWolfgang

von Kempelen’s eighteenth century “Mechanical Turk,” the crowdworking platform’s al-

gorithmsproduce anddiscipline theworkers “into a particular cognitivemode andprob-

lem solving that eventually determines the efficiency of their labor and thus their liveli-

hood” (Aytes 2012,94). Inmost crowdworkingapplications involvingHC (suchasAmazon

Mechanical Turk), people perform so-called “microtasks”—including, for example, the

categorizationof products—that are largely standardizedandautomated (Felstiner 2011,

150).The repetitive and often only poorly remunerated tasks resemble Taylorist forms of

work, which is why cultural studies and political science scholar Moritz Altenried de-

scribes crowdworking as “digital Taylorism” in his work on digital factories and their hu-

man labor (2020; 2022).

Sociologists Frank Kleemann, Günter G. Voß, and Kerstin Rieder analyzed crowd-

sourcing and the phenomenon of the “working consumer” (2008) from a theoretical per-

spective, and sociologist ElisabethVogl (2018) has studied organizationalmodels ofwork

2 On the term crowdsourcing, see Howe (2006). For a broader understanding, see Felstiner (2011,

145) and Vogl (2018, 8). The termHC is sometimes even synonymouswith crowdsourcing or crowd-

working. The only annual conference specifically focusing on HC is the AAAI Conference on Human

Computation andCrowdsourcing (HCOMP), and combinesHCand crowdsourcing (Association for the

Advancement of Artificial Intelligence n.d.).

3 I translated the direct quotes from non-English literature and sources.
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on three different crowdsourcing platforms, the latter’s impact on society, and the reor-

ganization of work. Political scientist Doris Allhutter (2019) also discusses the important

role of humanmicrowork for building the foundations of a semantic infrastructure and

related power structures based on ethnographic research on the infrastructuring prac-

tices for creating commonsense ontologies in the field of semantic computing. Crowd-

working can also go beyond so-calledmicrotasks and include a wide variety of practices,

such as design or programming. Anna Oechslen (2020), who argues for a differentiation

of crowdworking forms, analyzes crowdworking practices of (graphic) designers from a

cultural anthropological perspective. In contrast to microtasks, the designers’ practices

include designing logos, for example, which can be described as “macro tasks.”4 Plat-

forms often include elements of gamification (Detering et al. 2011; Rackwitz 2015), i.e.,

game design elements that are introduced into nongame contexts (Detering et al. 2011),

to make crowdworking more attractive. One of the first and a remarkable contribution

to the analysis of crowdworkingwas provided by Gray and Suri inGhostWork:How to Stop

Silicon Valley from Building a New Global Underclass (2019), in which they investigate the

workers behind crowdworking platforms, what drives them to this kind of work, how

they creatively try to earn a living with, and, ultimately, what this kind of work means

to them (2019, xxvii). At the same time, the study analyzes the business models of such

platforms and how ghost work is organized (Gray and Suri 2019, xxvii). Gray and Suri

apply the term “ghost work” to show how the work conditions and work performed by

humans to drive and enable AI are made invisible by the platforms. Their APIs reduce

ghost workers to “a string of letters and numbers instead of a name and a face” (Gray and

Suri 2019, 34).

Analyzing how humans are included in such sociotechnical and HC-based work or

game platforms, such as the example of CS games, will probably only gain importance

in the coming years. A total of 25 million “ghost work” opportunities existed by 2019 and

Gray and Suri anticipate this number to increase further (2019, 169).The COVID-19 pan-

demic probably acted as an additional catalyst for such digital working practices. The

fieldofHC-basedCS,andespecially projects that focusedon researchon the coronavirus,

saw an increase in participation over the course of the pandemic (Vepřek 2020).Gray and

Suri argue that the question to be addressed concerning the increase of crowdworking

or ghost work opportunities should be: “If we imagine AI and humans augmenting and

supplementing each other, the next issue is not whether humans are necessary.The real

question will be: When are they in demand, and for what purpose?” (2019, 192). I aim to

contribute with this research to addressing this question regarding HC systems in the

field of CS. Unlike crowdworking, however, where human labor is usually exploited for

financial compensation, participants in CS are included in scientific knowledge produc-

tion.

4 On related work on crowdworking in general, see, for example, contributions in Altenried, Dück,

and Wallis (2021) and on macro tasks specifically, see Oechslen (2020).
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Citizen Science (Games) and the Entanglements of Play, Work, and Science

While crowdworkers are financially compensated for their contribution to AI,HC-based

CS systems rely on the voluntary contribution of participants, raising issues such as ac-

knowledgments and forms of engagement, and complex negotiations involving not only

designers and developers of such systems but also participants and scientists.Computer

scientists and ARTigo creators François Bry and colleagues understand CS as a subfield

of HC (Bry, Schefels, and Wieser 2018, 1). The goal of the development of HC-based CS

is often finding a solution to a specific scientific problem which cannot be solved with

today’s computational technologies. While these problems are not always defined as AI

problems by the designers, they, nevertheless, are at the edge of AI research and con-

tribute to the advancement of AI in general. Because HC-based CS projects rely on vol-

untary engagement, they need to be carefully designed and be engaging, entertaining,

and rewarding to attract and retain participants.

However,CS generally goes beyondHC,and, according to philosopher of science and

cultural ecologist Peter Finke, describes science beyond science (2014, 14), questioning

the understanding of science as an expert phenomenon and creating new forms of sci-

entific collaboration.Citizen sciencegenerally refers to actively involvingmembersof the

public in various scientific research activities (Vohland et al. 2021, 1) which can happen

across all stages of the scientific process.5 CS projects can, for example, take “bottom-

up” or “top-down” approaches. While, in the first case, projects are launched by “citizen

scientists” themselves or at least built upon the co-construction of research agendas (He-

cker et al. 2018, 234), in the latter case, professional scientists invite participants to their

research projects. Inmost cases, volunteer participants contribute to data collection and

analysis (Land-Zandstra, Agnello, and Gültekin 2021, 244). The CS projects often arise

fromprofessional scientistsneedingmore computingpowerorhumanassistance indata

analysis steps or data collection (Vepřek 2022b, 31). The goal is to speed up the research

progress by out- and crowdsourcing a time-consuming and laborious task that cannot

be solved computationally, as in the case of Stall Catchers. In other examples, such as

Foldit and ARTigo, CS is based on the assumption that new scientific knowledge can be

obtained through novel approaches to scientific problems due the creativity of nonpro-

fessionally trained scientists, their potential for “out of the box thinking,” and “wisdom

based on life experiences of great crowds” (Görsdorf 2007, 8).

There is a rich body of literature on CS, ranging from the field of ecology (e.g., Irwin

1995; or, as recent publications, Lepczyk,Boyle, andVargo 2020; Fraisl et al. 2022) and as-

tronomy (e.g.,Westphal et al. 2005;Marshall, Lintott, and Fletcher 2015; Lintott 2019), to

the history of science and STS research (e.g., Kimura and Kinchy 2016; Burri 2018; Stras-

ser et al. 2018), analyzing, inter alia, the motivations of CS participants (e.g., Geoghegan

et al. 2016; Land-Zandstra et al. 2016; Larson et al. 2020) and CS games (e.g., Curtis 2015;

5 The termCS, aswe know it today, emerged at the end of the twentieth century, and has seen a huge

upswing with the spread of the Internet. Nevertheless, it can be considered a phenomenon that

has been practiced for several centuries (cf. Finke 2014; Hecker et al. 2018). The role of “lay persons”

for and even before the constitution of the German-speaking cultural anthropology Volkskunde is

discussed in Cantauw et al. (2017).
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Tinati et al. 2016; 2017). I will discuss participants’ motivations as identified in the lit-

erature and how these findings align with my empirical observations in Chapter 5. Cit-

izen science has become a subject of cross-national associations, such as the European

Citizen Science Association (ECSA) (Verein der Europäischen Bürgerwissenschaften –

ECSA e.V, n.d.) or the Association for Advancing Participatory Sciences (Association for

Advancing Participatory Sciences, n.d.). Asmuch as it is of interest to scholarly research,

there is debate and discussion around issues such asmeaningful engagement of partici-

pants and power hierarchies and their reproduction (e.g.,Cooper,Rasmussen, and Jones

2021),6 the role of neoliberalization (Kimura and Kinchy 2016), ethical issues in CS, and

the need for ethical frameworks (e.g., Resnik, Elliott, and Miller 2015; Rasmussen and

Cooper 2019; Cooper, Rasmussen, and Jones 2021; Vohland et al. 2021). However, there

still seems to be a gap of research around the question of how CS impacts professional

science in concrete ways (cf.Wynn 2017). JamesWynn (2017) addresses this gap through

the lens of rhetoric, focusing on the results ofCSprojects, on the onehand,andon the in-

teractions betweennonprofessional andprofessional scientists andpolicymakers,on the

other. In my research, I address this gap by focusing on howHC-based CS games create

scientific data throughhuman–technology relationswith the examples of Stall Catchers,

Foldit, and ARTigo, and discuss how the introduction of CS influences and changes the

working practices of biomedical researchers in the case of Stall Catchers.

Not only have possibilities to participate in research multiplied with the Internet,

but digital technologies, software, and code have also entered the domain of CS, creat-

ing newmodalities for scientific knowledge production and new human–technology re-

lations. An example is the emergence of “voluntary distributed computing” (VDC),which

describesCS inwhich volunteer participants lend the computational power of their com-

puters to scientific research (Holohan 2013). In fact, as I discuss in Chapter 6, Foldit

emerged from such a VDC project. However, while volunteers in VDC simply let their

computers contribute to help solve a scientific problem (such as the search for prime

numbers), in HC-based CS, they actively perform a specific task themselves. Sociologist

Anne Holohan’s findings on the transformation of the scientific field, themotivations of

VDC volunteers, and observations on “altruistic game-playing,” nevertheless, form im-

portant references for my work (2013, 27, 71–75).

To the best of my knowledge, there is currently not much research focusing on

the interplay of AI and humans in HC-based CS. Two of the few exceptions should

be mentioned here. The first is the paper by information scientist Marisa Ponti and

colleagues (2021) summarizing the discussion panel “Citizen Scientists Interacting with

Algorithms: The Good and the Bad,” that was organized by the authors at the 3rd ECSA

Conference in 2020. The aim of this panel was to discuss the collaboration of CS partic-

ipants with ML algorithms. Using the HC-based CS project and platform Zooniverse

as an example, the paper argues that the human–machine combinations can increase

the efficiency of data classification.7 Yet, it also discusses open issues that need to be

considered in human–AI collaborations in CS, such as transparency and data ownership

6 On CS as “controversial space,” see Jung (2015) and Starzmann (2015).

7 Previous research by AI researcher David Watson and philosopher Luciano Floridi has used the

same example of Zooniverse to demonstrate how knowledge on the CS platform is produced in
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(Ponti et al. 2021). The second work is Ponti and Alena Seredko’s literature review on

task distribution between AI technologies and humans in CS (2022). With the aim to

close the research gap existing in this field, the authors emphasize that the tasks or

“cognitive work,” as they call it, “between humans and computational technologies will

be shifting, challenging the ontological boundaries between them” (Ponti and Seredko

2022, 11). Therefore, they argue that it is important not to “essentialize the qualities

of humans and machines, both of which are constantly evolving, and whose lists of

what each is ‘good at’ (whether relative or absolute) are constantly changing” (Ponti and

Seredko 2022, 11).My study aims at contributing to this line of thought by presenting an

analysis of how the relations, including the task distribution, between humans and (AI)

technologies continuously change in HC-based CS projects.

Projects in the field ofHC-based CS are often designed as GWAPs,8 computer games

which, in addition to their core purpose as a game, have the purpose of solving a particu-

lar (scientific) problem.TheHC-based CS games are also described as “dualpurposeHu-

man Computation systems” (Bogner et al. 2017) and (often) rely on the assumption that

people spend much time and energy playing (computer) games, which can be directed

incidentally to solving computational or scientific problems as well as training AI algo-

rithms (Von Ahn and Dabbish 2008, 60).9 Citizen science games have been the subject

of different studies, such as interdisciplinary ones in the field of human–computer in-

teraction (HCI; e.g., Iacovides et al. 2013; Tinati et al. 2016; 2017; Díaz et al. 2020), which

focus mainly on the participants’ perspectives and their motivations. From the exam-

ples I study inmy research, Foldit has been analyzed regarding, for example, participant

motivation (Curtis 2015) or how participants engage with automated scripts (so-called

“recipes”) in the game and develop a “professional vision” by playing Foldit (Ponti et al.

2018). CS games were also studied by Dippel and Fizek (Fizek 2016; Dippel 2017; Dippel

and Fizek 2017a; 2019).

Dippel’s investigations of the relations between science and play and CS games as

part of the ludic or playful aspects of knowledge production form an informative start-

ing point for my analysis. Based on her ethnographic research in high-energy physics at

the European Organization for Nuclear Research (CERN), Dippel analyzes different di-

mensions of playful aspects of knowledge production in her article “The Big Data game”

the sociotechnical interplay between human actors and technological components (Watson and

Floridi 2018).

8 GWAPs andCS games are sometimes also referred to as “serious games,”which are broadly defined

as games that are designed “to bemore thanentertainment” (Ritterfeld, Cody, andVorderer 2009a,

6),most oftenwith a focus on education (cf.Abt 1987; Ritterfeld, Cody, and Vorderer 2009b; Dörner

et al. 2016; Söbke et al. 2022). I refer to this term in the following because GWAPs focus more

specifically on HC-based projects.

9 Participation in GWAPs might be considered a form of “free labor” (Terranova 2000; 2012), which,

according to digital media cultures theorist Tiziana Terranova, is important for the constitution

of the Internet and digital economy. However, I focus in my research on how participants perceive

and describe their contribution toHC-based SC projects (see Chapter 5). It should, nevertheless, be

noted that even if the games studied inmy research are developed by nonprofit research institutes

and collaborations, they are, nonetheless, influenced by the logic and the “agonal principle of free-

market competition [which] has now gained a perfect system of rules” (Dippel 2018, 125).
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(2017). Dippel writes that everyone wins in CS games (2017, 511), which are part of the

third dimension:

[W]hile the individual motivation of players participating in Citizen Science is charac-

terized by idealistic traits and the desire to participate in a game that has another

goal outside of itself, the experts in the challenges and the cernies themselves benefit

from Big Data because the game in this case brings about a concrete improvement

in artificial intelligences. […] And last but not least, research on general artificial in-

telligence benefits from this deal in the long run. (Dippel 2017, 511, emphasis in the

original [i.o.])

Together with Fizek, Dippel explores CS games as “laborious playgrounds” producing

new forms of work-play relations (Dippel and Fizek 2019) and “playbouring cyborgs”

(Dippel and Fizek 2017b) that consist of humans and algorithms. They use the term

“ludification of culture” to describe “a societal phenomenon that points to an ever-

increasing importance of games in everyday life.The concept goes far beyond the use of

specific game mechanics that are used to control people’s behavior” (Dippel and Fizek

2017a, 368).

Along the same lines, Dippel and Fizek introduce the term “interferences” (Dippel

and Fizek 2017a, 377) to describe the mutual overlaps between the different spheres of

everyday life. I adopt their term in my research to study how HC-based CS assemblages

are formed between science and play and how human–technology relations, or “play-

bouring cyborgs” evolve and change continuously. Ideas and concepts from play theory

that discuss the ambiguity of play (Sutton-Smith 2001; 2008) and how play is permeated

with seriousness (Turner 1995) also informmy analysis,which will be discussed in Chap-

ter 5 (Dippel and Fizek 2017a; 2019; Abend et al. 2020; Dippel 2020).10 Studies from the

extensive body of cultural and digital anthropological and cultural andmedia studies re-

search on games focus on the actors behind games and situate them in broader power

and regulatory structures (e.g., Malaby 2012; Cassar 2013).

Other relevant research examines the developer side of software, and particularly

of computer games, focusing on their (working) practices and everyday lifeworlds (e.g.,

Coleman 2013; O’Donnell 2014; Amrute 2016; Bachmann 2018; Plontke 2018; Tischberger

2020). In his research on the Dynamic Medium Group, a San Francisco Bay Area-based

research collective, European ethnologist Götz Bachmann investigates the work of engi-

neers on a new digital medium (2018). He shows the importance of including the imagi-

nations of engineers who guide the development of new digitalmedia systems—or, as in

my research, HC systems— in order to understand systems in their ongoing emergence

and interaction with people and the environment (Bachmann 2018). Social psychologist

10 Cf.McGonigal (2012) on the entanglements of work and play. Cultural historian Johan Huizinga’s

Homo Ludens ([1938] 2016) continues to form influential theories of play. In the fields of media and

cultural studies aswell as philosophy, Valerie Frissen et al. (2015) updateHuizinga’s theory to apply

to digital technologies, whichHuizinga had still understood as opposites of play. Emotional practi-

ces in (video) games have been studied by cultural and digital anthropologist Christoph Bareither

(2020b). On theoretical concepts of play in general see, inter alia, Adamowsky (2018), for anthro-

pological approaches to play in general see, e.g., Malaby (2009) and Dippel (2020).
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and social anthropologist Sandra Plontke examines design methods and programming

practices in game development from the perspective of STS and ANT, focusing on the

representation of the player in the code (2018). I beginmy analysis of HC-based CS from

the perspective of developers and designers of HC-based CS, which has, so far, received

less attention in CS literature (Miller et al. 2023). I do this to understand their aims, their

imaginations of desirable futures, and of the humans in the loop, and how they materi-

alize these in their everyday development,maintenance, and infrastructuring practices.

The humans in the loop imagined in HC-based CS refer to the users or participants.

Studies in STS have focused on how users are imagined and represented in tech-

nology and how they, at the same time, shape technology (e.g., Woolgar 1991; Akrich

1995; Grint andWoolgar 1997).The edited volumeHowUsersMatter (Oudshoorn andPinch

2005) discusses how users and technologies are co-constructed and, thus, points to the

active role of users in the formation of technology. Emphasizing these forms of co-con-

struction,Malaby suggests defining games as processes: “Games can change as they are

played, and this passage points to how this can be done intentionally […]. But games can

also change through the unintended consequences of practice, such as when talented

individuals or teams find new ways to play the game” (Malaby 2007, 102). How users ap-

propriate games in situated practice in their ownways has also been explored by Internet

studies scholarMicheleWillson and cultural anthropologist Katharina Kinder-Kurlanda

using the concept of “tactics” developed by theologian, historian, cultural theorist, and

psychoanalyst Michel de Certeau ([1980] 2013). While Willson and Kinder-Kurlanda fo-

cus on tactics that users employ to make themselves less visible to the game platform, I

use de Certeau’s concept of tactics to analyze participant–technology practices that go

beyond the play practices intended by design and enhance, adapt, or work against the

game mechanisms. Games, and HC-based CS games in particular in my research, are,

thus, “grounded in (and constituted by) human practice and are therefore always in the

process of becoming” (Malaby 2007, 103).Therefore, I also include the perspective of par-

ticipants who play a fundamental role in the everyday becoming of HC-based CS assem-

blages by bringing their ownmotivations and creative practices to the projects which do

not always align with the developers and researchers’ aims. I will return to this perspec-

tive when discussing European ethnologist Stefan Beck’s relational concept of technol-

ogy below.

Sociotechnical Systems and the Study of Algorithms, Computer Code,
and Artificial Intelligence

While crowdworking, CS, games, or play/work interferences constitute research fields

related to HC-based CS, research on sociotechnical systems, algorithms, and AI in gen-

eral provide helpful insights that I build upon to study sociotechnical HC-based CS as-

semblages and their human–technology relations.11

11 Due to the rapid technological developments in AI and its increasing use in various areas of ev-

eryday life, which have attracted increased attention in the humanities and social sciences in re-
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In cultural anthropological discourse, digital anthropology has emerged as a new

field of research since the 1990s (Fleischhack 2019, 197).12 Today, it describes an interdis-

ciplinary field that focuses particularly on human–technology relations (Bareither 2022,

29).While different foci can be observed in the research agendas of individual contribut-

ingdisciplines, the boundaries are blurry,and I concentrate here on research that centers

on sociotechnical systems and human–technology relations in everyday life. In German

cultural and European anthropology, technology is conceived as a “cross-cutting phe-

nomenon” (Schönberger 2007)13 and has been analyzed in terms of “culture(s) of tech-

nology and the technology(ies) of culture(s)” (Hengartner 2012, 119). Human experience,

practice, and constructions of meaning are understood as technologically shaped and

mediated (Hengartner 2012, 119). Beck’s “complex situational analysis” (1997) of technol-

ogy in practice is fundamental to my research, specifically from an analytical perspec-

tive and its methodological consequences. Beck emphasizes that human experience and

practice is not only formed by technology, but vice versa, the social must be situated in

technological arrangements and considered a fundamental part of them (2019, 12).

The anthropology of futures and emerging technologies is another productive re-

search area that focuses on how anthropologists can study, engage with, and critically

intervene in future-making practices in the field of emerging technologies (e.g., Salazar

et al. 2017; Pink 2022; 2023; Lanzeni et al. 2023).

In this section I aim to discuss selected work from the field of digital anthropology,

but also from sociology, STS, and related fields.My research here takes particular inspi-

ration from early studies on human–computer relations and the field of AI, of which I

would like to discuss five studies in particular.

Sociologist andSTSscholarSherryTurkle conducteda long-termethnographic study

in the late 1970s and 1980s on the computer as an “evocative object for thinking about

human identity” (2005b, 3) when computers were mainly regarded as tools, the World

Wide Web was not yet born, and mobile computational devices, such as smartphones

and smart watches,were far away. In her groundbreaking research, Turkle analyzes how

the computer influences human thinking and human nature itself. Her focus on early

AI research as one example of computer culture is of particular interest for my research.

Turkle aptly shows AI theorists’ attempts to create a new philosophy in times when the

aim of building AI with superhuman power is still out of reach (Turkle 2005a, 244).What

these AI theorists share, Turkle argues, is “an emphasis on a new way of knowing. The

new way of knowing asks that you think about everything, especially all aspects of the

mind, in computational terms, in terms of programand information processing” (2005a,

225). Understanding this newway of thinking is crucial for Turkle because it shapes how

AI theorists think about themselves and human life in general (2005a, 231–232). Turkle’s

cent years, the following considerations are sure to be incomplete and refer mainly to selected

research that has been published up to March 2023.

12 Cultural anthropologist Julia Fleischhack (2019) summarizes the main positions, methodological

approaches, questions, and foci in these discussions. On digital anthropology in general, see, e.g.,

Boyd (2009); Boellstorff et al. (2012); Horst andMiller (2012); Koch (2015; 2017a); Pink et al. (2016).

13 Cultural andmedia anthropologist Manfred Faßler had already described information technology

as “cross-cutting technology” in 1997 and an evolutionary project in his publication “media inter-

action” on human–computer interaction (1996, 17).
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early analysis of the development of the field of AI is helpful for understanding how HC

distances itself from other AI endeavors and is, at the same time, situated in these his-

torical developments.

Furthermore, Suchman’s work is instructive in understanding how HC-based CS

systems are never fully defined by the designers’ imaginations, but are instead situated

in everyday practice. Around the same time as Turkle’s publication of The Second Self ,

Suchman investigated human–machine interactions at Xerox Palo Alto Research Center

(PARC) (Suchman 2007b). Suchman’s research not only transformed the understanding

of HCI in the field of computer science but is also still highly informative today for social

and cultural analyses. One of the core contributions of her research is the elaboration

of an understanding of “situated actions” that determine human–machine interaction.

Against the technical understanding of plans as algorithmic specifications determining

action that she observed in her fieldwork, Suchman argues that “given the contingencies

of any actual occasion of action, every plan presupposes capacities of cognition and (in-

ter)action that are not, and cannot ever be, fully specified” (2007b, 78). In the expanded

2007 edition, Suchmann, similar to Barad, understands plans as “socialmaterial be-ins”

(Barad 1996, 188) that challenge the understanding of autonomously interacting actors

and entities.

In reflecting on my own role in the field of HC as an anthropologist (see Chapter

3), Forsythe’s extensive and pioneering research on medical informatics and AI is par-

ticularly helpful. Forsythe conducted ethnographic fieldwork at different knowledge-

based system laboratories in academia and industry in the US in the 1980s and 1990s.

Her research, which focuses on software design, presents fascinating insights into AI

research culture, one of her central themes being an “attempt to unpack intelligent sys-

tems conceptually, from a cultural and disciplinary standpoint” (Forsythe [1996] 2001e,

94). Forsythe showed, for example, how assumptions of AI researchers were inscribed

in intelligent computational systems that are always “cultural objects as well as technical

ones” ([1996] 2001e, 94) and what role users, in her case patients, play.

Like Forsythe, sociologist and STS scholar Susan Leigh Star was one of the first STS

scholars to actively engage in the field of AI. Star’s work spans various topics, such as

infrastructure (see below), classification and standardization of ideas, grounded theory,

and distributed AI (Star 2008).14 Based on the observation that AI relies on social and

natural metaphors to fill the void between what computers can currently do and what

advanced computer science systems are capable of, and to serve as attempts to make AI

intelligible (Star [1988] 2015, 244), Star “argues that the development of distributed arti-

ficial intelligence should be based on a social metaphor rather than a psychological one”

([1988] 2015, 243). She suggests using the concept of “boundary objects” (Star andGriese-

mer 1989; Star 2008; Bowker et al. 2015) as a data structure for the field of distributed AI:

“Boundary objects are objects which are both plastic enough to adapt to local needs and

14 Distributed AI is a research subarea of AI. In a nutshell, it is concerned with the development of AI

systems that build upon different forms of concurrency, such as parallel computer architecture or

multi-agent systems. It can be considered a predecessor of multi-agent systems (Bond and Gasser

1988, 3).
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the constraints of the several parties employing them, yet robust enough to maintain a

common identity across sites” (Star and Griesemer 1989, 393). Ultimately, she argues:

The more seriously one takes the ecological unit of analysis in such studies, the more

central human problem-solving organization becomes to design—not simply at the

traditional level of human-computer interface, but at the level of understanding the

limits and possibilities of a form of artificial intelligence. (Star 1989; cited in 2015,

249–250)

Consequently, in order to understand human–technology relations and how they form

HC-based CS systems, it is necessary to analyze them from multiple perspectives and

viewpoints, including the material infrastructures supporting them.

Finally, in the context of early research in German-speaking cultural anthropology,

Gertraud Koch’s groundbreaking work on the technological processes of becoming of AI

(2005) is to be mentioned. Koch investigates practices, policies, and knowledge cultures

contributing to the cultural production of technology with the aim of exploring the link

between culture and technology. Based on written scientific sources and qualitative in-

terviews, and following Pfaffenberger’s concept of the “technological drama” (1992),Koch

analyzes the (mainly) German-speaking AI discourse of the late 1970s until 1990s that

accompanied the emergence of AI as technology in Germany. She shows how different

AI advocates positioned themselves and performed “boundary work” (Gieryn 1983) to le-

gitimize their viewpoints on AI, which is helpful for my analysis of the boundary work

performed by HC advocates.

Together, the examples of early ethnographic research onHCI andAI discussed form

a fruitful starting point for my research to understand how HC is imagined as being a

counter-imaginary to AGI, while, at the same time, sharing common understandings,

andhowHC-basedCS systems are situated in the everyday practice of various actors and

human–technology relations. I aim to contribute to this rich ethnographic knowledge by

studying a subfield ofAI research that has, so far,not been extensively analyzedby ethno-

graphers. My study, furthermore, aims to provide a contribution that shows how HC as

a specific branch of research emerged from the fields studied by Turkle, Forsythe, and

others, and how the AI research culture has, thus, changed since the research presented.

My research also takes into account previous work that focuses on computer code

and algorithms,15 particularly in the field of AI. I follow the understandings established

in cultural anthropological and STS research that algorithms are part of sociocultural

networks or entanglements (e.g., Haraway 1991; Mathar 2012, 178) and, thus, on the one

hand, have agency (e.g., Kunzelmann 2015; Amelang and Bauer 2019), and, on the other

hand, have meanings, values, norms, and (in)equalities inscribed in them. “[A]lgorithm

15 Algorithms are formalized instructions for solving a specific problem that can be expressed differ-

ently, for example, as verbal ideas, or implemented using programming languages. When imple-

mented, they can then be executed in computer programs and become part of computer code,

which includes all instructions and steps that are machine executable and can, thus, include

several (nested) algorithms. On the importance of defining algorithms precisely and as distinct

to computer code and programs, see Dourish (2016).
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cultures” (Seyfert andRoberge2017, 18) are alwaysmultiple,performative,andneverneu-

tral (Plontke 2018). This also corresponds to the understanding that the digital is, in a

certain sense, already “coded culture” (Koch 2017a, 11).

Research fields, such as software studies (e.g., Fuller 2008) and critical code studies

(CCS; e.g., Marino 2016; 2020), which focus specifically on the analysis of source code

have emerged over roughly the last 20 years and provide fundamental insights into the

functioning, formative power, and societal meaning of code. Researchers have focused

on the agency of code and algorithms, and how they “make the world they work in hang

together” (Mackenzie 2005, 13; for selected studies see, e.g., 2006; Kitchin and Dodge

2011; Gillespie 2014; Kitchin 2016; Seaver 2017).16 In order to understand the agency of

algorithms and code and how they operate, they have to be studied in practice, which

is where they unfold (Amelang 2017, 359). Cultural anthropologist Katrin Amelang, for

example, shows how algorithms are “sensually known and experienced” (2017, 358). She

and sociologist Susanne Bauer follow a risk-predicting epidemiological algorithm in its

multiple trajectories fromdevelopment to its validationanduse inpractice and the infra-

structures involved (2019).By adapting the approachof “following the actor” to “following

the algorithm,” they show how the risk score, predicted by the algorithm, is integrated

into accountability practices related to health care and public health (Amelang andBauer

2019, 495). I take this as inspiration to “follow the data” in Stall Catchers, from in vivo

microscopic images ofmice brains to analyzable video clips in theHCsystemandbeyond

(see Chapter 6).

Furthermore, code and algorithmsdonot simplydo things by themselves but unfold in

dynamic human–machine relations (Lange, Lenglet, and Seyfert 2019) and are embed-

ded in and part of heterogeneous sociomaterial assemblages (Ananny 2017). In fact, code

can itself be considered a sociomaterial assemblage (Carlson et al. 2021), though, in this

work, I consider it one element of HC-based CS assemblages. Code and algorithms are

interwoven with other elements from developers and users (and their practices) to in-

frastructures, such as servers, APIs, databases, other software libraries, and, ultimately,

rely on physical circuits and logic gates that evaluate Boolean functions. Digital media

scholar Wendy Hui Kyong Chun argues that “source code […] only becomes source after the

fact” (2008, 307, emphasis i.o.).

Due to their embeddedness in these assemblages, code and algorithmsmust be ana-

lyzedaspart of these assemblages inpractice (Introna2016,20).Furthermore, researcher

of technology and ethics Lucas Introna writes, following Barad’s (2007b) understanding

of intra-relating actions, “[w]hat we see is that the action, the doing, of the code has a

temporal flow. Every particular ‘doing’ happening in the present already assumes some in-

heritance from antecedent ‘prior-to’ actions, and it already anticipates, or imparts to, the

16 Algorithms and code, and how they influence, change, and are part of governance, and the exercise

of power have been studied in various fields. In addition to the fields already discussed, such as

crowdworking and games, research exists on, for example, predictive policing (e.g., Brayne 2017;

Egbert 2017; Bennett Moses and Chan 2018; Singelnstein 2018; Egbert and Krasmann 2019), sur-

veillance (Introna and Wood 2002, Introna 2016, Zuboff 2019), and finance (Muniesa 2011), and

how they change political protest (Kunzelmann 2021). This list is by nomeans complete but rather

aims at emphasizing the multitude and variety of studies (cf. Vepřek et al. 2023).
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subsequent ‘in-order-to’ actions” (Introna 2016, 21, emphasis i.o.). To understand such

temporal flows of action (Mousavi Baygi, Introna, and Hultin 2021), I analyze not only

the source code of Stall Catchers, or more specifically, the flow of human–code intra-

actions in it (see Chapter 3), but also its human–technology relations and both their in-

stantaneous and gradual temporal unfolding (see the section on “Intraversions of Hu-

man–TechnologyRelations” in this chapter). I return to the discussion of code inChapter

3 when discussing the analysis of computer code in my ethnographic approach.

In this work, I consider AI to be the broad field of research that seeks to build “intel-

ligent”machines.Machine learning, then, is a subset or technique of AI which builds on

data to create a decision or predictionmodel without directly programmed instructions.

Deep learningandartificial neuralnetworks,subsequently,are subsets ofML.Other sub-

sets of AI include NLP, computer vision, robotics, and expert systems.

In recent years, more and more research in cultural and digital anthropology, STS,

and related fields has discussed and analyzed AI. These include Turkle (2005a), Nilsson

(2010), and Engemann and Sudmann (2018), who discuss the historical developments

of AI, or media studies researcher Anja Bechman and STS researcher Geoffrey Bowker’s

analysis of the knowledge production of AI using the framework of classification theory

(Bechman and Bowker 2019). Another example is the exploration of the relation between

magic and AI by social anthropologist Simon Larsson and cognitive science, psychology

andphilosophy scholarMartinViktorelius (2022).Based on the observation that AI advo-

cates use the imagination of AI “as working like magic and glossing over the limitations

of technological systems,” (Elish and boyd 2018, 74) cultural anthropologist Madeleine

Clare Elish and technology and socialmedia scholar danah boyd argue that this hype can

lead to poorly constructedmodels that are understood to be infallible,undermining their

power and potential.This also specifically results in “limited space for interrogating how

cultural logics get baked into the very practice ofmachine learning” (Elish and boyd 2018,

74). Therefore, they call for grounding both the rhetoric and practices of AI. History of

media, technology, and society scholar Alexander Campolo and media, technology, and

AI scholar Kate Crawford use the term “enchanted determinism” to describe how AI dis-

course is often characterized by references tomagic and the inability to create a complete

understanding about the generation of results (Campolo and Crawford 2020).17 In STS

research, I would like to highlight the contribution of feminist scholarship, or feminist

STS, to the analysis of “sciences of the artificial,” as Suchman calls the subfields of science

17 In addition to the literature discussed here, it should be noted that attempts to establish a disci-

plinary research agenda of AI have also been undertaken in other fields, such as sociology, with a

focus on how inequalities are (re)produced by AI technology (Joyce et al. 2021). Furthermore, AI’s

societal implications are also increasingly becoming the subject of computer and information sci-

ence literature. To provide one example, the question of howAI affects and changes work has been

part of AI discourse from its early days. A recent publication on this topic is the special issue of the

Journal of the Association for Information Science and Technology, which discusses the “mutual trans-

formations” (Jarrahi et al. 2023, 303) of AI and work and organization. The editors of the special

issue argue for the need for practice-focused studies that analyze “the technology at work not in

isolation but in conjunction with organizational policies and routines” (Jarrahi et al. 2023, 304).
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and technology that include cognitive science, AI, robotics, and related fields in critical

adoption of political scientist Herbert Simon (Suchman 2007a).18

Sociologist Adrian Mackenzie’s “auto-archeological” (2017, xi) study of ML practices

andmachine learners, which he conceives as referring to both humans andmachines, is

particularly insightful for this work. Mackenzie aptly describes the diagrammatic prac-

tices that formmachine learners to show howML is both a strategy of power and a form

of knowledge production (2017, 9). I am particularly interested in his focus on subject

positions and the distribution of agency between machines and humans. Drawing on

Foucault (1972),Mackenzie asks: “Who is themachine learner subject?” (Mackenzie 2017,

179).

Oscillating between cognition and infrastructures, between people and machines,

neural nets suggest a way of thinking not only about how “long-term knowledge”

takes shape today but about subject positions associated with machine learning.

As infrastructural reorganization takes place around learning, and around the pro-

duction of statements by machine learners, both human and nonhuman machine

learners are assigned new positions. These positions are sometimes hierarchical and

sometimes dispersed. The machine learner subject position is mobile rather than

a single localized form of expertise (as we might find in a clinical oncologist, bio-

statistician, or geologist). Because machine learners vectorize, optimize, probabilize,

differentiate, and refer, what counts as agency, skill, action, experience, and learning

shifts constantly. (Mackenzie 2017, 186)

Although my focus is more on participant–software and researcher–technology rela-

tions in HC-based CS systems and less on programmer-machine relations,Mackenzie’s

analysis of the “mobile” subject positions and the shifts in, for example, agency and skill,

nevertheless, provides rare and valuable points of reference on how subject positions are

redistributed and continuously changing inMLprocesses (2017, 186). Similar toMacken-

zie’s approach to themachine learner subject, political geographer Louise Amoore, in her

book Cloud Ethics. Algorithms and the Attributes of Ourselves and Others (2020), defines the

“we”ofMLas “a composite figure inwhich humans learn collaborativelywith algorithms,

and algorithms with other algorithms, so that no meaningful outside to the algorithm,

no meaningfully unified locus of control, can be found“ (2020, 58). Amoore, therefore,

calls for a relational understanding and analysis of the ethicopolitics of ML (e.g., 2020,

7).

Artificial intelligence has also been analyzed from media theoretical perspectives.

Andreas Sudmann, for example, whose work is concerned specifically with ML and DL,

18 Among the guiding and common questions driving feminist STS is the “ongoing project of unsett-

ling binary oppositions, through philosophical critique and through historical reconstruction of

the practices through which particular divisions emerged as foundational tomodern technoscien-

tific definitions of the real” (Suchman 2007a, 140). Even though addressing feminist STS distinc-

tively in the broader field of STS can be important boundary work, I here consider STS to include

feminist scholarship. As will become apparent in this chapter and specifically in the second part,

where I discuss theoretical conceptualizations, I draw from research and scholars who aim tomove

beyond dichotomies and binary oppositions.
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investigates the role of documentary practices inDL technologies (2015), ormedia-politi-

cal dimensionsofDLand thecompanyOpenAI’s agendaof “democratizingAI” (2018).The

volume edited by Christoph Engemann and Andreas Sudmann (2018) provides insights

into the development, media, infrastructures, and technologies of AI from the perspec-

tive of cultural and media studies and the history of science. However, in these works,

HC or HI have received little attention so far.

The development of DL and how it became successful is further studied by Rainer

Mühlhoff (2020) from a media-philosophical point of view and social-theoretical cri-

tique. He traces the success back not only to the advances in computing power—as

is commonly argued—but to “a fundamental structural change in media culture and

human–computer interaction (HCI) at societal scale” (Mühlhoff 2020, 1869). He uses

the term “Human-Aided AI” to describe a media-cultural dispositive in which different

forms of human contributions to DL systems take place and which is based on “socio-

economic conditions, technological standards, political discourses, and specific habits,

subjectivities and embodiments in the digital world” (Mühlhoff 2020, 1881). Mühlhoff

identifies five types of human involvement in hybrid human–AI systems and their

corresponding power relations, including gamification as introduced with von Ahn’s

GWAPs. Together with these forms of human engagement, Mühlhoff argues, comes a

shift that leads to a new understanding of intelligence, where human cognitive abilities

are integrated into “machine networks” (2020, 1870), changing the role of humans from

being simulated by machines and replaced to active embedded cognitive resources. For

this understanding of intelligence as relational and distributed across humans and AI,

Mühlhoff introduces the term “cybernetic AI” (2020, 1880). His article is an important

contribution to the analysis of hybrid human–AI systems from a philosophical and

social scientific perspective. While the forms of human participation in AI described

by Mühlhoff are helpful for identifying human–AI relations in concrete examples, my

research focuses on how these relations unfold.The analysis will show that, even though

the human–AI (power) relations are indeed initially defined by the creators of such

systems, they are, nevertheless, distributed across different actors, who also shape the

relations according to their own needs.

In the interdisciplinary volumeTheDemocratization of Artificial Intelligence. Net Politics

in the Era of Learning Algorithms (Sudmann 2019a),19 Dippel’s contribution Metaphors We

Live By is especially noteworthy. Building on her study of scientists workingwithML and

evolutionary algorithms at CERN, Dippel argues for the “paramount importance [… of]

investigat[ing] artificial intelligence not only from a specifically technical angle, but in a

broader socio-cultural and political context” (2019a, 39). Artificial Intelligence, according

to Dippel, should be considered as a “technological alien” (2019a, 39) to be able to think

about a different future of the relation between AI and humans than positivist and ne-

oliberal imaginaries propose.

19 The focus here lies on the political dimensions of AI, specifically on discourses and understandings

of the democratization of AI technologies. Democratization is defined as “the realization of an ethic,

aiming at political information, a willingness to critique, social responsibility and activity, as well

as of a political culture that is critical of authority, participative, and inclusive in its general orien-

tation” (Sudmann 2019b, 11).
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Other work has studied the imaginaries and narratives of (mostly strong) AI (e.g.,

Cave and Dihal 2019; Cave, Dihal, and Dillon 2020; Fjelland 2020; Bareis and Katzen-

bach 2022) that fundamentally influence public discourses and AI development. Since

the imaginary of HC builds on these narratives to form a counter-imaginary, I will re-

turn to this work and discuss it in more detail in Chapter 4.

Finally, sociologist of science, technology and computing Florian Jaton conducted a

laboratory study on the constitution of algorithms, regarding how algorithms come into

being, at a computer science laboratory for digital image processing (2021). Such con-

stitution, as Jaton shows, is always “open-ended and amendable” (2021, 289). He pays

particular attention to the three activities of “ground-truthing, programming, and for-

mulating” (Jaton 2021, 17) that shape algorithms. By following an “enactive conception

of cognition” (Ward and Stapleton 2012) which frames cognition “as a local attempt to

engagewith the world” (Jaton 2021, 130, emphasis i.o.) through actions, he situates pro-

gramming in experience. Jaton’s work, therefore, is an insightful contribution to study-

ing “algorithms from within the places in which they are concretely shaped” (2021, 286).

In my research and with the Human Computation Institute as an example, I investigate

HC-basedCS systems, in a similar way, fromwithin the places inwhich they are formed.

Infrastructures and Infrastructuring

In order to analyze the sociotechnical assemblages and their human–AI or –technology

relations in general, it is crucial to include the infrastructures enabling and forming such

relations in the first place. As will become clear in the following elaborations, I consider

infrastructurebothasa subject of studyandasananalytical lens.Withoutneglecting that

most of the literature cited above includes an infrastructure perspective, I here want to

explicitlypoint to researchon infrastructures and thefieldof “information infrastructure

studies” (Bowker et al. 2009).20 Anthropologist Brian Larkin defines infrastructures as

follows:

Infrastructures are built networks that facilitate the flow of goods, people, or ideas

and allow for their exchange over space. As physical forms they shape the nature of a

network, the speed and direction of its movement, its temporalities, and its vulnera-

bility to breakdown. They comprise the architecture for circulation, literally providing

the undergirding of modern societies, and they generate the ambient environment of

everyday life. (Larkin 2013, 328)

Infrastructures are essential for all areas of social organization of which they form the

“backstage” (Koch 2017b, 117). They “mediate between scales, connecting local practices

with global systems” (Star and Ruhleder 1996, 114; cited inHallinan and Gilmore 2021, 6).

Despite their importance, they often remain invisible both physically and in discourse

20 Due to the growing interest of social science and humanities researchers in infrastructure in, inter

alia, Internet studies, media, or urban studies, the trend is referred to as the “infrastructural turn”

(e.g., Hesmondhalgh 2021).
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(Bowker and Star 2008; Niewöhner 2015). This invisibility is no coincidence but part of

the inner workings of power. Bowker and Star showed how working infrastructures go

hand in hand with classification and standardization systems and what roles the latter

play (2008). Infrastructures in the words of communication scholars Blake Hallinan and

James Gilmore, are “agents of power” (2021, 2), and their disappearance contributes to

the fiction that they are objective as well as acultural and asocial, and, thus, reliable. If

they work smoothly and as intended, the data infrastructures underlying Stall Catchers

are not the focus of the researchers’ work or even the subject of laboratory discussions.

However, infrastructure becomes visible uponbreakdown (Star andRuhleder 1996, 113; cf.

Star 1999, 381–382) and,21 as in the example studied in this work, when they are changed

and new aspects are introduced to them. The geographer and scholar of urbanism and

the sociology of technology Stephen Graham writes that these moments of disruption,

when infrastructures in the background stopworking as they should, are the “most pow-

erful way of really penetrating and problematizing those very normalities of flow and

circulation to an extent where they can be subjected to critical scrutiny” (Graham 2009,

2).

Susan Leigh Star and computer and information scientist KarenRuhleder argue, fol-

lowing computer scientist Tom Jewett and social informatics scholar Rob Kling (1991),

that the concept of infrastructure is “a fundamentally relational concept, becoming real

infrastructure in relation to organized practices” (Star and Ruhleder 1996, 113).They de-

fine nine properties of infrastructure, including transparency and embeddedness (Star

and Ruhleder 1996, 113; Star 1999). Based on such a relational understanding, social an-

thropologist JörgNiewöhner considers infrastructures “as transient embodiments of so-

cial, technical, political, economic, and ethical choices that are buildingup incrementally

over time” (2015, 2). With respect to my research field, data infrastructures are, thus, a

co-constitutive part of HC-based CS games as sociotechnical assemblages (Niewöhner

2015, 6–7). An analysis of the data infrastructures behind Stall Catchers, therefore, re-

quires not starting with the imaging processes in the biomedical laboratory and stop-

ping at the stage of analyzable data, but rather including the practices of researchers

and developers, the game’s code infrastructure, databases, and the social organization

and values that flow into and shape the infrastructures, as Bowker and colleagues argue

for infrastructures in general (2009, 99). The latter authors also argue that when infra-

structure is considered as a concept, it “consists of both static and dynamic elements,

each equally important to ensure a functional system” (Bowker et al. 2009, 99).22 As I will

show in this work, infrastructure and their related researcher–technology relations of-

ten resist the attempts to be stabilized and cleanedup.They are constantly in themaking.

21 Here, breakdown is not considered to be an exceptional state of infrastructure but “a condition

of technological existence” (Larkin 2008, 234), as shown by Larkin in his ethnography of media in

Nigeria.

22 Bowker argues for performing “infrastructural inversion” (1994; cf. Bowker and Star 2008, 34) to

analyze infrastructures: “Infrastructural inversion means recognizing the depths of interdepen-

dence of technical networks and standards, on the one hand, and the real work of politics and

knowledge production on the other. It foregrounds these normally invisible Lilliputian threads and

furthermore gives themcausal prominence inmany areas usually attributed to heroic actors, social

movements, or cultural mores” (Bowker and Star 2008, 34).
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What constitutes infrastructure, then, depends on perspective. Larkin writes that the

“act of defining an infrastructure is a categorizing moment” (2013, 330) that, as I would

add, is more an ongoing process than a concrete moment.

This understanding of infrastructures as being always in the making, moreover,

shifts the focus to “infrastructuring as a material-semiotic practice” (Niewöhner 2015,

5). Information scientist and STS scholar Claus Bossen and historian and STS researcher

Randi Markussen use infrastructuring as a verb to point to, among other things, “the

efforts required for their integration, and the ongoing work required to maintain it”

(2010, 618; cf. Jackson 2014). In my study I consider infrastructuring practices at both

the Human Computation Institute and the biomedical laboratory whose Alzheimer’s

disease research data is analyzed on the Stall Catchers platform.These infrastructuring

practices are part of the HC-based CS assemblages and present informative examples of

human–technology relations in these sociotechnical systems.

The aim of my research is to understand how HC-based CS assemblages come

into being in the interplay of different human and nonhuman actors, and how their

human–technology relations change over time and in everyday life. Despite this focus,

my research approach is also inspired by the analytical genre of laboratory studies

common in STS (Jaton 2021, 19–20).These studies focus on the analysis of how scientific

knowledge is produced (famous examples are Lynch 1985; Latour and Woolgar [1979]

1986; Traweek 1992; Knorr-Cetina 1999), or recently, how algorithms are constituted

(Jaton 2021). While I mainly conducted participant observation at the Human Compu-

tation Institute, my observations at the Schaffer–Nishimura Lab, and the focus on the

participant’s perspective also played a crucial role in my research (see Chapter 3).

A Theoretical Framework for Analyzing Emerging Hybrid Systems

Alongside the related work I have discussed, my research further builds upon key theo-

retical concepts which I combine to form a theoretical framework to address the scien-

tific questions central to this study. These theoretical lines, which I discuss separately,

consist of, first, the assemblage concept, which is particularly well-suited to adhering

to HC-based CS projects’ dynamic, procedural, and complex nature and directs the fo-

cus onto relations between the humans and nonhumans forming the assemblages. Sec-

ond, I discuss a relational understanding of technology. Here, I draw specifically from

Beck’s “complex situational analysis” (1997) and a postphenomenological understanding

of human–technology relations, which views human experience as always mediated by

technology (e.g., Ihde 1990; Verbeek 2001; 2005; Rosenberger andVerbeek 2015c; Dorres-

tijn 2017). Third, I discuss moral anthropological and ethics of technology approaches,

which form a crosscutting perspective in my research and help analyze how HC-based

CS is imagined by designers and developers. This extends to how, for example, partic-

ipants relate to and cope with their engagement in such systems. From these concep-

tualizations, I develop the concept of intraversions to capture how human–technology

relations in HC-based CS intravert along the dimensions of instantaneity and gradual

temporal development.



2 Approaching Human Computation-Based Citizen Science Analytically 51

From Assemblages to Assemblage Thinking

Human computation systems are not static, distinct objects, but continuously becoming

in the interplay of and relations between different human and nonhuman actors, them-

selves shapedandco-constitutedaspart of theprocess of becoming.Whilehuman–tech-

nology relations and, thus, HC systems themselves stabilize over a certain timeframe,

they also carry the potential for change. In order to analyze HC-based CS projects, the

concept of assemblages offers a helpful theoretical approach to capture such projects in

both their temporal consistency and volatility (Welz 2021a, 161).23 Simply stated, assem-

blages can be understood as compositions of various heterogeneous elements, includ-

ing human and nonhuman actors and their relations, which temporally come together

in specific configurations (Welz 2021a, 162). The resulting sociotechnical assemblages

do not merely constitute the sum of their individual elements; instead, something new

emerges, renderingHC systems in theirmultiplicity unique. As I show in this work, only

a highly specific interplay of various sociomaterial relations allowsHC-basedCSprojects

to meaningfully contribute to the scientific analysis of a problem.24

Assemblage theory recently received considerable attention from across the social

sciences (Hansen and Koch 2022, 3). It has also been increasingly well-received in (cul-

tural) anthropology since the turn of the millennium (Welz 2021a, 161). In recent years,

European ethnology and digital anthropology employed assemblage theory to analyze

“nonlinear processes, unstable states, and unexpected effects” (Welz 2021a, 168).25 Orig-

inally, assemblage theory was developed by Deleuze and Guattari, specifically in their

book A Thousand Plateaus: Capitalism and Schizophrenia (1980). Here, an assemblage is

formed in a multiplicity of heterogeneous elements and “necessarily changes in nature

as it expands its connections” (Deleuze and Guattari 2013, 7). Moreover, assemblages

act “on semiotic flows, material flows, and social flows simultaneously” (Deleuze and

Guattari 2013, 24). In dialogue with the French journalist Claire Parnet, Gilles Deleuze

describes assemblage as follows:

It is a multiplicity which is made up of many heterogeneous terms and which estab-

lishes liaisons, relations between them, across ages, sexes and reigns—different na-

tures. Thus, the assemblage’s only unity is that of a co-functioning: it is a symbiosis,

a ‘sympathy’. It is never filiations which are important, but alliances, alloys; these are

not successions, lines of descent, but contagions, epidemics, the wind. (Deleuze and

Parnet 2007, 69)

23 Citizen science systems have already been analyzed as assemblages by virtuality design scholar

Nathan Prestopnik and information science scholar Kevin Crowston (2012). However, the authors

did not draw from assemblage theory as discussed in this research and considered CS system as-

semblages as “a collection of interrelated functional components and social activities” (Prestopnik

and Crowston 2012, 1).

24 In fact, in solving a certain problem, new problems emerge (or existing problem definitions

change) to be addressed with HC. I will elaborate on this, specifically in Chapter 6.

25 See, for example, the application of assemblage theory to the analysis of AI inmuseums (Bareither

2023).
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These connections between different elements are, in a certain way, random and non-

linear. According to Deleuze and Guattari, they are rhizomatic in that they “connect […]

any point to any other point” (2013, 21). The rhizome, in their thinking, lies in opposi-

tion to arborescence, a tree-like hierarchical structure that has a beginning and an end.

Rhizomes are nonhierarchical, undirected, and heterogeneous, alwaysmultiple and can

never be broken.26

Theattempt to fully characterizeDeleuze andGuattari’s concept of “assemblage” fails

due to the various and often inconsistent definitions they offered.Moreover, any attempt

to define the concept in English already falls short given the term itself since the En-

glish translation “assemblage” does not capture both meanings of the original French

“agencement” (Phillips 2006, emphasis i.o.). The translation of the term originates from

theCanadianphilosopher and social theoristBrianMassumi,whofirst translatedAThou-

sandPlateaus and introduced the term “assemblage,” adopted by other translators and re-

cipients in subsequent years (Brenner,Madden, andWachsmuth 2011, 227; cited inWelz

2021a, 163). In its Frenchmeaning, the term refers to both the “action of matching or fit-

ting together a set of components (agencer) […], as well as to the result of such an action:

anensembleof parts thatmesh togetherwell” (DeLanda2016, 1, emphasis i.o.).According

to sociologist John Law, the English translation does not reflect the uncertainty related

to the process (2004, 41).

For Deleuze and Guattari, assemblage was a “provisional analytical tool rather than

a system of ideas geared towards an explanation that would make it a theory” (Müller

2015, 28). Nevertheless, various scholars have attempted to explain Deleuze and Guat-

tari’s concept or further define it without strictly adhering to their thinking—attempts

that others have also criticized, including philosopher and critical and cultural theorist

Ian Buchanan (e.g., 2015). My aim in this section, however, is to discuss assemblages in

a way that is conducive to my analysis of HC-based CS, admittedly leaving the discus-

sion of different interpretations incomplete. Extensive discussions of the concept of as-

semblage and its various receptions can be found in, for example, DeLanda (2006; 2016),

Müller (2015),Welz (2021a), and Hansen and Koch (2022).

Theorist, artist, and philosopherManuel DeLanda’s work onDeleuze and onDeleuze

and Guattari’s assemblage concept offers a detailed account of their thinking. DeLanda

even advanced Deleuze and Guattari’s formulation to a “neo-assemblage theory” or “as-

semblage theory 2.0” (DeLanda 2006, 4),more tailored towards use as an analytical tool.

DeLanda, in fact, introduces a new approach to social ontology based on Deleuze’s as-

semblage theory inANewPhilosophy of Society: AssemblageTheory andSocialComplexity (De-

Landa 2006). Assemblages, he argues,

being wholes whose properties emerge from the interactions between parts can be

used to model any of these intermediate entities: interpersonal networks and insti-

tutional organizations are assemblages of people; social justice movements are as-

semblages of several networked communities; central governments are assemblages

26 The latter means that rhizomes do not cease to exist upon rupture but instead change along a

different line. Deleuze and Guattari list six defining characteristics of rhizomes in the introductory

chapter “Rhizome” (2013). Here, I focus on the assemblage concept.
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of several organizations; cities are assemblages of people, networks, […]. (DeLanda

2006, 5)

All these intermediate entities can bemodeled and analyzed using the concept of assem-

blages and historical processes.This approach, according to DeLanda (2006, 4), presents

a “realist social ontology” that does not need to rely on essentialism to explain the identi-

ties of organic, inorganic, or social assemblages by focusing on the processes of produc-

tion and the maintenance of assemblages “instead of the list of properties characteriz-

ing the finished product” (DeLanda 2006, 39). Maintenance, in the form of territorializ-

ingprocesses, is important becausedeterritorializing (see below) processes continuously

destabilize assemblages (DeLanda 2006, 39). Following this thinking, then,DeLanda de-

fines the ontological status of assemblages as individuals and singular (2006, 40). Taking

assemblages as starting points helps to follow the processes that form them and those

that destabilize them simultaneously.

Assemblage theory is particularly useful for analyses across scales because it under-

stands phenomena as always consisting of various interwoven scales.This allows one to

analyze how assemblages come into existence through the interaction of their elements

and how they, in turn, influence these individual parts (DeLanda 2016, 34).

Following Deleuze and Guattari, and DeLanda’s interpretation, geographer Martin

Müller (2015) summarizes five characteristics of assemblages. First, they are “relational,”

meaning that assemblages come into being through the relations between different ele-

ments (Müller 2015, 28): “In amultiplicity,what counts are not the terms or the elements,

but what there is ‘between’, the between, a set of relations which are not separable from

each other” (Deleuze and Parnet 2007, viii). These relations are not fixed but temporal

(Deleuze and Guattari 2013, 98), and, as DeLanda argues, they are “relations of exteriority.

These relations imply […] that a component part of an assemblagemay be detached from

it andplugged into adifferent assemblage inwhich its interactions aredifferent” (DeLan-

da 2006, 10, emphasis i.o.).This understanding of relations also means that it is not the

properties of such components that describe the relations of the assemblage,because the

realization of their capacities relies on relations, on references to “the properties of other

interacting entities” (DeLanda 2006, 11).

Second,Müller (2015, 29) argues that assemblages create new actors and actions, re-

lations, expressions, and territorial organizations and are, thus, productive. As Iwill show

in this work, HC-based CS projects and their intraverting human–technology relations

generate new subjectivities, tasks, and purposes. In fact, the purposes of the projects

themselves sometimes change.

Third, “[a]ssemblages are heterogeneous” (Müller 2015, 29) and, as such, always socio-

material. “There are no assumptions as to what can be related—humans, animal, things

and ideas—norwhat is the dominant entity in an assemblage” (Müller 2015, 29, emphasis

i.o.).

Moreover, assemblages are formed through the constant processes of deterritorial-

ization and reterritorialization: “the assemblage has both territorial sides, or reterritori-

alized sides,which stabilize it, and cutting edges of deterritorialization, which carry it away”

(Deleuze and Guattari 2013, 103, emphasis i.o.). Deterritorialization and reterritorial-

ization can be understood as processes that act upon assemblages by disembedding
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and destabilizing them (deterritorialization), and by restructuring and stabilizing them

(reterritorialization). As assemblages, HC-based CS projects are constantly marked by

processes of reterritorialization that bring together, align, and stabilize heterogeneous

relations and actors, while those of deterritorialization tear them apart, destabilize the

assemblage, and increase gaps and frictions between different relations. While such

processes play a role in all of the subsequent empirical chapters, Chapter 7 explicitly

focuses on the example of building trust as a (re)territorialization process. Despite the

continuous work of various processes on the assemblages, they are, nevertheless, not

randomly changing and not everything is in motion (Müller 2015, 36). Similar to Beck’s

observation of the “use potentials” of technology (1997, 223), assemblages are multiple

but not arbitrary (see below for more detail).

Finally, and importantly to Deleuze and Guattari, desire is fundamental to fusing

the elements of and forming them into an assemblage (Müller 2015, 36). In Deleuze and

Guattari’s words, “The rationality, the efficiency, of an assemblage does not exist with-

out the passions the assemblage brings into play, without the desires that constitute it

as much as it constitutes them” (2013, 465). It follows, then, that assemblages as collec-

tions of heterogeneous elements are never neutral but always driven by desire,which can

takemanydifferent formsof “passion,” such as power,pity, cruelty (Deleuze andGuattari

2013, 466), or ethical principles. In this work, I analyze the various passions, the “effectu-

ations of desire” (Deleuze and Guattari 2013, 466) that create HC-based CS assemblages

and are created by them.

While DeLanda’s work made assemblage theory accessible to the social sciences in

general (Welz 2021a, 162), other modes of interpretation have been developed which can

be summarized by the term “assemblage thinking” (Anderson et al. 2012; Welz 2021a).

These often moved away from the poststructuralist philosophy of Deleuze (Welz 2021a,

164).Here, assemblage thinking encompasses not only ontological but alsomethodolog-

ical or empirical approaches (Brenner,Madden, andWachsmuth 2011, 230), serving as a

“descriptive emphasis of how different elements come together” (McFarlane 2011b, 652).

The anthropologists AihwaOng and Stephen Collier’s (2005) edited volumeGlobal Assem-

blages. Technology, Politics, and Ethics as Anthropological Problems, for instance, influenced

the cultural anthropological reception of the assemblage concept (Welz 2021a, 165; Han-

sen and Koch 2022, 5). “Global Assemblages,” as the title suggests, focused on questions

of globalization at the beginning of the twenty-first century. Here, the term unites the

tension in the terms “global”, implying a “broadly encompassing, seamless, and mobile”

(Ong and Collier 2005, 12) perspective, and “assemblage” as “heterogenous, contingent,

unstable,partial, and situated” (Ong andCollier 2005, 12).Contrary toDeLanda,Ongand

Collier (2005) do not aim to define the concept further but tomake it accessible to empir-

ical research, presenting “assemblage thinking as a heuristic for emerging globalization

research in cultural anthropology” (Welz 2021a, 166). They describe assemblages as “en-

sembles of heterogeneous elements” (Ong and Collier 2005, 4), which are “the product of

multiple determinations that are not reducible to a single logic.The temporality of an as-

semblage is emergent. It does not always involve new forms but forms that are shifting,

in formation,or at stake” (OngandCollier 2005, 12).The latter is especially essential tomy

research, since the relationswithin sociomaterial assemblages inHC-basedCS intravert

such that they, for example, change without necessarily involving new elements or ac-
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tors. According to cultural anthropologists LaraHansen andGertraud Koch, the focus in

the current empirical cultural studies of assemblages lies on

the emergence and unfolding of socio-material fields and the tracing of just such in-

herent processes of change by the various human and non-human actors. In particular,

the randomness of connections and the recognition of the ambiguity of social realities

in which the disruption of existing structural categories and dichotomies such as so-

cial-material, animate-inanimate, nature-culture, human-non-human, object-subject,

micro-macro, or structural-practices is prevalent. The unmasking of these dichotomies

as specific, often anthropocentric world views offers fruitful starting points for ethno-

graphic research in the fields of political, educational, environmental or medical an-

thropology. (Hansen and Koch 2022, 4–5)

I argue for adding digital anthropology and the anthropology of technology to this list

of fields of ethnographic research that can benefit from an assemblage approach.More-

over, assemblage thinking and assemblage theory have been of particular interest in ur-

ban studies (Farías andBender 2010; Brenner,Madden, andWachsmuth 2011;McFarlane

2011a; 2011b; Färber 2014),27 where the concepts have proven quite useful when employed

in combination with ANT (e.g., Farías and Bender 2010; Färber 2014).Whilemy research

does not lie within the field of urban studies, the interpretation of assemblage theory

from the perspective of ANT, the concepts and perspectives of which serve as important

starting points for my research, represents an important trajectory which I will discuss

in what follows along with a brief overview of ANT itself.

Actor–network theory, specifically going back to philosopher, anthropologist, and

sociologist Bruno Latour ([1988] 1993), sociologist Michel Callon (1984), and John Law

(1984; cf. Latour 2005, 10), focuses on the analysis of actor networks and their properties

(Latour 1996, 369), thereby following a flat ontology (Latour 2005, 16). The focus of ANT

lies on overcoming binaries and “does not limit itself to human individual actors, but

extends the word actor—or actant—to non-human, non-individual entities” (Latour 1996,

369, emphasis i.o.),28 conceived as “circulating objects” (Latour 1996, 374). These objects

are formed through and in actions with other actants and associations. The agenda of

ANT, according to Latour, is

[t]he attribution of human, unhuman, non-human, inhuman characteristics; the dis-

tribution of properties among these entities; the connections established between

them; the circulation entailed by these attributions, distributions and connections;

27 The concept of assemblage highlights the fundamental “human—non-human multiplicity of re-

lations” (McFarlane 2011b, 651), attending to “why and how multiple bits-and-pieces accrete and

align over time to enable particular forms of urbanism over others in ways that cut across these

domains, and which can be subject to disassembly and reassembly through unequal relations of

power and resource” (McFarlane 2011b, 652). Moreover, it allows researchers to ethnographically

analyze cities as interconnected elements in everyday practice without having to determine the

nature of their connections a priori (Färber 2014, 98).

28 The term “actant” refers to whatever or whoever “acts or to which activity is granted by others. It

implies no special motivation of human individual actors, not of humans in general” (Latour 1996,

373, emphasis i.o.).
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the transformation of those attributions, distributions and connections of the many

elements that circulate, and of the few ways through which they are sent. (1996, 373)

According toStar,ANT“openedupawholenewwayof analyzing technology” ([1991] 2015,

276) which has much in common with assemblage theory. In fact, Latour, in defining

ANT, referred to assemblages and Deleuze’s term “rhizome” (e.g., in Latour 1996, 370).

Therefore,Müller described ANT as “an empirical sister-in-arms of themore philosophi-

cal assemblage thinking” (Müller 2015, 30) developedbyDeleuze andGuattari. In contrast

to DeLanda, for whom relations of exteriority characterize assemblages, ANT follows a

relationalist ontology, according to which relations of interiority form assemblages. For

the latter, relations “define the very identity of the terms they relate” (Ball 2018, 242) to.

With assemblages, ANT focuses on the becoming of their components (Schwertl 2013,

118),29 which are conceived as processes of “recursive self-assembling” (Law 2004, 41).

Thus, here, the components are co-constructed and shaped in the entanglement with

each other and are not preexisting (Law 2004, 42).

Consequently, ANT decenters subjects and artifacts by placing associations, net-

works, and translations at the center of concern, focusing specifically on processes,

changes, and stabilizations (Schwertl 2013, 113). The productive power of relations—es-

pecially human–technology relations—plays an important role in understanding how

intraversions form.

Additionally, a helpful approach to agency building upon the ANT conception of

assemblage is political scientist and philosopher Jane Bennett’s notion of “distributive

agency” (2010).30 This understanding decenters agency from being a capacity solely

ascribed to humans and sees it, instead, as “distributed across an ontologically hetero-

geneous field” (Bennett 2010, 23). Following this understanding, assemblages, then, are

also not defined and conducted by individual agents but possess their own agency:

[N]o one materiality or type of material has sufficient competence to determine con-

sistently the trajectory or impact of the group. The effects generated by an assemblage

are, rather, emergent properties, emergent in that their ability to make something

happen (a newly inflected materialism, a blackout, a hurricane, a war on terror) is dis-

tinct from the sum of the vital force of each materiality considered alone. Each mem-

ber and proto-member of the assemblage has a certain vital force, but there is also an

effectivity proper to the grouping as such: an agency of the assemblage. And precisely

because each member-actant maintains an energetic pulse slightly “off” from that of

the assemblage, an assemblage is never a stolid block but an open-ended collective.

(Bennett 2010, 24, emphasis i.o.)

29 Within the example of studying science, the concept, according to Law, allows one to “recognise

and treatwith the fluidities, leakages and entanglements thatmake up the hinterland of research”

(2004, 41).

30 Welz (2021a, 172) also acknowledges the important contribution of feminist STS to assemblage

theory, which considers agency as distributed in assemblages across human and nonhumans.
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Importantly, while understanding agency as distributed does not directly link agency to

amoral subject, it also does not neglect intentionality, albeit consigning it “as less defini-

tive of outcomes” (Bennett 2010, 32; cf.Hansen and Koch 2022, 9–10).Thus:

Agency is, I believe, distributed across amosaic, but it is also possible to say something

about the kind of striving that may be exercised by a human within the assemblage.

This exertion is perhaps best understood on the model of riding a bicycle on a gravel

road. One can throw one’s weight this way or that, inflect the bike in one direction

or toward one trajectory of motion. But the rider is but one actant operative in the

moving whole. (Bennett 2010, 38)31

Despite the parallels between assemblage thinking and ANT, they are also different in

several ways. Cultural anthropologist Maria Schwertl (2013), for instance, pointed to the

diverging forms of analyzing networks. While ANT is primarily interested in how net-

works emerge and are stabilized, assemblage theory focuses on its continuous recom-

positions (Schwertl 2013, 117).32 Furthermore, ANT focuses on situational development,

while assemblage concentrates on pervasive structures and logics (Schwertl 2013, 118).33

Focusing on irreversibilitieswithinnetworks andhow they are introduced canbe im-

portant for analyzing power in the field of sciences (Star [1991] 2015, 275). However, ANT

has been criticized for focusing too heavily on the analysis of specific associations and

alignments between heterogeneous elements of networks (Beck 1997, 288).34 According

to Beck, this results in an (at least temporarily) stabilized network and the “assignment

of specific, stable roles for all human and nonhuman actors” (1997, 288). Additionally, al-

though ANT’s contribution to overcoming binaries and boundaries was significant, Star

writes:

[O]ne of the features of the intermingling that occurs may be that of exclusion (tech-

nology as barrier) or violence, as well as of extension and empowerment. I think it is

bothmore analytically interesting andmore politically just to begin with the question,

cui bono? than to begin with a celebration of the fact of human/non-human mingling.

(Star [1991] 2015, 276–277, emphasis i.o.)

Despite the differences between ANT and assemblage theory discussed here, McFarlane

concludes that they “nonetheless exist […] in similar conceptual terrain attempting to

confront the complexity of sociomaterial relationality” (2011b, 655).35

31 This reminds one of Suchman’s (2007b) insightful canoeing example, with which she emphasizes

the contingencies of action and the necessary incompleteness of plans.

32 Deleuze and Guattari, therefore, call the analysis “nomadology” (2013, 409ff.).

33 For further differences between ANT and assemblage theory, see Müller (2015).

34 It should be noted that writing about “ANT” in fixed terms simplifies its ideas and approaches.

Of course, ANT has evolved since its introduction and adaptation (e.g., Law and Hassard 1999; Gad

and Jensen 2010). One example is the work of ethnographer and philosopher AnnemarieMol, who

demonstrated how phenomena are enacted in multiple versions and through different networks

(Mol 2002a; 2002b; cf. Gad and Jensen 2010).

35 There are also similarities between the assemblage concept and Foucault’s concept of the disposi-

tive (Schwertl 2013, 118). However, since the dynamic nature of assemblages—which does not play



58 Libuše Hannah Vepřek: At the Edge of AI

In contrast to ANT’s rather unidirectional approach to the stabilization of associa-

tions, my research focuses on the continuous changes in role allocations, power distri-

butions, and responsibilities that occur in human–technology relations.

Having discussed assemblage theory or thinking with a focus on DeLanda’s and

ANT’s conceptualizations,36 I summarize five main points related to how the assem-

blage concept—which I apply both empirically and analytically (Brenner, Madden, and

Wachsmuth 2011, 231), as object and orientation (McFarlane 2011b, 653)—provides a

useful theoretical approach to the analysis of HC-based CS projects. First, it allows me

to remain open to the complexity of HC-based CS systems (Dietzsch 2022). Indeed,

following DeLanda’s (2016, 3) interpretation, assemblages are always assemblages of

assemblages. To provide an example from my field, biomedical engineering in the

laboratory itself can be understood as an assemblage that is part of the Stall Catchers

assemblage.37 I demonstrate in Chapter 6 how it can also be helpful to think of the

scientific process in the example of Stall Catchers as an assemblage in and of itself.

Second, the concept of assemblage also directs the focus onto the relations between

different human and nonhuman actors, which together form assemblages (Welz 2021a,

164). As a concept, it “highlights the dynamic, the procedural and the inconsistent di-

mensions of social orders [and sociomaterial practices] rather than their structural di-

mensions in and beyond societies” (Hansen and Koch 2022, 4). Using the concept of as-

semblage, then, it is possible to analyze the processes of stabilization (reterritorializa-

tion) and destabilization (deterritorialization) simultaneously acting upon Stall Catch-

ers, both forming and changing it.

Third, and related to this latter point, assemblage thinking conceptualizes an assem-

blage’s agency itself in processual terms (cf.Hansen and Koch 2022, 9). ANT, as well as its

an important role in dispositives—is particularly useful for my analysis of HC-based CS, I do not

pursue this line of thought further here.

36 I briefly mention Buchanan’s critique of both lines of thought, although I focus on how assem-

blage thinking provides a fruitful starting point for my analysis of HC-based CS systems—or as-

semblages. Buchanan criticizes ANT’s and DeLanda’s interpretations of assemblage theory for

“cloud[ing] our understanding of Deleuze and Guattari” (Buchanan 2015, 383). Among his greatest

points of criticism are the following: On the one hand, and even though ANT’s focus on the agency

of materialities and nonhuman entities is in line with Deleuze and Guattari’s thinking, Buchanan

argues it should not form the core of the analysis, and ANT, therefore, misses “what is central to

the assemblage” (Buchanan 2015, 385). Furthermore, ANT, according to Buchanan, understands

assemblages as indetermined collections and not as purposeful as “the deliberate realization of

a distinctive plan (abstract machine)” (2015, 385). On the other hand, DeLanda, from Buchanan’s

point of view, focuses too much on the becoming of assemblages (2015, 382), and, in that sense,

on the “how:” “Worrying about how a particular authority structure actually changes forgets that

the real question here, at least insofar as assemblage theory is concerned, iswhat is that structure

of authority? How is it constituted?” (Buchanan 2015, 388, emphasis i.o.). Deleuze and Guattari, by

contrast, were interested more in questions related to the idea of the state itself (Buchanan 2015,

389). As I have stated previously, I do not aim to strictly follow Deleuze and Guattari’s formula-

tion of assemblages but, instead, focus on the assemblage concept in a way that is helpful to my

analysis, and, thus, pursue a different goal from Buchanan with my discussion of assemblages.

37 It is, thus, important to reveal the cuts I place (Barad 1996, 170–171), the boundaries I draw, and

specific regions of the assemblage I focus on inmyanalysis ofHC-basedCSprojects as assemblages

(see Chapter 6).
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conceptualization of assemblages, has been criticized for its symmetric relational ap-

proach to agency,making it impossible to ascribe accountability to actors.38Myperspec-

tive, therefore, departs from this approach. As I have already briefly mentioned in the

introduction, I, instead, follow an asymmetric understanding of human and nonhuman

agency, similar to Barad, who, following physicist Niels Bohr, argues as follows:

(i) [N]ature has agency, but it does not speak itself to the patient, unobtrusive observer

listening for its cries—there is an important asymmetry concerning agency: we do the

representing, and yet (ii) nature is not a passive blank slate awaiting our inscriptions,

and (iii) to privilege the material or the discursive is to forget the inseparability that

characterizes phenomena. (Barad 1996, 181)

This understanding is also reflected in the relations, temporalities, and spatialities that

form the assemblage, as some actors and processes have a greater influence on structur-

ing,narrating,and forming themthanothers (McFarlane2011b,655).Fromthis, it follows

that assemblages are “structured,hierarchised,andnarrativised throughprofoundlyun-

equal relations of power, resource, and knowledge” (McFarlane 2011b, 655).

Fourth, thinking aboutHC-basedCS systems as (sociotechnical) assemblages directs

the focus to the different sociotechnical relations in which different human and non-

humans are linked and mutually form each other. Different human–technology rela-

tions are interwoven and influence each other productively. Simultaneously, they pull

and push against each other, creating frictions while continuously forming and reform-

ing, or reterritorializing and deterritorializing, the assemblage.

Finally, these relations are continuously changing alongside the assemblages,which,

as Deleuze and Guattari (2013, 7) have pointed out, change themselves as they extend. I

focus on selected human–technology relations and perspectives, elements, and dimen-

sions of HC-based CS assemblages to answer the questions guiding my research.

Using the assemblage concept as a theoretical starting point, I now turn to selected

theoretical conceptualizations of human–technology relations, andhow these canbe an-

alyzed.

Human–Technology Relations

Beck writes that, at least since the era of modern industrial societies, the “relation be-

tween self andworld is comprehensively technologicallymediated andmoderated” (1997,

248). Given the dense “texture of the ‘technosphere’ within which we undertake our daily

affairs” (Ihde 1975, 271), technology forms an omnipresent condition of everyday life,39

which it shapes and, at the same time, is shaped by (Beck 1997, 10). Therefore, the at-

tempt to grasp and understand technology and its role in human life has occupied re-

searchers in various scientific fields. I focus on relational conceptualizations of technol-

ogy, specifically following Beck’s complex situational understanding of technology and

38 As described above, Bennett (2004), therefore, emphasizes intentionality within distributed agen-

cy.

39 For these reasons, Hengartner (2012, 120) argues, technology can be understood as culture.
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postphenomenological approaches to human–technology relations. Following relational

conceptualizations of technology, the focus always lies on the relation between humans

and nonhumans, such as humans and technology,40 and considering both simultane-

ously. Humans and technology mutually constitute each other within and through their

relations. While Beck writes about user–technology relations, I refer here to humans

in order not to exclude diverse related actors, such as developers, providing specificity

whenever necessary. From there, I develop the concept of intraversions, which adds a

particular processual and temporal focus to the analysis of the evolution of and continu-

ous changes within human–technology relations along instantaneous and gradual tem-

poral developments in the rapidly advancing fields of HC and HI. I first turn to Beck’s

work on the use of and engagement with technology (Umgangmit Technik).

Beck’sUmgangmit Technik (1997) has been highly influential in the German-speaking

fields of cultural and digital anthropology but to date has not been published in English.

In this book, Beck developed the analytical framework of a “complex situational analysis

of the use of everyday artefacts,” building upon a praxiological perspective on technol-

ogy in order to take into account the materialities and use of technology in addition to

thedimension ofmeaning,which, thus far,hadbeen the focus inGerman“Sachforschung”

(1997, 18,20).Hebuildsuponconcepts fromGermancultural anthropologyandEuropean

ethnology and its predecessor Volkskunde, as well on philosophical, ethnological, and so-

ciological concepts of technology. Beck develops this framework to analyze the usage of

what he calls “classical” technology, which he contrasts with information and commu-

nication technologies, such as the computer (1997, 232–233). Despite this demarcation,

Beck’s framework constitutes a landmark in themultidimensional andmultiperspective

sophisticated analysis of technology.Therefore, here I summarize the main elements of

Beck’s approach relevant to my research.

Beck describes the relationship between users and technology as an interactive pro-

cess, a “feedback structure” (Zimmerli 1990, 252), in which technology has a formative

influence on its possible uses. At the same time, users can render technical artifacts us-

able for their purposes in creative ways.The relational concept of technology stresses the

analysis of the use of technology. It, therefore, establishes a “situational understanding of

technology, which ultimately also opens up the perspective on the cultural and social con-

texts of the use act” (Beck 1997, 224, emphasis i.o.).

In analyzing technology in use and the relations between humans and technology,

Beck combines a perspective which focuses on materiality (“sachtheoretische Perspektive”),

taking technology as a starting point, through a perspective focusing on practice (“prax-

istheoretische Perspektive”), taking actors as its starting point (Bareither 2013, 32).

Focusing on technology itself, Beck builds on a differentiated understanding of con-

text, which he divides into “hard, material con-texts,” describing technological object

potentials (dimension of practice) and “soft, discursive co-texts” (dimension of mean-

ing), that together lead to the configuration of a user and orient their practice (Beck 1997,

294). Following literary scholar and philosopherMikhail Bakhtin (1981), Beck stresses the

40 The focus in my study lies on human–technology relations, although these generally also include

animals, such as mice, and other nonhuman entities, such as plants, trees, microorganisms, and

other formations.
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polyphony of co-texts, which can be simultaneously present in one situation and “juxta-

posed to one another,mutually supplement one another, contradict one another, and be

interrelated dialogically” (Bakhtin 1981, 291–292; cited in Beck 1997, 343). In these situa-

tions, different discourses andmeanings are negotiated and define acceptable or appro-

priate practices around technology (and, thus, aroundHC-based CS projects as well). In

Chapter 5, I specifically focus on themultiplemeanings present inHC-basedCS systems

given their situatedness in variousfields, suchasplay and science,and, in the case of Stall

Catchers, the powerlessness experienced by some participants toward Alzheimer’s dis-

ease.

ForBeck, con-text refers to the situational practice inwhich technology’s affordances

are realized (1997, 342).41He reinterprets and expands upon the concept of affordance in-

troduced by psychologist James J. Gibson (1977; 1979),42 who introduced the term to de-

scribe how the physical properties of an object, independent of the user’s perception,

afford certain behaviors and interactions. Beck criticized Gibson’s conceptualization for

excluding the social and cultural conditions of technology use (1997, 244), the co-texts in

Beck’s terms, which restrict these affordances (1997, 304).43 Furthermore, Beck explains

that Gibson’s definition did not consider the social context in which user–technology in-

teractions occur or relations unfold. He adds that the same object can provide different

opportunities to people depending upon their abilities, intentions, and social contexts.

Nevertheless, Beck argues, the concept, if expanded, can be useful for the analysis of the

everyday use of technology in two ways:

First, [Gibson’s] hint that perception is directly bound to bodily movement, to the ac-

tors’ ability to act in space—their kinesthetics; and second, that the relation of user

and object is to be regarded as the decisive “unit of analysis”, characterized by affor-

dances, by manifold and hardly clearly determinable object potentials. (Beck 1997,

244)

The concept of affordances, thus, focuses on the situated relations between humans

and technologies. Beck’s emphasis on the manifold and indeterminate object poten-

tials opens up the analysis to human counteractions and creative practices,44 which de

Certeaudescribed as “tactics” ([1980] 2013).These challenge discursive regulations aswell

as designed and programmedways of use (Beck 1997, 244–245).The framework of a com-

plex situational analysis, therefore, pays particular attention to resistance and creative

41 Beck further differentiates betweenmanifest and latent con-texts. While technology offers various

latent affordances, these are always constrained by specific co- and con-texts. Therefore, fromma-

ny possible ways of acting, only a few are considered acceptable and favored (Beck 1997, 348).

42 Gibson’s affordance concept has since also been used for and adapted to ethnographic and pra-

xeological research by various authors (e.g., Boyd 2010; Costa 2018; Bareither 2019; 2020a).

43 Beck (1997, 244), for example, shows that the realization of the affordances of a letterbox depend

on the knowledge of how a letterbox is embedded in the sociotechnical system of sending a letter.

44 This also relates to sociologist Ian Hutchby’s interpretation of the affordance concept. Hutchby

added a relational focus to Gibson’s functional affordance concept that “draws our attention to

the way that the affordances of an object may be different for one species than for another” (2001,

448).
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practices and, thus, to the agency of users actively shaping their relations with tech-

nology. Beck also suggests moving beyond Gibson’s affordance concept, which neglects

social and intersubjectivity by including “social configurations” (Elias [1970] 2012) and

their influence on how affordances are realized in social interactions (Beck 1997, 246). In

accordance with, inter alia, psychologist William Noble (1981) and philosopher of science

and ecological psychologist Edward Reed (1991), Beck refers to this dependence on social

configurations as “socially mediated affordances” (1997, 246). Ultimately, however, the

complex relationship should be considered a “con-figuration of technological artifacts and

society: technological development can, thus, be understood as the result and condition

of (not only) modern societies, in that new objects provide new affordances, which in

turn enable different kinds of social figurations, fromwhich in turn new objects emerge”

(1997, 246, emphasis i.o.).

From a practice-theoretical perspective, it is crucial to focus on how affordances and

usage instructions are activated and differently realized in everyday use. In this context,

Beck conceives practice as both processual and reflexive, embodied and situated (1997,

298–299), which describes an “active and recognizing mode of being in the everyday life

world” (1997, 298–299). He argues that as users realize the co- and con-texts in every-

day use, technology as a social and cultural construct is then transformed into a “Tat-

Sache” (Beck 1997, 295), amatter (or “thing”) of practice.The analysis of technology or hu-

man–technology relations, therefore, always requires the analysis of both technology as

a “use complex anduse configuration” (“Nutzungskomplex und -figuration”) (Beck 1997, 294,

emphasis i.o.).This perspective emphasizes users’ formative role in creatively construct-

ing these relations and their ability to seize the situated contingency. Building upon the

sociological theory of “contingency,” Beck then conceptualizes technology as a “materi-

alized form of contingency management” (1997, 223, emphasis i.o.). As such, “technology

allows diverse butnot arbitraryuse possibilities” (Beck 1997, 223, emphasis i.o.).Beckwrites

that,

through the design and functional specification of technical artifacts, options are pro-

vided within a spectrum that—in a creative process—must be realized by the users.

Additionally, it must be emphasized that, in addition to themateriality of the artifacts,

use instructions also discursively stabilize the possible uses. Culturally and socially

bound technology can thus be conceptualized as material and immaterial constraints on

the contingency of technical action—with technology and users being embedded in a

sociomaterial feedback structure. (1997, 223, emphasis i.o.)45

Considering these different, but not arbitrary, possible uses in the analysis of HC-based

CS projects is important for understanding how, for example, user–technology relations

change and intravert over time as participants realize the options offered by the design

of the platform and software in different ways. In Chapter 5, for instance, I discuss par-

ticipants’ practices, which by design go beyond the intended task contribution, and in

Chapter 6 I show how participant–technology relations intravert.

45 Beck differentiates between, “Gebrauchs- und Nutzungsweisen” and “Technik und Technologie,” which

are difficult to adequately translate into English.
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Taken together, the multiperspective approach to the different dimensions (the

co- and con-texts) and the distinction between technology as a “use and orientation

complex” allows for the analysis of the “complex interwoven relations of artifact, culture,

and user” (Beck 1997, 247).This analysis takes into account both the perspective of actors

and their biographies46 as well as spatial circumstances and temporal processes that go

beyond the actual situation (Beck 1997, 344, 347–348).

Focusing on temporalities to study how human–technology relations unfold and

change over time is specifically important to my research. Beck cites anthropologist

Arjun Appadurai here, who argues that understanding the meanings of objects, which

“are inscribed in their forms, their uses, their trajectories” (Appadurai 1986, 5), requires

studying “things in motion” (Appadurai 1986, 5), that is, the “total trajectory from pro-

duction, through exchange/distribution, to consumption” (Appadurai 1986, 13, emphasis

i.o.). Different studies in cultural and digital anthropology and STS have already em-

ployed such an approach by tracing the different stages of the “biography” (Beck 1997,

291) of technology or objects (e.g., Bijker and Pinch 1984; Bijker and Law 1992; Löfgren

1994). Indeed, I adopt such an approach to things in motion, focusing specifically on

selected human–technology relations within HC-based CS assemblages. This focus

allows for a microperspective analysis, which considers particular human–technology

relations while simultaneously considering how different relations are entangled with

and shape each other, together creating assemblages.

Instead of demonstrating how researchers and developers strive to build HC-based

CS as black boxes, I show how HC-based CS systems specifically rely on staying open to

future changes, remaining at the edge of AI and scientific research. Crucially, not only

does technology change over time but, alongwith it, so do the distribution of agency and

the subject and object positions of the actors (Beck 1997, 292). I return to this point when

introducing the concept of intraversions below.

Thequestion of subjectivities and self-experience regardinghumanactors in relation

to theworldmediatedby technology,which,according toBeck,mustbe consideredapart

of technology as a “use complex” (Beck 1997, 353–354), has been the focus of the philo-

sophical branch of phenomenology. Phenomenology,which, since EdmundHusserl, has

focuses on analyzing the world in the everyday (Verbeek 2001, 145),

seeks to overcome the classical, Cartesian dichotomy between subject and object.

Against this dualistic notion, phenomenology holds that subject and object […]

cannot be thought independently of each other, but only as always already related.

Humans cannot be conceived apart from their relations to the world, and the world

cannot be conceived apart from people’s relations to it. (Verbeek 2001, 120)

The postphenomenological approach, developed in the philosophy of technology and

connected to a broader change in the 1980s in the form of an empirical turn (Achterhuis

2001b), is helpful for my endeavor given its practice-oriented perspective and focus on

46 For example, as becomes clear in Chapter 5, for some participants, their background and relation

to Alzheimer's disease play essential roles in their engagement with Stall Catchers and Foldit.
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the embeddedness of technology in the everyday.47 Dorrestijn summarizes this turn

with the new theme, “for better or worse, humans have become hybrids with technol-

ogy” (2017, 316). This understanding of technology as an intrinsic part of culture and

human praxis (Ihde 1990, 20) is similar to digital anthropology and the anthropology

of technology as described above. Haraway’s “cyborg” (1985) and Latour’s “hybrids”

(1993), or philosopher of science and technology Don Ihde’s “human-technology rela-

tions” (1975; 1990), serve as examples of this approach to technology (cf. Dorrestijn 2017,

316). Ihde’s (1975) work on human–technology relations was particularly important for

postphenomenology. Specifically, he developed a philosophy of technology, in critical

engagement with Heidegger, focusing on technologies or technological artifacts “to

reflect [upon] technology as it is concretely present in our daily experience” (Verbeek

2001, 122). Ihde, therefore, places the relation of humans to technologies at the center

of his analysis and defines four types of human–technology relations and the world.

Among these, the first three— embodiment, hermeneutic, and alterity relations—are “focal”

human–technology relations, and the fourth are background relations (Ihde 1990, 98).

Embodiment relations (“[Human-technology] → World”) describe contexts in which

“I take the technologies intomy experiencing in a particular way by way of perceiving

through such technologies and through the reflexive transformation of my perceptual

and body sense” (Ihde 1990, 72, emphasis i.o.). One of the most apparent examples of

such relations are eyeglasses, which mediate the eyeglass wearer’s relation to the world

in an embodied and perceptual way. The second focal human–technology relations are

hermeneutic (“Human → [technology-World]”). By referring to the hermeneutics in phi-

losophy as an interpretation, these relations are characterized by “a special interpretive

action within the technological context” (Ihde 1990, 80). Users of, for example, a wrist-

watch, experience the world differently through reading and interpreting the watch’s

display, explain philosophers Robert Rosenberger and Peter-Paul Verbeek (2015a, 17).

In these two relations of mediation (Verbeek 2001, 124), technology forms a “means

through which something else is made present” (Ihde 1990, 94). By contrast, in the third

relation, the alterity relation (“Human → technology-[-World]”), humans have a “relation

to technologies as relations to or with technologies, to technology-as-other” (Ihde 1990,

98, emphasis i.o.). The AI bots introduced in Stall Catchers represent an example of the

latter: participants interact with the AI bots, which “emerge as the foreground and focal

quasi-other” (Ihde 1990, 107). In contrast to algorithms operating in the background, the

AI bots present artificial fellow (or competitive) participants to the human participants.

Finally, the fourth background human–technology relation refers to “technologies

which ordinarily occupy background or field positions” (Ihde 1990, 108) designed and

meant to function in or form the environmental context of humans (Rosenberger and

47 While “classical” philosophers of technology, such as Martin Heidegger, focused more on unco-

vering the essence of technology as an autonomous force determining society (Poel 2020, 500),

empirical philosophers of technology understood technology as “fundamentally intertwinedwith”

(Dorrestijn 2017, 316) the human condition. For an overview on the empirical turn, see Achterhuis

(2001a) and Dorrestijn (2017, 316), and on different philosophical perspectives on the relation be-

tween society and technology, see Van de Poel (2020). For the differences between postphenome-

nology and “classical” philosophies of technology, see Dorrestijn (2012a).
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Verbeek 2015a, 19). Examples mentioned by Ihde include heating or cooling systems

but could also refer to infrastructures in general. Despite remaining (if functioning)

backstage, “[b]ackground technologies, no less than focal ones, transform the gestalts

of human experience and, precisely because they are absent presences, may exert more

subtle indirect effects upon the way a world is experienced” (Ihde 1990, 112). Impor-

tantly, these different relations form a continuum and sometimes overlap (Ihde 1990,

93, 107) and “stand within the very core of praxis” (Ihde 1990, 108), since, following this

postphenomenological perspective, “[t]here is no ‘thing-in-itself” (Ihde 1990, 69).

From Ihde’s pioneering work and conceptual framework on human–technology re-

lations, postphenomenology developed into an empirical, philosophical perspective (Ro-

senberger and Verbeek 2015a, 30). This perspective emerged in various fields, such as

STS and the philosophy of technology, to analyze relations betweenhumans and technol-

ogy towhich researchers fromdiverse disciplines, inter alia, sociology, anthropology, and

philosophy, contribute (Rosenberger and Verbeek 2015b, 1). Postphenomenology com-

bines the two philosophical traditions: phenomenology and American pragmatism. It

does so by critically connecting the understandings of human–world relations fromphe-

nomenological scholars such as philosophers Maurice Merleau-Ponty and Martin Hei-

degger and their approach to describingphenomenaandhumanexperience “fromacloser

engagement” (Merleau-Ponty 1962; cited in Rosenberger and Verbeek 2015a, 11), instead

of analyzing them from afar. At the same time, contrary to analyzing, for example, the

alienation of the human experience from the world and from itself by technology, as

in the work of Heidegger (1996; Rosenberger and Verbeek 2015a, 10), postphenomenol-

ogy investigates how technologies “help to shape our relations to the world, rather than

merely distancing us from it” (Rosenberger and Verbeek 2015a, 11); thus, how it medi-

ates human experience. As such, following such a theory of technical mediation, “hu-

man existence is always, and inescapably, marked and influenced by technology” (Dor-

restijn 2017, 312), a perspective that goes beyond both utopian and dystopian perspec-

tives on human–technology relations. Building upon American pragmatism, it follows

that the analysis of such relations focuses on the practices of engaging with technology

andmateriality (Rosenberger andVerbeek 2015a, 12): “It is in practices of interactingwith

technologieswhere the phenomenon of technologicalmediation occurs and can be stud-

ied.Human–world relations are practically ‘enacted via technologies’” (Rosenberger and

Verbeek 2015a, 12). This turn was also particularly important, making it possible for a

cultural or digital anthropological analysis to connect to such a postphenomenological

understanding of human–technology relations.

In linewith ANT, postphenomenology seeks tomove beyond the divide between sub-

jects and objects and, following phenomenology’s criticism of modernism used to as-

cribe the source of knowledge to objective facts or to subjective ideas, also concentrates

on how subjects and objects rely on their interrelations (Rosenberger and Verbeek 2015a,

11).At the same time,postphenomenology focuses on the “fundamentallymediated char-

acter” (Rosenberger and Verbeek 2015a, 12) of these relations with technologies as medi-

ators between subject and object. It, thus, does not consider subjects and objects a priori

but as constituting each other (Verbeek 2005, 112); human subjectivity and objectivity

are always shaped in mediation. In contrast to ANT, however, postphenomenology does

not adhere to a strict symmetry (Ihde 2015, xv) between humans and objects or nonhu-
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manactors. Instead, it is concernedwith themutual constitutionbetween themandwith

overcoming their “separation” (Verbeek 2005, 166–168; cited in Rosenberger and Verbeek

2015a, 20):

In order to see these processes of mutual constitution, and to do justice to human

experiences of being subjectively “in” a world, it remains very relevant to make a dis-

tinction between humans and things. When we give up this distinction, we also give

up the phenomenological possibility to articulate (technologically mediated) experi-

ences “from within.” (Rosenberger and Verbeek 2015a, 20)

In this research, I acknowledge how human actors and technology co-constitute each

other in their interrelations and how these relations describe more than a connection

between two independent entities (which they are not).However, to analyze how the role

distributions, responsibilities, and tasks shift over time, I sometimes specifically con-

sider the perspectives of humans and technologies independently and move the focus

from one to the other.48

Here, Ihde’s relations offer helpful starting points to think analytically about the rela-

tionsbetweenparticipants and software inHC-basedCSprojects andhowStall Catchers’

contributors experience the world through and with the computational elements. How-

ever, in contrast to Ihde and technical mediation,my focus moves between relations. As

suggested by Beck, I attempt to consider technology as both a use and orientation com-

plex. Instead of applying Ihde’s four types of human–technology relations to HC-based

CS, I develop the concept of intraversions to study specifically how these relations change

over time and along different temporalities.My focus, therefore, does not remain on the

humanexperience of theworld throughandwith technologies butmoves tohow the rela-

tions of humans and technology unfold and the potential that emerges from them.Nev-

ertheless,apostphenomenological andpractice-orientedapproach toanalyzing technol-

ogy and human–technology relations in the everyday and concrete contexts of produc-

tion and use (Beck, Niewöhner, and Sørensen 2012, 41) forms the starting point of my

research. Following Beck, Niewöhner, and anthropologist of knowledge, STS, and data

Estrid Sørensen (2012), agency and creativity are then studied “at the level of concrete

practice and thus as distributed across human and non-human actors” (2012, 41).

Additionally, Beck raises a critical limitation of theoretical approaches building on

phenomenology, whichmust be considered. According to Beck (1997, 312), phenomenol-

ogy does not sufficiently consider social and intersubjective contexts, and, I would add,

the broader embeddedness of human–technology relations in assemblages. Moreover,

even if phenomenology does not actively neglect these contexts, it carries an “indi-

vidualistic bias” (Beck 1997, 312). Beck, therefore, recommends focusing on approaches

suggested byAmerican pragmatismandMarxism.While postphenomenology combines

phenomenology with American pragmatism to overcome this problem, I, nevertheless,

additionally draw from the assemblage concept described above to place human–tech-

nology relations within sociotechnical assemblages. I, therefore, pay attention to how

48 For a comparison of the “more complementary than combative” (Ihde 2015, xvi) styles of analyzing

technology, see, among others, Ihde (2015).
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they are interwoven with other relations, which they form and are formed by, also

showing how other human and nonhuman actors influence these relations. Moreover,

combining approaches to human–technology relationswith assemblage thinking allows

me to focus on the continuous process of their formation (Cassirer 1985, 43).

Suchman’s (2007b) concept of “situated actions” in human–machine configurations

also proves helpful here, since it not only turns away from the idea of human intention as

thedriving forceof actionbut also, to someextent,questions theunderstandingof causal

sequences of action in linear time. This opens up the perspective to both temporalities

and contingencies, also stressed by Beck (see above).

Combiningassemblage thinkingwithhuman–technology relations as analytical per-

spectives, thus,helps one to focus on the variousnonlinear processes that form,stabilize,

and destabilize HC-based CS systems and their human–technology relations.This com-

bination also connects to a “becoming ontology” (Hultin 2019), such as agential realism

(Barad 2007a), with the understanding that humans and nonhumans are entangled and

continuously formed as intrarelations (Hultin 2019, 92). Sociomaterial studies following

a becoming ontology pay particular attention to how “agency emerges, transforms, and

enacts as a temporal and performative flow of practices,” summarizes economist Lotta

Hultin (2019, 93). Specifically, in my research I focus on the temporal becoming of hu-

man–technology relations both along instantaneous everyday life and gradual temporal

developments, what digital innovation and information systems scholar Reza Mousavi

Baygi and colleagues have described as a “flow-oriented genealogical” analysis (Mousavi

Baygi, Introna, and Hultin 2021). Hansen and Koch, following anthropologists Paul Ra-

binow and George Marcus’ concept of an “anthropology of the close future” (Rabinow et

al. 2008), have pointed to the potential of examining temporality in addition to space in

assemblage thinking, bringing together “past, present and anticipated actions” (Hansen

and Koch 2022, 6). I hope to contribute a tool for this endeavor with the concept of in-

traversions. As I argue later in this work, my position is that, here, in bringing together

past, present, and the anticipated future, the potential of ethnographic research lies not

only in the deconstruction and criticism of studied phenomena, but also in the contri-

bution to shaping HC-based CS assemblages in ways that acknowledge the different in-

terests and perspectives of actors involved and which embraces the contingencies and

multiplicities of everyday life.

Before turning to the concept of intraversions, I discuss one final line of theoretical

thinking important for my research, one which is concerned with ethics. Such an ana-

lytical focus is necessary given that HC-based CS projects (and specifically in the exam-

ple of the Human Computation Institute’s projects) are often imagined and legitimized

as the good and right way to solve specific computational and scientific problems. This

naturally leads to the ethical framing of the phenomenon studied. Following anthropol-

ogist Michael Lambek, I consider ethics as always representing an “intrinsic dimension

of human activity and human lifeworlds” (2015b, 18) and, therefore, investigated in and

with the everyday (Lambek et al. 2015, 3; Fassin 2015). Such amoral anthropological per-

spective directs the focus in ethnographic field research to the question of what is un-

derstood and problematized as “good.” I discuss in the following section the concept of

“ethical projects” (Ege andMoser 2021a), “sociotechnical imaginaries” (Jasanoff and Kim
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2009; 2015), and Dorrestijn’s “subjectivation and technical mediation” (2012a) in order to

do this.

Ethical Projects, Imaginaries, and the Care for Our Hybrid Modes of Being

Ethics of technology does not entail

defending what is genuinely human, but

caring for the quality of one’s hybrid mode

of being. (Dorrestijn 2012b, 234)

The field of moral anthropology has garnered much interest in the last few years (e.g.,

Faubion 2011; Fassin andLézé 2014; Fassin 2014; 2015; Lambek et al. 2015;Dürr et al. 2020;

Ege andMoser 2021b).49 Inmy research,moral anthropology and the ethics of technology

form a crosscutting analytical perspective which cannot be clearly separated from other

analytical perspectives. For the sake of comprehensibility and to provide an overview,

however, Iwill discussmoral anthropology and the ethics of technology separately in this

section.

From amoral anthropological perspective, I aim,first of all, to analyze on an empiri-

cal level what is understood and problematized as “good” in the design and development

of HC-based CS projects. Specifically, I focus on the Human Computation Institute (see

Chapter 4) and why participants contribute to such sociotechnical systems (see Chap-

ter 5).The question is as follows: “[A]ccording to which values, by which means, to what

ends, and with what deviations or lapses do people try, and in fact, do, make their way?”

(Lambek 2015, 9, emphasis i.o.).Here, the analytical concept of “ethical projects” (Ege and

Moser 2021a), developed by cultural anthropologists Moritz Ege and Johannes Moser in

the context of the interdisciplinary researchgroup“UrbanEthics” (Ludwig-Maximilians-

Universität München, n.d.b), which focuses on questions of urban life and its ethical di-

mensions, is helpful to my analysis. How human actors relate to HC applications along-

side how they shape them and are shaped by them can be discussed with reference to

49 It should be noted that a long debate exists on the question of the difference between ethics and

morality. In fact, there not only exist different understandings of the terms, but sometimes, they

are used interchangeably (Fassin 2012, 6). Foucault, for example, distinguishes between three dif-

ferent forms of morality (1988, 25–26), which Fassin summarizes as “moral code”, “moral behavior,”

and “ethical conduct” (2012, 7). The last form refers to “the manner in which one ought to form

oneself as an ethical subject acting in reference to the prescriptive elements that make up the

[moral] code“ (Foucault 1988, 26). It is this form which Foucault deals with in his work and that

has influenced one branch of anthropological approaches to ethics and morality (cf. Fassin 2012,

7) as well as Dorrestijn’s (2012a; 2012b) ethics of technology, which I discuss later. However, as Fas-

sin emphasized, despite the importance that the distinction between morality and ethics might

have from philosophical and conceptual perspectives, in the empirical situations examined by an-

thropologists, these demarcations blur (2012, 8). Here, I follow Ege andMoser’s (2021a) pragmatic

approach to this distinction and their understanding of ethics “as the ways in which individuals

engage with and relate tomoral codes, as socially legitimated and, in that sense, normative ‘good’

behavior and ‘proper’ (or ‘right’) conduct of life. Ethical practice is a form of subjectification or sub-

jectivation, of becoming a type of subject. It is also a form of subjection that relates individuals

and groups’ regimes of living to broader configurations of power and rule” (Ege and Moser 2021a,

13).
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Foucault’s analysis of the subject and subjectification (e.g., 1983; 1988), in addition to his

reflections on technologies and power.Dorrestijn (2012a), following Foucault, developed

a theoretical framework of “subjectivation and technical mediation,” which I discuss be-

low. This framework helps in the analysis of how individuals relate to technology and

technologies, and how these, in turn, affect actors and predefine certain forms of action.

Considering the perspective of designers and HC developers who strive for “better”

human–AI systems with “unprecedented capabilities,” HC-based CS projects can be un-

derstood as “ethical projects” as definedbyEge andMoser (2021a). In the context of urban

anthropology, these are:

future-oriented undertakings with a certain amount of pre-planning, self-awareness

and intentional communication that promise better or more just cities and a better

urban life through assemblages of policy, technology, buildings, aesthetics and insti-

tutions, and also a ethico-moral sense of “something better.” (Ege and Moser 2021a,

7–8)

The aim of such projects, therefore, is not only to improve the quality of urban life but

“the ethical character and the ethical valence of urban life” (Ege andMoser 2021a, 7). Ap-

plying this concept to the development of HC as new sociotechnical systems allows us to

analyze what is understood as ethical or moral by designers and developers of such sys-

tems rather than normatively evaluating if something is moral or ethical (Lambek 2010;

cited in Fassin 2012, 6). Thus, ethical projects are formed by the imagination of a “good

life.”

The STS scholars Sheila Jasanoff and Sang-Hyun Kim introduced the concept “so-

ciotechnical imaginary” to investigate the relationships between technologies, imagined

futures, and society by focusing specifically on how these imaginations are normativized

and on the materialities which are part of sociotechnical networks (Jasanoff 2015a, 19).

In their first definition, they described sociotechnical imaginaries as “collectively imag-

ined forms of social life and social order reflected in the design and fulfillment of nation-

specific scientific and/or technological projects” (Jasanoff andKim 2009, 120).While this

understanding focuses on the analysis of national imaginaries, which they developed in

their work analyzing nuclear power and South Korean and US responses to it in their

later book Dreamscapes of Modernity (Jasanoff and Kim 2015), they also broaden the con-

cept “to do justice to the myriad ways in which scientific and technological visions enter

into the assemblages ofmateriality,meaning, andmorality that constitute robust forms

of social life” (Jasanoff 2015a, 4). The revised definition includes, inter alia, social move-

ments, organizations, and professional associations that advocate for their sociotechni-

cal imaginaries, which can also stem from individual visionaries and are often taken up

and spread by powerful institutions, including the media or lawmakers (Jasanoff 2015a,

4). Sociotechnical imaginaries are, thus, shared visions of futures that are desirable, and

which are both demonstrated in public and “institutionally stabilized” (Jasanoff 2015a,

4). Such imaginaries form through shared ideas of and the belief that progress and de-

velopments in science and technology can lead to and support desired forms of social

organization and ways of life (Jasanoff 2015a, 4). By considering the “normativity of the

imagination with the materiality of networks” (Jasanoff 2015a, 19), the concept forms a
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bridge for my research between an assemblage analysis focusing on the interplay of hu-

man and nonhuman actors and their relations, and a moral anthropological approach

investigating the understandings of the “good” in and with HC-based CS.

However, following Jasanoff and Kim’s thinking, imaginations in the field of HC

might not currently have risen to the status of an imaginary but can be better described

by the term “vanguard visions,” introduced by STS scholar Stephen Hilgartner (2015).

As a relatively new concept and phenomenon, HC is still highly flexible, partly unstable,

and under constant development and change. That is, a coherent history has yet to be

established. Even if the term used, applied, and referenced today by scientists with

varied backgrounds in their work and a growing scientific community identifies itself

as HC (or HI) researchers, the visions, shared concepts, and ideas can be traced back to

a few individual “sociotechnical vanguards.” I return to this concept in Chapter 4.

Bringing together the concepts of sociotechnical imaginaries and ethical projects,

then, according to Ege and Moser, ethical practice is both a “form of subjection that re-

lates individuals and groups’ regimes of living to broader configurations of power and

rule” (2021a, 13) and “a form of subjectification or subjectivation, of becoming a type of

subject” (2021a, 13; see also Foucault 1983; 1988). The latter refers to the other important

consideration in my research: how other human actors involved in HC-based CS relate

to these defining and forming suggestions of ethical projects. As an example, how do

participants engage in and relate to HC-based CS (see below)? Ethical projects and so-

ciotechnical imaginaries do not occur in a vacuum. Instead, they are materialized and

maintained in everyday life through, for example, the practices of infrastructuring (see

Chapter 4) or trust (see Chapter 7). In this everyday enactment of human–technology re-

lations and the becomingofHC-basedCSassemblages,different actors contribute to the

reterritorializing and deterritorializing processes that form the assemblages and, there-

fore, bring in their ownmotivations and goals,which do not always alignwith the ethical

projects and imaginaries but potentially contest them.

How participants relate to the HC applications designed and how they engage with

technology in HC-based CS systems, thus, how they shape and are shaped by them, can

be researched with reference to Foucault’s analysis of the subject and subjectification

(e.g., 1983; 1988),aswell ashis considerationson technologies andpower (e.g., 1995; 1998).

Theapproachesof the anthropologyof ethics (Faubion2011) and thepostphenomenologi-

cal approach to the ethics of technology byDorrestijn,which I build upon inmy research,

are inspired by Foucault.Dorrestijn (2012a; 2012b) brought together the theory of techni-

cal mediation described above with ethical subjectification and technology (or technolo-

gies in Foucault’s thinking) for an ethics of technology. Dorrestijn’s approach to “subjec-

tivation and technical mediation” links the analysis of human–technology relations and

the moral anthropological perspective outlined above. In what follows, I briefly outline

Dorrestijn’s approach,which connects back to thepostphenomenological understanding

of human–technology relations and technical mediation.

By considering humans as hybrids,50 the theoretical approach to technical media-

tion,which Verbeek (e.g., 2005) in particular further developed, “undermines the ethical

50 Even though my focus lies on hybrids of humans and technology, humans are hybrids not only in

relation to technology but in multiple ways (e.g., Haraway 1991; Star [1991] 2015).
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stakes that inspired much of the philosophy of technology” (Dorrestijn 2012b, 226–227).

The problem with this, according to Dorrestijn, is that, if there are no autonomous but

instead only hybrid subjects entangled with technology mediating our experiences and

relations to the world, the question arises: How then can ethics be considered?51 To solve

this problem, Dorrestijn’s ethics of technical mediation follows Foucault’s thinking,

and approaches human–technology relations by focusing on “caring for the quality of the

interactions and fusions with technology” (2017, 317, emphasis i.o.). This ethical approach

to human–technology hybridization allows one to not commit to either a technology

pessimistic/dystopian or optimistic/utopian perspective. Dorrestijn’s perspective cor-

responds to moral anthropology in that it does not seek to normatively evaluate the

morality of a given situation but, instead, to understand what values people follow, for

what reasons, and how (Lambek 2015, 9), as well as how they “cop[e] with the technical

conditions of [their] existence” (Dorrestijn 2017, 317).

Dorrestijn’s “technical mediation and subjectivation” framework requires bringing

together Foucault’s early work on (disciplinary) power and later work on the subject:

While Foucault’s earlier work is rightly seen as a dramatic attack on the autonomous

subject presupposed in modern ethics, his later work is concerned with developing

an alternative ethical framework wherein “the subject” is not eliminated by revealing

its external conditions. Foucault begins to understand ethics as the active engage-

ment of people with governing and fashioning their own way of being in relation

to conditioning circumstances. An extension of that framework to the problem of

technical mediation opens up a new perspective for ethics in relation to technical

mediation. (Dorrestijn 2012b, 227)

Through this interpretation of Foucault’s work, “the ethics of technology means an on-

going ‘problematization’, or a ‘critical ontology,’ of our technically mediated existence.

The aim is finding, or forcing, openings to possible transformations of our way of be-

ing” (Dorrestijn 2017, 319). Instead of studying subjectivation in regard to sexuality, as

Foucault did, Dorrestijn investigates subjectivation in relation to technology:

The question is then how people perceive and conceptualize the influence of tech-

nology on themselves (and others, human beings in general). […] Articulations of the

mediating effects of technology are simultaneously ethical problematizations of how

one’s own mode of existence is affected by technology. (Dorrestijn 2012b, 234)

Dorrestijn’s work, therefore, is of particular importance in analyzing how human–tech-

nology relations come into being and how intraversions of human–technology relations

“contribute to the coming about of new forms of subjectivity” (2017, 318). Ultimately, this

understanding allows us to analyze the practices of actors within such relations in order

to cope with changing roles and power distributions. Dorrestijn used design and engi-

neering pilots and usability tests as examples regardingwhere the approach to the ethics

of technical mediation can provide interesting insights:

51 Latour’s (1992) answer to the question of morality regarding sociotechnical or hybrid human–non-

human entanglements is that morality is (partly) delegated to nonhumans.
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Tests are normally performed to examine the technical functioning of new products.

These moments also offer a privileged possibility to observe technologies in use for

the first time. However, from the perspective of subjectivation, it should be stressed

that testing must not be seen as a last check moment, which marks the transfer

of a product from its design phase to its use phase. Instead, pilots and tests offer

the possibility to see how the accommodation of technology by users takes place,

in an experimental setting, and with the possibility of making adjustments to the

technology. (Dorrestijn 2012b, 237)

In these testing environments, it can be observed how users relate to the technology

under examination, how they are “conditioned by their environment [, and] how peo-

ple transform themselves, [to] become subjects in an environment” (Dorrestijn 2012a,

119). According to Foucault’s and Dorrestijn’s understandings of ethics, “freedom,” then,

is precisely sucha“‘practice’of conductingoneself byactively copingwithexternal power”

(Dorrestijn 2012b, 238).

InChapter 6, I discuss howStall Catchers participants relate to the introductionofAI

bots as new participants on the platform as an example frommy research. As I will show,

from the perspectives of participants—and not specifically in line with how human–AI

bot teams were envisioned by the Stall Catchers team—AI bots become the other (Ihde

1990, 98). In relation to technical mediation, the human is only “knowable and recogniz-

able” (Rhee 2018, 3) in technology. By linking these elements, we can ultimately ask how

actors perceive the functioning of technologies and their own role within them.This al-

lows us to examine the values motivating participants, developers, and researchers, to

which actors orient themselves in relation to technologies (Dorrestijn 2012b, 221–222).

Dorrestijn argues that this can lead to the design of an “ethics of technology,” whereby

one cares “for the quality of one’s hybrid mode of being” (2012b, 234).

In this chapter, I have discussed three different theoretical approaches: assemblage

thinking, human–technology relations, andmoral anthropological and ethical concepts,

which together form the analytical foundation of my research and support the develop-

ment of the intraversions concept. In what follows, I introduce intraversions as a con-

cept, which attends to the evolution of and continuous changes occurring within hu-

man–technology relations in HC-based CS systems.

Intraversions in Human–Technology Relations

Once HC-based CS assemblages are formed—despite continuous processes of deterri-

torialization and reterritorialization changing the assemblage—they also (re)configure

their elements and formative relations in everyday life. Human–technology relations in

HC-based CS, therefore, also do not converge to any specific pattern that is stable and

remains the same. Actors and materialities do not always engage with relations and so-

ciotechnical systems in the same way. For instance, materialities and infrastructures,

such as servers, break down from time to time requiring human interventions, the life

cycles of mice can diverge from research agendas, and human actors can intentionally

act differently by finding new ways to engage with a game interface and software.
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In addition, the raisond’êtreofHCsystems,as Iwill show in the chapter onHC’s imag-

inaries (Chapter 4), requires that they remain at the edge of technological/AI capabilities

and—in the field of CS—of scientific research.This edge is continuallymoving given the

last mile of automation, which Gray and Suri call the “gap betweenwhat a person can do and

what a computer can do” (2019, xxii, emphasis i.o.).

Therefore, HC system’s human–technology relations must remain open for future

tweakingandchange.This results inadditional forces (primarily,butnot entirely,coming

from HC developers) acting on and changing human–technology relations, specifically

the distribution of agency and the role assignments of subjects and objects, tasks, and

responsibilities within these relations over time.

Using the concept of intraversions, I attempt to describe processual forward move-

ments and shifts within relations between humans and technology. These movements

result from the introduction of new computational capabilities or through new poten-

tials arising from existing relations, which form directly from human actors’ practices

or algorithmic and material affordances. Along these processual forward movements,

various forms of reconfigurations occur. These include 1) shifts in the role assignments

of subjects and objects—or,more precisely, in the distributed agency across the different

actors—,which cannever be fully attributed to one side or the other; or 2) redistributions

of tasks or practices, which result in reconfigurations of power dynamics. Intraversions

can, thus, be understood as oscillations or weighted shifts appearing within these re-

lations and which I chart along both everyday instantaneity and gradual development.

I combine these two temporal dimensions in the analysis of evolving human–technol-

ogy relations in HC-based CS in order to analyze their intraactions beyond specific mo-

ments. 

Merely focusing on singular moments and situations has been criticized by Euro-

pean ethnologist JensWietschorke,whoargues against ANT’s emergence-theoretical ap-

proach:

Social actors constantly negotiate meanings, and they do so within conflictual net-

works of relationships. They negotiate their affairs also within the framework of net-

works involving nonhuman actors and actants, forming chains of action that converge

in concrete situations. But that is only one side. The social is not always newly con-

stituted in the moment, but is embedded in discursive formations and structures

of history and society that remain indispensable heuristic categories for social and

cultural analysis. (Wietschorke 2021, 64)

FollowingWietschorke, if the moment forms the sole focus of analysis, it fails to include

historical developments and discursive formations forming and acting upon relations in

those specific moments (such as through path dependencies leading to certain configu-

rationsofhumansandnonhumans) even if these forces remain intangible in themoment

itself (2021, 57).

As an analytical tool, the concept of intraversions aims to contribute to the digital an-

thropological andSTSanalysis ofhuman–technology relations inHC-basedCS.Evolving

from my analysis of human–technology relations in this field, the concept of intraver-

sions serves as a magnifier of the forward circular movements within relations between
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humans and technology, combining the theoretical concept of assemblages, and rela-

tional and processual approaches to technology described above, alongside the concept

of distributed cognition put forth by Hutchins (1995a) discussed below.

Various terms, such as “transformation” or “change” in general, describe movement

and development.However, the concept of intraversions differs from these terms in im-

portant ways. While the concept of transformation in general describes an unspecific,

not necessarily goal-oriented reshaping or transformation of something, intraversions

are more specific, capturing forward-pushing transformative processes that take place

within relations. Iderive the termintraversionprimarily frominversion,whichdescribes

the reversal of what existed before, creating the exact opposite or turning something

upside down. The Latin prefix “intra” (meaning “within”) is invoked in reference to how

changes and shifts in human–technology relations do not necessarily lead to the exact

opposite of what previously existed but instead identifies movements inside and across

relations in which humans and technology become interwoven. Thus, intraversions fo-

cus on inner changes, the partly unpredictable emergent oscillations appearing in vari-

ous dimensions of human–technology relations unfoldingwithinHC systems.The term

also draws upon Karen Barad’s term “intra-actions” (1996), since it concentrates on re-

lations between human and nonhuman actors, who and which dissolve and are formed

through the relations in which they engage. Humans and technology are, therefore, not

independent of each other but form within their specific intraactions with one another.

Instead of referring to interactions between fixed and independent entities, Barad uses

the notion of intraactions tomove beyond suchdichotomies (1996, 179).Thus, the concept

of intraversions also connects to Karen Barad’s described asymmetry regarding human

and technological agency.

My definition of intraversions can be further specified using five characteristics

which I discuss below. These characteristics cannot be completely separated from each

other but are discussed individually here for better comprehensibility.

First, intraversions are not static or fixed entities but processes. In these processes,

human–technology relations temporarily stabilize. I take inspiration here from Latour

and sociologist Steven Woolgar’s discussions in Laboratory Life: The Construction of Scien-

tific Facts ([1979] 1986). Specifically in their book, Latour andWoolgar focus on how state-

ments stabilize, analyzing how scientific facts are constructed in the everyday activities

of scientists in a laboratory.Theseprocesses lead to temporarily stabilized relations (such

as algorithmic tools assisting humans in folding protein structures or humans assisting

computational models in analyzing data). Yet, at the same time, human–technology re-

lations always remain open for future intraversions. Various actors, such as developers

and participants in HC-based CS projects, also contribute to this by intentionally push-

ing for new developments or action potentials. In my own work, I discuss, for example,

how participants in Foldit’s predecessor Rosetta@Home demanded the possibility to in-

tervene or how Stall Catchers participants explored newways of engaging with the plat-

form (Chapters 5 and 6). In this sense, intraversions continuously evolve asmodifications

of existing relations.

Second, intraverting relations reconfigure actors’ tasks, practices, forms of engage-

ment, and even subjectivities within sociotechnical systems. This characteristic builds
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upon Hutchins’ observation of the development of distributed cognition,52 which he

made when studying naval navigation (Hutchins 1995a) and airplane cockpits (Hutchins

1995b). Hutchins’ work contributes to understanding cognition as well as human–tech-

nology relations.53 In Cognition in the Wild, he aims to contextualize cognitive activity

within a sociocultural andmaterial world, “where context is not a fixed set of surround-

ing conditions but a wider dynamic process of which the cognition of an individual is

only a part” (Hutchins 1995a, xiii). Distributed cognition resembles assemblage thinking

in that it shows how “various elements [are brought] into coordination with each other”

(Hutchins 1995a, 123). Hutchins speaks about a “cognitive ecology,” where different tools

and humans relate to and mutually support each other in different tasks (Hutchins

1995a, 114). Tools here are also understood as mediating technologies (Hutchins 1995a,

154).Hutchins vividly demonstrates, through the example of solving distance–rate–time

problems in naval navigation, how a task that needs solving changes depending upon

how a problem is presented as well as how the introduction of new tools changes the

task for human problem-solvers (1995a, 147–55).54 This example demonstrates that the

52 Hutchins’ goal is to replace bothmentalist and behaviorist approaches to cognition using distribu-

ted cognition (1995a, 129). In this way, the concept of distributed cognition can also be understood

as a critique of the cognitive approach to AI and HC systems, which considers intelligence as infor-

mation processing. I return to this aspect when discussing HC imaginaries in Chapter 4. Hutchins

moves from a “classical cognitive science approach” (1995b, 266), whose research object is an indi-

vidual human, to an analysis of sociotechnical systems. It should be noted that Hutchins referred

to cognitive science at the end of the twentieth century, whichmight not reflect the state of the art

in cognitive science today. Taking cognitive science’s guiding metaphor of cognition as computa-

tion as the starting point but applying it to sociotechnical systems, he analyzes the representations

internal to sociotechnical systems (Hutchins 1995b, 266). “For our purposes, ‘computation’ will be

taken, in a broad sense, to refer to the propagation of representational state across representatio-

nal media. This definition encompasses what we think of as prototypical computations (such as

arithmetic operations), as well as a range of other phenomena which I contend are fundamentally

computational but which are not covered by a narrow view of computation” (Hutchins 1995a, 118).

While the internal processes of humans remain hidden in observational studies (Hutchins 1995a,

49), based on Hutchins’ approach, “internal” can refer not only to tools and technologies but also

to human action, for example. To Hutchins’ definition, I would add transformation, not only pro-

pagation, “of representational state across representational media.” Through this understanding

of computation, cognition can then be analyzed in the various interactions between humans and

nonhumans.

53 This could also be included in the discussion of human–technology relations in the previous sec-

tion, but here I discuss it separately to directly connect a specific element of Hutchins’ theory to

intraversions.

54 He depicts different ways of solving such distance–rate–time problems. A task performer, for ex-

ample, could rely on their algebraic knowledge and pencil and paper or, instead of paper and pen-

cil, a pocket calculator, or they could have either a three-scale nomogram or a nautical slide rule

as tools at their disposal. With algebraic knowledge, solving individual arithmetic operations is

no problem. However, the difficult part in the first two scenarios is the coordination of these op-

erations with each other. While the calculator makes it easier for the task performers to solve the

individual arithmetic operations, coordinating them remains tricky. In the third scenario, the coor-

dination of the operations is already built into the tools and algebraic knowledge is not required:

“The nomogram and the slide rule transform the task from one of computational planning (figu-

ring out what to divide by what) to one simple manipulation of external devices” (Hutchins 1995a,
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task or problem that a task performer has to solve is presented to them differently,

depending on the individual tools, requiring “a different set of cognitive abilities or a

different organization of the same set of abilities” (Hutchins 1995a, 154). Through the

introduction of new technologies or tools to a cognitive ecology—and solving problems

such as the distance–rate–time problem should never be considered separately but

always within cognitive ecologies—the tasks themselves change. Based on this un-

derstanding, I demonstrate how in HC-based CS, tasks, practices, and subject–object

position assignments change within the human–technology relations, such as through

the introduction of new automated tools in Foldit or the introduction of AI bots in Stall

Catchers. Regarding the relations studied in HC-based CS, these changes result from

the introduction of new computational capabilities and through new potentials arising

from relations themselves when, for example, participants actively use the timing of a

particularmoment to their advantage (Mousavi Baygi, Introna, andHultin 2021), as well

as through algorithmic and material affordances. I then demonstrate how, in relation

to the data pipeline, participants in HC-based CS games and researchers also adapt to

changes in their subject positions (Beck 1997, 292) and how they reposition themselves

and relate to technologies (Dorrestijn 2012a) because of intraversions. In fact, the tasks

and purposes of the sociotechnical assemblages themselves continue shifting. This

understanding connects back to Deleuze and Guattari’s understanding of assemblages

as “chang[ing] in nature” (2013, 7) with new and spreading connections, as I specifically

show through the examples of Foldit and ARTigo in this study.55

Third, intraversions refers to how power dynamics, responsibilities, and agency are

redistributed across relations through their reconfigurations. Power is not understood

here as belonging to one party or actor. Instead, I adopt Foucault’s concept of power as

something that is distributed. “Power is everywhere,” Foucault wrote (1998, 93), in the

first volume ofTheHistory of Sexuality. Power, then, “must be understood in the first in-

stance as the multiplicity of force relations immanent in the sphere in which they op-

erate and which constitute their own organization” (Foucault 1998, 92). Understood as

force relations,power is dynamic,not static.Key to this dynamicunderstandingof power

is that it includes resistance (Foucault 1998, 95). Importantly, Foucault describes these

power relations as “both intentional and nonsubjective” (1998, 94). Thus, individuals are

not mere passive objects of power, but also exercise power.56 Power relations “are im-

bued, through and through,with calculation: there is no power that is exercised without

a series of aims or objectives” (Foucault 1998, 95). While power is intentional, the out-

come of these intentions remains uncertain and depends upon interactions with other

150). The tools, here, both “constrain the organization of action of the task performer” (Hutchins

1995a, 151) and “they are representational media in which the computation is achieved by the pro-

pagation of representational state” (Hutchins 1995a, 154). The tools, then, transform the task for

the task performer.

55 If assemblages change as a whole and are flexible, uncertain structures are debated and ques-

tionedby, for example, Buchananas amisinterpretation ofDeleuze andGuattari (Hansen andKoch

2022, 8). Since I do not strictly follow one interpretation of the assemblage theory but refer to the

concept in ways that helpme better understand and analyzeHC-based CS and human–technology

relations, I acknowledge these discussions but do not go into more detail here.

56 See Heller (1996) for more on power and intentionality in Foucault’s work.
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power relations.While the developer’s intention to create teams of humans and AI bots

by introducing bots into Stall Catchers without including the participants in all devel-

opment steps leads to new user–AI bot relations, these can sometimes unfold in unin-

tended ways. In Chapter 6, I demonstrate how participants do not necessarily engage

with AI bots as team partners but also as competitors. Along similar lines, agency in in-

traverting human–technology relations is understood as distributed and continuously

redistributed. As discussed above, Bennett (2010) defines agency in way consistent with

Foucault’s understanding of power as distributed.However, this does not exclude inten-

tionality or “striving that may be exercised by a human within the assemblage” (Bennett

2010, 38). Following these definitions of power and agency, suchdynamic changeswithin

human–technology relations can be grasped through the concept of intraversions. An-

thropologist Tim Ingold’s notions of the weaving and knotting of relations (2007) also

comeclose todelineating these changes,although intraversionsdescribe the circular for-

ward movements and their related oscillations within relations.They are nearly circular

because they evolve and are pushed into new, imagined-to-be better relations between

humans and technology in HC-based CS systems.

Fourth, andmovingon to thenext characteristic, intraversions are not only imagined

but are alsomaterial, situational, and contingent.Referring to the third characteristic, it

follows that intraversions are always situated andmaterialized in specific configurations

of humans and technology (Suchman 2007b). At the same time, they are, to a certain de-

gree, contingent and unpredictable due to the multiplicity of relations interacting with

one another and due to different actors’ intentions. This also extends to “serendipitous

discover[ies]” (Schaffer inHumanComputation Institute 2018, 00:33) and instant break-

downs in some entities, such as servers.57 Therefore, new action potentials can emerge

from existing human–technology relations. In addition, however, intraversions do not

merely occur via the relations’ ownmomentum but are also differently imagined by var-

ious actors. In Chapter 4, I focus on howHC advocates and developers imagine HC sys-

tems and their user–technology relations in developingHI, and how these imaginations

themselves are always emergent and renderedmaterial.58 Intraversions are, thus, led by

both constant attempts at structuring by different actors according to their imaginaries

alongside situational and incidental failings—that is, their contingency.

Finally, intraverting relations are multiples. Anthropologist and philosopher An-

nemarie Mol (2002b) studies how atherosclerosis disease is enacted and practiced in

multiple ways and forms in her book The Body Multiple: Ontology in Medical Practice. In-

stead of defining atherosclerosis disease as a singular object, she studies it through

multiplicities of practices. Human–technology relations in HC-based CS are similarly

enacted through different assembling practices. User–technology relations in Stall

Catchers, for example, can be enacted along the lines of the game and HC system de-

sign. However, they can also be enacted through new participant engagements, which

circumvent the patterns designed. At the same time, such relations can carry various

meanings for different actors and from different perspectives (see Chapters 5 and 6).

57 This holds not only for HC-based CS systems but for sociotechnical systems in general.

58 I will also discuss how intraversions of researcher–technology relations are, for example, imagined

by researchers with the aim of someday fully automating the data pipeline.
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Although intraverting relations are multiples (Mol 2002b), despite their diversity—as

Beck pointed out for use possibilities of technology—, they are not arbitrary (Beck 1997,

223). Similarly, intraversions are not arbitrary, and, in analyzing them, attention must

be paid to the processes, discursive elements, specific materialities, and contingencies

forming them.

To summarize, the concept of intraversions allows us to investigate from within,

showing how human–technology relations continually evolve. As a concept and tool, it

attends to the continuous development of these relations both along everyday instanta-

neity and gradual development.This concept facilitates analyses regarding howprevious

relations and power dynamics shape sociotechnical assemblages and how they form and

influence current and future relations. In this way, intraversions as a concept analyzes

sociotechnical systems and their human–technology relations across the past, present,

and anticipated future. Notably, given the nature of human–technology relations in

HC-based CS as always unfinished and open, their intraversions cannot be explored in

their entirety—that is, they are always excerpts of continuous motion.

Following the theoretical approaches and conceptualizations of assemblages andhu-

man–technology relations discussed in this chapter, I investigate the continuous forma-

tion and reformation ofHC-based CS assemblages through the intraactions of their var-

ious elements.My investigation includes a focus on intraverting human–technology re-

lations guided by the imaginations of how hybrid systems should be built in the future.

Bringing these different lines of theoretical thinking together,my discussion and the ar-

gument brought to the fore in this chapter demonstrate the usefulness of such a “flexible”

(Heimerdinger andTauschek 2020, 16) engagementwith theoretical concepts for analyz-

ing and better understanding HC-based CS systems.
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Computation Ethnographically

The anthropological tradition of extended field research stems in part from the

recognition that in human affairs, the relation between beliefs and practice is

invariably complex. In any given situation, what people believe that they should

do, what they report that they do, and what they can be seen to do by an outside

observer may all differ somewhat. However, in the absence of systematic participant

observation, such disparities are difficult to detect. If we base our study of science

solely on scientists’ self-reports, we may fail to realize what the reported actions

or tools actually consist of; if we look only at observed practice, we may miss what

particular objects or actions mean to the scientists involved; and if we limit our-

selves to introspection about a particular problem addressed by scientists, we may

learn little or nothing about how the scientists themselves approach the problem.

(Forsythe [1993] 2001h, 36)

In my investigation of how HC-based CS are formed in the interplay of different hu-

man and nonhuman actors and into the intraversions of their human–technology re-

lations, I followed the tradition of cultural and digital anthropological inductive ethno-

graphic fieldwork based on (constructivist) grounded theory (Glaser and Strauss [1967]

1971; Charmaz 2000; 2014), inspired by Forsythe’s (2001f.) pioneering research on medi-

cal informatics and AI in the 1980s and 90s and her reflections on ethnographers in these

fields. Owing to her work and that of other ethnographers discussed in the related work

section,my research builds on their achievements in STS research, ethnographic reflec-

tion, and new collaborative approaches.1 I conducted field research over the course of

nearly three years in Germany and the US. My ethnographic approach, which draws on

1 However, since Forsythe’s research, a lot has also changed, such as the field of AI research itself.

Human computation had not yet been born as a sub-research field of AI. Another difference in my

field work experience lies in the openness of my research partners toward other epistemologies.
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praxiography,2 combinesmultiple perspectives andmethods and considers assemblages

and their human–technology relations across different scales and dimensions.3

I started from the perspective of designers and developers of HC-based CS but also

included the perspectives of participants and researchers. Since HC-based CS assem-

blages are always sociomaterial and formed by human–technology relations, I also in-

cluded nonhuman actors in my ethnographic analysis, including code, infrastructures,

data, and how it circulates.This required navigating between different perspectives, di-

verse practices, and processes through which the relations between these elements be-

came observable, as well as the application of experimental methods to include the rele-

vantmaterials (e.g., source code and large digital textual chat data) inmy analysis to sup-

plement the more well-established methods, such as participant observation and quali-

tative interviews, I applied.

In this chapter, I first discuss methodological considerations that include co-labo-

rative ethnography inspired by praxiography, and the methodology of (constructivist)

grounded theory.This is followed by its operationalization inmy research process,which

includes reflections on my role in the field. Finally, I individually introduce each of the

main methods I worked with.

Praxiographically Inspired Co-Laborative Ethnography

I followed a co-laborative (Niewöhner 2014) ethnographic approach to analyzeHC-based

CS assemblages in their complexity and their formation in the interplay of different hu-

manandnonhumanactors. I,first,discuss ethnography inspiredbypraxiographybefore

turning to co-laboration.

Ethnography is particularly well-suited for investigating my research questions re-

garding sociotechnical phenomenaas its intensiveparticipationandobservationenables

the tracing of situations, interactions, and conflicts in their dynamics (Knecht 2013, 86).

It is characterized by the collection of various complementary empirical material allow-

ing for the inclusion of multiple perspectives (Amann and Hirschauer 1997, 16; cited in

Knecht 2013, 86). Furthermore, due to its processuality and openness, the ethnographic

approach can adapt dynamically in the course of research to shifting research questions

and developments in the field (Pink et al. 2016, 11). Finally, ethnography allows for the

encounter of aspects that had not been initially anticipated in the research design due

to its participating, immersive, and open approach to the phenomena studied (Knecht

2013, 86). For these reasons, ethnography as an approach is alwaysmulti-methodical and

2 Following ethnologist Michi Knecht, I conceive praxiography as a specific position within ethno-

graphy (Knecht 2012, 249) I discuss this relation between praxiography and ethnography in more

detail when discussing participant observation below.

3 My approach could, therefore, also be considered “assemblage ethnography,” as described by an-

thropologist and sociologist Ayo Wahlberg, which studies configurations forming assemblages

“across scales, sites, and practices” (2022).
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-perspectival. I combined virtual digital ethnography with on-site in-person ethnogra-

phy, also referred as “hybrid ethnography,” (Przybylski 2021) in my research.4

Myethnographic approach is inspired by praxiography,which emerged as a newme-

thodical approach in STS research and ANT, and aimed atmoving beyond binary ontolo-

gies (such as the distinction between nature and culture) (Knecht 2012, 249; cf. Niewöh-

ner 2019a), which fail to grasp how humans and nonhumans together shape sociotech-

nical phenomena. Praxiography describes the “observation and description of actors and ob-

jects in action and interaction” (Mol 2002b, 53–55; Hirschauer 2004, 73; Law 2004, 59; cited

in Knecht 2013, 98, emphasis i.o.). As such, similar to ethnography, it focuses on pro-

cessual and praxeological perspectives (Knecht 2013, 96), and is, therefore, particularly

valuable for the analysis of sociotechnical assemblages and relations between humans

and technology. In this sense, praxiography and ethnography have much in common

(Knecht 2012), with both forms of knowledge production leading to a research practice

that continuously reflects and critically reassembles its concepts and practices in the en-

counter with the field (Knecht 2012, 262).5 However, unlike ethnography, praxiography

places less emphasis on reflection the social dimensions of researchers’ participation in

the field. This approach can result in overlooking social dimensions (Knecht 2013, 97),6

as well as aspects of meaning-making and perception.Therefore, while building on cen-

tral perspectives andapproaches frompraxiography,withparticipant observation as one

importantmethod, thisworkdoes not pursue a radical praxiographical approach.An ad-

ditional pragmatic reason for this is that HC-based CS projects come into being through

the practices of various actors andmaterialities distributed across theworld, in different

timezones,whichmade it impossible todirectly observeall practices throughparticipant

observation.

The understanding of praxis in this work follows Beck, Niewöhner, and Sørensen

(2012), who define praxis as an analytical perspective regarding “human coexistence as

manifoldly situated” (2012, 33). According to this understanding, ethnographic practice

focuses on what may be experienced directly but simultaneously does not neglect their

material, historical, and cultural conditions (Beck, Niewöhner, and Sørensen 2012, 33).

“Praxis thus includes different time horizons, different spaces and the material-objec-

tive contexts in the analysis of the concrete how of human coexistence” (Beck,Niewöhner,

and Sørensen 2012, 33, emphasis i.o.). Building on Beck’s complex situational analysis of

the use of technology, as discussed in the last chapter, I focused inmy processual ethno-

graphic approach on the dynamics ofHC-basedCS and analyzed both the sociotechnical

systems and their surrounding practices (Beck 1997; cf. Bareither a.o. 2013, 32).

4 On digital ethnographic approaches and the combination of virtual and on-site ethnography, see,

e.g., Boellstorff et al. (2012); Miller and Horst (2012); Pink et al. (2016); Fleischhack (2019); Przybyl-

ski (2021).

5 Different perspectives and understandings of praxiography exist (e.g., Mol 2002b; Niewöhner

2017). I aim in this section to describe how praxiography influences my ethnographic approach

in a pragmatic way without going into details about different praxiographic approaches in gene-

ral. For a historical overview of the emergence and different developments of practice theory see,

e.g., Beck (2019) and Sørensen and Schank (2017).

6 Praxiography in its radical understanding focuses only on the practices, their constellations and

structures, and not on actors or social collectives (Knecht 2012, 249).
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In order to conduct research with rather than onmy research partners (e.g., Ingold

2020, 210), I followed a collaborative approach with the Human Computation Institute.

Myapproach in thiswas inspiredbyForsythe’s researchonAI andSuchman’sfieldworkat

Xerox’s Palo Alto Research Center and her engagement with some projects there, which

she described as an “involved but also constructive engagement” (Suchman 2021, 70–71).

I aimed at constructively but also critically contributing to the development ofHC-based

CS projects.

It has become common knowledge in cultural anthropology that we, as researchers,

construct the phenomena we study. By asking certain questions, approaching the phe-

nomena in specific ways, and defining boundaries—setting cuts, as Barad has described

it (2007a)7—we not only describe but always also create our research fields and realities

(Law 2004, 5).Design and futures anthropologist Sarah Pinkwrote that “[w]hat was con-

ventionally called ‘the ethnographic field’ is ongoingly made and remade through our

active participation as ethnographers in collaboration with research participants, other

stakeholders in research and future readers and viewers” (Pink 2018, 201). Ethnographic

knowledgemust, therefore,also alwaysbe consideredbothpartial and situated (Haraway

1988). However, this understanding of the ethnographer’s construction of the research

field alsomeans we (ethnographers) cannot sneak away once our research has been pub-

lished. It has “real material consequences” (Barad 1996, 183) and, therefore, to stay with

Barad, “[w]e are responsible for the world of which we are a part, not because it is an ar-

bitrary construction of our choosing but because reality is sedimented out of particular

practices that we have a role in shaping and throughwhichwe are shaped” (Barad 2007b,

390).

Working together with theHumanComputation Institute, therefore, played amajor

role inmy research.Even though I take amulti-perspectival approach, includingboth the

participants’ and researchers’ perspectives, as well as the other two case studies of Foldit

and ARTigo, the institute is a core focus and starting point of this work.My collaborative

approach was inspired by that of co-laboration developed by Niewöhner (2014), which

builds a complement to the ethnographic approach with the goal of strengthening and

expanding anthropological reflexivity and the production of newknowledge (Niewöhner

2019b, 26–27; Bieler, Bister, and Schmid 2021, 88). Niewöhner defines co-laboration as

“temporary, non-teleological, joint epistemic work aimed at producing disciplinary re-

flexivities not interdisciplinary shared outcomes” (Niewöhner 2016, 2; 2019b, 27). In this

way, it differs from forms of collaboration that follow shared work objectives. Instead,

it builds on shared epistemic work and on the “exchange between different epistemic

cultures” (Klausner andNiewöhner 2020, 162; cf.Niewöhner 2016).8 Niewöhner specifies

that “practices of co-laborating help to diversify existing notions of reflexivity and cri-

tique, thereby broadening the analytical spectrum and adding interpretative degrees of

freedom” (2016, 2). It is particularly useful in research fields characterized by high de-

grees of reflection (Niewöhner 2016, 41).

I engaged in a field wherein scientific methods already guided the development of

HC systems, reflexive analysis, and publications, even if not ethnographically.The ques-

7 “Different agential cuts produce different phenomena” (Barad 2007a, 175).

8 “People do different things through the same process” (Niewöhner 2019b, 32).



3 Methodology: Encountering Human Computation Ethnographically 83

tions that broughtme to the field, regarding, for example, the subjectivities inHC-based

CS, how actors involved strived to contribute to something greater, and the societal im-

plications overlappedwith questions already guiding the institute’swork.This presented

opportunities to think about them together from different perspectives and disciplinary

viewpoints.

Finally, regarding co-laboration, I would like to highlight the aspect of moving

between roles in the field. Through co-laboration, Niewöhner writes, clear roles, power

relations, and relationships continuously change or break down between the parties

involved from which “[a]mbiguous and searching moments emerge” (2019b, 39–40).

Despite the advantages resulting from my collaborative engagement, such as gaining

a deeper understanding of the phenomenon, this ambiguity and the uncertainties also

presented challenges during my research process. Questions of how I could meaning-

fully and constructively but, at the same time, critically contribute to the development of

new hybrid human–AI systems accompaniedmy research process, and, at times, proved

to be more difficult than expected. These questions are not new to anthropological STS

research in the field of computer science and AI, having already been discussed, for

example, by Forsythe when “studying up” was still uncommon in ethnographic research

(2001f). Forsythe mentions how this (at that time) new fieldwork context of studying

up does not only “create new kinds of vulnerability, but the risks to both anthropologist

and informants may extend far beyond the fieldwork itself” ([1999] 2001d, 125). It also

creates new “dilemmas for the anthropologist as conflicting loyalties pull her in oppo-

site directions and the collapsed roles of participant, observer, critic, employee, and

colleague collide with one another” (Forsythe [1999] 2001d, 125).9 Such dilemmas some-

times further complicated my own role within the field beyond the common challenge

of closeness and critical distance to the field in ethnographic research. I sometimes, for

instance, felt like I missed the chance to contribute my perspective based on my ethno-

graphic observations simply because I was too slow in deconstructing and reflecting

on current developments. Here, open discussion and reflection of my role both with

team members of the Human Computation Institute and with colleagues in STS and

cultural anthropology proved to be important to learn from these dilemmas experienced

and reflect on the divergent different temporalities of HC development and cultural

anthropological knowledge production.

Constructivist Grounded Theory

My co-laborative ethnographic approach builds on the methodology of (constructivist)

grounded theory. How ethnographers approach the phenomenon they study, what they

“bring” with them, and their position—as I have discussed above—in some ways, con-

structs the research object in the first place.Hultin aptly describes howher “position as a

researcher [must be] understood as a genealogical line (rather than a dot) entangledwith

and conditioning what ‘data’ can become” (Hultin 2019, 100). This entanglement frames

9 Similar concerns and challenges have been described by European ethnologist and sociologist Rolf

Lindner for ethnographic research in general (1981).
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what ethnographers learn, even if it does not necessarily determine the knowledge to be

gained from thefield (Charmaz 2009, 48).According toKathyCharmaz, this holds equiv-

alently for theorization: “how we theorize reflects our interactions before we begin and

those occurring within and beyond the field” (Charmaz 2009, 48). She, therefore, con-

cludes that “[t]heorizing arises through analytic thinking about our field experiences,

not merely recording and synthesizing them” (Charmaz 2009, 48). The experiences we

(ethnographers) make in the research process, the methods we apply, and our knowl-

edge and emotions also feed into the analysis, not only the (inmy case) transcribed, dig-

itized empirical data that I gathered and analyzed. Not all information contributing to

theorization can be digitized in the first place, instead, it unfolds in the interaction with

the field site and its actors. Grounded theory as a systematic but flexible method (Char-

maz 2014, 1) allows not only for incorporating these diverse materials, experiences, and

reflections but particularly encourages circular movements between data collection and

analysis. It is, therefore, particularly well-suited for studying processes.

Grounded theory goes back to sociologists Barney G. Glaser and Anselm L. Strauss,

who first developed it in their publication The Discovery of Grounded Theory: Strategies for

Qualitative Research ([1967] 1971). Since then, grounded theory has been developed further

by not only Glaser and Strauss themselves but by other researchers who, at times, also

distanced themselves from the positivism that was underlying Glaser and Strauss’ un-

derstandings of the method (Charmaz 2014, 12). In my research, I follow a constructivist

grounded theory approach, first mentioned in Charmaz (2000). While embracing im-

portant aspects of Glaser and Strauss’ approach, such as inductivity, comparison, emer-

gence, open-endedness, and iterativity (Charmaz 2014, 12–13), it—in contrast to Glaser

and Strauss’ method (or “conventional” [Charmaz 2009, 52] grounded theory)—“high-

lights the flexibility of the method and resists mechanical applications of it” (Charmaz

2014, 13). It aligns with the understanding of situated and partial knowledge and con-

struction of the field described above (Charmaz 2014, 13).

Starting from inductive research, grounded theory is a “comparative, iterative, and

interactivemethod.Theemphasis in grounded theory is on analysis of data; however, early

data analysis informs data collection” (Charmaz 2012, 2, emphasis i.o.). It jointly consid-

ers data collection and analysis and, therefore, allows for the construction of middle-

range theories that are “‘grounded’ in their data” (Charmaz 2012, 2).

Data analysis was part of my research process from the early collection of empiri-

cal data. Even though, as stated above, analysis cannot be reduced to coding digital data,

suchas interview transcripts,fieldnotes,media articles,and chats, I gatheredmost of the

data, as well as my fieldnotes, in the qualitative data analysis software MAXQDA (VER-

BI – Software. Consult. Sozialforschung. GmbH, n.d.).My analysis of this data followed

the two main phases described by Charmaz as the “initial phase,” which included line-

by-line coding of practices, processes, meanings, perceptions, and imaginations, and a

“focused, selective phase that uses the most significant or frequent initial codes to sort,

synthesize, integrate, and organize large amounts of data” (Charmaz 2014, 113).This ap-

proach is alsowell established inethnographic coding (Breidensteinet al.2020).Working

with codes,which Star described as “transitional objects” ([2007] 2015, 130) using psycho-

analystDonaldWoodsWinnicott’s (1965) term,helps one tounderstand thephenomenon

studied better, while, at the same time, abstracting from it and creating something new
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(Star [2007] 2015, 130). Notably, but not only, in the second phase, comparing codes with

each other or with other data allowedme to further abstract and connectmy codes to ex-

isting research (Charmaz 2012, 4). By then going back into the field and collecting more

data with the already emerging categories in mind, these codes densified further. The

second phase of my field research in Ithaca, NY, in 2022, was particularly constructive

for my engagement with the data. This process of condensing and further abstracting

codes is referred to as theoretical sampling in grounded theory terminology.

Theoretical sampling stretches the codes, forcing other sorts of knowledge of the ob-

ject. The theory that develops repeats the attachment-separation cycle [that already

characterizes codes], but in this sense taking a code and moving it through the data.

In so doing, it fractures both code and data. (Star [2007] 2015, 130)

This process of oscillating between analysis and data collection was complemented by

writingnotes, ormemos, in addition tofieldnotes, inwhich, for example, I captured con-

nections between data or helpful theoretical concepts and how they related to my data.

Following the discussion ofmethodological considerations guidingmy research, the

next section describes its operationalization in the research process.

Doing Research On, With, and Among Researchers and Developers

I first learned aboutHCbyway of a computer science class byBry at LMUMunich. I came

across its description in early 2019 while searching for classes to attend in the following

term: “Human Computation is a novel and interesting branch of Computer Science that

intends to incorporate human intelligence to solve problems computers alone typically

have problems to deal with.” (Bogner n.d.) I chose to attend this class intrigued by this

brief description of HC and the topics to be covered, including GWAPs, “Social Behavior

Analysis,” and “Participation andEthics,” (Bogner n.d.) which piquedmy interest regard-

ing questions about how humans and computers are combined inHC,what the image of

humans and their intelligence is, as well as what the role of games was in this. From this

first encounter with HC,my initial research interest focused on the human–technology

relations and the role of the human in the sociotechnical systems that emerge in the “in-

terferences” (Dippel and Fizek 2017a; 2019) of play and science.

I started exploringHC-basedCSgames by participating in various examples, includ-

ing Stall Catchers, Foldit, and ARTigo, which I then selected as examples to study due

to their visibility in online CS, and their differences in the scientific research area and

modes of engaging participants. I gainedmyfirst ethnographic experienceswith theAR-

Tigo project, developed at LMUMunich byBry andhis colleagues in cooperationwith the

Institute of Art History at LMUMunich. Around the end of 2019 and beginning of 2020,

I interviewed team members of the project from both the department of computer sci-

ence and the art history institute. While getting into contact with the ARTigo team was

straightforward, gaining access to ARTigo participants proved difficult. When I began

my research, the project had already been ongoing for over a decade. Although the initial

years were prosperous, the team’s activities were reduced to platformmaintenance after
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the funding period ended.The software had become partially outdated by that time, and

therewas no longermuch active research being conducted on it, as teammember Emilia

explained in our interview (Nov. 8, 2019). ARTigo could be played without registration,10

and there was no communication feature for contacting other participants. I describe

my attempts to acquire interview participants from ARTigo’s player base below.

At around the same time, in the fall of 2019, Bry introduced me to Michelucci, the

director of theHumanComputation Institute. As the only institute solely focused on the

development of HC systems (to the best of my knowledge, and at the time), the insti-

tute presented a good starting point for learning how GWAPs or HC-based CS systems

were being developed andmaintained and how human–AI relations were envisioned by

scientists and developers. After an initial call and the exchange of several emails to iden-

tify possible paths of working together, I joined the institute at the end of 2019 as an

intern—specificallywith the title of “ethics intern,” a title thatwas suggested by the insti-

tute. In one of my first email exchanges withMichelucci, in which we tried to determine

howwe could best collaborate, I had describedmy research interest, which, at that time,

was still broad and not yet clearly defined, to lie (among other aspects) in questions of

digital ethics in the sense of what dignified contributions to HC systems were and could

be and how participants could gain recognition through their participation. Despite the

effect that my title would at times predefine or bias the questions and topics I would be

actively included in,my research partners allowedme to participate in the institute’s dif-

ferentworking contexts and to get to knowall the different perspectives and tasks related

to developing andmaintaining HC-based CS projects.

As an intern at theHumanComputation Institute, I was listed on the institute’s web-

site and my intern role was, thus, visible to participants and the general public. Later,

when I became involved in community management for Stall Catchers, my initial user-

name, which I had chosen at the beginning of my engagement with HC-based CS, was

changed to my name plus the suffix “+HCI” to identify me to participants as an institute

contact. After a brief introduction in the chat at the beginning of my fieldwork, a more

thorough introduction, supported by the institute, followed inAugust 2021 in the formof

a blog post describing my work with the institute and ethnographic research in general

(Vepřek 2021a).The institute also sporadically reported onmy research via blog posts and

tweets (e.g., Santander 2022).

My contributions to the institute’s projects included a variety of activities. Initially,

myprimary rolewas to assume the position of communitymanager for the new soon-to-

be-relaunched Dream Catchers11 project (Ramanauskaite 2020). However, my respon-

sibilities soon evolved into a diverse set of tasks ranging from assisting Ethical Review

Board (or Institutional Review Board) applications, community management of Stall

Catchers, for example, by helping organize Catchathons, to contributing to load and

performance testing and optimization efforts of the platform’s software and infrastruc-

ture. In addition, members of the biomedical engineering laboratory identified me, at

least in part, with the institute during my fieldwork, as became clear during laboratory

10 Unfortunately, no public data on user and platform statistics exist.

11 At the time of writing this work, Dream Catchers has yet to be relaunched for various reasons,

including prioritization of other projects and insufficient resources.



3 Methodology: Encountering Human Computation Ethnographically 87

meetings, inwhich open questions for the institutewould sometimes be directed toward

me.12

Myworkwith the institute also included collaborativework on the question of how to

improve or adapt ethical review to online (HC-based) CS projects.We organized, for ex-

ample, aworkshop at theECSAconference 2020 that brought together researchers,prac-

titioners, and participants to discuss this topic. Furthermore, we designed a new ethical

review workflow together with Institutional Review Board operations and administra-

tor Patricia Seymour (Vepřek, Seymour, and Michelucci 2020). I then further developed

and designed this workflow inmy computer sciencemaster’s thesis as aCollaborative and

Adaptive Ethical Review platform (Vepřek 2022b). Even though this collaborative research

also informed my understanding of the field of HC-based CS and is an important ex-

ample of how I contributed to shaping the field throughmy engagement, this work only

plays a marginal role in the ethnographic research to which I return in the following.

Engaging in forms of experimental “worldings” (Tsing 2011; Niewöhner et al. 2016)

helpedme reflect onmy epistemological assumptions and thinking constraints brought

to the field, and opened up new insights into and possibilities for joint reflection of the

entanglements of relationswithinHC systems.This joint reflectionwithmembers of the

Human Computation Institute and the researchers happened throughout the research

process. However, it also built the explicit focus of my second research visit to Ithaca in

2022, while the first visit in 2021 focused on participant observation and collecting data.

In the following, I describe the two research visits and their process in detail and include

my approach to the Foldit and ARTigo examples.

From the beginning of my engagement with the institute, two research visits of

about threemonths each to Ithacawere planned.Due to the COVID-19 pandemic,which

began shortly after the start of my fieldwork, plans to join the institute in Ithaca had to

be canceled and remade several times.Therefore, I initially began the collaboration and

fieldwork remotely, conducting most of my ethnographic research online.13 Because of

the very digital and web-based nature of large parts of the institute and the projects

being studied, this did not (only) have disadvantages, as for most members of the in-

stitute, this form of engagement was also similar to their everyday experience with the

Human Computation Institute. Except for annual in-person meetups, the team had

beenworking remotely, communicating exclusively throughweb-based instantmessag-

ing services, email, and virtual meetings. Over the course of my research, the institute

consisted of a core team of around eight members including the roles of developers, CS

coordinators and strategic advisors, and a larger group of affiliated researchers. Since

12 My experience sometimes also resembled social and cultural anthropologist and migration scho-

lar Maria Schiller’s, who did research as a “research trainee” in municipal organizations of three

European cities (2018, 67).

13 On remote ethnography, see, e.g., Postill (2017), and for a recent account on remote ethnogra-

phy taking into account ethnographic fieldwork in times of the COVID-19 pandemic, see Podjed

and Muršič (2021). Anthropologist Dan Podjed and cultural anthropologist Rajko Muršič point to

the advantages remote ethnography can have, for example, by allowing interview participants to

remain in their own environment, creating a more relaxed interview situation via digital commu-

nication technologies (2021, 45).
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the institute is a nonprofit research organization, it is strongly dependent on funding.

Accordingly, the team’s size varied throughout my engagement.

During this first remote part ofmyfieldwork, I also conducted qualitative interviews

with Stall Catchers participants and analyzed readily available data, such as the in-game

chat and Stall Catchers’ source code.These methods will be explained in more detail be-

low. In addition, as the second comparative HC-based CS example, I conducted inter-

views with the US–based Foldit team in early 2020. For the latter, I used video confer-

ence services and followed Foldit’s developments by playing the game occasionally and

reading its newsletter and regular scientific and game updates shared on the website.

While remote engagement and digital methods helped me to gain valuable in-

sights for my research, this approach also made some aspects of Stall Catchers and

the Human Computation Institute’s working practices invisible. A considerable part of

the Stall Catchers project remained in the dark, most notably the biomedical research

conducted at the Schaffer–Nishimura Lab.The Alzheimer’s disease research underlying

Stall Catchers, including the scientists’ practices, the wet lab, experiments with mice,

microscopes, lasers, dyes, medication, as well as the connected work on Stall Catchers’

data pipeline, remained invisible from my screen in Germany. Moreover, and especially

before the COVID-19 pandemic times, the Human Computation Institute organized

various in-person events where people would, for example, come together to participate

in Stall Catchers during the special Catchathon events, another aspect of the project I

viewed as important for my research that required physical presence.

Therefore, as soon as was possible given the COVID-19 pandemic restrictions,my re-

mote digital ethnographic research was complemented by two research visits to Ithaca.

The first three-month field research period took place from August to October 2021, its

foci being the collaboration with the institute and ethnographic data collection through

participant observation and interviews.

In someways,my collaborationwith theHumanComputation Institute during these

three months continued as before with weekly Zoommeetings with teammembers but

with the added benefit of in-personmeetings and conversations withMichelucci several

times a week, which often included or evolved into hours of informal conversations. I

also had the opportunity to accompanyMichelucci tomeet researchers interested in col-

laborating to develop a newHC-based CS game to support their research, which proved

insightful to better understand howHC-based CS projects are started and imagined be-

fore they are actually built.

During this three-month period, I participated in meetings and events of the

biomedical engineering laboratory at Cornell University and observed theworking prac-

tices of Alzheimer’s disease research in the laboratory.The focuswas on practices related

to Stall Catchers, such as work on the data pipeline, including testing new software tools

for preparing data or the manual analysis of research images. Researchers also walked

me through the individual steps and related code structures. In addition to practices

related to the data pipeline, I also observed and participated in onboarding meetings

for new laboratory members, and observed scientific practices in Alzheimer’s disease
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research, such as craniotomies,14 drug and treatment injections at night for behavioral

experiments with themice the next day, imaging sessions, and,most challenging forme

personally,mouse euthanasia and tissue collection. Even thoughmy analysis focuses on

human–technology relations and the assemblage starting from the imaging sessions

and excludes the preceding research practices in the laboratory, insights from observing

practices beyond this focus, such as the animal research practices, were important

to situate these relations and the assemblage in their broader context of biomedical

Alzheimer’s disease research. These participant observations were complemented by

qualitative interviews with laboratory members working with Stall Catchers. Taken

together, the time spent in person at the Human Computation Institute and Schaf-

fer–Nishimura Lab were invaluable to my research, especially thanks to the patience my

research collaborators showedme.

Following this first research visit,my focus shifted to transcribing and analyzing the

empirical material collected. During this time, I reduced my active involvement with

the institute and the frequency of conducting participant observations both at the insti-

tute and on the Stall Catchers platform, althoughMichelucci and I continued a biweekly

meeting schedule, and I occasionally attended larger teammeetings and events.One ex-

ception to this reduced engagement was during theDanish Science Festival and the Engag-

ing Citizen Science Conference in April 2022 which took place in Aarhus, Denmark. Eleven

teammembers of the institute came together there to participate in the festival and con-

ference and connect (somemeeting during this event in person for the first time).

My second research visit to Ithaca, NY, lasted from October to November 2022.This

time, I concentrated on discussing my observations and preliminary findings with my

research partners. To avoid overly formal interview situations and, instead, concentrate

onexchanging ideas, I decided toomit audio recording sessions and reliedon takingfield

notes, which I later copied intomy diary.The second field phase also allowedme to learn

about further developments in the laboratory on the data pipeline since my last visit in

2021. During the twice-weeklymeetings withMichelucci, in addition to discussing a va-

riety of topics related to HC, Stall Catchers, the institute, and the insights I had gained

over the course of my fieldwork, we also discussed early iterations of ideas, themes, and

theses that are now included in this work.15 I also met individually with all researchers

from the laboratory who had participated in my research during my first field phase to

discussmy observations.Thesemeetingswere of great value for refiningmy insights and

were essential in giving them the opportunity to share their perspectives on my prelim-

inary findings. I draw on these conversations and reflections extensively in later chap-

ters of this work. Toward the end of my visit, I finally gave a presentation onmy work at

the laboratory’sweeklymeeting,whichwas also attended byHumanComputation Insti-

tute teammembers.Thepresentationofmywork and subsequentdiscussionpresenteda

14 Craniotomies are surgeries in which a part of the skull is removed from the head of a mouse and

windows are installed to allow subsequent imaging of blood flow in the brain.

15 In one session, for example, we discussed play/science entanglements in HC-based CS, in anoth-

er, my ideas on intraverting human–technology relations, and in yet another, we reflected on our

collaboration and what ethnographers could bring to the field of HC.
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helpful learning process inmy ethnographic work (Klausner 2015, 49) and provided valu-

able insights into howmy research partners perceived it. It also included joint reflection

onhowprojects suchasStallCatchers couldor shouldbe run.During these conversations

andmeetings with research partners, the roles shifted betweenme as the ethnographer,

learning from the institute’smembers and the researchers, andmy research partners ap-

proachingmewith questions about how to improve Stall Catchers and the collaboration

between all different actors.

In the following section, I discuss the main individual ethnographic methods I ap-

plied in the course of this study.

A Toolkit of Methods for Emerging Hybrid Systems

Participant Observation

Participant observation16 is one of the core researchmethods in ethnographic fieldwork

and formed the basis of my analysis to examine everyday practices17—both use and de-

velopment practices—of HC-based CS assemblages and their human–technology rela-

tions.Participant observationmade it possible to analyze the practices’ tacit and embod-

ied knowledge as well as the processes, situations, and conflicts related to them. In this

way, the innovation potentials and “tactics” (Certeau [1980] 2013) of routinized practices

also became analyzable (Beck 1997, 346).

Participant observation at the Human Computation Institute was crucial for gain-

ing insights into what it means to build “sustainable participatory systems” (Human

Computation Institute, n.d.). Building such systems involves a wide range of tasks and

practices beyond engineering, such as conducting meetings, team communication,

writing papers, giving talks, software maintenance, management (of people, processes,

and systems), and fundraising. These activities are similar to the tasks performed by

members of the expert system laboratories studied by Forsythe in the 1980s and 1990s

([1993] 2001h, 23–24) and are generally representative of the work conducted in (univer-

sity) research laboratories. Additionally, work at the Human Computation Institute also

included community outreach and translating biomedical knowledge into content for

the broader public in the form of blog posts and other formats, in other words, science

communication. Due to my collaboration with the institute, I was able to closely follow

developments, such as the first experiments with AI bots in Stall Catchers, and to do

so from the different perspectives of both institute’s team members and the project’s

participants. I followed participants and researchers in their engagement with and the

16 Participant observation can be traced back to anthropologist Bronislaw Malinowski ([1922] 2013)

and has since been further developed into one of the core researchmethods in ethnographic field-

work (cf.DeWalt and DeWalt 2011).

17 Bareither described this focus on practices as one of the strengths of cultural anthropology of tech-

nology because of its “sensitivity for everyday, routinized, culturally encoded and in social negotia-

ted processes integrated practice of actors with and in relation to technology” (2013, 31, emphasis

i.o.).
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relations they enter into within the HC-based CS system, as well as the data moving

through and along these relations and infrastructures.

Whilemy engagement involved participation in the institute’s everyday practices, fo-

cusing on the development and maintenance practices at the institute and the different

game platforms, my involvement in the laboratory was typically limited to observation,

as the focus of my research was not on the wet laboratory practices but rather on hu-

man–technology relations directly connected to the HC-based CS project. In studying the

CS platforms of the studied examples from the users’ perspective, I actively participated

in all projects as a participant. I recorded my experiences in a field diary to better un-

derstand the participants’ experiences and relations with the platforms. Here, partici-

pating included playing the games, engaging in the project’s communication channels,

and reading blog and forum posts as well as other updates provided by team members

and participants on the project’s websites. By being “digitally co-present” (Hamm2011), I

couldmovewithin the same digital space as and togetherwith the projects’ participants.

While participating in ARTigo and Stall Catchers was relatively easy, I experienced a

difficulty that many Foldit beginners face, namely the steep learning curve of the game.

My participation in Foldit can be described as experimental, since after completing the

tutorials, I mostly tested different approaches to folding proteins by following tips other

participants had shared with me in our conversations, experimenting with different

recipes, and using other algorithmic tools provided by Foldit.

Because Stall Catchers formedmy primary research example, I here also contributed

to all Stall Catchers events, such as Catchathons.By engaging not only as aHumanCom-

putation Institute teammember and observing ethnographer, but also as a participant, I

had the chance to experience the team spirit that emerges during such events, especially

in the final hours of a challenge when the competition between different game teams

heats up.

Participant observation was also my primary approach to including materialities,

technologies, nonhuman actors, and entities, such as data, in my analysis, and specif-

ically to focus on the relations between them and human actors. I here want to briefly

point to some selected instances highlighting the importance of this approach for my

investigation. Researcher–technology relations, for example, only became fully compre-

hensible after observing how researchers use and work on the infrastructures, software,

and microscopes, how imaging data were manually analyzed, or how data were trans-

formed and prepared via the data pipeline before being sent to Stall Catchers. Similarly,

understanding how data is analyzed on the Stall Catchers platform required following

the flowof data betweenhuman input, the interface and servers, code and its algorithms,

as well as the database and developer’s interventions.18

Taken together,participantobservationallowed for thegenerationof situatedknowl-

edge, since “to observe is not to objectify; it is to attend to persons and things, to learn

from them, and to follow in precept and practice. Indeed there can be no observation

without participation—that is, without an intimate coupling, in perception and action,

18 The approach of following actors, commodities, or ideas is especially prominent in multi-sited

ethnography (Marcus 2009).
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of observer and observed” (Ingold 2000, 108; cited in 2014, 387–388).19 Through partici-

pant observation, I gained insights into the everyday practices of the different actors, of

which it was specifically valuable to analyze the interplay and different sociotechnical re-

lations they enter. It also revealed tacit, implicit, and embodied knowledge oftendifficult

to articulate, for example, in interviews (Beck, Niewöhner, and Sørensen 2012, 19).

However, the method of participant observation also has limitations when it comes

to phenomena that include globally distributed actors, making specific participant ob-

servations impossible, or when it comes to including discursive and historical contexts

that also shape suchphenomena.My investigation, therefore,draws onqualitative inter-

views, media analysis, and exploratory methods, such as source code and in-game chat

analysis, to cover these shortfalls. 

Qualitative Interviews

To gain access to the ideas, perceptions, and values behind practices in line with a “prac-

tice of understanding” (Jeggle 1995, 56) typical of a cultural anthropological approach, I

conducted qualitative semi-standardized interviews across all three projects. All inter-

viewswere guidedby aquestionnaire,which servedas a flexible guide to structure the in-

terview but did not determine the conversational flow (Schmidt-Lauber 2001). I followed

the topicsmy interview partners cared about or brought up on their own accord, includ-

ing questions in the conversation according to the specific situational flow (Schmidt-

Lauber 2001, 176) rather than actively steering the conversation back to a fixed agenda.

Interviews, therefore, differed in their form, length, and depth. I talked to participants,

researchers, developers, project leads, community liaisons, and other teammembers in-

volved inHC-basedCS projects.The interviewswere conducted in English,German, and

Dutch.

Qualitative interviews opened the door to certain dimensions of knowledge and per-

ceptions,which, especially in the case of CS participants,would not otherwise have been

possible to include in my research. It was through the interviews, for example, that I

gained a sense of the importance of a personal connection to Alzheimer’s disease for

many Stall Catchers participants and how deeply entangled these personal experiences

were with their contribution to HC-based CS.The global distribution of the phenomena

studied made it effectively impossible to observe participants’ playing practices at their

physical location, therefore, remote interviews were vital to covering this gap. In-per-

son interviews were invaluable in other settings: I only understood the complexity of

the Stall Catchers project at the laboratory by being there and talking with biomedical

researchers. Sitting down with them, I learned how much they cared about their re-

search, sometimes because of the same connections to Alzheimer’s that the participants

described,and theproblems they faced.At the same time, I gained access to different lay-

ers of designers and developers’ imaginations that went beyond the inscribed and pro-

grammedones andwere not accessible forme by reading code. Sociotechnical imaginar-

19 My approach could also be considered to carry autoethnographic traits insofar as I includemy per-

sonal experiences, positions in the field and their reflections in my analysis; on autoethnography,

see, e.g., Ploder and Stadlbauer (2013); Caivano and Naumes (2021).
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ies of HC drive the design and development of such systems but, at the same time, often

break down or do not hold in everyday life. Interviews help access these different layers

and narrations.

It should be noted that these narrations are self-descriptions that are contextualized

in the researchpartner’s sociocultural, embodied,andmaterial or technological environ-

ment. At the same time, they are polished external presentations adapted to the inter-

view situation (Froschauer and Lueger 2020, 236). Inmy conversations with Stall Catch-

ers participants, for example, interview partners sometimes addressed me not only as

an ethnographer but also as a team member of the Human Computation Institute. At

times, I may have been seen as something of a mediator who would pass on both praise

and criticism. Because information is filtered and interview partners apply discursive

modes of representation that do not necessarily correspond to the practical mode of be-

ing and conscience (Beck 1997, 346), qualitative interviews require a critical approach to

the empiricalmaterial.The relationship between representation and observable action is

complex (Geertz 1973; 1983; Forsythe 2001g, 139).Beck talks about “translation errors” that

are to be expected and points to the problem that these can only be partially corrected by

comparisonwith observations (1997, 346). Keeping these limitations inmind, qualitative

interviews, particularly in combination with the othermethods applied in this research,

form a practical approach to HC-based CS projects.

I conducted a total of 64 interviews, of which 49 were oral interviews and 15 writ-

ten interviews and questionnaires with follow-up questions. Most of these were within

the Stall Catchers case study: 28 interviews were conducted with Stall Catchers partic-

ipants, five with researchers of the laboratory, and five with the Human Computation

Institute teammembers.Thirteen interviews were conducted with Foldit participants20

and six with Foldit teammembers and researchers. Finally, two ARTigo participants and

five ARTigo teammembers were interviewed, as well as three representatives of funding

institutions in the US that fund or have funded some of the projects. Given the scope of

this study, the insights from the latter serve as contextual background information.

Although I had initially planned to conduct a comparable number of interviews with

participants for each case study, it proved difficult to find and get in contact with ARTigo

participants. Even with the support of the ARTigo team, who allowed me to post calls

for participation via ARTigo’s Twitter and Facebook accounts, it was difficult to acquire

participants. The call was answered by one ARTigo participant. Another participant in-

terview was acquired via the snowball principle. An additional problem was that it was

not possible to work directly with the ARTigo platform during these interviews in 2020

because the server was down at the time, which limited the interactivity in some ways.

Furthermore, the platform does not include any in-game communication features (such

as a forum or chat),making it challenging to analyze participants’ experiences and prac-

tices by other means. A small written survey in which participants were asked to play

ARTigo and share their experiences was conducted in January 2021 with fellow students

20 While 28 Stall Catchers participants immediately answered an open call for participation in my

research via email, recruitment of interview partners from Foldit participants was slow. In ad-

dition to posting a call in the game’s forum, I actively sent more than 50 interview requests to

individual participants via the game’s platform and Discord server.
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as part of an explorative study for a computer sciencemaster’s seminar at LMUMunich.

We created a small qualitative questionnaire which we shared in our networks to com-

pare the user experience of different games and because there was no data on the par-

ticipants’ perspective on ARTigo.21 Due to these circumstances and the resulting limited

empirical material, ARTigo was not included as a comparative study to the same level

as Stall Catchers or Foldit in my final analysis. However, a new iteration of the ARTigo

platform was launched during the later course of my research introducing a new stage

of the project and an interesting turn regarding my analysis of how HC-based CS are

formed and change over time. I discuss this development in Chapter 6, less empirically

than analytically, applying my theoretical concept of intraversions to this development

and exploring its explanatory potential using this example.

All but one interviewwith participantswere conducted via video conference services,

suchasZoomorSkype,or via a landlinedue to thegeographicdistance and theCOVID-19

pandemic. Although in-person interviews allow for a richer communication and inter-

action context, the digital and phone interviews were particularly suitable for this re-

search since they allowed CS participants from all over the world to contribute and even

increased the possibilities of participation (Markham 2005, 801; cf. Hengartner [2001]

2007, 201).

The majority of participants interviewed were based in the US, followed by five in-

terview participants based inGermany, and three in Belgium. In addition, one interview

partner contributed from each of the following countries: Australia, Brazil, the Nether-

lands,Nigeria, and Singapore.The location of one participant was unknown.22Theaver-

age length of interviews was about one hour, with the shortest being 21 minutes and the

longest being two hours and 16 minutes. It is worth noting that interviews with partic-

ipants of the case studies analyzed are necessarily limited to those who actively volun-

teered to contribute to my research by responding to my call for interview participants.

Hence, the viewpoints represented are those of participants that were indeed willing to

share their experiences with Stall Catchers, Foldit, or ARTigo and the motivations that

drive them.

The interviews with team members, researchers, and funding institution represen-

tatives were mostly conducted via video conferencing services, except for conversations

with ARTigo team members and those with the researchers at the Schaffer–Nishimura

Lab.23 Even though I spent three months with the Human Computation Institute in

21 A total of ten participants in the age range between 20 and 64 contributed to our written ques-

tionnaire. Even though we did not collect personal information in addition to age, it is very likely

that most participants had a computer science background and were based in Germany. Five par-

ticipants had not heard of ARTigo previously, three had heard of it but never played it, and two

had played it before our small study.

22 It should be noted that I left it open to my interview partners to indicate their age and gender, as

these categories did not form a focus ofmy research. The age range generally included individuals

between around 20 and 75, with a slight majority of participants being over 40. Slightly more

participants identified as women across the three different case studies.

23 As in the case of interviews with participants, gender and age distributions are not considered in

my analysis. However, I would estimate that the distribution of different genders was roughly rep-

resentational of the general population among researchers and team members of Stall Catchers
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Ithaca, NY, which allowedmany in-person conversations,most interviews with its team

members were also conducted virtually, as the institute’s team is distributed around the

world.

All interviews were audio recorded and transcribed. The quotes used in this work

were minimally smoothed to improve readability, on the one hand, and protect the pri-

vacy of my interview partners, on the other hand. This means that expressions such as

um, uh, you know, and like as well as word repetitions, if not purposefully repeated, were

omitted from the quotes.These expressions can transport importantmeanings to which

cultural anthropology is sensitive, similar to hesitations or pauses while speaking.How-

ever, since not all interview partners were native speakers, the usage of such expressions

and terms varied across all interviews, potentially resulting in identifiable speech pat-

terns. This was especially noticeable as I translated the non-English interview quotes

used in this work.

Another strategy I employed to protect the privacy of research participants is the use

of pseudonyms and random gender changes. Pseudonyms were chosen arbitrarily, with

the best effort tomaintain the overall representation of origin anddiversity of real names

across all data. Furthermore,due to some roles at theHumanComputation Institute and

the laboratory being unique, I partly generalized roles—such as “researcher” for differ-

ent positions including experimentalists, PhD students, postdocs, and developers—and

duplicated positions that are unique to an individual to multiple representations of the

same research partner in order to make deanonymization more difficult. These obfus-

cations do not affect the overall results ofmy research, and I specify the position in cases

where the role is relevant. For these reasons, only a few of my research partners’ names,

whom I refer to by their last names, were not pseudonymized.24 These exceptions were

necessary due to their unique field position and public appearances. Anonymization

could, therefore, not be guaranteed. Consent for this was granted by all individuals

affected.

Finally, I jointly refer to users, players, and citizen scientists as “participants” since

some participants reject the term “game” and do not identify as “players.” I also prefer

“participants” over “users” and “citizen scientists” to emphasize their active role in shap-

ing the HC-based CS systems.

In addition to the qualitative interviews, informal conversations with Human Com-

putation Institute team members, researchers from the laboratory, and a few partici-

pants were of great value to my research. In these cases, I took field notes from which I

quote in this work when conversation partners agreed.

While qualitative interviews, informal conversations, and participant observation

formed the core methods of my research, it also involved the analysis of existing data,

suchas external perspectives on theprojects studied (e.g., inmedia articles), self-presen-

tations of the project’s teams, and,most importantly, the Stall Catchers source code and

contributing to my research. For the research partners of Foldit and ARTigo, the majority seemed

predominantly to align with male.

24 The decision to refer to research partners whose names I have not pseudonymized by their last

names while using first names as pseudonyms for others is purely pragmatic and not meant to

imply any hierarchical distinction between them.
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data pipeline as socio-technological foundation and constituent entities of the project.

The methods used in connection with these are described in the following. As will be-

come clear, human–technology relations and the sociomaterial assemblage only became

understandable in the combination of the different methods which revealed the entan-

glements of the different human and nonhuman actors.

Experimental Approaches to Infrastructures, Code, and Digital Chat Data

In the course of this research, I analyzed a variety of textual material.This includedme-

dia articles about the different HC-based CS examples, blog posts, and the case studies’

own websites and forums.The websites’ content and project descriptions were valuable

sources, revealing how the teams wanted to represent themselves to the world. In the

course of my collaboration with the Human Computation Institute and due the open-

ness of itsmembers towardmyethnographic approach, I also receivedaccess to the insti-

tute’s workspaces and digital infrastructures, such as its primary communication space

on Slack (Slack Technologies, LLC n.d.), the Github repository,25 databases, Stall Catch-

ers’ admin spaces, and,where required for certain collaborativework, computational in-

frastructure.The analysis of these text-based and infrastructural sources followed an ex-

ploratory approachwith the aimof including themas supplementarymaterial to support

or contrast with other observations and empirical materials.

Particularly crucial was the access to computer code and digital chat data from the

institute. I focused on analyzing the code of Stall Catchers, which is a key component in

HC-based CS assemblages (Mackenzie 2006, 2) to understand how user–technology re-

lations unfold.Through the analysis of code, the intra-actions of participants and tech-

nology can be traced and the underlying and (consciously or unconsciously) inscribed

design logics of developers and designers revealed (Koch 2017b, 117).

The analysis of computer code is a relatively new area in social sciences and humani-

ties,with emerging subdisciplines like software studies,digital STS, critical data studies,

andCCS (e.g., Fuller 2008; Vertesi andRibes 2019;Marino 2020;Hepp, Jarke, andKramp

2022).26

Code is multidimensional and, as such, requires amultiperspectival analysis to fully

appreciate its sociotechnical embeddedness, its becoming and implications, aswell as its

25 Github (GitHub, Inc. n.d.) is a hosting service for version control using the distributed version con-

trol system Git and software development, which allows the distributed development of software

in teams.

26 Today, ethnographic studies including computer code often refer to these fields, which provide

a rich repository of useful and important methodical approaches. However, depending on their

scientific situatedness, they follow specific research interests. The CCS, for example, are strongly

influenced by and emerged from the field of literary studies. By comparison and despite the ex-

pressed need for it, an ethnographic approach that focuses on the practices and meaning-making

processes, for example, has not yet been established (e.g., Carlson et al. 2021; Vepřek et al. 2023).

In order to change this, the Code Ethnography Collective, a group of researchers from mainly cul-

tural anthropology and STS has met regularly since 2021 to discuss ethnographic approaches to

computer code (Code Ethnography Collective n.d.).
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inscriptions and the variouspractices associatedwith it (Vepřek et al. 2023). Inmyethno-

graphic research, code analysis played an important role in qualitative interviews and

walkthrough sessions (Light, Burgess, and Duguay 2017).27 Additionally, it was also cru-

cial in participant observations during special events and laboratory sessions. This also

extended tomy collaborative engagement tasks, such as performance and load testing of

the platform.The different approaches, thereby, supported each other because insights

from participant observation revealed interesting starting points for focused code anal-

ysis. My focused code analysis approach (first discussed in Carlson et al. 2021; Vepřek et

al. 2023) builds on the CCSmethod (Marino 2016; 2020) of reading code in a critical way.

That is, as Marino writes,

to explore the significance of the specific symbolic structures of the code and their

effects over time if and when they are executed (after being compiled, if necessary),

within the cultural moment of their development and deployment. To read code in

this way, one must establish its context and its functioning and then examine its

symbols, structures, and processes, particularly the changes in state over the time of

its execution. (Marino 2020, 23)

Unlike CCS, however, my research used code analysis as an additional perspective, par-

ticularly focusing on the flow of code in practice, which is why I call it focused code analysis.

I selectively analyzed code sections related to algorithms and I/O (input/output) opera-

tions. Accordingly, I traced selected I/O operations or sequences of function calls, which

I had previously identified as interesting starting points. This way, I followed the flow

of the code during its run-time operation, entangled with and in relation to other ele-

ments of the sociotechnical assemblage. I included specific code sections in MAXQDA

and annotated them similarly to other empirical material, such as interview transcripts,

to analyze selected code blocks.

By integrating this analysiswith other ethnographicmethods, I traced the flowof ac-

tions of human–technology relations within and beyond the text.This approach follows

an understanding of software “structured as a distribution of agency” (Mackenzie 2006,

19).

Due to the dynamic nature of code, it was only through the combination of the

different approaches and methods described in this chapter that I was ultimately able

to gain an in-depth understanding of the participant–technology relations as they

unfolded in the sociotechnical assemblage.This combination also revealed the different

development,maintenance, and use practices and how values, norms, and imaginations

of future hybrid human–AI systems were inscribed into the Stall Catchers project and

guided its implementation. Since Stall Catchers’ source code is proprietary, I do not

include actual code samples in this work, except for one instance which the Human

Computation Institute kindly granted permission to include. However, whenever nec-

essary to make an argument or provide an example, I describe insights from analyzing

the code. An example of this can be found in Chapter 7, which focuses on trust. In this

27 I also included the code underlying the data pipeline andMLmodel at the Schaffer–Nishimura Lab

in the form of walkthroughs with researchers and readings on the laboratory’s Github repository.
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context, integrating code into my analysis enabled me to comprehend how algorithmic

mechanisms contribute to preventing cheating and ensuring data quality.

Finally, as a second exploratory method used in this work, the analysis of Stall

Catchers’ in-game chat data during my fieldwork in 2020, particularly in the midst of

the COVID-19 pandemic, provided valuable insights into the project and participants’

perspectives. Yet, it required a more exploratory approach because, despite advances

in digital text data analysis in the digital humanities and computational social sciences

(Lemke and Wiedemann 2016; Franken 2023), qualitative analysis of large datasets

like chat records remains challenging for qualitative and inductive approaches. While

methodological considerations exist for qualitative approaches to the analysis of writ-

ten online conversations (e.g., Schirmer, Sander, and Wenninger 2015; Nam 2019), the

question of how to make large amounts of data manageable for qualitative analysis

remains generally little discussed. Conducting a manual analysis of the entire chat

record following the grounded theory approach proved to be arduous, if not infeasible,

due to the large amount of data involved, particularly considering its supplementary

role in the overall scope of my research. The chat record in 2020 contained around

17,000 messages, spanning a period of around one and a half years. To manage this, I

explored a new approach using relational databases28 for (re)organizing and analyzing

the extensive chat data,making it more accessible for qualitative study.

The Stall Catchers’ chat, located in the lower right corner of the game’s interface (see

Figure 1), forms a fundamental aspect of Stall Catchers in that it is the primary method

of direct communication between participants. Conversations ranged from play prac-

tices and Alzheimer’s disease research to questions on game functionalities that experi-

enced participants answered. At the same time, the chat provided a direct communica-

tion channel for the participants to the Stall Catchers team and vice versa. Even though

not all participants actively engaged in the chat, it was important for themotivation and

28 Digital databases are collections of electronically stored information that can be maintained, ac-

cessed, and updated via a databasemanagement system,which functions as an interface between

users or programs and the database. However, databases are more thanmere information reposi-

tories; they are a consistently organized set of data whose informational patterns allow us to ask

various questions—so-called queries—to the data (Quamen and Bath 2016). Among the different

types of databases, relational databases are currently the most common form. They built upon a

relational model (Schubert 2007, 35). This means that data are stored as so-called relations, which

are typically represented as tables with rows (describing an object, such as a chat message) and

columns (describing attributes or characteristics of a chat message, such as the sender’s name). In

these tables, each row describes an object, such as amessage in the case of the chat analysis. Each

column describes an attribute of the object, such as the sender id or the content of a message. In

relational databases, object attributes can reference other objects by referencing their identifiers

(typically the so-called primary key) in oneof their columns. It is important tomention that databa-

ses are not neutral storagemedia but provide a specific perspective on data, as has been shown by

sociologist ChristineHine (2006). Storing data in a structured database keeps itmoremanageable

than simply using spreadsheets or other unstructured documents. The main advantage becomes

apparent when it comes to analyzing and transforming data: with a relational database, one can

interact with the data in complex and highly specific ways, which allows the answering of certain

questions much more easily than a manual or spreadsheet-based approach could. For relational

databases, this is commonly done via SQL.
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contribution of some, as participants used it for mutual encouragement. Through chat

analysis, I uncovered themes that were not mentioned in interviews, such as the playful

reinterpretations of research data as artworks (see Chapter 5). Moreover, the analysis of

chat messages provided valuable indirect and exploratory access to the field.

Figure 1: Stall Catchers’ main UI

Source: Screenshot taken by LHV onMar. 24, 2024 (https://stallcatchers.com/virtualMicroscope)

Inanotherwork (Vepřek2023a), I providea comprehensivediscussionofmymethod-

ology, including a discussion of the chat format’s particularities and addressing the eth-

ical considerations and challenges involved in analyzing digital chat data. A brief sum-

mary is provided in the following for the purpose of this section. The process involved

the four steps of data acquisition, cleaning, structuring into a relational database, and

restructuring for analysis with SQL queries. My approach aimed to conducting a con-

tent-based analysis that focuses on the narration of play practices andmeanings of Stall

Catchers. I extracted sets of conversational contexts involving a specific player in order to

gain a deeper understanding of the perspective of some of these individual Stall Catch-

ers players via the chat.The extracts included entire conversations between participants

with only minimal interspersed sections where other users engaged in the chat without

actively contributing to the conversation of interest. I maintained the conversation dy-

namics by including a window of messages before and after each message of the user

in focus. This way, I changed the superficially linear structure of the data into separate

contextually linear excerpts.Occasionally, I revisited thedata to isolate topical fragments

of discussion or perform other small supporting analyses.29 In the main analysis, these

29 The approach could also be extended to specifically isolate (or exclude) contexts where specific

words or phrases werementioned, making it easier to drill down on specific topics of conversation

(in general, or once again involving a particular user). Since the results of a query are presented in

virtual tables that can be exported and the queries do not operate on or change the dataset itself,

it is possible to return to the dataset at any time and query it with different foci. Such flexibility

https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope
https://stallcatchers.com/virtualMicroscope


100 Libuše Hannah Vepřek: At the Edge of AI

extracted conversations were exported into a format suitable for loading into MAXQDA

for manual analysis, where they presented an access point to participants’ perspectives

during gameplay.

Chat analysis, despite its potential for ethnographic research, also has some limita-

tions and challenges that are important to consider. These include the lack (or subtlety)

of nonverbal elements inwritten conversational data, the question of how representative

chat data are for the overall participant base, and significant questions of privacy (for

a more detailed discussion see Vepřek 2023a).30 I chose in this work to anonymize the

chat data and combine several player identities into one. I also refrained from directly

linking any personal interview data to the chat data or quoting directly from the chat in

thiswork.Despite these limitations, if contextualized and included in amulti-perspecti-

val and -methodological ethnographic approach, I expect this approach of restructuring

and querying digital textual data with relational databases to have potential for qualita-

tive ethnographic research beyond the specific analysis presented here. It is conceivable

to apply this method to other textual data, such as tweets or comment threads, or to de-

sign queries that focus not on the textual content but onmetadata, such as timestamps,

to learnmore about the temporal flowsof chat communication,or other aspects andphe-

nomena.

After having discussed the methodological foundation and its operationalization of

my research, I now turn to the first empirical chapter, in which I analyze the imaginaries

behind HC that guide and shape the development of HC-based CS.

is particularly helpful for ethnographic and inductive research, where fieldwork phases alternate

with analysis and reflection and do not follow a linear scheme.

30 The Stall Catchers chat is semi-public; it is accessible to all registered Stall Catchers participants.

Because registration only takes the provision of an email address and accepting the terms and

conditions, the chat can be considered almost public. Participants are informed about this in the

terms and conditions.
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The holy grail for generalized AI is to achieve humanlike intelligence. We have

humanlike intelligence, it’s called humans! […] [A]nd what we really need to solve

today’s problems and tomorrow’s problems is superhuman intelligence. So, and I

believe the only way to achieve that, at least today, is with humans in the loop.

(Michelucci 2019a, 11:22–11:47)

In his talk at the Microsoft Research Faculty Summit with the title “Crowd, Cloud and

the Future ofWork: Updates fromhuman AI computation,”Michelucci argued forHC as

an alternative to AGI. Instead of pursuing “strong AI” or AGI efforts to build “human-like

intelligence”withmachines,HCaims to keep “humans in the loop” to build “superhuman

intelligence.”Michelucci,who I regard as anHCadvocate, togetherwith colleagues at the

Human Computation Institute follow such approaches to human-in-the-loop comput-

ing by buildingHC-based CS systems. For this pursuit,Michelucci described going back

to the “biggest pictures [he] can think of” (Jan. 21, 2021).The biggest picture for him was

the understanding of information processing, which forms the basis of his HC visions

and enables the development of HC systems for “human survival” (Michelucci, Jan. 14,

2021). The institute is, therefore, dedicated “to the betterment of society through novel

methods leveraging the complementary strengths of networked humans andmachines.

We strive to engineer sustainable participatory systems that have a profound impact on

health,humanitarian,andeducational outcomes” (HumanComputation Institute,n.d.).

With this dedication, the institute places its ethicalmission at the center of all its endeav-

ors and daily working practices to develop “superhuman intelligence.”

While Michelucci’s words cited above do not describe what including humans in the

loop to build human–AI systems means in concrete terms, they do provide a glimpse

of how HC advocates construct the narrative of HC from AGI as a counterpole. Human

computation, as Iwill discuss in this chapter, is not only understood to be better andmore

ethical becausehumans remain in control, but alsomore feasible.Michelucci’swords rep-

resent and carry imaginations of the “human in the loop” in HC which not only shape

the discourse on HC but also the development of such systems in general, as well as in

the field of HC-based CS. Imaginations are crucial and powerful forces in the formation

of assemblages and their desire. Therefore, it is important to disentangle these imagi-
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nations to further analyze how HC systems form, taking into account the interplay of

future visions, everyday negotiations and associated human–technology relations. The

latter are fundamental to HC because human-in-the-loop imaginations do not consider

humans andAI inHC as separate but as relations between humans andAI.As Iwill show

in this work, the intraversions of human–technology relations are, hence, always imag-

ined.

This chapter, thus, analyzes the imaginaries from the perspective of HC advocates

and developers as fundamental parts of the (everyday) becoming ofHC-basedCS assem-

blages and their intraverting human–technology relations. I first unpack the ambigu-

ous term “human-in-the-loop” within HC, drawing particularly from the empirical ma-

terial collected during my fieldwork at the Human Computation Institute. The analysis

of this expression reveals different shifting and partly competing imaginations of con-

cepts, such as “humans,” “AI,” “computation,” or “technology” inHC and the broader field

of AI.Theanalysis is structured around six imaginaries related to “humans in the loop.” It

should be noted that “human-in-the-loop computing” is a common phrase in computer

science and technology development that goes beyondHC. I specifically focus here on its

meaning in the field of HC.The first part of this chapter is structured around the indi-

vidual imaginaries. First,HC forms a counter-imaginary to AGI.This describes the basis

of HC endeavors and imaginations. Humans are put at the center of HC achievements

in contrast to AGI,where the focus lies on the technological achievements.With humans

in the loop, following the imaginary, unprecedented capabilities can be reached that ex-

ceed todays AI capabilities. In this overall counter-imaginary of HC, I describe situated

human-in-the-loop imaginations which refer to the imagined human in the loop—who

is imagined to be in the loop and how are humans imagined in HC?—; GWAPs imagin-

ing humans as players and loops as games; the imagined loop between humans and AI as

human–AI conversations of the future; and the imaginations of humans in the loop as

crowds in the loop. Finally, HC is imagined to lead to a futureThinking Economy, in which

human creativity is unleashed.

By analyzing these visions and imaginations,which go hand in handwith normative

principles guiding the everyday practices, it becomes clear that the development of HC

systems can be understood as “ethical projects” (Ege andMoser 2021a) striving for a better

future and human–technology relations as they ought to evolve (Jasanoff 2015a, 4).More-

over, it becomes apparent that there are not only overlaps between the imaginaries but

also tensions between the HC future imaginaries and existing implementations, which

canbe explainedwith cultural anthropologistGenevieveBell’s observation thatAI, and in

this case more precisely HC, is “both a technology, and an imagination of a technology”

(2021, 4).

The analysis of the imaginaries and visions necessarily decontextualizes them to a

certain extent and separates them from everyday practice. This is due to my attempt to

juxtapose concrete imaginaries with the example of the Human Computation Institute

and general perspectives found in literature and the development of the field of HC.

For this reason, the second part of this chapter analyzes examples of infrastructur-

ing that go hand in hand with the imaginations at the Human Computation Institute.

Infrastructuring, as I will show, not only materializes these imaginaries but also desta-

bilizes and forms them.Within the realm of HC, these practices can be observed at dif-
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ferent levels. On the one hand, it is part of the bigger goal of establishing HC and the

vision of hybrid human–AI systems, which I describe as fundamental infrastructuring.

Here, I discuss the example of Civium, an “eco-system”which is being developed to build

a basis for more “sustainable” HC (Michelucci 2019b). On the other hand, infrastructur-

ing is part of everyday practices of maintaining and developing technological systems

in general. I provide examples of what everyday materializing and negotiating human-

in-the-loop imaginaries looks like from the perspective of the team, using the case of

Stall Catchers. However, this discussion of infrastructuring continues throughout the

next chapters with a special focus on the development of the Stall Catchers’ data pipeline

in Chapter 6, since exploration and infrastructuring play a major role in forming, re-

defining, and materializing human-in-the-loop imaginaries in HC. Because, while the

ultimate goal seems to be clear, HC-based CS systems, according to the imaginaries de-

scribed in the following,must stay at the edgeofAIdevelopments and scientific research.

Furthermore, the role of humans and technology in these sociotechnical assemblages is

not set a priori but negotiated along the way, guiding the future development of HC sys-

tems and further (re-)forming the visions. Developing HC systems, therefore, depends

on future imaginations of human–technology relations (building on the counter-imagi-

naries), practices of exploration, and path dependencies (Klausner et al. 2015; DeMunck

2022) introduced in the past.At the same time, and thiswill be the focus of the next chap-

ters of this work, imaginaries are negotiated and partly also contested and contingent in

the everyday. Inoperablematerialities and life cycles ofmice unalignedwith the research

process form or reform these relations just as much as other actors, most prominently

the participants, who bring in their own aims and values, and engage in their chosen

ways in relations with technology.

The aim of this chapter is to reconstruct the imaginaries driving the development

of HC, in a manner akin to Bachman’s analysis of the “work on the medium” with the

example of Dynamicland (2018). These depictions are presented in a way that is aimed

at closely reflecting and analyzing how they were presented by HC advocates, to then be

contextualized and critically contrasted with other perspectives in later sections of this

work.

My close collaborationwith and ethnographic fieldwork at theHumanComputation

Institute allowed me to thoroughly analyze the imaginations driving the institute and

provide a thick interpretation of a concrete example of narratives and normative prin-

ciples that form and steer the current development of HC systems. While some of the

points to be elaborated came to the fore due to questions I asked in interviews, others

emerged, for example, from work meetings for brainstorming new features or project

ideas or discussing current issues and problems with existing projects. Conversations,

particularly during the field research periods in Ithaca, NY, in which I sharedmy ethno-

graphic observations with Michelucci and other team members, sparked reflections on

and comparisons of our perspectives, the questions we were asking in our respective

work, and the approaches we took to arrive at answers. It was in these discussions that

the imaginations underlying the development of HC became apparent.

The focus on the Human Computation Institute’s specific approach to HC, thereby,

is especially interesting due to its striving for the development of HC systems generally

and not primarily to the solution of one particular scientific problem, as in the exam-
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ple of Foldit, which was specifically developed to solve the problem of protein structure

prediction and design. Insights from other empirical material, for example, from inter-

views with HC advocates such as Bry, will be included in the following to contextualize

the institute’s imaginaries and further explore and problematize HC visions. Addition-

ally, without claiming completeness, I include literature and HC standpoints presented

in media content from the field of HC (and HI) to situate these imaginaries further.

As discussed in Chapter 2, I build upon Jasanoff and Kim’s term “sociotechnical

imaginary” (2009; 2015) as well as Hilgartner’s notion of “vanguard visions” (2015) to

think about HC as a counter-imaginary. The aim is to stress how HC advocates are

forming their visions in contrast to AGI through boundary work and by explicitly dis-

tancing themselves from such AGI endeavors.The concept of sociotechnical imaginaries

forms a helpful starting point for analyzing how HC-based CS projects are envisioned

due to its focus on the imaginaries’ normativity and the materialities that are part of

sociotechnical assemblages (Jasanoff 2015a, 19). Some of the imaginaries specific to the

Human Computation Institute can even be understood as normative principles that

guide the team’s work in maintaining existing and developing new projects. However,

if we take Jasanoff and Kim’s definition seriously, HC imaginations, as opposed to AGI

narratives, would bemore accurately described by Hilgartner’s term “vanguard visions.”

These visions originate from “sociotechnical vanguards” who are

relatively small collectives that formulate and act intentionally to realize particular

sociotechnical visions of the future that have yet to be accepted by wider collectives,

such as the nation. These vanguards and their individual leaders typically assume a

visionary role, performing the identity of one who possesses superior knowledge of

emerging technologies and aspires to realize their desirable potential. Put otherwise,

these vanguards actively position themselves as members of an avant-garde, riding

and also driving a wave of change but competing with one another at the same time.

(Hilgartner 2015, 34)

While Hilgartner observes that visionaries or groups also compete and support slightly

different views for the field of synthetic biology, I obtained similar results in the analysis

of HC visions. Vanguard visions have to move and legitimize themselves between pow-

erful sociotechnical imaginaries and, hence, cannot be successfully established solely by

argumentative means (Hilgartner 2015, 45). Instead, “hands-on activities are needed to

present their futures as feasible and achievable” (Hilgartner 2015, 45).

Among HC’s sociotechnical vanguards is Michelucci, whose institute is cited as a

source fornewHCdevelopments (Lazar,Feng,andHochheiser 2017, 435–436).The initia-

tive “2014 Human Computation Roadmap Summit,” led by Michelucci, earned him and

his colleagues the title of “crowdsourcing pioneers, and visionaries” in theMIT Technol-

ogy Review magazine (Emerging Technology from the arXiv 2015). Due to Michelucci’s

prominent position in the field, focusing on the imaginaries at theHumanComputation

Institute is a fruitful point of departure for the analysis of HC visions.

Thenarratives andvisionspresentedarenotnecessarily sharedbyallHCandHIprac-

titioners or visionaries. Focusing on a few sociotechnical vanguards, however, allows one

to gain a deeper understanding of HC visions, imaginaries, and their directions and sci-
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entific programs, because, as Koch writes following Ulf Hannerz’ understanding of cul-

ture, “[i]ndividuals […] as producers of culture play a key role in cultural analysis” (Koch

2005, 26). They “are constantly inventing culture or maintaining it, reflecting on it, ex-

perimentingwith it, remembering it or forgetting it, arguing about it, and passing it on”

(Hannerz 1992, 17).

Moreover,HC is becoming an increasingly “organizedfield of social practices” (Appa-

durai [1990] 2002, 50; cited in Jasanoff 2015b, 327) that can currently be situated between

vanguard visions and widespread sociotechnical imaginaries. Seeing HC as a form of

counter-imaginary to AGI helpsme to analyze the specifics of its visions and their emer-

gence. I show how these visions not only distinguish themselves from AGI sociotechni-

cal imaginaries but are also related and situated in common perspectives of AI research.

After all, as Hilgartner writes, “[s]ociotechnical vanguards seek to make futures, but (to

paraphrase Marx) they cannot make them simply as they please; they do not make them

under self-selected circumstances but do so using vocabularies and practices already

given and transmitted from the past” (2015, 50). To a certain degree, these vanguard vi-

sions guide the evolution ofHC systems and, therefore, of intraversions of human–tech-

nology relations (by which they are also produced), even though they are also contested

and negotiated.

Human-In-The-Loop Imaginaries

Human Computation as a Counter-Imaginary to Artificial General Intelligence1

At the heart of the human-in-the-loop imaginations of HC are humans, who are put in

the spotlight when talking about the achievements of HC systems.While this may seem

trivial at first, it is one of the key differences betweenHC andmany strong AI narratives.

The latter claim technical achievement and commonly gloss over human involvement al-

together or even imagine humans to be out of the picture. For example, it is still usually

notmentioned thatmostAImodels havebeen trainedondata annotatedbyhumans, that

datasets have been manually cleaned beforehand, or that rules and rewards, in the case

of reinforcement learning, had to be set initially; not to mention the adjustments and

maintenance work that guide the lifetime of any sociotechnical system. In contrast,HC,

one could say, takes the opposite approach in sketching their imaginaries as they tend

to hide the system’s technical complexity and the AI algorithms operating in the back-

ground, and focus on humans when it comes to achievements. This difference is key to

the imaginary ofHCas a counter-imaginary to AGI.To better illustrate how this unfolds,

I first turn to imaginations of AI in general with a recent example.

OnMay 14, 2022, Nando de Freitas, who is an ML professor and research director at

Alphabet Inc.’s AI subsidiary and research laboratory DeepMind, tweeted about Deep-

1 First ideas of this section were presented at the 8th International Working Conference of the Dig-

ital Anthropology Commission German Society for Cultural Anthropology and Folklore Studies,

“Digital Futures in the Making: Imaginaries, Politics, and Materialities” on September 15, 2022, at

the University of Hamburg.
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Mind’s new AI-agent Gato (Reed et al. 2022): “It’s all about scale now!The Game is Over!

It’s about making these models bigger, safer, compute efficient, faster at sampling,

smarter memory, more modalities, INNOVATIVE DATA, on/offline, … 1/” (Nando de

Freitas [@NandoDF] 2022). With “the game is over,” de Freitas declared that the search

for AGI is over with Gato AI. All that is needed now is scale. The “generalist agent” Gato

is presented as the solution to a decades-long search for the path to strong AGI. While

it surely presents an interesting development in ML and reinforcement learning, the

purpose of mentioning de Freitas’ tweet does not lie in the question of whether Gato

presents the straight pathway to AGI or not. Instead, it serves as an example of a very

current manifestation of the beliefs in AGI.

While the latter have been particularly pursued since the early 1950s (Fjelland 2020,

2), imaginations of futuremachineswith “intelligence”have long existed in literature and

mythology and even before the term AI itself was coined in the 1950s (Koch 2005, 9; Cave

and Dihal 2019). But since then, researchers have focused on developing AI, often striv-

ing for AGI with “human-like intelligence” (Fjelland 2020, 2). Despite various attempts

to define AI, it, similar to its natural model, cannot be clearly defined (Koch 2005, 48).

Koch (2005) has already aptly demonstrated this in her research on the “culturality” of

the technological formation of AI in Germany in the 1980s and 90s. Nevertheless, this is

still true today, where the term AI is used to refer to various technologies from robotics

toNLP andDL andwhere there are different understandings ofwhat the ultimate goal of

AI research should be. One of the most prominent endeavors is the development of AGI

or “strong AI.” Some advocates of the AGI thesis argue that AGI, utilizing its “human-

like intelligence,” will subsequently lead to Artificial Super Intelligence (Kurzweil 2005;

Bostrom 2016; cited in Peeters et al. 2021, 220).2

Even though the implementation of actual AI systems has been lagging, it has been

attracting lively interest in public discourse since its early years. Koch attributed the

widespread interest in AI to the fact that it challenges humans to reconsider how they

perceive themselves in away that few other technologies do (2005, 48–49).The “scientific

attempt to technically reproduce abilities that until then had been regarded as originally

human is perceived by many people as a threat” (Koch 2005, 49), leading to an extensive

social debate inwhichparticipants fromvariousbackgroundscontribute (Koch2005,49).

Similar observations can bemade today—still and to no lesser extent—for discourses in,

at least, many European countries and the USA.

The journey of AI research has seen ups and downs since its uptake in the 1950s. An

example of the latter was the “AI winter” of the mid to late 1980s, which emerged due

to overoptimistic expectations of AI’s possibilities from AI sponsors, industry, and gov-

ernment in the face of a “failure to deliver systemsmatching these unrealistic hopes, to-

gether with the accumulating critical commentary” (Nilsson 2010, 408). However, with

the increase in computing power and advances in, for example, ML and NLP, as well as

recent developments, such as the text-to-image model DALL-E and others, AI—and in-

creasingly the discussion of its societal and ethical implications—remains a hot topic

of public debate. The “AI winter” has been overcome, and AI is becoming more perva-

sive in everyday life, demonstrating capabilities in ways that were not expected of these

2 Other scholars divide AI research into cognitivist or engineering approaches (cf. Koch 2005).
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approaches. But as promising as these advances are that let AI advocates dream and an-

nounce that “the game is over,” as Nando de Freitas did, predictions as to when the idea

of AGIwillmaterialize have not yet been fulfilled, and it is highly controversial as towhat

extent such an AI is even possible.

Artificial intelligence researchers Marieke Peeters et al. (2021) identify three main

perspectives in the current broader debate about the future of AI. While the first, the

technology-centric perspective resembles the endeavors described above, they identify the

human-centric perspective as the second perspective, “which holds that true intelligence

can ultimately be found only in human beings and (potentially) other intelligent living

creatures” (Peeters et al. 2021, 219).While AI can provide assistance to humans, it cannot

develop “intelligence” itself. The third recognized perspective is the collective intelligence

perspective, which overlaps with HC and is discussed further below. The field of AI has

been accompanied from its inception by narratives and imaginaries that commonly re-

fer to visions of strong AI. Regardless of whether they ever become “true” or not, such

narratives—and this is the key point I would like to make here—shape both the expec-

tations and beliefs according to which AI is evaluated, designed, and developed (see also

Cave and Dihal 2019, 74).These both utopian and dystopian AI imaginaries are strongly

shaped by fiction and politics (Bareis and Katzenbach 2022). Philosopher Stephen Cave

and science communication scholar Kanta Dihal (2019) identify four pairs of the most

widespread hopes and related fears of AI from a corpus of fictional and nonfictional nar-

ratives: these pairs are immortality vs. inhumanity, ease vs. obsolescence, gratification

vs. alienation, and dominance vs. uprising (Cave and Dihal 2019). Each hope or fear is

connected to a number of either optimistic and utopian or pessimistic and dystopian

narratives (Cave and Dihal 2019, 75). These narratives are, of course, not exhaustive but

form composing parts of the sociotechnical imaginary of AI that currently prevails in

Western countries. Formulating these hopes and fears as pairs illustrates how sociotech-

nical imaginaries, no matter how widespread, also always face resistance and conflict.

This is particularly true in the field of AI, where the promises and their long-term nar-

ratives and visions have not been sustained and where there is a mismatch between AI’s

imaginaries and current implementations (Sartori and Bocca 2022).

Examples for such alternative imaginaries of AI are the vanguard visions of HC.The

advocates of HC build their narrative in an active distinction to dystopic AI narratives

and AGI visions with “boundary work” (Gieryn 1983). These HC narratives and visions

build upon the limitations of today’smeremachine-based AI efforts and the disappoint-

ments due to unfulfilled promises of such strong AI visions. Sociologist Jens Beckert de-

scribes this pattern regarding new promissory stories in general, which always relate to

preceding ones and create their own credibility by removing themselves from those “dis-

appointed hopes” (2018, 284).

Inapromotional videoby theCarlsbergFoundationaboutHIat theCenter forHybrid

Intelligence at Aarhus University (Elmann 2022), physicist and head of the Center for

Hybrid Intelligence Jacob Friis Sherson explains:

When you watch the news, then you get the experience that artificial intelligence is

a tidal wave that is coming upon us, so every week there is a new instance of how

artificial intelligence has entered and transformed a new domain. And you get the
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experience that it will overcome us, that there will be no place in the near future

for humanity. And that’s what I want to fight, because the reality is the more we try

to build into artificial intelligence, the more we see that there is a core of us that

cannot be replaced. (Carlsbergfondet 2019, 00:19–00:53)

As Sherson speaks, the camera alternates between him sitting in front of a large screen

and different scenes lending a dramatic visual shape to his words, including an angry-

looking robot army, a hand taking a queen in a chess game, a fast-running clock, and a

skull surrounded by white fog. To construct the narrative, HI takes off from the fears of

current AI sociotechnical imaginaries that are circulating in themedia and builds on the

dystopian images of these imaginaries.

While not all HC advocates aim to combat dystopian strong AI narratives in the

same way as Sherson, their arguments share the common notion that the promises of

AGI to “supersede humans” (Dellermann, Ebel, et al. 2019, 637) have not been fulfilled

to date, and it remains unclear whether these promises will be achieved in the not-too-

distant future. Law and Von Ahn write in the preface to their book Human Computation

(2011) that HC moves beyond the extent of current AI algorithms. Despite advances in

automating mathematical problems humans used to solve, the narrative goes, “there

are still many problems that are easy for humans to solve, but difficult for even the most

sophisticated computer algorithms” (Law and Von Ahn 2011, 2). Human computation,

therefore, starts here, at so-called AI problems and by combining humans andmachines

they can “achieve futuristic AI capabilities today” (Michelucci and Dickinson 2016; cited

in Michelucci 2019b).

One of the key differences between HC and strong AI narratives was mentioned at

the beginning of this section: the attribution of claimed achievements.While Strong AI

narratives claim technical achievement, HC puts humans in the spotlight when talking

about the achievements. In the promotional video, Sherson argues that HI is not about

“understanding what AI can do and cannot do, it is understanding what we as humans

are best at” (Carlsbergfondet 2019, 01:03–01:08), and the challenge is to find the “human

place […] alongside AI” (Carlsbergfondet 2019, 00:58–01:00). By distancing itself from

AGI sociotechnical imaginaries and visions, HC builds its own credibility and aims to

legitimize the approach as the right way to develop “intelligence” that goes beyond hu-

mans and computers’ capabilities by putting humans into the focus.This allows HC ad-

vocates to circumvent the dystopian narratives and fears in public discourse associated

with strong AI pursuits and to present HC as “ethical projects” (Ege and Moser 2021a).

They are “future-oriented undertakings” (Ege andMoser 2021a, 7) that are permeated by

values and norms of the roles that humans should take and what “artificial intelligence”

should look like. This is evident in the choice of words, such as “conscientious develop-

ment,” chosen by Bowser and colleagues in the report “Artificial Intelligence: A policy-

oriented introduction,” published by the US research center and nonpartisan political

forum:

Human computation approaches to AI […] advanc[e] the design of AI systems with

human stakeholders in the loop who drive the societally-relevant decisions and be-

haviors of the system. The conscientious development of AI systems that carefully con-
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siders the coevolution of humans and technology in hybrid thinking systems will help

ensure that humans remain ultimately in control, individually or collectively, as sys-

tems achieve superhuman capabilities. (Bowser et al. 2017, 11, emphasis LHV)

It is stressed in this statement that humans ought to ultimately remain in control of

these hybrid systems which can be accomplished with conscientious development that

takes into account the “coevolution”of humansand technology.Theunderstandingofhu-

man–technology relations put forward in this quote is reminiscent of a postphenomeno-

logical approach that considers humans and technologies existing together and being

mutually interdependent (Dorrestijn 2012a, 63).

The Human Computation Institute ethically frames its endeavors in a similar way,

placing its ethicalmission at the center of all its efforts. I would like to illustrate thismis-

sion inmoredetail here before situating itwithinotherHCandHIendeavors.Michelucci

explained during one of our more formal interview sessions, when asked if there was

anything else important to him that he wanted to share, how his work was rooted in the

“biggest ideas,” as cited in the introduction, and howHC could bring humanity closer to

the “good” life. “We canuse these newcapabilities to bootstrap better […],morehumanis-

tic augmentationmethods that allow us to solve world problems […] by doing things that

[…] entertain us, they give us a sense of purpose and they just help us thrive as human

beings.” (Michelucci, Jan. 21, 2021)

As Michelucci’s words quoted at the beginning of this chapter make clear, HC is un-

derstood to achieve unprecedented capabilities today that exceed mere computational

capabilities and current AI technologies and ensure humanistic approaches.

Michelucci and computer scientist and HC researcher Elena Simperl, as editors,

open the first issue of the Human Computation Journal with the following quote that is

attributed to the economist and public servant Leo Cherne: “The computer is incredibly

fast, accurate, and stupid.Man is incredibly slow, inaccurate, and brilliant.Themarriage

of the two is a force beyond calculation” (Michelucci and Simperl 2014, 1). Building on

the understanding of computers as “fast but stupid” and a human as “slow but brilliant,”

the authors set the agenda for the transdisciplinary approach that taps and combines

the respective strength of humans and computers to achieve unsurpassed capabilities

(Michelucci and Simperl 2014, 1).

However, despite this huge potential, there is a gap between what could be possible

with HC and current HC research and implementations. According to Michelucci, the

field of HC research today is not innovative enough due to the organization of academia

and its inherent dependencies and power relations (Jan. 14, 2021). If more researchers

triednewandmore innovative approaches to combininghumans andmachines, itwould

not only advance HC and bring it closer to solving some of today’s biggest problems but

alsomake itmore “interesting” for participants, he explained in one of our conversations

(Jan. 14, 2021). Michelucci described this as the “duality” in HC. An HC project must be

both interesting and “fulfilling” for participants (Michelucci, Jan. 14, 2021).

With his vision of HC, Michelucci might not necessarily represent the perspective

of all HC researchers. However, as I learned during my ethnographic fieldwork at the

HumanComputation Institute, it is also sharedwith great enthusiasmby his colleagues.

The CS coordinator Paul explained in our interview in October 2020:
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I think human computation could do everything [laughs]. […] I think the […] only limit

is sort of human imagination of what problem you can take and tackle with human

computation and, of course, still the […] existing resistance to nonconventional ways

of doing that. Like, you still need to, [it is] still a huge job to convince scientists and

founders—like what happened with Stall Catchers, the scientists didn’t believe that

this could be done but they did later and no funders would believe that this could

be done, but then there was one who decided that he will take a risk and fund this

nonconventional project so I think that’s […] the only limitations for now to tackle

any problem with […] human computation. (Oct. 14, 2020)

The spirit of working on something new and “revolutionary” drives the work at the Hu-

man Computation Institute, such as that of developer Kate, who explained that working

on this project opened their eyes to the relations between humans andmachines:

I’m really excited to work on a project […] like that. I really gained a lot, learned

a lot as well, I’m glad I took that chance actually. It made me think of things in a

different perspective. I used to think of humans as separate from computers. I used

to think people can do, cannot do what a computer can do or the opposite, but the

more I’ve worked on [different projects at the institute], I started to [gain] a different

perspective on things like […] the line between humans and machine is getting more

blurred and maybe in the future, Stall Catchers or human computation would have

been the first step in a neural network or beaming people’s brain into computers, I

don’t know about that [laughs], but maybe that’s part of the revolution, that’s part

of the first step of how we do these things and I’m really happy to have been part

of this project. (Nov. 19, 2020)

Sharing this excitement,developer Samuel half-jokingly explained tome in another con-

versation that combining humans andmachines in away that humans overseemachines

could indeed lead to unprecedented capabilities: “[B]y bringing these two together, it’s

like we’re having a god, we’re building a god. [Laughs] We are creating a new era god”

(Sept. 2, 2021). But in contrast to an AGI that will outperform and rise up against hu-

manity, as one of the fears stated which was identified by Cave and Dihal as prevalent AI

narrative prophecies (2019), HC, according to Samuel, presented

a big opportunity. It […] can prove that AI will […] help humans instead of replacing

humans in the future. And HCI [the Human Computation Institute] is proving that AI

can help humans instead of replacing them. because AI still has some disadvantages,

still has some issues. It’s not like we’re all in […] a science fiction movie, where AI is

destroying everyone. […] HCI has an opportunity to become, […] the best, to become

a role model for people I mean in the AI section, AI development. (Samuel, Sept. 2,

2021)

Human-in-the-loop computing in HC is imagined as leading to good sociotechnical sys-

tems, in which human control is ensured. Due the institute’s dedication to the “better-

ment of society” (HumanComputation Institute,n.d.), Samuel explains, it could become

a role model for other AI researchers and developers (see above). The mission of the in-
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stitute illustrates the ethical motivation behind the projects and work at the institute to

develop HC systems to develop better futures.

While the Human Computation Institute’s vision might be very specific and per-

sonal, the counter-imaginary of HC and HI as ethical projects can also be found in one

of the first HI papers of the current research trend by human-centered AI researcher Ece

Kamar (2016a; 2016b). Referring and connecting to HC advances, Kamar argues for “hy-

brid intelligence”3 systems as AI systems that are guided and supervised by humans to

“prevent the mistakes and failures that would be caused by an AI system working alone”

(Kamar 2016a, 4070). Rather than “designing AI systems that function alone, we should

focus on hybrid systems that can benefit from partnership with humans” (Kamar 2016a,

4070), which can lead to a “virtuous improvement cycle for the system to continuously

learn from” (Kamar 2016a, 4070). These, according to Kamar, can go beyond the current

limitations of mere machine AI (2016b, 25). Kamar’s HI definition clearly has great

similarities with common definitions of HC. However, Kamar specifically refers to HC

as crowdsourcing and emphasizes the fruitful environment of such crowdsourcing or

HC platforms since they “function as testbeds for data collection and experimentation”

(2016a, 4070) for accessing “human intelligence.”4

Dellermann et al. (Dellermann, Calma, et al. 2019; Dellermann, Ebel, et al. 2019) fur-

ther defineHI as “socio-technological ensembles” in which both the human and AI “con-

tinuously improve by learning from each other.” (Dellermann, Ebel, et al. 2019, 640) The

paper “Mapping Citizen Science through the Lens of Human-Centered AI” (Rafner et al.

2022),whichwas initially publishedasapreprintwith the title “RevisitingCitizenScience

Through the Lens ofHybrid Intelligence” (Rafner et al. 2021),has beenwrittenbymultiple

authors and visionaries in the field of HC. It can, thus, be understood as an attempt to

come to a shared understanding of the fields despite these “incompletely aligned views”

(Hilgartner 2015, 35), for example, regarding the definition ofHI, andwhat differentiates

HC from HI. Divergent understandings are not uncommon for new or young research

fields that have not stabilized into one prevalent narrative thatmost advocates can agree

3 While Kamar’s article definitely describes an early take on HI, it is not clear when the term was

first coined.

4 For Kamar, crowdsourcing platforms are “testbeds” for HI (2016a, 4070). Including the crowd in on-

line CS projects also creates the starting point for exploring HI at the Human Computation Insti-

tute and the Center for Hybrid Intelligence at Aarhus University (Elmann 2022). In an article in the

Human Computation Journal, the CS researcher and ecological informatics specialist Greg Newman

elaborates on the opportunities of “Citizen Cyberscience” for HC: “Some citizen science projects

introduce new human computation techniques or engagement modalities, thus directly contri-

buting to a growing body of human computation methods. In this way we can see citizen science

as applied human computation, a platform for human computation research, and a body of work

that may innovate in the human computation space. As an example, citizen science often gene-

rates platforms for citizen engagement that can be used in human computation research” (2014,

108). Platforms such as Stall Catchers, Foldit, andARTigo can, hence, be understood as laboratories

for HC research. The game environment and framing of the project also plays an important role

in the intraversions of human–technology relations due to affordances of the platforms as games,

for example, which invite participants to play around and find ways to engage with the platform

and game that go beyond the developer’s intended designs.
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on. Nevertheless, HC and HI visions seem to be able to agree on several shared under-

standings, the most prominent of which are the imaginations of alternative futures of

AI to widespread AGI and strong AI sociotechnical imaginaries that place humans at the

center of their approaches. While acknowledging that discussing these narratives col-

lectively can result in oversimplification and generalization, examining them as an in-

terconnected yet diverse bundle can provide a deeper understanding of the nuances and

specificities of both HC and HI. As Forsythe has aptly put it regarding her research on

informatics and AI:

While the beliefs held by actors within a given scientific setting or community are

neither identical nor altogether stable over time, neither are they completely rein-

vented from one event to the next. Scientists construct local meanings and struggle

to position themselves within a cultural context against a backdrop of more enduring

beliefs, at least some of which competing actors hold in common. After all, in order

to negotiate at all or successfully to frame actions or objects in a given light, there

must be overlap in the interpretive possibilities available to the parties concerned.

([1992] 2001b, 2–3)

The overlap in HC lies specifically in the attempts to imagine AI futures with humans

at the center and in control.While this utopian perspective is reminiscent of traditional

techno-optimist imaginaries, according to which automation and AI will free humans

from undesirable work, the HC imaginary as a counter-imaginary to AGI endeavors fo-

cuses on the “co-evolution of humans and technology,” so that the former retain control

over the latter. “In-the-loop” refers not only to being in the loop but also to being in control

of the system, as opposed to other uses of this term, such as in crowdworking applica-

tions, where humans are in the loop in the sense of directly training an ML model by

annotating data.

Shared Paradigms

Even as advocates position HC as a counter-imaginary to other AI pursuits, they remain

open to the possibility that AGI may become possible at some point in the future. This

is evident in Michelucci’s words quoted above, in which he states that the only way to

achieve “superhuman intelligence […], at least today, is with humans in the loop” (Miche-

lucci 2019a, 11:40–11:47).The insertion “at least today” indicates that Michelucci does not

completely distance himself from the idea that AGI might someday be possible, similar

to Dellermann, Ebel, and colleagues, who speak of the “near future” (2019, 637).

Despite the boundary work of HC to distance itself from AGI visions, the visions

share much in common. Following the cultural studies scholar Toby Miller, “[e]very cul-

tural and communications technology has specificities of production, text, distribution,

and reception. But the utopias and dystopias of successive innovations share much in

common. As private excitements and public moral panics swirl, they also repeat” (2006,

6). Although HC refers not only to previous innovations but also concurrent develop-

ments in AGI endeavors, Miller’s observation about the commonalities of utopias and

dystopias of successive innovations can also be observed for these fields.This is not sur-

prising given that many HC researchers and advocates commonly have a background in
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computer and/or cognitive science. To understand the intentions behind the design of

HC systems, it is, nevertheless, important to discuss these parallels.

I here want to briefly mention two of the perspectives and paradigms that form par-

allels betweenHCand strong AI approaches. First, imaginaries of AGI (both utopian and

dystopian) and HC have in common that they view these developments (AGI and HC) as

having an impact on humanity as a whole. They describe phenomena that do not only

solve specific problems but have a large-scale influence on humanity and its problems

in general. In the case of HC, this can be seen in the example of Michelucci’s vision and

in the quotes that introduce the new Human Computation Journal. In their introduction,

Michelucci and Simperl not only quote Cherne but also founder of evolutionist theory

Charles Darwin (1859): “In the long history of humankind (and animal kind, too) those

who learned to collaborate and improvise most effectively have prevailed” (cited in Mi-

chelucci and Simperl 2014, 1). By invoking Darwin and Cherne in this way, they frame

HC as a revolutionary phenomenon with possibly existential implications. This way of

framing parallels popular imaginations of the rise of AGI, for example, as physicist, cos-

mologist, and president of the Future of Life institute5 Max Tegmark writes in Life 3.0.

Being Human in the Age of Artificial Intelligence: “In comparison with wars, terrorism, un-

employment, poverty,migration and social justice issues, the rise of AI will have greater

overall impact” (2017, 37–38).

Second, both HC and AI approaches generally build upon information processing as

their fundamental paradigm. Information processing, which interprets cognitive pro-

cesses as processes of information processing, is considered the key paradigm underly-

ing AI research (Ahrweiler 1995, 15; cited in Koch 2005, 45; see also Simon 1996; Turkle

2005a; Becker 2023). It is also fundamental to HC, as Michelucci writes:

[T]he construal of computation as being equivalent to information processing seems

to best fit the practical context of human computation. In HC, “computation” refers

not just to numerical calculations or the implementation of an algorithm. It refers

more generally to information processing. This definition intentionally embraces the

broader spectrum of “computational” contributions that can be made by humans,

including creativity, intuition, symbolic and logical reasoning, abstraction, pattern

recognition, and other forms of cognitive processing. As computers themselves have

become more capable over the years due to advances in AI and machine learning

techniques, we have broadened the definition of computation to accommodate those

capabilities. Now, as we extend the notion of computing systems to include human

agents, we similarly extend the notion of computation to include a broader and more

complex set of capabilities. (2013d, 84, emphasis i.o.)

ThoughMichelucci argues for a broadunderstandingof cognitive processing (see below),

the examples provided still refer primarily to abstract, mental processes.

5 The Future of Life institute is a nonprofit organization with the mission of “steering transforma-

tive technology towards benefitting life and away from extreme large-scale risks” (Future of Life

Institute, n.d.).
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This understanding of information processing can be contrasted with Hutchins’ un-

derstanding of computation and distributed cognition.6 Even though Hutchins’ Cogni-

tion in the Wild was published in 1995 and his critique of the cognitive science approach

might not be applicable to all current understandings, his elaboration on the problems

of approaches that focus on information processing seems relevant here:

The model of human intelligence as abstract symbol manipulation and the substi-

tution of a mechanized formal symbol-manipulation system for the brain result in

the widespread notion in contemporary cognitive science that symbols are inside the

head. [...] And while I believe that people do process symbols (even ones that have

internal representations), I believe that it was a mistake to put symbols inside in this

particular way. The mistake was to take a virtual machine enacted in the interaction

of real persons with a material world and make that the architecture of cognition.

(1995a, 365)

The problem, following Hutchins, is that an approach to cognition or intelligence as in-

formation processingmakes it difficult to combine it with action, which is fundamental

to an understanding of distributed cognition as process. “History and context and cul-

ture will always be seen as add-ons to the system [if cognition is reduced to information

processing], rather than as integral parts of the cognitive process, because they are by

definition outside the boundaries of the cognitive system” (Hutchins 1995a, 368). Such

an understanding also has consequences for the imagination of the human in the loop,

as I will discuss below. Although only briefly discussed so as not to go beyond the scope

of this research, the two examples show how HC is, to a certain degree, situated within

the broader field of AI research and, thus, rooted in the same foundational paradigms

and perspectives with endeavors fromwhich it distances itself.

The Imagined Human in the Loop

Who is the human in the loop? While the use of the term human in the sociotechnical

imaginary ofHC implies a very broad understanding, a closer look at the human-in-the-

loop imagination reveals that the human in the loop in HC narratives and literature does

not refer to developers or designers ofHC-basedCS systems but specifically to users and

participants who are invited to contribute by the system designers. In the examples of

Stall Catchers, ARTigo, and Foldit studied, however, the participants who are in the loop

are not necessarily those who are in control, even if they play an active role in forming the

systems, as will be discussed in the next chapters. Instead, the projects and sociotechni-

cal systems have been initiated and created by researchers and developers, who, in the

end, have decision-making power over the overall project.

Human-in-the-loop generally refers to a paradigmor approachwithin computer sci-

ence research fields such as ML (Monarch 2021; Mosqueira-Rey et al. 2022). The US De-

6 For further discussion of the information processing paradigm, see, for example, Ahrweiler (1995),

Koch (2005), Turkle (2005a), Becker (2023). Unlike Hutchins or literary theorist N. Katherine

Hayles in her book Unthought: The Power of the Cognitive Nonconscious (2017), my research does not

seek to define “cognition” but to examine how it is conceptualized in the field I investigate.
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partment of Defense defined it in 1998 as a “model that requires human interaction” in

theirModeling and Simulation Glossary (Under Secretary of Defense for Acquisition Tech-

nology 1998). More recently, it has been defined as “an interaction between humans and

an artificial intelligence (AI or machine), with the goal of improving the machine’s AI”

(Rueckert and Riedl 2022). Even though usually not explicitly stated, human-in-the-loop

is understood as a way to model these interactions, which are defined by the designers

and developers of such systems or interactions.With human-in-the-loop, authors using

the term are most often not referring to themselves.They are referring to the imagined

users. It should be noted that humans in the loop can also be, for instance,medical doc-

tors using a system in the example of medical AI systems (Kieseberg et al. 2015). During

my second research stay in Ithaca and when discussing this observation of the human-

in-the-loopapproach,Michelucci agreed: “I’mahuman in the loopbutnot in awayweof-

ten talk about it” (fieldnote,Nov. 9, 2022). Rather, the participants in today’s HC systems

are those in the loop who might later be replaced by automated processes as computa-

tional capabilities advance.Designers, developers, and researchers set the terms and de-

cidewhat process should be automated andwhere participants should be invited to solve

a specific task. In this sense, human control over AI and hybrid systems currently does

not typically take place “in the loop,” but as control “of the loop.”Therefore, to better un-

derstand sociotechnical assemblages, it is crucial to consider the role of the designer and

developer in the development and evolution ofHC-basedCSprojects.Only then is it pos-

sible to contextualize the imagined human in human–technology relations of the future

and analyze how the imagined humans actually relate to these.That is, how they actively

engage and bring in their own ideas of how they want to be human in human–technol-

ogy relations inHC-basedCS.7Thisobservation of the human in the loop also implies not

only a relational but also a processual perspective, focusing on both the becoming of the

assemblage and the continuous processes of territorialization, reterritorialization, and

deterritorialization,which are “mutually enmeshed,” followingDeleuze andGuattari: “It

may be all but impossible to distinguish deterritorialization from reterritorialization,

since they are mutually enmeshed, or like opposite faces of one and the same process”

(Deleuze and Guattari 2000, 258). This chapter, therefore, discusses both the imaginar-

ies of HC advocates and the work of designers and developers on materializing them,

while, at the same time, changing the imaginaries.

The imagination of who the human in the loop is already alludes to how humans are

imaginedbyHC researchers and the projects that they create.Thehumans in the loop are

not imagined as the researchers or experts inHC.But, in collating their nonexpertise re-

sponses, the information they provide can be computed into “expert-like” information or

output. At the same time, “human intelligence” (Law and Von Ahn 2011), “cognition” (Mi-

chelucci et al. 2015, 2), “human intellect” (Hartman andHorvitz 2013, xi), and the “human

processingpower” (VonAhn2005) have remained central to the imageof thehumansince

7 In fact, following a relational understanding of technology or Louise Amoore’s approach to “cloud

ethics” (2020), “the human in the loop is an impossible subject who cannot come before an in-

determinate and multiple we” (2020, 66, emphasis i.o.). This implies that we must focus on the

relations and entanglements of the various human and nonhuman actors, which I attempt to do

in this work.
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the very beginning of HC, as I have shown in the previous sections. The idea of human

processing power is linked to the broader idea of information processing, which does

not only refer to computers, but applies to computation in general, which is performed

by a wide range of organisms, including humans, animals, and even bacteria (Micheluc-

ci 2017a). According to Michelucci’s introduction to theHandbook of Human Computation,

computation, as understood inHC, includes computer algorithms and numerical calcu-

lations but, at the same time, “embraces the broader spectrum of ‘computational’ con-

tribution that can bemade by humans, including creativity, intuition, symbolic and log-

ical reasoning (though we humans suffer so poorly in that regard), abstraction, pattern

recognition, and other forms of cognitive processing” (2013b, xxxviii). Human computa-

tion then refers to such informationprocessingprocesses “that derive fromthe computa-

tional involvement of humans in simple or complex systems” (Michelucci 2013b, xxxviii).

Michelucci elaborated on his understanding in one of our interviews in early 2021 as fol-

lows:

[W]hen I think about human computation […], I’m really thinking about information

processing in the large. We have a lot of different ways to do information processing.

We have human humans. We have other animals. […] [W]e have […] other kingdoms

that can do information processing. And then we have inventions. We have machines

we’ve created that help us do information processing. So, I’m always interested to

look at this entire collection of things and […] this is our tool kit, our tinker toys that

we can build with. What can we build with these things to create new capabilities

that didn’t exist before and that can help us survive. (Jan. 14, 2021)

Michelucci has referred to this holistic approach to thinking as “organismic computing”

(2013c) in earlier work.8 By considering not only humans in contrast to technology but

also nonhuman entities, this approach is reminiscent of naturecultures andmore-than-

human perspectives in the humanities and social sciences research.9

The idea of HC here does not detract from the question of how to automate human

taskswithmachines or AI, for example, but describes them—including other nonhuman

life—as different “information processing” tools that can be combined into something

that exceeds the individual capabilities.Thecombinationof these different elements can,

in the institute’s understanding, make possible the survival of humans, which depends

on the survival of the entire ecosystemandworld (fieldnote,Nov. 9, 2022).Humans in the

loop are, thus, computational elements in HC systems that can solve a specific problem

presented, for instance, an image recognition problem in the example ofCAPTCHA,Stall

Catchers, and ARTigo, that cannot currently be solved by other information processors,

such as computers. Moreover, humans are imagined as creative problem solvers whose

creativity can be freed and enhanced by HC. Finally, humans in the loop in crowd-based

HC systems are imagined as aggregate individualswho can be networked together in the

8 In Michelucci’s understanding, HC and “organismic computing” are not two separate concepts but

“organismic computing is an instantiation of human computation” and “multiple human computa-

tion methods can be implemented in” different parts of organismic computing systems (fieldnote

Aug. 19, 2022).

9 On naturecultures and more-than-human approaches, see Chapter 1, footnote 3.
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loop. Before delving into these aspects, it is important to consider a human or user HC

imagination specific to HC systems designed as GWAPs, as in the case of the examples

studied. This imagination connects the image of the user with the image of the loop,

since in GWAPs, according to Dabbish and Von Ahn’s definition, the user is imagined as

a contributor who must be entertained and participates due to their interest in playing

games, not solving AI problems (2008).These user images play a fundamental role in the

design and actual implementation of HC systems in the field of CS, which is why I here

want to briefly discuss how and why the examples studied were designed as GWAPs.

Imagining Humans as Players and the Loop as a Game

The examples of Stall Catchers, Foldit, and ARTigo, while addressing very different sci-

entific problems, have in common that they are designed as computer games, and, as

such, share several game features. Most prominently, all of the games include a scor-

ing feature so that participants can earn points and compete against each other on the

leaderboards.The projects are not accidentally designed as games. In fact, many online

CS projects are not game-based but rather designed as more classic scientific studies,

where participants fill in surveys or collect data that they upload to a dedicated platform

(e.g., the Great Influenza Survey [Land-Zandstra et al. 2016] or iNaturalist [n.d.]). In the

field of HC, however, the idea of developing human-in-the-loop systems as games has

been part of the HC idea from the very beginning.

Von Ahn introduced “human algorithm games” or the more often referenced term

“games with a purpose” in his aforementioned doctoral thesis. Instead of following “tra-

ditional approaches” concentrating on the improvement of software to solve problems

that computers are not yet able to solve, Von Ahn aimed at “constructively channel[ling]

human brainpower using computer games” (2005, 3). Games present a fruitful environ-

ment for this goal because, according to Von Ahn, they offer the incentives required to

make humans contribute to computational systems (2005, 11). “In every case, people play

thegamesnotbecause they are interested in solvingan instanceof a computational prob-

lem, but because theywish to be entertained“ (Von Ahn 2005, 12). Von Ahn thereby builds

on previous research, arguing for the success of gamification, ormaking “work fun,” and

theneed to design enjoyableUIs but transfers this to using game-design to solveAI prob-

lems. These “human algorithm games” could be thought of as algorithms in which hu-

mans perform the computational steps. “Instead of using a silicon processor, these ‘al-

gorithms’ run on a processor consisting of ordinary humans interactingwith computers

over the Internet” (Von Ahn 2005, 11). In his thesis, Von Ahn points out the importance of

asking the following question when assessing such games, which is also one of the nor-

mative principles guiding the development of HC systems at the Human Computation

Institute:

“[C]an a computer play this game successfully?” If the answer is yes, then the game

is of little or no utility because the computer could simply play the game to solve

the computational problem. If the answer is no, then the game has truly captured

a human ability and the time invested by the players may provide a useful benefit.

(Von Ahn 2005, 81)
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In contrast to the normative principle expressed byMichelucci that it is unethical to have

humans perform a task that computers can solve, the question here is more about the

“utility” of the human algorithm game for a given AI problem. The understanding that

people contribute to such games because they “enjoy the game […], in turn producing

more useful output” (2005, 76) is at the core of Von Ahn’s idea.The ARTigo project, devel-

oped just a few years after Von Ahn’s doctoral thesis, built directly on his understanding

of GWAPs.This approach seemed particularly attractive for collecting large amounts of

image tags, since, as the team had calculated, paying student assistants to do the work

would not have been affordable (Bry,Mar. 2, 2020). As a result, ARTigowas designed as a

casual game that can be played occasionally, either for a very short time between subway

stops or for a longer period of time. In a similarway,Stall Catcherswas also designed as a

casual game that canbe playedwithoutmuch time commitment (Vepřek 2023b).The idea

behind Stall Catchers’ game design builds on the user image the Human Computation

Institute had in mind when developing the system:

I thought it was going to be 30 something people. I thought it was going to be the

casual game that people in the workforce, […] 20 something, 30 somethings, they’re

going to be standing in line at the bank and they’re going to be catching stalls be-

cause it gives them a sense of purpose it’s like a kind of fun, casual game. (Michelucci,

Jan. 14, 2021)

The team also saw the advantage of designing it as a casual game, rather than a crowd-

working task, in that annotating the data in a game format allows one to build up a

“self-sustaining community” (Michelucci, Jan. 21, 2021).They viewed the game approach

as advantageous due the possibility of educating people: “[I]t feels like we’re making a

bigger difference not just in analyzing the data but in educating people, in building a

sense of community and purpose around finding a treatment for Alzheimer’s disease”

(Michelucci, Jan. 21, 2021).

In the example of Foldit, crowdsourcing the human participants’ contributions in a

crowdworking context, also did not seem feasible due to the complexity of Foldit, which

would require training crowdworkers to perform the task. Developer Daniel explained

in our interview:

[T]here is a huge learning curve. And if you try crowdsourcing this, there is a lot

of overhead costs and up-front costs to teaching the crowdsourced workers how to

play and […] how to solve the task. And, in doing so, they are not very motivated to

learn this huge thing. Imagine if you were being paid some small amount to learn

a different language so that you could translate some paragraphs. That is not very

interesting, not very motivating, it seems like a […] huge cost up-front just to do

some task. And so, by framing it as a game, there is a reason, there is an intrinsic

motivation to learn how to play, there is a reason to stick around and continue doing

it, […] there is a sense of long-term investment. (Jan. 24, 2020)

A game-design would make the complex matter of protein design— which exceeds the

complexity of crowdworkingmicrotasks—more accessible as playerswould bemoremo-

tivated to invest time and effort in learning to play Foldit. In addition, as Gidon, a team
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member and one of the co-creators of Foldit, explained, the reason for designing it as a

game emerged from the possibility of tapping an existing large user base:

[O]riginally the motivation for the game was that people spend a lot of time playing

games already and games kind of engage people in solving problems and so maybe

we could make a game that takes all of the time and effort that people spend solving

problems in games and put that towards a real-world problem. (Jan. 31, 2020; cf.

Miller et al. 2019)

This understanding aligns with the GWAP idea formulated by Von Ahn and Dabbish

(2008) and reflects the user image the Foldit team had in mind when developing the

project. The aim was to address “gamers,” people already spending a lot of time playing

games. As Foldit researcher Brian Koepnick explained in an interview with the German

Video Game Awards (Deutsche Computerspielpreis), interest in and enjoyment of games can

also lead to an interest in science: “Gaming is a great way to get people excited about

science.The ‘average citizen’ has a lot to contribute to scientific research, butmost people

don’t want to read a textbook or even get a PhD. If you can solve a scientific problem

through play, it becomes accessible to nonscientists.” (Koepnick 2020)

In a paper in which the authors analyze how learning and motivation frameworks

can be utilized to improve player experience in Foldit, game scholar Josh Aaron Miller

and colleagues note, based on their work, that Foldit, in fact, attracts participants from

both the gaming and CS community (2019, 8).10

However, as I will show in Chapter 5, for many of the Stall Catchers and Foldit par-

ticipants I interviewed, it was not the game design that brought them to the projects

but the role Alzheimer’s disease played in their everyday lives. Some of the participants

with a personal connection to Alzheimer’s disease even rejected the project being called

a game. Specifically in the example of Stall Catchers, the teamwas well aware of this fact

and acknowledged it. Nevertheless, and coming back to the imagination of the human in

the loop and the imagination of the loop, it can, thus, be summarized that the human in

the loop in HC design in the field of CS is often first envisioned as a gamer or someone

interested in playing games who can be incentivized to contribute to the computational

systems through entertainment.The loop inGWAPs, therefore, is imagined anddesigned

10 Additionally, GWAPs, as Von Ahn had already noted in his dissertation, are not suitable for every

AI or scientific problem. In the example of Foldit, game design seemed to fit naturally with theway

protein folding had been addressed in science for a long time. Foldit teammember José explained:

“[T]he way that we think about proteins and protein folding, it actually lends itself to competiti-

on pretty easily. So, the way we think about proteins already is a very, it’s a kind of competitive

paradigm. […] The way that we think about the problem is very much game-like already” (Jan. 22,

2020). One example of the game-like and competitive paradigm is the biennial Critical Assessment

of protein Structure Prediction (CASP) experiment which has been taking place since 1994 (Universi-

ty of California, Davis, n.d.). Even though it is framed as an experiment, it represents science as a

playful approach to the world (Dippel 2020). It is organized as a protein structure prediction chal-

lenge and resembles a sports tournament in which participating research groups computationally

or experimentally try to come up with structures for certain amino acid sequences (University of

California, Davis, n.d.).



120 Libuše Hannah Vepřek: At the Edge of AI

as a game. In the field of HC in general, the imagination of the loop further refers to how

humans and technology or AI should collaborate in future HI systems.

Human–Technology Conversations of the Future

The role of humans in HC systems is described in the current HC literature as compu-

tational contributors (Michelucci 2013d, 84) or assistants for AI systems (Kamar 2016a,

4071).11 Authors such asQuinn andBedersondrawon terms fromcrowdworking applica-

tions to define computer,worker, and requester as the roles that exist in anyHC systems

(2011, 1410).These roles, although the order in which the roles are performed may differ

from application to application, are considered consistent (Quinn and Bederson 2011,

1410). Taking the case of reCAPTCHA, for instance, and focusing on the workers and the

computers in Quinn and Bederson’s example, the authors describe the relation between

computers andworkers as follows: “[A] computer firstmakes an attempt to recognize the

text in a scanned book or newspaper using OCR.Then, words which could not be confi-

dently recognized are presented to web users (workers) for help” (Quinn and Bederson

2011, 1410). Here, the worker assists the computer by solving the text that the computer

cannot recognize. They are solving the same task. In a different scenario, workers pro-

vide image labels that are subsequently aggregated computationally to delete irrelevant

labels (Quinn and Bederson 2011, 1410). In this case, the tasks performed by the work-

ers or the computer are different, while they are working together toward the same goal

(even though the workers might not be aware of this goal).The point is that these differ-

ent role assignments and relations are assumed to remain the same throughout the life

of a project or system.12However, as Iwill show in later chapters, the roles of humans and

the computer, or more precisely software or AI, in HC-based CS are not fixed and con-

sistent but are, instead, constantly in flux and subject to reshaping and rearrangement

over time.

Similar to Quinn and Bederson’s second scenario described above, Michelucci envi-

sioned humans and computers in the loop as working together to solve different tasks.

Human–technology relations—or the loop—were imagined as a “conversation” in which

the roles and tasksweredistributeddependingon the respective abilities of the computer

and human. Imagining current and future relations between humans and technology,

Michelucci explained in one of our meetings, using the example of a new,more compli-

cated version of chess than the commonone, that “it’s our scrappiness[,] our ability to […]

very quickly figure out, […] which part of the search space is not worth exploring” (Jan.

11 It should be noted that developers sometimes also view AI as serving as an assistant to humans,

depending on the approach taken, for instance, when a computational problem requires human

assistance, as in the examples described here, or when humans receive help from AI technology in

solving a problem, such as in the example of AlphaFold in Foldit (discussed in Chapter 6). In either

view, developers and designers consider these role distributions to be rather fixed at the system

level; I argue, however, that they are typically dynamic and intraverting.

12 Notably, some of the literature on HI disagrees with such a static understanding and advocates for

a dynamic understanding of roles, tasks, and relations in hybrid human–AI systems (e.g., Akata et

al. 2020; see also Chapter 6).
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21, 2021).The loop between humans and computers, he continued to explain, could then

be imagined as follows:

[L]et’s say I’m a human player of chess and I have one hundred and fifty possible

moves ahead of me, I can immediately exclude 90 percent of those because I know

they would be pointless or most likely. Intuitively I just know and from all my expe-

rience with chess, there’s no point. So, I’ve narrowed it down to maybe five moves.

So now if a human does that, the human can go to the machine and say, I think

these are the best possible five moves to be considered here. And then the machine

can now search out that space, which has been substantially narrowed. It can use its

brute force computation to search out possibilities. And the machine can put a bunch

of possibilities in front of a human and say, OK, what do you think about these? And

the machine says: Here are one hundred possible moves of the human says, no, no,

no, no, these seven. Now try these seven and so on, and they can have this sort of

conversation where they help each other. (Michelucci, Jan. 21, 2021)

Here, human–technology relations are envisioned as a “conversation” or “partnership”

(Michelucci 2017a) in which the human first delimitates the search space for a problem

for which the AI then makes suggestions that can again be narrowed down or corrected

by the human in a dialogue. In the description above, the human retains decision-mak-

ing power within their sociotechnical relation with the AI. For “making this all work,”

Michelucci argued, it is important that “our automated systems […] adapt to humans as

opposed to getting humans to adapt to our automated systems” (Jan. 21, 2021).This idea

of getting the AI to adapt to humans and not vice versa goes beyond the dialogue de-

scribed above. The humans in the loop should decide how they want to engage in such

systems, for example, by dancing or writing poetry, and to get there, “we just need to

figure out the mappings, I think, somehow,” Michelucci explained (Jan. 21, 2021). Such

an approach to hybrid human–AI systems, according to Michelucci, differs from an ap-

proach that focuses on “information processing efficacy,” in that it follows a human-cen-

tered and “ethical” approach:

[W]e often […] look from the standpoint of information processing efficacy, so we say,

OK, well, what are the computers best at? What are the humans best at? And then

how do we combine those complementary strengths in the most effective ways? But

what’s most effective isn’t always what’s most enjoyable for a person. There are or-

ganic aspects to this, and you don’t have to motivate a machine-based computer, but

you do have to keep a human interested somehow if you’re going to be ethical about

it and […] I think those things are very intertwined. […] I mean, if the fundamental

question is about how do we get humans and machines to work best together, I think

that’s evolving because the machines are getting more human-like in the things they

can do. So that’s a moving target. I mean, we’re always going to be reengineering that

as we discover new techniques for AI, for example, and as we discover new techniques

for getting humans to work together and humans and AI to work together as well.

(Michelucci, Jan. 14, 2021)
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The “ideal” human–AI or human–technology relations in HC systems are not always the

most efficient or effective solutions. Allowing humans to decide and set their own terms

forhowtheywant tobe involved in suchsociotechnical systems is, in this sense,described

as an ethical choice. I, therefore, consider the development ofHC systems to be an ethical

project in which “beneficial” takes precedence over engineering/technical optimization.

Moreover, as Michelucci explained, what is considered the best combination of humans

and machines is constantly evolving. Acknowledging that there is a gap between the fu-

ture imaginations of a self-chosen human–computer conversation and current instan-

tiations of HC and its human–technology relations, Michelucci concluded with: “So, it

sounds kind of crazy and how could that ever work? How could writing a poem solve a

problem? But I actually think it’s not so far-fetched” (Jan. 14, 2021).

Considering HC-based CS systems and how humans are currently involved in

projects like Stall Catchers, there seems to remain a discrepancy between the idea of

placing humans—and their primarily human attributed ability, creativity—at the center

of these hybrid systems and the need to abstract problems and the tasks of humans

in HC systems in a machine-interpretable way. This abstraction, however, almost in-

evitably leads to the alienation of people and to the replaceability of the individual.This

reduction of the human seems to form a dilemma of crowd-basedHC-based CS projects

that the Human Computation Institute team is aware of. In an attempt to solve this

dilemma, if only partially, they created the category “The humans of Stall Catchers” on

the institute’s blog where they present interviews and stories of participants and team

members (Human Computation Institute, n.d.b). While there are only ten portraits

of participants at the point of writing, these introduce, for instance, the participant’s

background andmotivation for contributing to Stall Catchers.13

Linked to this imaginary of a conversation between humans and AI at the Human

Computation Institute is the self-imposed “oath” or normative principle that guides

development and working practices (Michelucci and Egle [Seplute] 2020).The oath is

adapted from the Hippocratic Oath, which was named after the ancient Greek physi-

cian Hippocrates, although its root and authors remain uncertain (Shmerling 2015). “It

represents a time-honored guideline for physicians and other healthcare professionals

as they begin or end their training. By swearing to follow the principles spelled out in

the oath, healthcare professionals promise to behave honestly and ethically” (Shmerling

2015). At the institute, this oath is customized to “First use no humans” (Michelucci and

Egle [Seplute] 2020). In a blogpost, the institute discussed anML challenge it organized

together with the data science crowdsourcing platform Driven Data (DrivenData Labs,

n.d.) and the company andMATLAB14 creatorMathWorks (TheMathWorks, Inc., n.d.) to

see whether ML engineers could develop ML models to solve the analysis task currently

performed by humans in Stall Catchers. In this context, the post described the adapted

Hippocratic Oath as follows:

13 By contrast, in the example of the ARTigo project, participants do not even have to register to con-

tribute and are, thus, sometimes not identifiable beyond their IP address.

14 MATLAB is a programming language and platform for programming and numeric computation.
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[I]f there is a way to solve a problem using machines, we should not ask a human

to do it. […] This might seem counter intuitive given that our mission is “dedicated

to the betterment of society through novel methods leveraging the complementary strengths

of networked humans and machines”. But we believe that sometimes action with the

best of intentions can have costs that outweigh the benefits. If there is a job that

machines can do, we think it would be unethical to waste volunteer human cognitive

labor on that job, when there are other, more pressing societal needs that require

the unique mental faculties of the magnificent human mind. (Michelucci and Egle

[Seplute] 2020, emphasis i.o.)

The aim is not to develop any kind of conversation between humans and AI. Instead, hu-

mans should only be part of HC systems when the problem cannot be solved by compu-

tational systems. This oath reveals the contradiction inherent in HC, that is, the com-

mitment to an ethic that values human labor on the one hand, and the simultaneous

treatment of humans as a functional element on the other. Nevertheless, the normative

principle implies a constant reevaluation of the possibility of automating the task per-

formed by humans in Stall Catchers, as in theML challengementioned above. As I show

in this work, it also implies that Stall Catchers and HC systems in general must be built

as systems that remain open to new human–technology relations with the “moving tar-

get” (seeMichelucci’s quote above) and to the development of computational solutions to

tasks previously performed by humans. HC systems, therefore, can never present com-

plete or finished products butmust remain at the edge of AI developments.This is where

the imaginaries play a driving role for the intraversions of human–technology relations.

From the imagined human–computer conversation described above that is ethical

and enjoyable for humans, and the imaginaries’ consequences for HC development at

the Human Computation Institute, I return to the question of who is in the loop in the

next subchapter, but this time, focusing on how crowds—rather than individuals—are

imagined to be in the loop.

Crowds in the Loop

Although HC systems do not always or necessarily involve a collective or crowd of hu-

mans, the imagination of the human in the loop as a “crowd in the loop” is a fundamen-

tal idea behind the HC-based CS examples studied. Here, the understanding is that the

power to buildHI lies in the combination ofmachineswith (digitally) interconnected hu-

mans (Human Computation Institute, n.d.). In this way, HC is linked to both the idea of

the “wisdom of crowds” (Surowiecki 2005) and the concept and research field “collective

intelligence.”15 The term “collective intelligence” gained popularity in the 2000s, in part

15 In the Handbook of Collective Intelligence, in which the editors and organizational theorist and ma-

nagement scholar ThomasW.Malone and computer scientistMichael S. Bernstein aim to form the

new interdisciplinary field “collective intelligence,” they define “collective intelligence” following

Malone, Laubacher, and Dellarocas broadly as “groups of individuals doing things collectively that

seem intelligent” (Malone, Laubacher, andDellarocas 2009; cited inMalone and Bernstein 2015, 1).

They do not specify further what they mean by “intelligence” to keep it adaptable to different un-

derstandings of “intelligence” and point to the perspectivity with “seem” (Malone, Laubacher, and
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with the journalist James Surowiecki’s publicationTheWisdomofCrowds (2005; cf.Malone

and Bernstein 2015, 6).The wisdom-of-the-crowds approach is a fundamental aspect of

all crowd-based HC systems. Building on examples ranging from computer algorithms

to stock prices and votes, Surowiecki defines four characteristics for a group or crowd to

be “wise:”

diversity of opinion (each person should have some private information, even if it’s

just an eccentric interpretation of the known facts), independence (people’s opinions

are not determined by the opinions of those around them), decentralization (people

are able to specialize and draw on local knowledge), and aggregation (some mech-

anism exists for turning private judgments into a collective decision). (2005, 10)

With these characteristics, Surowiecki argues, the likelihood of an accurate crowd an-

swer is high as each individual person’s errors will cancel each other out (2005, 10). The

characteristic of diversity of opinion implies that individuals donot have to be experts on

the problem in question. In an interview with Neil Savage for the Communications of the

ACM (Association for Computing Machinery) magazine Adrien Treuille, computer sci-

entists and one of the creators of Foldit, reflected on the astounding insight of Foldit’s

functioning: “[l]arge groups of non-experts could be better than computers at these re-

ally complex problems,”he argued (Treuille in Savage 2012). “I think no one quite believed

that humans would be so much better” (Treuille in Savage 2012).

The calculation of crowd answers in Stall Catchers is also built on the assumption of

nonexperts contributing to the game: “we don’t assume that every catcher is as accurate

as a trained laboratory technician. Instead we use ‘wisdom of crowd’ methods that can

derive one expert-like answer frommanypeople” (Michelucci 2017b).Humans in the loop

in HC are, thus, not imagined as individual experts, capable of solving the problem at

hand but as crowds of nonexperts capable of producing “expert-like” answers that are

better than computational results.

However, the “wisdom-of-the-crowd” approach, while emphasizing the collective

effort of combining human efforts, still relies on the isolated individual human in the

crowd, as Surowiecki’s second characteristic (“independence”) states. Furthermore, if we

follow Surowiecki’s definition, these individuals are then aggregated in a way that their

“private judgements [are turned] into a collective decisions” (Surowiecki 2005, 10, see

above).The “crowd” describes an imagination of aggregated individuals not interacting,

communicating, or even aware of each other. This imagination of the crowd, however,

Dellarocas 2009; cited in Malone and Bernstein 2015, 1). Moreover, with “acting,” they constrain

that “intelligence to be manifested in some kind of behavior” (Malone and Bernstein 2015, 3) that

emerges from individuals or groups that act together. Michelucci defines “collective intelligence”

in the Handbook of Human Computation in a similar way but with specifying “intelligence” as “pro-

blem-solving.” “A group’s ability to solve problems and the process by which it occurs” (2013d, 84).

“Collective intelligence” can, hence, be understood as a subdiscipline of HC or HI, since the latter

focus on the combination of crowds, groups of people, with computers and AI, while “collective

intelligence” could also refer to groups of people or biological systems without any computational

elements.
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does not completely align with those of Foldit’s and Stall Catchers’ teams, who, instead,

invest in building “communities.”16

Even though participants in crowd-based HC-based CS at the Human Computation

Institute are considered the same as classification providers, the scientific purpose of

the projects requires careful evaluation of the individual contributions.The “wisdom-of-

the-crowd” approach generally does not account for individuals who do not contribute

with the best of intentions. In order to ensure that no harmful input occurs, algorith-

mic control functions are implemented in Stall Catchers. At the same time, these control

functions take into account that user input may vary; it is assumed that humans do not

always perform equally well.The controlmechanismswill be described in detail in Chap-

ter 6. In a nutshell, while humans are currently doing the annotating of research videos

because there are currently no algorithms that can solve this task, it is still an algorithm

that evaluates howgood thehuman inputwas in each casebymeasuring theparticipants’

“sensitivity.” At the same time, individual participants’ responses are weighted accord-

ing to their sensitivity level to the research data.Thus, although the actual task cannot be

solved computationally, the ability of humans is, nevertheless, continuously reviewed by

algorithms and the skill level dynamically adjusted if necessary. Humans are integrated

into these systems in away that is primarily technical, reflecting thepreviously discussed

understanding of humans in the loop as information processors. Stall Catchers relies

on users processing information differently (regarding other humans) and accounts for

fluctuations in individual performance in near real time (fieldnote, Nov. 16, 2022).

In this sense and summing up the three imaginations of the human in the loop, they

build upon crowds consisting of individual input providers or information processors

whose annotations and skill levels are evaluated, rated, and weighted by computer al-

gorithms. This contrasts with social scientific understandings17 of individuals as “em-

bodied, socially situated, and ‘cultured’ human beings” (Beck 2012, 136). While compu-

tational models cannot yet take over the analysis, the analysis results are only created

in human– or crowd–technology relations by the combination of different participants

through computer algorithms based on statistical methods.

From these human-in-the-loop visions, I now turn to theHC imaginary of theThink-

ing Economy, to which HC is understood to lead and in which the idea of the human in

the loop is understood to fully unfold.

16 For example, for both Foldit and Stall Catchers, this includes creating ways for participants to con-

nect, such as through forums or in-game chats.

17 Similar observations have beenmade by Forsythewith the example of the understanding of know-

ledge when studying knowledge engineers who “treat knowledge as a purely cognitive pheno-

menon. Knowledge, to them, is located solely in the individual mind; expertise, then, is a way of

thinking. This contrasts with the social scientific view of knowledge as also being encoded in the

cultural, social, and organizational order. Given the latter view, contextual factors are seen to play

a role in expertise, and knowledge appears to be a social and cultural phenomenon as well as a

cognitive one” (Forsythe [1993] 2001h, 52).
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Humans in the Loop in a Future Thinking Economy

The potential of HC is considered to be particularly significant in the field of CS, which

has played an important role in HC research since its beginning.

In our interview, Bry, who was one of the principal investigators (PI) of the ARTigo

project, editorial boardmember of theHumanComputation Journal, and contributor to the

Handbook of Human Computation, saw the potential of HC and CS as “tremendous” (Mar.

2, 2020):

So, I’m completely convinced that in many, many [scientific] areas, such as ethnology

for example, human computation, crowdsourcing, citizen science have a huge future,

but even more than that. I believe that this is the approach of the future in science,

[…] in the cooperation of people, also at the workplace in general. The future of hu-

man work is either caring for people or creativity and traditional professions, which

will remain, but will be so optimized by software that compared to today only a

fraction of people will do it. […] There is nothing better than human computation to

tap into creativity. Science lives from people without expertise coming up with ideas

that experts don’t have. […] So, I believe the future of work will be in the direction

of human computation, citizen science. (Bry, Mar. 2, 2020)

According to this vision, HC enables creativity and particularly supports “out of the box

thinking.” In the example of science, this is achieved by including perspectives of people

without specific training in a particular field. According to Bry, the focus on care and

creativity will change work in general, also in the scientific field at universities (Mar. 2,

2020).He further explained that “[y]oudon’tneed this tight frame,theseworkinghours,a

permanent room and so on. People workmuchmore creatively when they are freer. And

one will get this freedom. […] And the complement to that will be more creativity. This

willmake this freedomaffordable and justify it. (Bry,Mar. 2, 2020)WithHC,Bry argued,

most routine tasks will become more efficient and largely automated, freeing people in

all sorts of jobs to think creatively, such as the working conditions now enjoyed by a few

professors.The potential of HC is imagined to be endless; HCwill unleash humans from

undesiredwork so they can focus on their creativity.When I asked him if there were also

limits to what HC could do, Bry declared that while there would be some limits, he did

not currently know what they would be, “we will see” (Mar. 2, 2020).

The understanding of the future of work enabled and shaped by HC is shared by

Michelucci, who uses the term Thinking Economy to describe the future he envisions.

While Bry focuses on the creativity of humans which cannot be replaced by computers,

Michelucci centers “problem-solving” instead:

I think the bottom-line is, I think we’re scratching the surface of how people can be

involved in science. And I think science, what is science? To me it’s problem-solv-

ing. So, what we’re basically saying is: Science is a methodology that helps us do

problem-solving effectively and we can get lots of people involved in that process in

many different ways and citizen science is helping us begin that process of involving

people. And frankly, I think, that’s what people are going to be doing. I mean, 50

years from now, factories will be automated. So, we don’t need people working in



4 Envisioning and Designing the Future 127

factories, I mean, basically we’re just going to have, like okay, we’ve created all these

technologies, we’ve created a bunch of problems […], we have problems we didn’t

create but we didn’t fix, and we need to solve them. So, we just need all the people

to be spending their time on the problem solving. So, this is a way to do that. (Jan.

21, 2020)

Michelucci envisions a futurewhere, science, i.e.,problem-solving,will be a collaborative

effort involving not only professional scientists but potentially anyone whose work may

be automated in that future. In addition to (scientific and societal) problems in general,

problem-solving will need to address the problems created by humans while developing

technologies.

In contrast tomarketing and informationmanagement researchers RolandRust and

Ming-Hui Huang, who argue that we currently live in the Thinking Economy (Rust and

Huang 2021) and are in themidst of the development of a “Feeling Economy” (Huang and

Rust 2019), Bry andMichelucci locate theThinking Economy in the future. In this develop-

ment toward aThinking Economy, the COVID-19 pandemic was“sort of a catalyst for the

ThinkingEconomy” (Michelucci, Jan. 14, 2021). It has “accelerated the shift […] that I envi-

sion towardaThinkingEconomy.Andsonowthat it’s sort of greased thosewheels, there’s

even more opportunity” (Michelucci, Jan. 21, 2021). In 2020, with the pandemic causing

lockdowns across many countries, more and more people started to connect online and

engage in CS. Online CS projects in general but especially those focused on coronavirus

research, such as Foldit, Folding@home (The Folding@HomeConsortium (FAHC), n.d.),

and Rosetta@home (University of Washington, n.d.), which are all HC-based projects,

experienced a huge upswing (Vepřek 2020). “[B]ecause of this, it’ll be easier to get people

who are already engaged online to start […] to participate in human computation sys-

tems.And I think people do it alreadywithout knowing it.” (Michelucci, Jan. 14, 2020)The

potential ofHC isunderstood tobe infinitebybothMichelucci andBry. In this imaginary,

HC will enable people in the futureThinking Economy to spend their time with problem-

solving in creative and enjoyable ways. The chosen modes of engagement should then

be integrated into the sociotechnical system, in which the computational parts are sup-

posed to be built around these individual engagements.

The HC imaginary of the Thinking Economy provides insights into the thinking in

which HC-based CS are embedded and how the human-in-the-loop visions are un-

derstood to ultimately materialize and unfold. As I have discussed earlier, there is a

discrepancy between the human-in-the-loop ideas and current implementations. In the

Thinking Economy, this gap is understood as being closed, and it is, thus, both a utopian

aim for HC development and a contrast foil to current implementations. These efforts

flow into and partly define HC-based CS’s intraverting human–technology relations.

Weaving Together the Imaginaries

Taken together, the imaginaries of HC presented, including the imaginations of the hu-

man in the loop (and the loop itself), though not exhaustive, describe the narratives, un-

derstandings,andvisionsdrivingHC-basedCSdevelopment asopen systemsat the edge
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of AI and scientific research and, therefore, at least to some extent, the intraversions of

human–technology relations. According to these imaginaries, HC systems are to be de-

veloped in such a way that they allow people to participate in a self-determined way and

leave room for human creativity. Humans and AI in HC imaginaries are partners in a

dialogue in which the AI is an assistant to the humans. But, as I will show in the follow-

ing chapters, the roles of the AI or computer and humans inHC-based CS games are not

fixed. Instead, they change continuously and intravert over time due to properties that

may be inherent in HC assemblages and external forces acting upon them.

Moreover, there is a mismatch between the HC imaginaries and current implemen-

tations. I argue that it is precisely this mismatch that plays an important role in the

intraversions of human–technology relations because the very gap to full HI that this

mismatch represents is what drives developers and scientists to push the limits of the

system further toward their envisioned goal. Human computation advocates and devel-

opers play important roles in forming these systems and their human–technology re-

lations. However, their imaginaries also face resistance and conflict. Participants and

researchers with their own aspirations and motivations, and computational models not

meeting scientific requirements, for example, interfere with these visions in everyday

life.

Human Computation visions of creating “hybrid thinking systems” (Bowser et al.

2017) with humans in the loop remain largely abstract. The question of how humans

and/or human intelligence could and should be involved remains at the core of current

research efforts in theHCfield in general and is often negotiated on a case-by-case basis.

Thepractices of designing anddevelopingHCsystems that are shaped and created by the

prevalent visions and counter-imaginaries (while, at the same time, forming and creat-

ing them) do not generally follow established procedures or frameworks for combining

humans and AI.18 Instead, these “future practices,” to borrow sociologist and cultural

theorist Andreas Reckwitz’s (2016) term, consist of continuous experimenting, sketch-

ing, prototyping, and infrastructuring. By introducing path dependencies, these prac-

tices not onlymaterialize imaginaries but also constrain them in a particular direction. I

nowturn to thesepractices,which,along theway,negotiatequestionsofpractical human

involvement and the distribution of roles between AI and humans to realize enhanced

performance and desirable futures.

18 The Handbook of Human Computation can be considered a first attempt to address this gap (Miche-

lucci 2013a). However, on the level of software architecture or development, for example, develo-

per Kate of the Human Computation Institute explained that she could not rely on existing code

to build HC-based CS as she would when working on other software projects, such as e-commerce

platforms. For the example of Stall Catchers, Kate argued that “Stall Catchers is something unique

in a sense that you don’t really have a lot of people that have worked on similar types of projects

so there are not a lot of open-source tools that you can use if you want to do something. So, most

of the stuff I had to code from scratch” (Nov. 19, 2020).
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Imagining as Practice: Infrastructuring and Experimentation

Imagination, not only but especially when visions have not risen to a hegemonial or so-

ciotechnical imaginary in the understanding of Jasanoff and Kim (2009; 2015), does not

happen in intangible space. Instead, it relies on “hands-on” (Hilgartner 2015, 45) practices

and exploration. In the field of HC, the question of how superhuman capabilities can be

achieved by combining humans and machines or AI in new ways, or how imaginaries

of AI overcoming humans can be fought against to find the “human place” in the future

(Carlsbergfondet 2019, 00:58-1:00), is negotiated alongside the development through in-

frastructuring and experimenting with sociotechnical systems.19

I apply the term “infrastructuring” to focus on the material-semiotic practice and

stress how infrastructures are constantly in the making (Niewöhner 2015, 5; cf. Bossen

andMarkussen 2010). Every sociotechnical system, nomatter how established and com-

mon, requires continued infrastructuring. While infrastructuring practices are, thus,

part of every computationalproject or softwareplatformdevelopment, Iherewant todis-

cuss two different forms of infrastructuring I observed at the Human Computation In-

stitute. Just as “infrastructures operate on differing levels simultaneously” (Larkin 2013,

330), infrastructuring takes place on different levels. BecauseHC systems are at the edge

of AI and scientific research, they often cannot build upon existing frameworks, and de-

veloping HC requires very “fundamental” infrastructuring. I first turn to an example of

fundamental infrastructuring pursued at the Human Computation Institute before dis-

cussing instances of everyday infrastructuring in the Stall Catchers project.While I focus

here on infrastructuring related to the Stall Catchers platformperformed by teammem-

bers of the Human Computation Institute, infrastructuring related to the development

of the data pipeline in the laboratory that prepares the data to be sent to the platform is

analyzed in Chapter 6.

Infrastructuring Toward “Sustainable Human Computation”

Infrastructuring can be understood as part of the bigger goal of materializing and es-

tablishing HC and the vision of hybrid human–AI systems. One such infrastructuring

endeavor pursued by Michelucci and colleagues at the Human Computation Institute is

tomake the development of HC systemsmore “sustainable” (in the sense of self-sustain-

able as opposed to environmentally sustainable).This is one of the specific aims of their

Civium initiative, “an integration platform and commerce engine for sustainable human

computation” (Michelucci 2019b). Michelucci described the idea of this platform to be

built in an article onMedium from 2019: 

Civium is an operating system for a new class of supercomputers powered by com-

puter hardware and cognitive “wetware” that will enable us to build, improve, and

deploy transformative human/AI systems in support of open science and innovation.

19 In this sense, HC practitioners share with AI practitioners studied by Forsythe that their goals are

very broad and the “meaning and appropriate scope of ‘artificial intelligence’ [, or in this case HC,]

are subject to ongoing negotiation” (Forsythe [1988] 2001a, 76).
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It is also a bazaar, for sharing, trading, and finding the widgets and services we need

to create and sustain the capabilities we seek, breathing new life into unsupported

projects and platforms. Ultimately, we believe Civium has the potential to seed a

new thinking economy that rewards the uniquely human cognitive abilities needed

to tackle our most pressing societal issues. (Michelucci 2019b)

Civium’s goal of building a foundation for future HC systems and currently unsup-

ported projects originated in part from the “sustainability problem in citizen science”

(Michelucci, Jan. 21, 2021). Most HC-based CS projects are developed by nonprofit

research or academic institutions and are, therefore, highly dependent on funding. If

funding ceases,most projects cannot be sustained (cf.Miller et al. 2023). Addressing this

problem is important and valuable to Michelucci, as he explains, since these projects

are serving […] a valuable purpose in society. So, then it is a question of well, who

finds it valuable and why aren’t the people who find it valuable paying for it?! If

there’s a need for this, if there’s no need for it, there’s no need for it! But it exists

because there was a need in the first place, and somebody is benefitting from that

need. So, who is benefitting and why aren’t they getting sustained?! (Jan. 21, 2021)

From this starting point, Michelucci, together with collaborators, began to identify

where the problemwas coming from:

I realized that part of the problem is that citizen science, like many research activ-

ities, has become isolated in our broader economy in that there are these sort of

cultural divides between academic research and industrial research and that there’s

an opportunity there. […] So even though there may be distrust … there may be ex-

ploitation, there might be, in other words, reasons for distrust. (Michelucci, Jan. 21,

2021)

Civium was conceived with the aim not only of enabling projects to overcome the

sustainability problem but also of enabling individual users—from CS participants to

developers, researchers, and other actors in the futureThinking Economy—to decide for

themselves the conditions under which they wish to participate in human/AI systems

(Michelucci, Jan. 21, 2021). “And we use our actual human computation methods to

enable these things” (Michelucci, Jan. 21, 2021).The idea also aimed to reflect on and ad-

dress the power hierarchies that exist in “top-down” online CS projects.Here, designers,

developers, and researchers currently set the terms underwhich participants can choose

to contribute to scientific research.This does not mean that participants do not play an

active role in shaping the projects and cannot resist inscribed meanings or intended

usage (see Chapters 5 and 6). However, even when participants are invited to co-shape

the projects and their involvement by providing feedback to the developers, in the case

of disagreement or differing priorities about which features to implement or which

bugs to fix (cf.Miller et al. 2023), it is the project teams that decide, not the participants.

All they can do then is decide whether to leave or to stay. By contrast, within Civium,

Michelucci envisions that participants
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can decide whether they’re comfortable with that role and if they’re not, they don’t

have to adopt that role, or, maybe they feel like they should be getting something

back that they’re not and they can advocate for themselves more easily to do that

[…] in so far as … human cognition becomes a more critical resource for executing

scientific research. I think that gives the individual contributors leverage which can

provide pressure against hierarchy to say, hey, you need us! (Jan. 21, 2021)

Additionally,Michelucci explained, Civium is intended to solve the problem of “duplica-

tion” in CS, referring to the fact that CS projects are often built from scratch, rather than

building on existing mechanisms and approaches, because the infrastructures required

are missing (Jan. 21, 2021). Even if “one-size doesn’t fit all, […] there are ways to do com-

munity outreach, there areways to build communities.And there are peoplewhoare very

good at it. So, if these communities exist already, do you need to spend two years build-

ing one from scratch?” (Michelucci, Jan. 21, 2021).20Michelucci’s visionwas for Civium to

become an “eco-system” that combines all these functionalities and becomes “a market-

place and an integration platform and […] a policy engine so that people can set terms”

(Jan. 14, 2021) to enable sustainable HC. As such, Civium is a “matter that enable[s] the

movement of other matter” (Larkin 2013, 329) and is itself a sociotechnical system build-

ing onHC. As Larkin formulates for infrastructures, “[t]heir peculiar ontology lies in the

facts that they are things and also the relation between things. As things they are present

to the senses, yet they are also displaced in the focus on the matter they move around”

(2013, 329).

At the time of writing, Civium is still under construction.The Human Computation

Institute and external collaborators have started working on implementing the struc-

tures of and for the platform, such as an “experimentation toolkit” that allows the cre-

ation of sandbox versions of online CS projects to run experiments without affecting the

actual “live”project and the scientific researchbehind it (Vepřek,Seymour,andMicheluc-

ci 2020). To this date, however, Civium, which is supposed to provide the infrastructure

for HC, is “a neat idea and it looks like we’re doing a few interesting things related to

that but it’s not a thing yet” (Michelucci, Jan. 21, 2021). Here, the “duality” of infrastruc-

tures described by Larkin (2013, 329) becomes apparent, since infrastructuring itself is

dependent on resources to become technology supporting systems.

This brief excursus shows how infrastructuring not onlymaterializes but also shapes

the not yet stabilized visions of HC through the introduction of “path dependencies”

(Klausner et al. 2015). By promising to facilitate HC development, these path dependen-

cies also constrain thepossibilities ofwhat ispossible to imagine. Just as thedevelopment

of Civium’s modules or experiment toolkit is shaped by Stall Catchers as the institute’s

20 In addition, building on experiences of applying for ethical review for HC-based CS projects in the

US, which to date is not specifically tailored to emerging fields, such as online CS or AI research,

Civium should include a new approach to ethical review to ensure that research and CS are conduc-

ted ethically and that no participants are harmed. Duringmy fieldwork and collaboration with the

institute, I contributed to the discussions and analysis of the current Institutional Review Board or

ethical review approach in the US and how it could be improved to better fit new emergent re-

search and application fields (Vepřek, Seymour, and Michelucci 2020; Vepřek 2022b).
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main project, Stall Catchers itself was inspired by and built upon the existing online CS

project Stardust@Home (Westphal et al. 2005; Stardust@home, n.d.).

Stardust@Home is an online CS project launched in 2006 afterNASA’s Stardustmis-

sion returned with a collection of interstellar dust embedded in an aerogel collector. It

invites participants to search for micron-sized interstellar dust particles in images, re-

spectively, short videos consisting of image stacks,which are based on the data collected.

The data is presented in a customized virtual microscope, similar to the Stall Catchers

platform. In fact, Stall Catchers’ UI was built from the Stardust@Home’s UI, including

the virtual microscope, and even its code served as a starting point for Stall Catchers.

“Who knew stardust and blood vessels could be so similar?,” asks Stall Catchers’ website

(Human Computation Institute, n.d.c). By drawing on the existing CS platform in the

field of astronomy, theway inwhich stalled blood vessels in Alzheimer’s disease research

are tobe identifiedwaspathed.AndsinceStall Catchers then servedas thebasemodel for

futureHC-basedCSprojects, such as theHumanComputation Institute’sDreamCatch-

ers project on sudden infant death syndrome (Ramanauskaite 2020) and other future

projects to be built on Civium, specific ways of analyzing research data and engaging

participants guide the development of futureHC-based CS further. As in the general ex-

ample of evolutionary histories of machines described by computer scientist Iyad Rah-

wan and colleagues (2019, 481), parts are reused in different contexts which constrains

future performance but also enables new innovations. Or, as assemblages, which are al-

ways to be thought of as multiples, extend, they also change (Deleuze and Guattari 2013,

7). To understand how path dependencies emerge and guide developments, it is impor-

tant to trace both the emerging (counter-)imaginaries and their situatedness as well as

the infrastructuring that materializes and shapes these narratives and visions. Civium

presents such an infrastructuring project that, if completely realized, will probably path

the way and form of future HC-based CS development.

Puppies in Stall Catchers: Everyday Infrastructuring

Shortly before the official start of the Catchathon on April 29, 2021, at 7:00 pm CET, sev-

eral participants, including the new AI bot GAIA and myself, had problems accessing

Stall Catchers. Instead of its UI, a screen with a picture of a puppy looking at the user

expectantly and an error message saying “Error. Sorry…Please try again.” appeared (see

Figure 2). At 6:25 pm CET Michelucci sent a “mayday” to Stall Catchers’ lead developer.

Something had gonewrongwith the activation of the dataset.While two teammembers

were busy setting up the live streaming for the kickoff event and entertaining those par-

ticipants who had already joined the Zoom meeting for the kickoff, Stall Catchers’ lead

developer, the bot creator, Michelucci, and myself were trying to figure out where the

puppies came from (fieldnote Apr. 28, 2021).
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Figure 2: Puppies in Stall Catchers. Error page

Source: Screenshot taken by LHV onMay 17, 2021 (https://stallcatchers.com/virtualMicroscope)

While a moment like this was exceptional in the sense that the Stall Catchers team

was constantly working to prevent such situations, such breakdowns are not uncommon

in software and technology design in general.Things and processes fail; breakdown is “a

conditionof technological existence” (Larkin2008,234).Even if aprocessworkswellmost

of the time, it can fail for various reasons. In the example of the Stall Catchers puppies,

these reasons included data format issues in the dataset to be activated. After creating

workarounds anddebugging the problem, the puppieswent away.But shortly thereafter,

a new problem arose that required the team’s full attention and troubleshooting once

more. Finally, after two turbulent hours, the Catchathonwas underway, AI bot GAIAwas

catching stalls, and participants were able to access the platform and event pages. On

the same day and one of the institute’s main slack channel,Michelucci summarized this

incident as follows: “Well that was exciting [face with tears of joy emoji]We’ve learned to

expect the unexpected. Within minutes of the event starting the new dataset appeared

to crash the server, but thenwe got that working in time, and thenGAIA Bot errored out,

and thanks to quick team support we got that working again.” (Apr. 29, 2021)

This example, while not an everyday experience, illustrates how “put[ting] out fires”

(fieldnote Apr. 29, 2021) and dealing with the unexpected is part of HC-based CS de-

sign, experimentation,andmaintenance.Not only did the introduction of a newelement

(GAIA) cause problems but also routinized processes, such as activating a dataset, failed.

Infrastructuring is a crucial part of the everyday maintenance of HC-based CS projects.

With limited time andfinancial resources, theHumanComputation Institute’s team

not only had to put out fires at special moments, such as a Catchathon, but also often

had to interrupt the day-to-day development of new features, work on Civium, or other

newprojects.The institute’s developers (atmost times therewas one, sometimes two de-

veloper(s) working for the institute and the developers changed over the course of my

research), for example, were not only full stack developers but also responsible for the
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entire troubleshooting, maintenance, and operational processes, as developer Kate de-

scribed in our interview: 

I basically oversee everything about the platform, making sure that everything is

running smoothly. So, development of course, getting new features and debugging

any issues with the platform but also making sure that the infrastructure is running

smoothly. So, anything related to the servers, the database, things like that. (Nov. 19,

2020)

It was not unusual for the institute’s developers (as well as other members of the insti-

tute) to abandon their carefully prepared work plan to intervene: “[S]ometimes I have

some intervention I need to deal with [if] Stall Catchers is having some issues. I have

to ... wake up in the night and try to debug it—sometimes, not all the time,” explained

developer Samuel (Sept. 2, 2021). In these moments, acute measures and actions were

required that relegated the imagination of how HC-based CS should be developed to a

secondary concern until the problem was resolved. Since these interventions were not

infrequent but rather common and recurring, they not only pushed back set timelines

but also influenced the imaginations of future systems and human–AI collaborations

(an example of the latter will be provided in Chapter 6).

Keeping the system up and running was critical but not the only practice of everyday

infrastructuring. Iwould like to focus here on twobrief examples of such practiceswhich

also demonstrate how the imaginations of HC-based CS as ethical projects are continu-

ouslymaterialized andperformed in the everyday. I see these practices as infrastructural

work because of their essential role in creating a participant base and, thus, a foundation

for the projects.The examples are 1) creating a seamless and effortless experience for par-

ticipants, and 2) being transparent and responsive to participants.They show that for the

HC system to work in the CS domain, from the perspective of the Human Computation

Institute team, it is not only necessary to continuously work on the infrastructures as

described but also to present the project to participants in a meaningful and enjoyable

way.

The first example of the creation of a seamless and effortless experience relates to

game design:21 HC-based CS projects rely on game design to motivate participants to

21 The example also relates to practices of developing HC, which are also shaped by contingencies

and uncertainties that are specific to it due to its human-in-the-loop approach. While one could

say that, in a simplified way, software developers generally write code for it to be executed by

computers, in HC, humans perform part of the computation. As Gray and Suri have described

using the example of ghost work: “Normally, when a programmer wants to compute something,

they interact with a CPU [Central Processing Unit] through an API defined by an operating system.

But when a programmer uses ghost work to complete a task, they interact with a person work-

ing with them through the on-demand labor platform’s API. The programmer issues a task to a

human and relies on the person’s creative capacity—and availability—to answer the call. Unlike

CPUs, humans have agency: they make their own decisions. While CPUs just execute whatever

instruction they are given, humans make spontaneous, creative decisions and bring their own in-

terpretations to the mix. And they have needs, motivations, and biases beyond the moment of

engagement with the API. Given the same input, a CPU will always output the same thing. On

the other hand, if you send a hungry human into a grocery store, he or she will walk out with
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completewhat are oftenmonotonous tasks and to present complex processes in a simple

way.Therefore, the role of the game interface is central. Human Computation Institute

teammember Paul explained in our conversation that the experience of the participants

had to be “as seamless, effortless as […] possible” so that participants were not “burdened

with […] thewhole interaction” (Oct. 14, 2020) taking place behind the game interface. By

“whole interaction,” he was referring to the complex participant–software interplay re-

quired to perform data analysis valuable to the scientific research in the laboratory. Cre-

ating such a “seamless” experience involved practices of not only ensuring the platform’s

availability but also introducing new game-specific features or organizing special events

and playful challenges that motivated participants to continue contributing.With these

efforts, the team aimed tomove the human–software interplay that generates crowd an-

swers into the background of the participant experience. In my conversations with Stall

Catchers participants, it was, thus, not surprising that HC itself was only mentioned in

very few conversations.

Being transparent and responsive to participants was also important for the Stall

Catchers team. It aimed to be as transparent as possible about the decisions made at

the institute, the science in the laboratory, and the scientific processes and progress be-

hind the projects (fieldnote Oct. 14, 2022).The institute saw itself as a mediator between

scientists and participants, for example, by explaining and translating the scientific re-

search and sharing it through blog posts (fieldnote Oct. 19, 2022). They also sought to

be transparent about design decisions, problems, and mistakes they made in relation

to the platform or project: “[W]e showed our human side right away and […] we made

ourselves very humble in front of the community and we let the community know that

that’s how we were coming to the relationship with them, with this deep sense of hu-

mility,” explained Michelucci (Jan. 14, 2021). Besides communicating with participants

through blog posts and public events such as “hangouts,” where participants could en-

gage in conversations with the developers and scientists, this principle also includes be-

ing “responsive” (Paul, Oct. 14, 2020) by monitoring the different communication chan-

nels and answering questions from participants.The same principle was also shared by

the Foldit team whose developers, for example, shared a “good faith agreement” about

transparency:

I think that as long as we as the developers really have a good faith agreement that

we are going to try and always make it fun, and we are always going to try to be as

transparent as we can for players about the science that we’re doing. And then it’s

their choice entirely as to whether they want to participate. We just hope that they

want to continue participating. (Hugo, Jan. 28, 2020)

a dramatically different bag of groceries than if they were not hungry. In exchange for this im-

petuousness and spontaneity, humans bring something to work that CPUs lack: creativity and

innovation.” (2019, xiv) Thus, this defining characteristic of HC itself introduces new challenges

in developing the human–software system due to the unpredictability of human engagements

(see Chapter 5). These uncertainties and the resulting contingencies not only interfere with grand

HI imaginaries and project development plans but require continuous attention, immediate re-

sponse, and practices beyond software development.
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Nevertheless, forCSgames, there remains anunresolvable tensionbetween theprinciple

of being transparent toparticipants andnot revealing toomuchabout the gamemechan-

ics to ensure the scientific data quality. I will address this “tricky balance” (fieldnote Oct.

14, 2022) that must be maintained in Chapter 5.

Between Counter-Imaginary and Infrastructuring

In this chapter, I explored the visions and imaginaries of future human–technology rela-

tions or combinations building “hybrid thinking systems” that underlie HC systems and

drive their design and development. I showed how advocates present HC as an alter-

native to strong and general AI endeavors. They distinguish themselves from strong AI

narratives by positioning HC as a counter-imaginary to such pursuits and emphasizing

the importance of the human-in-the-loop approach, which they see as crucial to achiev-

ing capabilities beyond purely computational ones, while mitigating the dangers voiced

in dystopian AGI imaginaries.Despite these definitory efforts, however,HC shares com-

mon paradigms with such AI efforts. At the level of visions and imaginaries, then, HC is

also rooted and situated in the very reference points from which it seeks to distinguish

itself.

Furthermore, I discussed different human-in-the-loop imaginations that describe

who is envisioned to be in the loop and how the human is imagined, how the loop is envi-

sioned as a game and as human–AI conversations of the future, and the imaginations of

crowds-in-the-loop. Eventually, I explored the imagination of HC as leading to a future

Thinking Economy unleashing human creativity. While these imaginations form and in-

form the everyday design and development of HC systems, as “social practices” (Jasanoff

2015b, 323) they simultaneously rely on infrastructuring and experimenting. How these

imaginaries or vanguard visions are materialized and explored through examples of ev-

eryday practices of designers and developers was the focus of the second part of this

chapter.Mackenzie described for code that

[c]ode understood as a collective imagining seems a long way from code as a program

of instructions for a machine to execute. However, practices of imagining are not

purely mental operations; in no way does imagining reduce to a detached, abstract

fantasy. It constitutes collective relational realities. Software attaches different local-

ities to each other because it diffuses relations between them. The composite texture

of software is reliant on unfinished exchanges between code and coders. (2006, 138)

Similarly, HC systems emerge in practices of designing, developing, and maintaining

concrete sociotechnical systems, and such practices not only fill the idea of combining

humans and AI to achieve superhuman capabilities with hands-on examples andmean-

ing but also renegotiate and transform these imaginaries.

Yet, imagining and infrastructuring HC does not only take place within AI dis-

courses, but design and development of HC systems are just as much shaped by their

own everyday becoming in the interplay of all human and nonhuman actors involved.

Often, they change and adapt through serendipitous discoveries or other coincidences,
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through object potentials and timely moments seized by actors or through the hu-

man–technology relations unfolding in (and forming) the sociotechnical assemblages.

While this chapter focused on how HC is imagined and HC-based CS systems are de-

signed to “stabilize practice,” the following chapters will also focus on how these systems

or assemblages are “destabilized” through (creative) practice (Beck 1997, 296).





5 Multiple Meanings and Everyday Negotiations:

Play/Science Entanglements

From the imagination, design, and infrastructuring of HC systems, I now turn to how

HC-based CS systems unfold in everyday life. In this chapter, I will explore how HC as-

semblages emerge in the everydaypractices, theparticipants’ interests andbackgrounds,

the entanglement of science andplay, andhow the visions and imaginations ofHC them-

selves are influenced and reconfigured alongside the becoming ofHC-basedCSprojects.

Following Beck, I turn to the contingencies of HC-based CS sociotechnical systems as

“use complexes” (1997, 350). I discusshowdifferentmotivations, interests,aims thatdrive

participants, as well as the software’s affordances (Gibson 1979; Bareither 2020a) and ac-

tion potentials emerging from the human–technology relation relate to and sometimes

challenge the systems imagined and designed by developers. I analyze how participants

realize the object potentials of Stall Catchers in relation to algorithms (Beck 1997), in-

cluding the sharedmeanings and values that constitute appropriate practices andmodes

of engagement. Here, the interferences (Dippel and Fizek 2017a; 2019) of play and sci-

ence play an important role and create a productive space. It is within this space, in-

cluding the object potentials and different motivations, that human–technology rela-

tions in HC-based CS unfold and constantly change, since human–technology relations

in HC-based CS are always situated and embedded in the sociotechnical assemblages

they simultaneously create.

The chapter is structured as follows: to briefly familiarize the reader with the two ex-

amples, Stall Catchers and Foldit, two short notes provide introductory snapshots of the

examples from theparticipants’ perspective.1 For a condenseddescription, I combine the

perspectivesofdifferentparticipants inagivenproject intoone. Indoing so, I create afic-

tive, ideal-typical description that is inspired by “ethnographic portraits” (Gutekunst and

Rau2017) and“cultural figures” (Wietschorke andEge2023). I thenapproach the interfer-

ences, startingwith the observation that, in the case of Stall Catchers, some participants

do not even accept the categorization of the CS project they are contributing to as a game

1 ARTigo will be discussed and described in more detail in Chapter 6.
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in thefirst place.2 I next analyzehowparticipants ascribemeaning to the systems in their

own ways and how they are included in the participants’ everyday lives, which may not

always align with the imagination of the human in the loop described in the previous

chapter.3 Although some participants reject the description of the projects as games, it

is precisely the entanglement of science and play that opens up the space for Stall Catch-

ers and Foldit to emerge, in which these adoption and meaning-making processes take

place. This space is not without friction but contested due to different understandings

and logics of science and play which create tensions that can only be partly resolved and

impact the formation of HC-based CS projects. Understanding how play and science in-

terfere is also crucial because it is in this space that human–technology relations unfold

and continuously intravert (see Chapter 6). Adoption,meaning-making, and the chang-

ing relations depend not only on the intentions, motivations, and values of participants

or other human actors but just asmuch on thematerialities and nonhuman entitieswith

which they engage and the coincidental and “timely moments” (Mousavi Baygi, Introna,

and Hultin 2021, 431) that can be seized. Furthermore, new potentials for practices are

opened up by the assemblage and its relations and their embeddedness in the context of

science and play. In the last part of this chapter, I provide and discuss examples of such

play practices that go beyond those intended by the system’s design.

A Snapshot of Foldit

A rendering of a protein structure and a brief explanation of the project welcomes users

to Foldit’swebsite: “Foldit is a revolutionary crowdsourcing computer game enabling you

to contribute to scientific research.” (Center for Game Science [University of Washing-

ton] et al.,n.d.a)The“About Foldit” sectiongivesmoredetails on its aimandhow itworks:

Foldit is a one-of-a-kind protein folding computer game developed by university

scientists. By playing Foldit, you can contribute to advanced research on human

health, cutting-edge bioengineering, and the inner workings of biology. Foldit

is free to play and not-for-profit. Discoveries made in the game are published in

peer-reviewed research journals, and Foldit players are always credited for their

contributions. Every week, Foldit scientists post new puzzles focused on the latest

2 This seems to differentiate the example from other games, where in most situations, players or

gamers at least initially decided to play a game, and they mostly do so in their leisure time in

contrast to their working time—if we exclude professional gaming activities where players make

their living from playing and promoting games, for example. The point is that in the majority, it is

accepted that something is a game.

3 It should be noted that the participants’ perspective in this chapter is not shared by all participants

but serves as an example of how such systems can be adopted in different ways. In the case of Stall

Catchers, for example, even though I focus here on participants who do not call it a game, other

participants actively identify as “players” or “gamers,” as the following quote from Elisabeth when

describing the main idea of Stall Catchers shows: “I’m a gamer … but contributing to a valuable

purpose” (May 9, 2020). The arguments are, thus, situated and partial (Haraway 1988).



5 Multiple Meanings and Everyday Negotiations: Play/Science Entanglements 141

problems in protein folding. Read on to learn about ongoing research in protein de-

sign to treat diseases like influenza and COVID-19, small molecule design to invent

new drug compounds, and protein structure solving to map the molecules that drive

biology. (Center for Game Science [University of Washington] et al., n.d.b, emphasis

i.o.)

While the first version of Foldit, launched in 2008, focused only on protein structure pre-

diction and design, in 2023, participants can also work on small molecule design and

protein structure solving problems. Especially when their gameplay leads to significant

discoveries, Foldit participants are actively recognized as scientific contributors by the

researchers who use their output. By February 2023, nine scientific papers had been pu-

blishedwith Foldit players listed as authors (Cooper, Khatib, et al. 2010; Cooper, Treuille,

et al. 2010; Cooper et al. 2011; Foldit ContendersGroup et al. 2011; Khatib et al. 2011; Eiben

et al. 2012; Khoury et al. 2014; Horowitz et al. 2016; Koepnick et al. 2019).

Figure 3: Foldit overviewUI after login

Source: Screenshot taken by LHV on Feb. 2, 2023 (Foldit game)

In order to access and play the game, users must first download and install the soft-

ware on their computer and create a user account. After logging in (or playing “offline,”

without an official user account but with limited play experience) and starting the game,

the main interface (see Figure 3) appears with different options. New participants can

learn how to contribute to Foldit by completing the 34, as ofMarch 2023, tutorial puzzles
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in the “Campaign” mode, which introduces different tools and essential aspects of the

game.4

Once the tutorials have been completed, or once participants feel comfortable en-

ough to start working on the actual “Science Puzzles,” they can choose the puzzle they

want to contribute to from a list of currently active puzzles of varying difficulty.This list

always includes puzzles specifically designed for Foldit beginners and a “Revisiting Puz-

zle,” i.e., a puzzle that has already been solved in Foldit but canbe completed again (Foldit

Wiki 2019). Additionally, there are different puzzles, such as “Design Puzzles” or “De-No-

vo Puzzles,”5 which run for a limited time, usually a week. Participants can earn points

and compete by working on these puzzles.

The fictional participants Muhammed and Taylor have been contributing to Foldit

daily for the past five years. Before starting a new puzzle,Muhammed carefully reads its

description, type, and objective, as his play approach varies depending on the problem

type presented. Today, he wants to try out the new design puzzle. After clicking on a new

puzzle, the main game interface for the puzzle appears (see Figure 4).

Figure 4: Foldit main gameUI

Source: Screenshot taken by LHV on Feb. 21, 2023 (Foldit game)

The initial 3D protein structure is displayed in the center of the screen and can be

rotated by clicking and dragging the mouse. At the bottom are several small buttons for

different tools. Some are manual tools, such as “cut” or “delete,” while others are pro-

grammed and perform some automated operations on the protein structure. Examples

of the latter are “wiggle” and “shake,” which automatically search for better positions of

4 “Education” mode was created for use in the classroom; it includes different introductory puzzles

with more biochemical information than the introductory puzzles in “Campaign” mode.

5 De-novo puzzles are characterized by the fact that only the primary structure (the amino acids

sequence) is given at the beginning (Foldit Wiki 2017e).
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the backbone, the protein’s main structural framework,6 and sidechains7 (wiggle) or the

sidechains only (shake) (Foldit Wiki 2017c; 2017d).

Two leaderboards, one for team-based competition and one for individual partici-

pants, are in the top right corner.Muhammed’s score for his current puzzle is displayed

in the center above theprotein structure. In addition,amenuon the left side of the screen

contains a help menu and, importantly, the “cookbook.” The cookbook includes so-cal-

led recipes, which are scripts that automate certain tasks.Muhammed first inspects the

protein structure fromdifferent angles to find outwhich structure couldmeet the puzzle

objectives provided8 before he starts “hand folding” the secondary structure, i.e.,making

manual changes to the protein structure by, for instance, placing cuts or dragging parts.

He decides, for example, how many helices and sheets he can add, and how many seg-

ments they should have.He then proceeds by changing the structure provided according

to his design choices. Once he likes the shape, he uses the “mutate” tool, which changes

the amino acids of mutable segments that are mutable (Foldit Wiki 2017a); this can be

followed by another round of rebuilding and correcting sections that did not score9 well.

After that, and if the protein structure seems stable enough to him, he starts using re-

cipes to increase his score and further optimize the protein. In this late game stage, he

mostly observes what the automated script does, but sometimes,manual intervention is

required to locally optimize a particular section.10

WhileMuhammedprefers to solve puzzles as an individual player,Taylor enjoys play-

ing together with others, which is why he joined a group. They share their designs and

approaches, help each other out when they get stuck, and sometimes just chat in the

in-game chat while they play.Writing new recipes or improving others’ is Taylor’s favo-

rite activity in Foldit. Contributions to Foldit can, thus, vary and include folding proteins

manually (also called “hand folding”), applying automated scripts,orwriting them.Com-

pared to this variability, the “official” task in Stall Catchers is more straightforward.

A Snapshot of Stall Catchers

Visitors of stallcatchers.com are first presented with a short video clip introducing Stall

Catchers as aCSgame (HumanComputation Institute 2017).The video shows a child and

(presumably) their father sitting on a couch together playing Stall Catchers on a tablet

6 The backbone is the chain of amino acids which is linked together via peptide bonds (Foldit Wiki

2018a).

7 Sidechains are the chemical groups or shapes that are attached to the backbone of the protein

(Foldit Wiki 2020a).

8 Objectives are guidelines for folding protein structures in Foldit. If a design generally meets the

puzzle objectives provided, participants receive extra points increasing their score (Foldit Wiki

2022).

9 The scoring function in Foldit is based on the Rosetta software for protein modeling and generally

indicates how well the protein is folded (Foldit Wiki 2018b).

10 This simplified and general description illustrates how participants engage in Foldit for this re-

search and does not necessarily reflect it in its full complexity.More details on Foldit gameplay and

how participants, together with automated tools, solve protein puzzles are provided in Chapter 6.
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computer, followed by shots of seniors walking and dancing. A voice-over narrates the

scene and captions summarize the key points: “We are fighting Alzheimer’s, a disease

affecting∼44 M people worldwide” (Human Computation Institute 2017, 00:03–00:08)

A world map appears with pictures of people all over the world. “Catchers worldwide

are analyzing real data, telling apart flowing & stalled vessels in the brains of mice to

speed up Alzheimer’s research at Cornell University,” the caption says (Human Compu-

tation Institute 2017, 00:09–00:19).The video shows images of the vascular network of a

mouse’s brain,mice in a cage, and researchers working in the laboratory. Before viewers

are invited to join the Stall Catchers community, the director of the Human Computa-

tion Institute,Michelucci explains, “As a global community,wewill work together to find

a cure for Alzheimer’s disease” (Human Computation Institute 2017, 00:20–00:25). An

orange “Join now!” button on the right side of the video frame invites visitors to join the

∼50,000 “catchers” (as of February 2023) who are already registered with the game. As
visitors scroll down thewebsite, they learnmore about Alzheimer’s disease and howStall

Catchers is helping to speed up research. After registering, participants are directed to

the main UI of Stall Catchers. A tutorial guides them through the interface, also called a

“virtual microscope” (see Figure 5). Once the tutorial is complete, catching can begin.

The fictional participants Luis and Fiona both contribute regularly to the project.

While Fiona often plays on her tablet, Luis prefers his desktop computer. After access-

ing stallcatchers.com and logging in, Luis immediately jumps into the flow of “catching

stalls.”The“virtualmicroscope” includesavideo frame in the centerof the interfacewhere

participants analyze short blood flow videos, resembling a look through a microscope

(the research data presented has, in fact, been cleaned and transformed in several steps

to make it easier to analyze). Inside the frame, the videos are actually augmented in the

form of a small orange circle that indicates the specific area to be annotated. Below the

frame is a slider allowing Luis tomanually scroll through the video at his ownpace.There

is also a play/pause button next to the slider and an option to enable autoplay, which lets

the video loop indefinitely. However, when using the slider manually, Luis sometimes

stops at a specific time point andmoves the slider back and forth to examine a dark spot

more closely. The vessels, shown as white lines on a black background, move11 or rather

fade in and out of the video frames. To determine whether the vessel is stalled, he must

closely follow the white pixels flowing through the encircled area, searching for black

pixels that do not appear to bemoving,which can indicate “stuck” blood cells and, there-

fore, a potentially stalled vessel. If he identifies the vessel as stalled, Luis clicks on the

red “stalled” button below the slider on the right side. He is then prompted to indicate

the exact location of the stall in the circled area by clicking on the position in the video

frame. If the vessel is flowing,he clicks the green button below the slider on the left.After

submitting his answer, he receives automated feedback. In the case of so-called “calibra-

tion movies” that test the participants’ skill level, the feedback indicates whether he was

right orwrong. In the case of anactual research videoof the current dataset, the feedback

message asks Luis to redeem points later after a crowd answer has been calculated. Luis

pays close attention to the blue bar on the right side of the video frame which indicates

11 The vessels “move” depth-wise, i.e., either toward or away from the screen, rather than off toward

any one side of the frame.
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his skill level. A horizontal bar in the top right corner indicates the progress of the crowd

analysis of the active dataset. Luis is fully focused on the repetitive task of analyzing the

short videos lasting several seconds. In doing so, he inadvertently ignores some aspects

of the game, such as the leaderboard on the left, with the usernames and scores of the

top ten participants or the in-game chat in the bottom right corner.

Figure 5: Stall Catchers’ main UI with the “virtual microscope”

Source: Screenshot taken by LHV on Dec. 20, 2019 (https://stallcatchers.com/virtualMicroscope)

Fiona, by contrast, particularly enjoys the company of her fellow participants and

loves to chatwith themwhile playing Stall Catchers. She is also eager to climb the leader-

board and compete with others. Therefore, Fiona often participates in special events,

such as Catchathons, because they add a little variety to catching stalls every day. For

example, if there is a “double points” hour during the night in her time zone, she sets her

alarm to get up and collect extra points. Fiona participates in Stall Catchers primarily for

fun and to unwind after a long day at work. She also likes the project because she can

do something good and valuable in her spare time. Compared to conventional mobile or

mini games, such as Candycrush,12 playing Stall Catchers is still meaningful in that she

is helping to advance research while having a good time.

Contributing to Cope With Everyday Life

The two snapshots of Stall Catchers and Foldit, even if they serve primarily as introduc-

tory illustrations, show how both systems, intentionally designed as games, invite dif-

ferent modes of contribution, such as focusing on the “task at hand” of folding proteins

12 Candycrush was commonly referred to as a counterfoil to Stall Catchers by participants and team

members.
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or classifying vessels, or concentrating on the social and competitive game aspects.13 In

the previous chapter, I discussedwhy these projects were designed as GWAPs in the first

place. On the one hand, in the case of Foldit, protein folding in science was thought of as

a competitive and game-like endeavor.14 On the other hand, it was assumed that people

would bemoremotivated to contribute to something thatwas fun and that they enjoyed.

Designed as a “casual game,” participants could play Stall Catchers for a few minutes at

a time and, thus, using what would otherwise be idle time, such as waiting for the bus

or standing in line somewhere, to do something valuable and fun. The representations

of users as “gamers” and “people in the workforce”were, therefore, initially “inscribed” in

the project’s design (Akrich 1995; Fischer, Östlund, and Peine 2020).

When I started interviewing Stall Catchers participants in the Spring of 2020 and

asked them about Stall Catchers as a “game,” I was initially surprised by reactions such

as the following,which I encountered fromseveral participants: “I still don’t get the game

aspect, I don’t evenwant ... I don’t, I don’t need that, no.That’s not got any relationship to

why Iplay it,” explainedAkin (May 11,2020).Even thoughStall Catcherswasdesignedas a

game, some participants rejected this notion. Although to a lesser extent, I noticed simi-

lar attitudes in the case of Foldit. For both projects, inwritten responses tomyquestions,

someparticipants (Gordon, Jul. 14, 2020; Aram,Feb.28,2021; Ada,Mar. 1, 2021) usedquo-

tation marks when talking about the “game” or “playing” or emphasized the term when

talking about it, adding “the game, if youwill” (Alyssa,May 14, 2020; see also David,Mar.

4, 2021 discussed below). Participant Asher explained in our conversation that its design

as a gamewas not amotivating factor for them to contribute to Stall Catchers: “It is tech-

nically a game. I don’t view it as a game. […] I guess. I’m not doing it for the gaming

aspect. [LHV: How would you describe what you’re doing?] [I’m] just contributing. Just

contributing towards knowledge.” (May 20, 2020)

Asher did not “necessarily categorize it in [their] head as a game” (May 20, 2020), and

similar to others (i.e.,William,May 7, 2020; Elle,May 13, 2020;Noemi,May 14, 2020), the

points and scores did not “matter to” (Asher, May 20, 2020) them. Julia mentioned she

did not even “understand the point system,” and that she had not “really looked into that”

(May 11, 2020). So, I was initially surprised that the system’s design as a game was not a

given for some participants but a contested term. Such statements sparked my interest

in understanding how these participants understood their participation, why they con-

tributed,andwhatmeanings they ascribed to Stall Catchers, especially those that didnot

alignwith the inscribedmeanings and,hence, the visions, values, andnorms that the de-

signers and developers implemented in the system’s design. In the following, I,first, stay

with the example of Stall Catchers to better understand why some participants rejected

the classification of the project as a game.To do so, I focus on their personalmotivations,

13 In a post on the Stall Catchers forum from September 2020, replying to a new participant’s ques-

tion about the idea of Stall Catchers, Michelucci explained the reason for calling Stall Catchers a

game and acknowledged that it was enjoyed by some participants while being ignored by others:

“We call it a game because we have added game elements – like a score and leaderboards, and we

sometimes run competitive events. Some ‘catchers’ (Stall Catchers players) really enjoy competing

for spots on the leaderboard, and some catchers completely ignore it” (Michelucci 2020).

14 See Chapter 4, footnote 10.
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and, in particular, the meaning of Stall Catchers for those who participated because of a

personal connection to Alzheimer’s disease.

Personal Connections

As discussed in Chapter 2, there is a rich body of literature on participant motivation in

CS projects and CS games. Although the literature points to the heterogeneity and dy-

namic nature ofmotivations,which also depend on the participants’ professional as well

as sociocultural and economic background, the most commonly identified reasons in-

clude an interest in contributing to “real scientific research or to an important cause such

as the environment or health” (Land-Zandstra, vanBeusekom,andKoppeschaar 2016, 3),

an interest in the research topic of a project, enjoyment, the chance to learn about a par-

ticular research area and community, and social reasons, such as connecting with oth-

ers who share similar interests (Land-Zandstra, van Beusekom, and Koppeschaar 2016,

3). More specifically, research has shown that the primary motivations in CS games, al-

though play and fun may be motivating factors, are not in the game itself but rather in

the scientific contribution involved in participating (e.g., Curtis 2015; Miller et al. 2019).

The results ofmy research generally confirmed these findings.However, themotivations

listed only capture some of themotivations I encountered duringmy fieldwork on Foldit

andStall Catchers.Specifically for Stall Catchers,more than tenofmy interviewpartners

named another key motivating factor: a personal connection to Alzheimer’s disease, ei-

ther because of close friends or family members who suffered or had suffered from the

disease or because they were caregivers or feared developing the disease themselves.15

Even though there may be some selection bias at play, in that participants who chose

to share their perspectives in an interview or otherwise contribute to my research, are

likely to be among the more active or deeply motivated participants. That is, the par-

ticipants interviewed are not necessarily a perfectly representative cross-section of the

large Stall Catchers participant base. However, written entries in the “dedication” sec-

tion of the project website indicate that this motivation seems to apply to a significant

number of participants in addition to thosewho actively participated inmy research.On

the “dedication” page, participants can publicly dedicate their contribution to someone

or something (HumanComputation Institute, n.d.a). In fact,most of the around 300 en-

tries are dedicated to a close person or familymember whowas currently suffering from

Alzheimer’s disease orwhom they had lost to the illness or another formof dementia. For

those participants and interviewpartnerswhohave a personal connection to the disease,

the motivations and meanings of Stall Catchers go beyond those commonly cited in the

literature.

One of my first conversations with Stall Catchers participants was with Elle, who

joined Stall Catchers shortly after its launch and was brought to the project because of

her father’s Alzheimer’s disease. She described that,

15 I did not directly ask interview partners about a personal connection to Alzheimer’s disease. In

the cases mentioned, it was brought up by the participants themselves. It is, therefore, possible

that even more of the Stall Catchers participants who contributed to my research have a personal

connection to Alzheimer’s disease but chose not to share it with me.
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I guess as soon as I heard about it, it gave me a sense of […] it’s too late for dad, but

[…] it might, […] if I can do this and maybe feel a little bit less helpless [...], I could

perhaps, by participating, I might help […] to find a cure or prevention […] that might

prevent other people from suffering […] the way dad has […]. [M]y initial motivation

was, here is something practical I can do to help with research. […] Basically, the

whole motivation really stems from my personal connection that […] I’m seeing and

still living, ‘cause my father is still alive and watching him deteriorate and yeah just

[…] going through what we’re going through with his illness and just wanting to help.

(Elle, May 13, 2020)

AlthoughEllewasnot able to contribute “asmuchas Iwish I could”due toherdaily sched-

ule and life being “a bit overwhelming,” contributing to Stall Catchers helped her feel “a

little bit less helpless” in her everyday life, of which Alzheimer’s disease formed a per-

manent part (May 13, 2020). Similarly, in an interview with the Human Computation

Institute published on the institute’s blog, Michael Landau, one of Stall Catchers’ most

active participants,who is deeply invested in promoting Stall Catchers, explained, “I like

to play the game because it makes me feel less powerless as I sit and watch my mother’s

mind slowly beingwiped out” (Landau 2018).While contributing to Stall Catchers helped

Elle andMichael Landau feel less helpless or powerless, other participants engaged in the

project out of fear of one day suffering from the disease themselves after family mem-

bers had been affected by it.This fear or risk was often shared by the entire family, as in

Olav’s case:

On my mom’s side of the family, my grandfather and grandmother […] both have—or

my grandmother passed away a few years ago, but they both have Alzheimer’s. […]

[A]nd so […] certainly my mom—because both her parents had it—[…] my mom has

never gotten any test to figure out for sure if she has the genetic […] marker that

means she’s likely to get it but, […] certainly, […] there’s that concern. And so, she

does everything she can, but obviously, Alzheimer’s research […] for those reasons […]

is very important to all of us […], and even, I guess, me, frankly ‘cause I’m obviously

related. (May 21, 2020)

Comparable motivations were shared by some of the participants of Foldit, which ad-

dresses Alzheimer’s disease amongst other diseases such as cancer orHIV/AIDS (Center

for Game Science [University of Washington] et al., n.d.c):

Like many others, I started playing Foldit while having primary caretaking responsi-

bilities for my parents. One died from Alzheimer’s, the second later from Lewy body

dementia and Parkinsonism. Even if Foldit is working on different problems at any

given time, it helps that there is hope it will address some of the many medical prob-

lems at some point. I discovered many “team mates” and Folders from other teams

were also providing caretaking for family members. (Ada, Mar. 1, 2021)

During her time caring for her parents, “it was nice” for Ada “to be able to unwind with

Foldit around spending time with them” (Mar. 1, 2021). The hope of finding a cure for
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dementia to save his mother was the main motivation for David to contribute to Foldit,

which he discovered while researching medications.

[B]ecause my mother had dementia. And then I started looking for medicines, I

couldn’t find them on the Internet, and then I arrived at Foldit, and I thought it

would be a very good idea to participate. To try and find a drug for dementia myself.

So, the connection is important […] also intrinsic motivation. (David, Mar. 4, 2021)

Despite the vast differences in design, development, and functionality between Foldit

and Stall Catchers, the personal connection to Alzheimer’s disease was a primary moti-

vation for participants of both projects.

In his 2008 essay “PlayTheory,” play theorist Brian Sutton-Smith describes play as a

form of protection: “play as we know it is primarily a fortification against the disabilities

of life” (2008, 118).He refers to howplay goes beyond “life’s distresses and boredoms and,

ingeneral,allows the individual or thegroup to substitute their ownenjoyable, fun-filled,

theatrics for other representations of reality in a tacit attempt to feel that life isworth liv-

ing” (Sutton-Smith 2008, 118).While Sutton-Smith may not have had GWAPs and CS in

mind when writing these lines, and though participants contested the classification of

Stall Catchers or Foldit as games, I argue that it is, in fact, because the projects move be-

tween science and play that they can become someaningful to participants. Stall Catch-

ers and Foldit can have a “healing function” for participants who contribute because of

their personal connection to Alzheimer’s disease, corresponding, perhaps explicitly but

at least incidentally, to what Sutton-Smith describes for games: “[p]lay was always in-

tended to serve a healing function” (Sutton-Smith 2008, 124).However, the healing func-

tion in the examples studied goes beyond the “healing function” that Sutton-Smith as-

cribes to all games because the fact that Stall Catchers andFoldit address the very disease

that affects the participants is crucial to them.This understanding of the healing func-

tion goes hand in hand with anthropologist Veena Das’ conception of “the everyday as a

way of inhabiting the very space of devastation yet again” (2020, 58). Das applies this un-

derstanding of the everyday to “think of a politics of the ordinary as a stitching together

of action and expression in the work of bringing about a different everyday—I call this

the birthing of the eventual everyday from the actual everyday” (2020, 58). AlthoughDas’

analysis emerges fromher fieldwork in India,where she studied low-incomeurban fam-

ilies, this understanding can be very informative in analyzing the role of theseHC-based

CS projects for caregivers or close family members of people with Alzheimer’s disease.

For Das, the everyday is restored and wounds are healed through and in the everyday

itself. What cannot be said, for example, because it is too painful, becomes expressible

again in the everyday. Individuals caring for a family member with Alzheimer’s disease

and who feel powerless over the disease can contribute to research and empower them-

selves with Stall Catchers.

They also find themselves in an understanding and empathetic “community,” as Stall

Catchers participant Alyssa explained to me (May 14, 2020). Challenging experiences,

such as the loss of a loved one to a disease like Alzheimer’s, or the powerlessness others

experience in the face of the disease, are part of the everyday. It is precisely the ordinari-

ness of Stall Catchers and Foldit, their situatedness in the everyday,and the possibility to
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contribute whenever and for as long as they want that helps participants deal with these

challenges and feel less powerless.Thegames can be easily integrated into daily routines.

To quote Stall Catchers participant Akin: “[I]t’s always there. It’s there at 3 AM, it’s there

whatever time I have available, it’s there” (May 11, 2020).

The projects give participants the feeling that they can do something about

Alzheimer’s disease while dealing with it. For these participants, unlike others, it is

not about contributing to just any scientific study but specifically to Alzheimer’s disease

research. While it remains unclear if and how their participation in Stall Catchers will

lead to a treatment or cure for Alzheimer’s disease, the project opens a “horizon”16 for

the participants where their current situation and the state of medicine does not. Stall

Catchers, in this sense, can be seen as providing a horizon in the face of a currently

incurable and deadly disease in two ways: On the one hand, Stall Catchers introduced

a new way of analyzing research data that would not have been possible or feasible

otherwise. On the other hand, it can be understood as a form of “horizoning” (Petryna

2022) for participants to cope with everyday life which is marked by a deadly disease.

Contributing to HC-based CS is a moral practice with which they participate in the

ethical projects. For them, the ethics of the project is not in optimizing HC. It is in

fulfilling their perceived responsibility to do something about Alzheimer’s disease.

Because of their connection to the disease and themeaning of Stall Catchers as away

of coping with the everyday, the project, like Foldit, is not just fun and not just a game to

pass time to thembut a serious endeavor.17 Foldit participantDavid, therefore, suggested

simply calling the project “citizen science” or “gamification of science” because they both

contain the word “science:” if the word “is included, then it’s already an improvement

compared to ‘game.’ Because by ‘game’ a lot of people also think of shooting games […]

for example, just games you play to kill time” (Mar. 4, 2021). Similarly, long-term Stall

Catchers participant Alyssa would prefer for Stall Catchers to be thought of as research,

which is how she describes what she does to family and friends:

I started in […] 2017, and I think by ... maybe Spring of 2018 I started calling it “I do

research for Cornell University,” and that’s how I have described it: “I do research for

Cornell University,” and [people would answer] “Really?! What do you do?” And then

I describe the game. The game. And I tell them that it’s a game but that in essence,

it’s doing research for Cornell University for Alzheimer’s. (Alyssa, May 14, 2020)

Not only participants with a personal connection to Alzheimer’s disease used quotation

marks to refer to theprojects as “games”.When I encountered theuse of quotationmarks

16 Anthropologist Adriana Petryna (2022) thinks about horizons regarding climate change, where

“‘horizon work,’ allows experts and the public to find other meaningful points of reference from

which to imagine how to organize a response to the current crises before we lose the capacity to

respond” (2022, 3). Petryna introduces the term “horizoning” as a “conceptual device for thinking

about and responding to complex futures” (2022, 5).

17 In her book on VDC, Holohan describes similar reasons for contributing for Folding@Home par-

ticipants, who are “motivated by the personal helplessness of watching loved ones die of diseases

for which the cure is still being sought” (Holohan 2013, 20).



5 Multiple Meanings and Everyday Negotiations: Play/Science Entanglements 151

in a written response about Foldit, I asked Aram why he had used quotation marks to

refer to the game.

For me, Foldit is not really a game but a simulation tool. And the players are rather

creative researchers than gamers. Many Foldit users don’t play for points, but they use

Foldit for protein modeling and to implement their own ideas. I think this application

goes far beyond a game. In essence, this is why I had put the “”. Foldit is more than

a game. (Feb. 28, 2021)

For John and Gordon, Stall Catchers was not a game but rather work (John,May 7, 2020;

Gordon Jul. 14, 2020). Gordon argued that the “game” is more of a cover for the work

previously done by paid scientists,which iswhy hewanted to be paid for his contribution

to Stall Catchers:

Also, I wish there was some way I could make some money playing the game. I know

that it’s just supposed to be a volunteer game, but I do think that people put a lot of

work into it, and it is really work and not a game, so people should be compensated

for their time. Why should people work for free? The researchers don’t work for free,

so why should the players be expected to work for no pay? It’s not a game. It’s work

made to look like a game, and everyone knows that that’s the case, so why pretend

otherwise? I’m not saying that it doesn’t have value. I fully understand the value of

the “game.” But I don’t think it’s fair to call it a game when at some point, I’m sure

people were paid money to complete the same task. Just because they have created

a facade to make it look like a game, that doesn’t mean that it’s really a game. (Jul.

14, 2020)

Gordon began contributing to Stall Catchers on a daily basis about six months after it

was launched but recently stopped participating because he “got bored with it” (Jul. 14,

2020). Digital media cultures theorist Tiziana Terranova has argued that such forms of

“free labor” are inherent to the Internet and the digital economy (2012).While play/work

interferences can be considered inherent to games, the relation of CS to or as work, and

whether CS participants should be paid for their contributions, have been the subject of

scholarly and public debate (e.g., Liboiron 2019; Robinson 2019).However,Gordon’s wish

to bepaidwasunique among the examples inmyempiricalmaterial.This does notmean,

of course, that there are no other participants who would appreciate financial compen-

sation, but it was not actively brought up in conversations by participants. For them, in

addition to the ethical motivations and coping strategies discussed, it was more impor-

tant that their contributions were meaningful.

Meaningful Contributions

Itwas of utmost importance to the participants to feel that their contributionwasworth-

while andmeaningful.This became particularly apparent in situationswhere something

didnotworkasneeded,suchas serveroutages thatmade theplatforminaccessible,when

research data would not load properly, or when the data theywere asked to annotate was

of poor quality and, therefore, difficult or impossible to interpret correctly. Stall Catch-
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ers participant Ellen explained that “if you get the bad quality pictures all the time, you

lose interest because it’s, you don’t feel that you are doing something valuable” (May 19,

2020). She added that “because it’s, you just fear that your work is meaningless” (Ellen,

May 19, 2020). Kamon shared this perception, since one was forced to simply guess the

answer if images were too grainy, “[b]ut that is not so fun […] because, then you end up

asking yourself: What am I really going to contribute in this dataset […] if every player

makes a guess?” (May 15, 2020).These moments were described as the most frustrating,

as the purpose of their participation was not clear to them. It is not unique to HC-based

CS games that gamers become frustrated when their game does not work as intended.

However, an important difference seems to be that while glitches in other video games

aremerely disruptive because they interrupt the flow andprevent players frombeing im-

mersed in the game, in CS, this “immersion” is tied to the perceived real-world purpose.

The understanding of CS games as a way of coping with everyday life can also be ap-

plied to other overwhelming situations and experiences in which people feel helpless,

such as in the context of the COVID-19 pandemic. Although themeaning of contributing

toCS as a formof coping is not necessarily generalizable to all different kinds of CS or in-

dividual experiences, comparable forms of engagement in CS projects could be observed

during the onset of the COVID-19 pandemic in Spring 2020,whenCS projects dedicated

to advancing research on the coronavirus or a drug and vaccine against it experienced a

considerable increase in participants. In order to better understand this increase, I con-

ducted an exploratory study in which I contacted people via the snowball principle who

had started contributing to the Folding@home project (The Folding@HomeConsortium

(FAHC), n.d.), a distributed computing project for simulating protein dynamics (Vepřek

2020). Participants could contribute to coronavirus research by donating their comput-

ing power to the project through downloading and running the software. Six contribu-

tors participated inmy study by completing a written questionnaire. Here, contributing

to such a project was, for instance, described as a way of “doing something” about the

crisis. “I felt that I was currently not doing anything to help with the current crisis, and

this felt like an easy way to help” (Francis, Mar. 27, 2020), one participant explained in

writing. In times of lockdown and social distancing structuring the daily lives of many

people not working in jobs of “systemic importance,” participating in CS projects such

as Folding@Home or Foldit allowed them to feel like they were really “doing something”

to contribute to the fight against the pandemic in a meaningful way. Framing contribu-

tions toCS as forms of coping enriches our understanding of participants’motivations and

goals. This perspective goes deeper than the science-focused perspective of doing good

or simply enjoying a game. Focusing on the participants’meaning-making processes re-

veals how they renegotiate and extend the inscriptions and design of the systems.

With regard toGWAPs, participants contribute to science or some formof data anal-

ysis and collection “as a side effect of playing the game” (Von Ahn andDabbish 2008, 60).

However, this analysis of the participants’ perspectives shows that formany participants

it was the other way around. From their point of view, they contributed to science and

knowledge production, and the gameplay was the side-effect: “[Y]ou can make games

out of it too. But the main thing is to hopefully advance the research,” explained long-

time Stall Catchers participant Caitlin (May 5, 2020). To Noemi, “it’s not important […]

to compete except that I do want to contribute, and that’s […] my personal goal” (May 14,
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2020; see also Jeshua, May 8, 2020; William,May 27, 2020). Based on the analysis of my

empirical data, I argue that, in this case, amore suitable description for these gameswith

a purposewould be purpose with a game. Contributing to “real” science gives participants a

senseofpurpose,and theirunderstandingof “games”or “playing”refers to a“field” (Bour-

dieu 1985) of the everyday that does not include seriousness and purpose in this sense.

At the same time, the fact that the projects are designed as games is crucial here, as it is

the interplay of science and play that forms the basis and opens up the space that allows

different forms of meaning-making and adoption.

The “game” is the basis here. It enables participation in scientific research with a low

entry threshold and allows participants to actively do something. As Stall Catchers team

member Paul aptly describes, “there may or may not be a […] result […] that will help

you, but you’re still doing something tomove things forward in fighting this disease, and

[that] just gives people the […] drive to keep going and […] not give up, ‘cause otherwise

there’s nothing else you can do.” (Oct. 14, 2020)

The points, the game score, and the leaderboards—even if participants do not par-

ticipate to compete—help to experience the feeling of progress: “anything that can help

measure and feel like there’s progress” (Maya, May 13, 2020). In the following, I turn to

the specific entanglements of game design and science in HC-based CS, which, as I will

show, create object potentials and affordances that open up the possibilities for new re-

lations between participants and software to emerge, and, hence, for intraversions to

occur.

A Phenomenon Between Play and Science

Designed as GWAPs, HC-based CS games should, from the designers’ perspectives, not

only serve the means of the game itself but also contribute to the solution of a particu-

lar computational or scientific problem, or to the training of an AI model (Von Ahn and

Dabbish 2008, 60).However, as I have shownabovewith a focus onparticipantswho care

about Alzheimer’s disease, participants assign varying meanings to their involvement

in HC-based CS in their daily lives. Based on these meanings, which can range from a

leisure activity to a meaningful contribution to science, work, or even a moral obliga-

tion, they position themselves differently. As a result, they stabilize and destabilize the

assemblages in different ways.

Game and play theories have long shown that games and play are not merely fields

of fun and enjoyment but can involve demanding and complex activities that are more

akin to “work,” or that games can include repetitive tasks that can make a game tedious

and unpleasant at times (cf., e.g., Stevens 1980; Sutton-Smith 2001). There are always

interferences between play and work. Terms like “playbour” (Kücklich 2005; Lund 2015)

and “laborious play” (2019; cf. Abend et al. 2020), along with “playful work” (Abend et al.

2020), have been introduced to describe this phenomenon, emphasizing play “as an act

of drawing or blurring boundaries. It is not a given, but an active achievement of all ac-

tors involved, including non-human actors like interiors, or hard- and software” (Abend,

Fizek, andWenz 2020, 8). Dippel and Fizek, in their pioneering work on the field of CS,

where “science” is an additional pillar in play/work interferences, state that: “[c]itizen sci-
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ence gamesmay be perceived as laborious playgrounds, placed between the two poles of

ludus and labora, oscillating between qualities associated previously with leisure or pas-

time and with productive or useful time” (2019, 256, emphasis i.o.). Playful and produc-

tive aspects are interrelated inGWAPs (Turner 1995, 56; cf.Abend,Fizek,andWenz2020).

According to Fizek, the success of CS games lies precisely in “[t]he immediate leverage of

a playful and pleasant activity with a socially productive outcome, the element of compe-

tition in a large collaborative environment, and the feeling of belonging to a community

with a common goal.” (Fizek 2016)

Myaim isnot to furtherdefineplay,work,and sciencebut touse the terms“play,”“sci-

ence,” and “work” as discussed in the field bymy research partners. In this sense, the pur-

pose of this work is not to directly contribute to or give a new definition of play, work, or

science.Rather, the purpose is to gain a better insight into howdifferent understandings

of play,work, and science and their inscriptions inHC-basedCS are interwoven andhow

this opens up the space for intraversions of human–technology relations. In addition, I

focus on play and science as themain fields. In the field ofHC-basedCS, “work” and “sci-

ence” are blurred.While data analysis had been part of the working routines in the labo-

ratory for which researchers were paid or which were considered part of the study pro-

gram, it was framed as “citizen science” in the context of the game platform Stall Catch-

ers. Here, from the beginning, participants contributed for reasons other than financial

reward (as discussed above). In this sense, contributing to Stall Catchers was not con-

sidered “wage labor” or paid work even though the task itself was sometimes framed as

“work,” as I will discuss below.Nevertheless, the overarching reference points in the field

were “play” and “science” and, thus, form the focus ofmy analysis. I consider these terms

as tools for the boundary work performed by different actors.

As Sutton-Smith puts it, “[s]omething about the nature of play itself frustrates fixed

meaning” (2008, 80). Just as researchers do boundary work by defining what “scientific”

knowledge production should look like, understandings of what play is and what it

should look like on a digital platform inform the individual perspectives, producing

boundaries and resistance. In both examples, Stall Catchers and Foldit, the playful

approach was not part of the professional scientist’s daily working practices but was

delegated to volunteer participants, creating a boundary between the tasks performed

by professional scientists in the laboratory and the tasks performed by volunteer par-

ticipants. Play is, thus, differentiated from professional, scientific practice;18 the playful

approach is understood, or intended, to be incidentally helpful. In Chapter 6, I illustrate

this further with the example of biomedical engineering researchers who considered

inviting Stall Catchers participants to help with data preparation. The researchers felt

that such a contribution to data preparation should not be gamified, unlike the task on

the Stall Catchers platform. This was because it would involve the participants in the

scientific process of data curation (fieldnote, Oct. 21, 2023).

These entanglements of play and science, and the different expectations, visions, and

meanings of various actors, formaproductive space that is not frictionless but contested

18 In fact, as shown in Miller et al. (2023), CS games often face the problem that game design is not

directly funded by scientific grants, leading to missing resources.
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due to different understandings and logics of the fields of science and play, creating ten-

sions that can only be partly resolved, and that affect the everyday formation of their so-

ciotechnical assemblages.TheHC-based CS projects, like the intraverting human–tech-

nology relations,must, therefore, be consideredmultiples (Mol 2002b). Referring to An-

nemarie Mol’s research on how atherosclerosis is enacted (2002b), Mol and Law write

that “[i]n practice, if a body hangs together, this is not because its coherence precedes

the knowledge generated about it but because the various coordination strategies in-

volved succeed in reassemblingmultiple versions of reality” (2002, 10). Just as a coherent

body is the result of different coordination strategies, HC-based CS form a ‘coherent’

project through the diverse and continuous attempts of all actors involved to assemble

the project. These attempts do not always create the desired “seamless space”19 (Vertesi

2014). Instead, different and divergentmodes, logics, and interests converge and coexist

in both productive and tense ways. As Mol and Law observe:

Often it is not so much a matter of living in a single mode of ordering or of “choosing” between

them.Rather it is thatwe find ourselves at places where thesemodes join together. Somewhere

in the interferences, something crucial happens, for although a single simplification reduces

complexity, at the places where different simplificationsmeet, complexity is created, emerging

where various modes of ordering (styles, logics) come together and add up comfortably or in

tension, or both. (2002, 11, emphasis i.o.)

The interferences of play and science are essential to the creation of the HC-based CS

assemblage and the participants’ experience in the first place, even though some par-

ticipants may object to calling Stall Catchers or Foldit games. Play and science combine

comfortably and in tension at the same time. In what follows, I aim to provide concrete

examples of how these play/science interdependencies create the spaces inwhich partic-

ipant–technology intraversions unfold.With respect to the mutually supportive or pro-

ductive science/play entanglements that I turn tofirst, I focus on the following examples,

which mainly, but not exclusively, concern the Stall Catchers project: 1) new approaches

to scientific findings with “out-of-the-box thinking” as part of play, 2) making a “bor-

ing” analytical task bearable, and using competition and points asmotivators and short-

term rewards along a lengthy scientific process, and 3) legitimizing play with scientific

purpose andmaking games meaningful.

19 Sociologist of science and technology Janet Vertesi (2014) borrows the term “seam” from critical

studies in Ubiquitous Computing. To approach heterogeneity and complexity, she suggests adop-

ting this vocabulary of seams to “consider the constraining nature of infrastructures at the same

time as it observes how actors skillfully produce moments of alignment between and across sys-

tems: not fitting distinct pieces together into a stable whole but producing fleetingmoments of align-

ment suited to particular tasks with materials ready-to-hand. Rather than moving to the macro view

of a meta-infrastructural analysis, [the vocabulary] must hold our focus steady on the micro: ac-

tors’ observable, reportable activities as they wrestle with many infrastructures’ limitations and

possibilities to bring them into moments of alignment.” (2014, 268, emphasis i.o.) The concept al-

lows one to focus on the (micro)practices and efforts of different actors to align various elements,

since “seamlessness cannot be assumed” (Vertesi 2014, 274). Instead, it is continuously created and

maintained.
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Mutual Supportive Science/Play Entanglements

Out-Of-The-Box Thinking

As a novel mode of biomedical or biochemical practice, for example, CS games open

new horizons in knowledge production through the “level of creativity in games” (Dippel

2019b, 248), especially when current technology and established practices fail to meet

prior expectations.Their playful encapsulation of scientific problems allows participants

without any prior specific domain knowledge “to contribute to […] science through a

side door,” as Foldit participant David put it in our interview (Mar. 4, 2021). Using the

metaphor of a side door, David referred to the fact that CS participants might not rely

on established scientific approaches to solve a scientific problem which is presented

to them. In the Foldit example, the team saw “out-of-the-box thinking” as particularly

promising and could be stimulated in a playful environment:

[W]hen people are maybe in a playful […] mindset they are more willing to try things

that they wouldn’t try and look at things creatively and not be as afraid of failure and

that kind of thing and so, those would all be good things, I think, for people who are

playing Foldit or other citizen science games to try new things, to have fun. Cause in

a way, that’s kind of […] one of the core motivations for doing things in any case’s way

is they have to come up with new things that maybe someone who is a biochemist

might not have, try out something new. Maybe a little bit unusual, look at a problem

in a different way. (Gidon, Jan. 31, 2020)

Games invite creative approaches that can allow CS participants to come up with new

ideas that havenot yet been tried in the conventional settings of academic or professional

biochemistry.20 FollowingDippel, “[t]he oldmodes of productionmay still be reflected in

thewaymany games ‘work,’ and old ‘traditions’may still be atwork inmany video games.

However, newworlds, envisioning other ideas of society, are in themaking” (2019b, 248).

For Foldit participants like Aram, its design as a game necessarily abstracts away the sci-

entific content to a certain extent and allows participants to keep a distance from the

serious scientific background:

I consider the puzzle rather as a separate optimization task. […] Nevertheless, I fol-

low the context (blog, newsletter, etc.) regularly to stay up to date. But I understand

many details only to a certain extent since I focus more on the optimization task

than on the context. This helps me to keep a certain distance which I consider pos-

itive. I also think it’s good that Foldit offers this option, because it’s not mandatory

to have mastered biochemistry to be able to keep up well enough in Foldit. Foldit is

abstracted enough for that (by being presented as a game with bonuses, scores, […]

which I consider as positive. (Aram, Feb. 28, 2021)

20 It should be stressed that regarding the case studies investigated, this specifically refers to Foldit

and not so much to Stall Catchers or ARTigo where the task to be performed by participants is

rather straightforward. However, Stall Catchers participants still find creative ways to engage with

the platform, as discussed in the subchapter “Adaptations and practices beyond design.”
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Viewing protein folding as an optimization problem rather than a biochemical one also

opens the door to unconventional approaches in current scientificwork.This perspective

on protein folding was also shared by Foldit researcher José: “[E]ven just thinking about

it, when you learn about it in biochemistry class, it kind of feels like a game where you

just have to […] find the lowest energy fold” (Jan. 22, 2020).This makes the task in Foldit

interesting for participantswith various interests, ranging fromplaying games and solv-

ing puzzles in general to computer science,mathematics, or biochemistry. Compared to

Foldit, the task in Stall Catchers ismore straightforward.Thismade the science and play

entanglements important for other reasons.

Making a “Boring” Task Enjoyable and Keeping the Motivation Up

The interferences of play and science were not only considered to support new creative

approaches to scientific problem-solving and out-of-the-box thinking but, especially in

the case of Stall Catchers, were essential to making a repetitive task bearable and enjoy-

able. Participant Ellen explained that the task of

Stall Catchers itself is tedious. So, it’s not really fun but what makes it fun is the way

they did it, the way how they [are] getting this rating. Not just the rating is important

because it […] keeps you on your toes. [Laughs] So you are not getting lax because

[…] somebody is catching you if you’re not [keeping up]. (May 19, 2020)

It was the game design and the competition21 that made the task enjoyable in the first

place: “I thought they did a really good job of keeping it like a fun, lighthearted com-

petitive energy in the face of a really boring job” (Maya, May 13, 2020). To make the task

more interesting, the merging of the playful setting with the scientific background of

Stall Catchers was crucial. The playful setting creates the conditions for participants to

keep going and differentiates Stall Catchers from a mere image analysis task.22 Partic-

ipant Maya explained further: “[T]he human nature is you want to, you wanna get the

right answer. Like you want to be right and then when you’re not right you’re like ooch …

and they did a good job of not being like ‘No!That’s wrong!’ [laughs] So I thought they did

a very good job of having it be playful.” (May 13, 2020)

This sentimentwasalso expressedbyparticipantswhodidnot see their contributions

asplay,explaining that theydidnot careabout thepointsbutonly focusedon theanalysis.

Olav, who contributed to Stall Catchers mainly to do something about his own risk of

developing Alzheimer’s disease in the future, explained that “if there was less of a game

aspect to it, I think itwould be formore people and probablyme too, […] a little bit harder

to […] stay motivated […]. [B]ut it is kind of fun, and that’s what […] continues to bring

me back, I think” (May 21, 2020). As a game, Stall Catchers was so engaging that it even

risked becoming addictive to Olav: “It’s slightly like good games, […] It’s a bit […] of a

21 For participant Caitlin, “competition” in Stall Catchers did not refer to plain competing against

each other but to a “friendly competition” (May 5, 2020), where it is okay to pass each other on

the leaderboard because they are all working toward the same goal of advancing Alzheimer’s

disease research, as participants reminded each other in the in-game chat.

22 This is not to say that some participants did not take an active interest in the task itself, which

was fun and sometimes challenging for them (e.g., Elle, May 13, 2020; Noemi, May 14, 2020).
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challenge which you can then become slightly, […] not in a bad way addicted to like, oh,

just get one more level. Something like that. Those are what make video games, board

games, et cetera, fun” (Olav, May 21, 2020). Being addicted to Stall Catchers, however, is

not a bad thing for Olav, as it is still for a good cause. Similarly, Foldit participant David

sees addiction as part of any “good game:”

Part of a good game is also the ... in a sense addicting the user to the game. And

I think they succeeded with Foldit in this regard because there are often players

who say, oh, well I don’t need it anymore, I don’t do anything anymore. And after

a while they come back because they miss it. And I’ve had that myself sometimes

that I thought, okay, I’m having an off-day today and I don’t really feel like doing

it anymore, so I pull the plug and I don’t do it anymore, and then someone comes

along with a story about a family member with dementia and I think, yeah, that’s

why I did it! And the next day I’m back modeling again. (Mar. 4, 2021)

Stall Catchers participant Kamon, who joined the project in 2019, also contributes daily,

filling up most of his evenings. With a smile, he admitted in our conversation that Stall

Catchers was indeed addictive to him. Sometimes, he said, his partner would remind

him of their presence when they felt Kamon was spending more time with Stall Catch-

ers than with them (Kamon, May 15, 2020). “[B]ut I still try to succeed, I’m ranked […],

and I still try to keep that […] place. So, if I’ve gone on vacation for a while and I see I’ve

dropped, I still do a few extra hours to keep that [laughs]” (Kamon, May 15, 2020). The

competitive aspect keeps participants coming back to improve or maintain their rank-

ing list position.23 In the case of Foldit, the daily competition and score also kept long-

term participant Lucasmotivated to keep contributing, given that the scientific rewards

were not common: “The scientific rewards take a very long time to come and they’re few

and far between.Hearing thatwe’ve actuallymade a contribution to science is a very rare

reward and so having a reward that you can go after every time you sit down, I think is

important” (Mar. 17, 2022). In addition to their purpose as a short-term reward, points

allowparticipants to contributewithout understanding the scientific problem’s full com-

plexity or the sociomaterial entanglements behind the projects. In Foldit, some partici-

pants focused only on optimizing their game scorewithout knowing, for example, how it

was calculated or what biochemical processes were involved in protein design. Similarly,

in Stall Catchers, participants do not need to know how crowd answers are calculated,

and contributions are evaluated and weighted to contribute.The points they receive for

analyzing a video indicate their performance. Hence, the gamemechanics play a crucial

role in breaking down and hiding the scientific and algorithmic complexity. In fact, any

reference to the notion of HC itself was remarkably absent in most of the interviews I

conducted with participants.

In the example of Stall Catchers, however, the game features described were mainly

seen as the only aspects of Stall Catchers that would make the task playful: “yeah [, it’s]

23 An educator who used Stall Catchers in class and contributed to my research declared the scoring

aspect and leaderboard to be particularly important for children participating in Stall Catchers

as part of their classes (Ren, May 18, 2020).
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not very playful unless you look at the score aspect of it and I think that can get people on

board and be like ‘uh, neat!’,” summarized participant John (May 7, 2020).

Caitlin enjoyed “playing my way back up the skill bar. […] [T]he first few times I got

up there, of course, I didn’t stay there very long and, so when I would make a mistake or

two and drop back down on the skill, I much enjoyed that process of climbing my way

back up to the top” (Caitlin, May 5, 2020). However, after contributing to Stall Catchers

for several years, Caitlin’s skill bar was almost always at the top,which is why she did not

“really have the fun of climbingmy way back up the way I used to” (May 5, 2020).

I’m always there, right? Yeah, and if I do miss, you don’t drop very far cause the longer

you’re at the top when you eventually do miss, it doesn’t drop very much for the first

miss. If you miss twice, then it’s gonna plummet, but the first time you miss, you

merely drop, […] and after a couple of calibrations you’re back up at the top again.

(Caitlin, May 5, 2020)

While Caitlin and other participants, came up with new play practices that went beyond

the coded game features (see below), other participants expressed that they found the

game less attractive over time (Gordon, Jul. 14, 2020). Most participants agreed that

Stall Catchers was only “medium fun” (Elisabeth,May 9, 2020) compared to other “dumb

games” (Elisabeth, May 9, 2020); playing Stall Catchers for a longer period of time

exhausts the game’s features. Special events, such as the Catchathonsmentioned above,

were, therefore, essential for keepingparticipants engaged over a long time andbringing

newparticipants on board.They interrupted the regular game flows and brought the on-

line game into the physical presence (in pre-COVID-19 times) in the formof livemeetups

in libraries, schools, or even pubs, as explained in a blog post on the institute’s website

(Egle [Seplute] 2021a). Participants were invited to join the challenge of analyzing as

much research data as possible in a given time frame.24 In particular, the final hours of

such events tended to be well attended due to the “double points” that could be earned.

In April 2021, I attended the final hour and the related online “hangout” of one such

event, where participants could meet the team and complete the challenge together.

These meetings would allow participants to pose questions about Stall Catchers and

the Alzheimer’s disease research behind it. Researchers from the Schaffer–Nishimura

Lab often joined the hangouts, as did representatives from the BrightFocus Foundation

(BrightFocus Foundation n.d.), one of the longtime funders of Stall Catchers and the CS

platform SciStarter (Scistarter.org, n.d.). The hangouts typically ended with the team

reading out the challenge’s statistics and leaderboards and announcing the winners.The

statistics included the number of videos annotated, and how that related to the number

of laboratory workdays saved. For example, Michelucci explained in the live hangout on

May 1, 2020, that in the cabinfever challenge, over the 30-day challenge, 214,000 videos

were annotated, of which 156,000 were actual videos from the current dataset, resulting

in approximately 205 days of laboratory work (fieldnote, May 1, 2020). Mapping the

24 These time frames spanned from 24 hours, as in the example described in the introduction, or a

few days, to an entire month, such as in the case of the “cabinfever challenge” that took place in

2020 during the COVID-19 pandemic (Egle [Seplute] 2020a).
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analyzed data back to comparable laboratory time was proof of the scientific purpose

and legitimization of the playful contribution. In the interviews with participants, these

special events were described as having a “motivating” (Kamon, May 15, 2020) effect on

participants. To Ebby, it wasmotivating that “everybody is catching stalls” (May 8, 2020),

and to Elle, special events, “where they’re really trying to encourage participation that

usually gives [her] a little bit of a kick” to continue participating on a more regular level

(May 13, 2020). Some competitions even offered prizes for participation. For a long time,

this was Gordon’s motivation:

I started playing Stall Catchers about six months after the program started. I used

to play about an hour a day, and then sometimes up to three hours during com-

petitions, but recently, I haven’t played it all. I’m kind of embarrassed to admit it,

but I got bored with it. It was really difficult for me to stay motivated. They used to

have competitions where you could win prizes, and that really kept me motivated. In

competitions, I won a trophy, a T-shirt, and a mug. […] Once they stopped giving out

prizes, it was very hard for me to stay motivated. […] I need to have some goal to work

toward. At one point, I was one of the best players, but just racking up points was

not very motivating for me. Also, they allowed the two top players to accumulate so

many points that it became absolutely impossible to catch them even if I worked all

day and all night, so I realized it would be almost impossible to advance to number

one. (Gordon, Jul. 14, 2020)

While points and competition can incentivize players to engage during a specific time-

frame,special events alsohelp reinvigorate interest andengagement amongparticipants

whomight have forgotten about Stall Catchers, inviting them to comeback, as in the case

of Sophia (Apr. 28, 2020).

As mentioned above, the “double points” hours that occurred during the last hours

of the challenges were important to participants (e.g., Elisabeth, May 9, 2020). When

bonus points and “hangouts” occurred at the same time, Elisabeth preferred to focus on

annotating videos: “Although Iwas interested in participating in the recent ‘live hangout’

events, I did not participate because they were held while bonus points were offered. I

was motivated more to earn points than to interact” (Elisabeth, May 9, 2020). For some,

accumulating points even faster with double points increased their motivation and the

perceived value of their research contribution. Stall Catchers participant Alexandra ex-

plained:

During the recent cabinfever challenge I was especially motivated during the double

points day on Fridays as I wanted to see how much I could compete against myself in

getting the points and number of videos watched up. It made me feel like I was doing

something and making a difference when suddenly the numbers went up. I could see

the results of watching thousands of videos. I was thinking wow. (Alexandra, May 9,

2020)

The importance of double points, challenges, daily scoring, and leaderboard features for

the playfulness of Stall Catchers and asmotivators for contribution shows how different

meanings and understandings of Stall Catchers are interwoven. For some participants,
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who rejected Stall Catchers’ game design but relied on it for their daily contributions,

this led to sometimes conflicting attitudes, as in Daan’s example:

I like the point system in that it gives me an idea of how I’m doing. It does cause me,

[…] when I get one incorrect where the expert has also reviewed it, and I think it’s

stalled and the expert says, no, it’s flowing. And I look at that and it’s like, oh, I just

missed all those points. But deep down, it’s also […] I didn’t get that one right. So, I

didn’t really contribute that time as well as I should have. […] Whenever I’m doing a

job, I try to do the best I can and darn it, I got that wrong. But that sensation doesn’t

last for too long […]. I don’t care about the points, but it is a nice way to keep track

of how you’re doing. So yeah, I’ll look at the points now and then, and I’ll laugh,

and I’ll go, meaning let’s put [it as] fun, and I’ll just continue trying to amass them,

but really, it’s did I get this one right? Did I get that one right? And when I’m just

participating in adding to the crowd’s evaluation of it, I feel like, okay, good. Some of

the people agreed with me. Some of them didn’t; I’m adding my voice to it. Overall,

when you put all of us together, we’ll nail it. One way or another, we’ll get it right.

(Daan, May 26, 2020)

Even thoughDaan did not actively care about the points, they allowed him to understand

“how [he was] doing” in terms of the goal of contributing to the scientific purpose of the

project, and he experienced disappointment when he missed them. However, what re-

ally mattered to Daan was not the points he missed but that he did not “contribute […]

as well as I should have” (Daan, May 26, 2020). Together, the aspects described create a

playful experience of a serious situation, as Stall Catchers advocate and founder of the

Memory Café Directory25 initiative Dave Wiederrich put it in a blog post on the project:

“Make no mistake. Calling this a game IS NOT trivializing the important work taking

place inside this ‘game’ wrapper” (2019). Participants used the gamification elements to

motivate themselves to engage in ethical practices and to position themselves as ethical

subjects.

Legitimizing Play

At the same time, the scientific background and “real-world” impact of Stall Catchers

are just as important as the game features in motivating participants to continue play-

ing. In addition to the personal motivations described above that ascribe meaning to

the project, participants need to know that they are contributing to “real” science, that

the data is “real,” and that the results could have a “real-world” impact. Learning about

the developments in the science behind Stall Catchers is a key motivator for Elisabeth,

who has been participating in Stall Catchers since 2016: “It is important to me because

feedback continues to fuel my purpose and motivation to participate.The game admin-

istrators do a good job providing this information via ongoing website updates” (May

9, 2020). This perspective is shared by many other Stall Catchers participants who con-

tributed to my research. In the example of Foldit, for some participants like James, the

25 Memory Café Directory is a platform that provides resources for individuals with Alzheimer’s dis-

ease or dementias and their caregivers but primarily informs about “memory cafés,” spaces to

meet, share information, and learn about resources for support (Memory Cafe Directory n.d.).
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scientific purpose of the game also helps to legitimize their play and the time they spend

playing:

It is usual to have a rationale because in my family […] they have the impression

that I am crazy about this game, I’m busy with it every day. And I then need to have

a reason, and I say, “Yes, but it is still useful!” Right? So, for example, now I say to

everyone “Yes we are working on the coronavirus.” […] But it is usually to justify that

[…] we do it because we enjoy it and then you have to justify it to others because it’s

a game […]. Usually the kids, they are grown up now but they say “Come on, you’re

occupied with the video and we were not allowed more than an hour […].” So, they

laugh, and I say, “Yes, but it’s useful.” (Feb. 11, 2021)

Contributing to Foldit is useful and valuable because of its scientific purpose,which dis-

tinguishes the project fromother games and social networks.Participants also described

gaining recognition from their families and friends for their contributions to and suc-

cesses with Foldit and Stall Catchers. Alyssa described her “friends and family cheering

[her] on” when contributing to Stall Catchers (May 14, 2020). For David, co-authoring

Foldit-related publications was rewarding and an important recognition, which he also

used as proof to show that he was doing something “meaningful” when contributing to

Foldit:

[T]he family is really proud that I contributed to that and that we published those

papers, that is an important reward for me, that it is recognized somehow, that there

is a result and I also like it when my name is on the paper, like, okay, here is proof,

I can also use it for my work, that I am doing something meaningful. Other than

saying, you’re playing games. (David, Mar. 4, 2021)

The scientific purpose is essential to enjoyable gameplay, making it meaningful. At the

same time, it serves to legitimize participant’s hours of play in front of their friends and

family.

Play/Science Frictions

Despite the productive power of the play/science entanglements to create a space in

which Stall Catchers and Foldit thrive, it is not an uncontested and frictionless space.

Rather, different tensions emerge between play and science, which the actors involved

have to deal with, try to work around, or accept. In the following, I will discuss five ex-

amples of such tensions between play and science,whichwere recurrent in the empirical

material.While some apply to CS in general, others are specific to HC-based CS games,

which help to better understand how these systems form in everyday life.These tensions

can be observed at different levels, from the source code level to the discursive level.

The examples are: 1) the “balancing act” between software design for scientific accuracy

and efficiency versus games, 2) the goals of science versus the goals of games, 3) the

uncertainty of science versus the rigidity of games, 4) the hierarchies between play and

science, and 5) the different meanings of “success” for science and games.
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A “Balancing Act”

At the level of the software, i.e., the source code, of Stall Catchers, the tension between

play and science unfolds indirectly as a question or “balancing act,” as Michelucci de-

scribed it in one of ourmeetings in October 2022 (fieldnote Oct. 12, 2022), of optimizing

for efficiency of the analysis vs. optimizing for playfulness. This balancing act needs to

be reevaluated and sometimes enacted, for example, when algorithmic changes need

to be made to improve system performance for an upcoming Catchathon, as in April

2021. Although, organizationally, it was routine for the Human Computation Institute

to organize special events in the form of Catchathons, from the technical side, extra

testing—particularly performance testing of the platform—had to be done to ensure a

smooth event (see alsoThanner and Vepřek 2023).The institute expected a large number

of participants in the Catchathon and wanted to ensure that the platform could handle

this large crowd annotating data simultaneously. Contributing to these testing efforts

as part of my collaboration with the Human Computation Institute during this period

allowed me to go beyond my focused code analysis and gain insight into the “balancing

act” between play, scientific quality, and efficiency at the software level.

Designed as a game, Stall Catchers was implemented in a way that made the experi-

ence enjoyable for participants.This implied that the implementation would not priori-

tize optimizing the efficiency of the data analysis process over optimizations that made

the overall system more satisfying for participants. To illustrate this, it is instructive to

consider a simplifiedprocessofhowdataanalysis inStallCatchers couldbe implemented

most efficiently in terms of the individual steps that need to be performed. For example,

if a dataset consisted of 500 videos, they could be organized into a simple task queue

from which one video at a time could be selected and presented to a participant. Once

the participant has annotated the video, it could be removed from the queue so that it

shrinks until no video remains to be analyzed. At that point the system’s intended an-

notation task would be complete.This would also mean that the game would end for the

participant(s) at that point, at least until a new set of data is uploaded.A cascade ofmany

such queues could be used to gather multiple annotations for each video.However, even

then,not everyparticipantwouldbe required to annotate every video, sinceonly a certain

number of answers are needed to calculate the final crowd answer per video.

Even though this process would meet the main requirements of Stall Catchers’

core data analysis, avoid redundancies, and be relatively easy to implement, the actual

data analysis process followed in Stall Catchers is implemented quite differently.This is

largely because Stall Catchers participants are not supposed to experience periodswhere

there are no videos to analyze, for example, because all the videos in the current dataset

have been annotated. Instead, once a participant has answered all research videos, the

video selection algorithm begins to randomly reselect videos from the current dataset.

Accordingly, some videos are analyzedmore often than necessary to calculate the crowd

answer. The purpose of this is not analytical but to keep participants engaged and the

game going. Interestingly, and although not addressed by the Human Computation

Institute’s team, this example of keeping participants engaged seems to be in tension

with the institute’s normative principle orHippocratic oath described in the last chapter.

According to this principle, humans should not be involved in a task if not necessary.

But they also need to be kept busy.
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However, a progress bar on the right side and at the top of the video frame indicated

the actual progress of the analysis of the current dataset, so when the analysis was offi-

cially complete, participants often began asking for new data via the Stall Catchers chat.

Annotating videos after the sciencewas completewas considered lessmeaningful bypar-

ticipants. Participant Akin described these times of waiting for new datasets to arrive as

annoying:

[Whenever the participants are] all way through with this [data]set, you gonna have

to wait a while to get another set loaded up, I felt a curious sense of loss [laughs] […]

and yeah a down feeling that then began feeling a little aggravated as I checked back

a couple of more times and still no Stall Catchers, just a minor prickle of annoyance,

but then it came back so. (May 11, 2020)

Another example of the trade-offs at the source code level that I observed was the rou-

tine for selecting the next video to be presented to a participant, along with the possi-

bility for the participant to redeem points. The corresponding algorithm for selecting

the next videos was quite complex, mainly due to its game-related features and the aim

of allowing researchers to get an early look at the data trend. It had to consider, for ex-

ample, howmany other participants had already annotated a research video in order to

generate crowd answers for individual videos in a more data-efficient manner, i.e., to

avoid collecting redundant answers. The earlier crowd answers existed for videos; the

earlier researchers could observe whether there was a trend toward more or fewer stalls

in the data before the dataset was fully analyzed (fieldnote Oct. 12, 2022). However, they

had also implemented the “redeempoints” feature.Participants received a reducednum-

ber of points at the time of submitting an answer for annotating a research video, i.e.,

a video for which an expert answer did not yet exist. They were prompted with an au-

tomated message to “redeem later!” Once enough participants had annotated the same

video, a crowd answer could be calculated. At this point, the “Redeem your points” but-

ton turned green for all participants who had annotated that particular video, allowing

them to receive the actual amount of points the system allocated to them for the anno-

tated video (the specific amount depended on whether or not their answer matched the

other participants’ answers). Depending on how many participants were actively ana-

lyzing data during a certain period of time, the crowd answers could sometimes be cal-

culated within a few seconds. However, as Michelucci explained, the points redemp-

tion mechanisms were slowed down by design to increase the amount of time people

spent playing Stall Catchers. If it took about half an hour to redeem, he argued, par-

ticipants might be more motivated to keep playing until they could redeem their points

(Michelucci, fieldnote Oct. 12, 2022). Michelucci described how they tried to be trans-

parent about this game mechanic to the participants. At the same time, however, it was

important toprioritize videoswitha fewannotations togive researchers anearly glimpse

of the data trend.These two requirements conflicted, necessitating a balancing act. As a

result, the complexity of the algorithm for selecting the next video increased to accom-

modate the ensuing requirements and to implement a “happymedium”between “depth-

first andbreadth-first” searches over thedataset (Michelucci,fieldnoteOct. 12, 2022).To-

gether, these constraints resulted in a longer runtime of the required database queries



5 Multiple Meanings and Everyday Negotiations: Play/Science Entanglements 165

due to lower efficiency at the algorithmic level. This reduced performance was not nec-

essarily noticeable to individual participants but could become a problem at scale, i.e., if

too many participants requested new videos at the same time.

Finally, to ensure that the data qualitymet the scientific requirements, the crowd an-

swer calculation took into account the individual skill level of each participant in order to

weight their answers in the calculation of the crowd answers to which they contributed.

As I describe in Chapter 6, the participant’s skill level was continuously evaluated with

so-called “calibration movies” for which the correct answer was already known. These

videos were regularly included and presented to participants between research videos,

with the frequency also depending on the individual skill level of the participant. The

lower a participant’s computed skill level, the more often they had to answer calibration

videos, with the side effect of slowing down the main analysis of the current research

dataset for scientificdata quality.Asnoted above, these source code andalgorithmic/sys-

tem design trade-offs did not necessarily result in a worse game experience. However,

they show how different requirements of play and science influence the implementa-

tion ofHC-basedCSprojects anddemand continuous balancing acts.26 Finally, although

transparency about these implementation considerations was considered important by

the team, trade-offs regarding transparency about the game mechanics and crowd-an-

swer calculations were necessary because Stall Catchers was designed as a game.

Goals of Science versus Goals of Game
The way the score is set up, it encourages you to try to get every little fraction of a

point that you can to get higher on the leaderboards. Whereas in practice it’s better

for us [the researchers behind Foldit] to just have the general shape that you can

come up with and then we can optimize it on our own later. We can run those com-

putations so the players are kind of, I wouldn’t say wasting time, but they are putting

a lot of time into what they call the late game, right? They are putting a lot of time

into that refinement process, whereas we are more interested in the early and mid-

game of them just coming up with the general shape and trying out a lot of different

solutions. (Daniel, Jan. 24, 2020)

As this quote by Foldit team member Daniel illustrates, similar to Stall Catchers, the

goals of the scientific research behind Foldit are not perfectly aligned with the goals of

the game’s mechanics. While Foldit’s scoring function motivates participants to collect

as many points as possible and optimize their specific protein designs to maximize the

score, the scientistsworkingwith the resultingproteindesigns aremore interested in the

“general shape” and discovering a wider variety of approaches to protein design. Many

of the participants I spoke with, especially frequent players like James, were well aware

of this fact:

I [know about] it, but […] we’re still competitors so .... we like the competition too […].

[W]e remain in competition and also a motivation for many of us. It’s being at the

top, staying at the top also. That’s why you’re still playing and always playing because

26 Similar balancing acts could be observed regarding the data distribution of stalled and flowing

vessels on the Stall Catchers platform.
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when you stop playing for a month, you’re out again. It’s a kind of [a] reputation to

keep or something like that. But yes, and we also know that the last three days [of a

puzzle] maybe are no longer useful for science, but we do that just to be the first, to

be well placed […] They [the Foldit team] have tried systems […] to force us, to make

some designs. But that attempt didn’t work out well. (Feb. 11, 2021)

The tension between the game’s scoring and its underlying scientific value was well-

known. Nevertheless, the game mechanics’ affordances and their own scores remained

important motivators for participants. Similarly, the design and implementation of

Stall Catchers as a game affords different practices—such as the accumulation of

points—than, for example, “dry” analysis tasks or experiments, where playful practices

such as tinkering or evenmodding27 would not be afforded in the same way.

During the period in 2020 when I interviewed the Foldit developers, they were try-

ing to find a new approach to the game’s design that would be less in conflict with the

scientific value of the contributions. Teammember Daniel explained:

[T]he game doesn’t do a lot to motivate playfulness. In fact, sometimes the game

mechanics we have in place work against playfulness. For example, we have a score

system to motivate players to try to get the best score and that is still the best way

that we have of telling players “this is good, this is bad,” because that score is derived

from actual like chemical energy formulas. So, this score is a measure of how likely

is it that it would actually fold this way in nature. With the caveat that sometimes

that’s not true. There are certain edge cases where you can be getting a higher score,

and your shape is just unrealistic for nature. And so, when the scientists are looking

at player’s solutions, they will glance at it and even if it’s a good score they might

throw it out if it is unrealistic. And so, one thing that we’re doing is trying to find

ways to adjust the score function to make sure that we are meeting those edge cases.

(Jan. 24, 2020)

Their concerns about the scoring system related not only to the fact that the late-game

score did not always accurately reflect the scientific value of a solution but also to the

difference in gameplay when participants focused primarily on scoring. Such a focus

negatively impacted players’ “playfulness,” i.e., the degree to which they would “play […]

around” (Daniel, Jan. 24, 2020) with the protein structures, as participants would think

less creatively. But this out-of-the-box thinking, which bypasses the “deterministic”

(Charlotte, Feb. 5, 2020) approach of computational solutions and established scientific

approaches,was seen by the team as the greatest value of human contributions to Foldit:

“Foldit players are very good at exploring outside of the box and exploring ideas that we

wouldn’t probably think about” (José, Jan. 22, 2020). According to long-time participant

27 Practices of modifying computer games are also termed “modding” and are generally considered

“an important part of gaming culture as well as an increasingly important source of value for the

games industry” (Kücklich 2005). On different practices common in gameplay that go beyond the

game practices intended by design, see Carlson and Corliss (2007). I return to such practices in

the examples studied below.
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David, when players focus on scoring, their creativity is directed toward accumulating

points rather than finding novel solutions:

And I think the disadvantage of playing for points is that people become very creative

to increase their score by consulting sources where there is an example. There are

examples of this, even in puzzle comments where people say: Oh, but in PDB [Protein

Data Bank] you can see that model and you can download it and […] then you have

all those distances and then you can put all those distances, you can put in the length

of bands, and you can put that in a script and then you have a very good copy of the

original and then you have scored high on the puzzle but that, it completely ignores

the point of Foldit. (Mar. 3, 2021)

David lamented that some participants, instead of using their own creativity to come

up with a protein structure, would visit the Protein Data Bank (Worldwide Protein Data

Bank (wwPDB), n.d.), a database that contains 3D structural data of proteins, and copy

characteristics of protein structures into Foldit to get a high score.

The goals of Foldit and Stall Catchers go beyond the objectives of their ‘games’ and

sometimes even conflictwith them.However, the games also affordpractices that under-

mine the idea of the overall projects, practices that could be understood in terms of con-

ventional gaming as either skillful play or perhaps even cheating. In the example of Stall

Catchers, some participants adapted their behavior according to the temporal flows of

the game’s algorithms to maximize their rewards at maximum speed (see below).These

practices challenge the possibilities of the system that are typical of gameplay and be-

come possible in the intra-actions between participants and software, but they do not

necessarily align with the designed or intended play-flows of the game. When the Stall

Catchers team became aware of such new practices, their first reaction was to evaluate

how these play behaviors affected the scientific accuracy and data quality to determine if

such behaviors could harm the system’s purpose. If the practice was found not to impact

the science negatively, it was accepted and sometimes even supported by the team, as it

would speed up data analysis.

Similarly, Foldit participants tried to maximize their score in accordance with the

scoring algorithms in ways that were not always helpful to the scientific problem. Here,

as team member Daniel described in our interview, the developers and designers tried

to respond to this practice by limiting the player’s options and improving the scientific

precision of the software (Jan. 24, 2020).However, there remains a gap between the soft-

ware’s understanding of proteins, and what proteins look like in the “real lab,” as put in

one of themonthly Foldit newsletters (Dev Josh 2021b). In theweekly Foldit newsletter of

August 27, 2021, for example, Foldit’s game designer explained that while “Foldit likes it

when the strands on the edges of your sheets are blue hydrophilics […] [,] in the real lab,

those edges are too floppy without some sticky oranges to pull the edges into the core of

the protein” (Dev Josh 2021b).

These examples showhow the goals of the game can diverge from the scientific goals,

requiring additional effort from the HC-based CS teams to ensure that the scientific

goals of the games are met.
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Uncertainty and Unpredictability of Science versus the Rigidity of Game

Scientific processes in (biomedical) laboratories are characterized by uncertainty, un-

predictability, and contingencies at various levels, from the results of experiments to

failing materialities, and the life cycles of mice. Sometimes, experiments do not go as

planned and must be repeated, and things often fail. This understanding of science is

widely shared, not only by STS researchers (Law and Lin 2020, 1) but also by the biomedi-

cal researchers in the laboratory: “[b]ecause it is science, you […] don’t just expect it works

[the] first time” (Jada,Oct. 27, 2021). In the laboratory, researchwaspracticed aroundand

with uncertainties and failures.The Human Computation Institute also communicated

this uncertainty to participants, such as in the example of a “dreamathon” event (for an-

other CS game run by the Institute), where the director reminded participants in a blog

post about the dreamathon’s results:

Before we dig into our initial findings, let me start with the usual reminder that all

research is uncertain! At this point we are just taking an initial look at how much

your labels agree with the experts on the training images (the ones where you got

a “correct” or “incorrect” answer). So while you read the below, please keep in mind

that these results are not final, they are based only on the training images and can

actually change substantially after we look at the entire dataset. (Michelucci 2019c)

Despite these efforts to communicate the uncertainty of science and tomanage expecta-

tions accordingly, laboratorymembers described at least some degree of conflict or “dis-

connect” between Stall Catchers and the laboratory’s research.This was primarily due to

the need for Stall Catchers to be “functioning” at all times, which was perceived to be in

contrast to scientific work:

[I]t doesn’t go very smoothly at times. […] Like research in general. Yeah, I think that’s

also part of it. […] cause in research in general, […] things fail […] more often than they

work. […] So, I think when you try to put something more rigid on top of research,

like Stall Catchers—it’s not rigid, but it’s something that’s established, functioning,

working really well. And then you have it trying to support it with research, which is

like, oh [laughs], so it kind of there’s … I don’t know if it’s a disconnect or different

expectations. I think it’s similar to like in the corporate world, things kind of tend to

run more smoothly than in research where you’re trying things that are probably not

going to work. And you will constantly run into problems. So then when you’re trying

to build a program or a game of something that’s constantly running into problems

[…], it’s hard for it to run as smoothly as you’d hope. (Leander, Sept. 22, 2021)

When there were no technical problems, Stall Catchers was always available, usable, and

accessible, and, asmentioned above, there was always data to analyze, even if it was only

an already-completed dataset. From Leander’s perspective, this contrasted with the sci-

entific research behind it, which was subject to different “expectations” and “constantly

running intoproblems.”Thedifferent temporalities of scientific research,whichdoesnot

unfold in a steady or predictable rhythm, did not always align with the temporalities of

the game, which is expected to function in a predictable and stable way at all times. But

these temporalities were also interdependent, since long gaps in which no new datasets
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were availablewould cause someparticipants to lose interest in analyzing videos, or even

to contribute on a smaller basis. The frustration of data gaps was also shared by team

member Paul from theHumanComputation Institute,who expressed: “[F]orme and for

the users, it’s really important that they don’t waste their time so there’s constant flow of

data, but the scientists, they have their own stuff going on, and things get delayed and

they start too late and then there used to be really huge data gaps, and that was really

frustrating” (Oct. 14, 2020).

On December 16, 2020,Michelucci sent a message on an internal Slack channel, ad-

dressing an ongoing data gap within Stall Catchers: “most of our active catchers have

dropped off because we completed the last dataset, and seem to be checking daily to see

when the new data arrives.”Data gaps changed the game’s flow and temporalities. At the

same time, some laboratory members, such as Leander (Sept. 22, 2021), found the re-

quests for newdata fromStall Catchers to be stressful.Thiswas because they had to shift

their focus to preparing new data for Stall Catchers, regardless of whether there was an

immediate need for analysis.The laboratory’s PI Schaffer described this as “an unantici-

pated thing for us” (Dec. 07, 2021). Stall Catchers had not always been faster in analyzing

data than the laboratory could provide. In contrast, Schaffer, explained,

early on when we first started Stall Catchers up and going, we were desperate for

more throughput from Stall Catchers because we were generating data and had this

huge backlog. We were generating data at a faster rate than they could analyze and

had a huge backlog of data. But as the number of players has grown and as Pietro

[Michelucci] has developed more sophisticated methods of agglomerating answers,

the capacity has grown quite a bit. (Schaffer, Dec. 07, 2021)

When the dynamic reversed from the laboratory waiting for their data to be analyzed to

Stall Catchers being too fast for the laboratory to keep up with data provision, “the cart

was in front of the horse.” (Schaffer, Dec. 07, 2021)

[T]here was some sense in the lab of […] like it’s our job to get data to Stall Catchers.

And I never thought about it like that. And we’re honest, we would tell people […]

there isn’t new data to analyze right now. So, the game is just not going right now,

and Pietro [Michelucci] was always much more concerned about that. I think from

a player management or participant management kind of perspective [...]. I didn’t

mind there being a little bit of a tension there, but I did want to shift the perspective

of the lab to Stall Catchers as a very valuable tool that we use. And we treat it with

respect, just like we do every other tool. But it’s not like this thing that we have to

feed with data. And I think we’re over that now. (Schaffer, Dec. 07, 2021)

Although, according to the PI, this period had already passed by the time of our interview

in late 2021, some laboratory members still expressed the pressure they experienced in

my interviews with them. It becomes clear from the quote above that the laboratory and

the Human Computation Institute sometimes had different priorities. For the biomedi-

cal laboratory, Stall Catchers was a “tool” for their research and not the primary focus of

their efforts. In analyzing the researchers’ perspective, I noticed a hierarchy between the
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work Stall Catchers does and the work done in the laboratory, which I will elaborate on

below.

Another expectation that some researchers found stressful and felt was directed to-

ward them was the pressure to continually generate new research questions for each

dataset submitted to Stall Catchers for analysis. According to researcher Jada, this was

particularly experienced at the beginning of the collaboration with Stall Catchers:

And at that time, the pressure was also up for everyone much more that kind of each

dataset would have—it’s still a little bit the case, which I don’t like, but I do under-

stand that sometimes it feels like each dataset has to be kind of a new question that

we are answering in a way, but this is typically not how science works. It’s typically,

you run the same thing again and again […] and change something and see what

turns out to be the best, and that was a little bit frustrating at the beginning be-

cause you need to get players on the one hand, you need to keep them going. So,

you kind of make those questions, but in reality, what you need is running the same

data several times with different parameters. (Jada, Oct. 27, 2021)

To motivate participants to continue contributing to Stall Catchers and to attract new

participants, Jada felt a pressure to deviate from theway “science works,”which requires

running experiments repeatedly with small, controlled changes in their design. It was

impossible to predictwhen a research questionwould be answered andhowmany exper-

iments and changes in experimental conditions would be needed to arrive at an answer.

For Jada, however, the CS game context required predictable processes and progress that

were at odds with their scientific practice.

Hierarchies Between Play and Science

Because we are all members of more than

one community of practice and thus of

many networks, at the moment of action

we draw together repertoires mixed from

different worlds. Among other things, we

create metaphors—bridges between those

different worlds. Power is about whose

metaphor brings worlds together, and

holds them there. (Star [1991] 2015, 284,

emphasis i.o.)

Inbothcase studies, I couldobservea clearhierarchybetweenwhatwasconsidered“play”

and “science.”This hierarchywas introduced and represented bydifferent actors. It is, for

example, generally inscribed in the funding logic of scientific research that endeavors

related to game design or improving the play-related user experience are not typically

considered legitimate uses of grant money, which poses challenges for online CS game

designers and developers (Miller et al. 2023). In the words of Foldit team member José

during our interview:
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One of the other challenges is that our financial resources are driven by academic

grants. So, we don’t have money to make cool new backgrounds or add a story or

something like that if we can’t justify it with a scientific paper. So, everything that

we work on in the game has to be directly connected to some scientific advance,

which makes my job very hard because that basically cuts out all of our budget for

game design. There isn’t a budget for making the game feel better, making the UI

nicer. Because that isn’t some scientific advance. (Jan. 24, 2020)

Good game design and an enjoyable player experience are important for the success of

any online game, including online CS games, which presents developers with a difficult

problem to solve. However, the Foldit team also exercised control over which scientific

tasks could be delegated to nonprofessional volunteers and which required professional

training and expertise and, thus, could not be handed over to volunteer participants.

Sometimes, they were approached by motivated participants wanting to help improve

the design or fix bugs, specifically to help make up for the missing resources due to the

funding problems described above. However, when team member Hugo told me about

suchoffers in our conversation,he argued that even though they appreciated “those calls”

(Jan. 28, 2020),

[w]e can’t always take people up on it from a perspective of security and knowing

how to conduct research and all those things. We have to make sure that we only

parcel out certain parts of the game to players in those contexts where the player

volunteers. I don’t even know within the player community if it’s known that other

players […] do this sort of thing and […] when I say other players, I think we had

a few volunteers, we only ever had one person actually doing anything after some

very stringent screening. But I know we continue to get on and off those sorts of

volunteers. (Hugo, Jan. 28, 2020)

The tasks to be performed by untrained participants were carefully selected and distin-

guished from other scientific practices that required training, specialized knowledge, or

even security measures (see Chapter 6).

The hierarchy between science and play in Stall Catchersmanifested in the game de-

sign and in the diverging temporalities. The top priority for the biomedical researchers

with respect to Stall Catchers participants was simply that the scientific requirements

be met to the same degree and standard as their previously established research pro-

cess. Therefore, the goals of improving player experience and ensuring accuracy in sci-

entific researchwerenot always aligned.For example, theHumanComputation Institute

and the laboratory initially had the idea of letting Stall Catchers participants “see their

progress if they finished amouse or something like that.We talked about that [it] would

have been really cool if you could see, OK,mouse, Fred and […] Molly, and then we finish

those things” (Nishimura,Dec. 7, 2021).This game feature, however, could potentially in-

terferewith the scientific requirementof a“blinded”analysis inwhichparticipantswould

not know which mouse certain data belonged to. The PIs were concerned that “people

would figure out that there was a trend in the data. So, in the end, we ended up doing

it […] the right way, but […] we sacrificed […] a little bit on the user experience where

the whole dataset is blinded, which is, I think, the right way to do it” (Nishimura, Dec. 7,
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2021).The “right”way to design theHC-basedCSgame in this example diverged from the

most enjoyable way for participants. Here, from the perspective of the researchers (and,

in this case, also from the perspective of the developers at the Human Computation In-

stitute), the formula “play follows science” guided the development of Stall Catchers.

Similarly, regarding the different temporalities between the scientific research be-

hind the game and the game itself, researcher Jada explained the importance of research

setting the pace (fieldnote Oct. 28, 2022).When we discussedmy observation that some

researchers had expressed that they sometimes felt stressed by Stall Catchers’ data re-

quests, she argued that providing Stall Catchers with data always had to be justified. You

could not “kill 20 mice” just to produce data, she said. Producing data had “real conse-

quences” (Jada, Oct. 28, 2022).Therefore, Jada considered it important to prioritize sci-

entific goals over user experience. This hierarchy between play experience and science

was shared by virtually all participants who contributed because theywanted to help sci-

entific research or had a personal connection to Alzheimer’s disease. Most of the par-

ticipants interviewed also valued the game/play and science parts differently, as in the

words of Caitlin: “[S]o you can make games out of it too. But the main thing is to hope-

fully advance the research” (Caitlin, May 5, 2020).The hierarchies between play and sci-

ence described here were, thus, not simply enforced by the scientists and developers on

the participants but shared by most of the actors involved. They drove the formation of

HC-based CS assemblages.

“Success” Has Different Meanings for Game and Science

Finally, as a last example of friction or misalignment between science and play in

HC-based CS projects, I would like to discuss the different perceptions of the project’s

success, using Stall Catchers as an example. As an online CS project, Stall Catchers was

perceived as very successful by all members of the laboratory I spokewith, and theywere

all very enthusiastic about it. Researcher Jada, for example, explained to me:

[A]s a project, I think it’s extremely successful […]. I think it has been extremely suc-

cessful to engage the people [and] has been successful especially also on the human

computation side, from the institute, it really gets the people in and doing all this

work. And also on how this whole thing has been growing. (Oct. 10, 2021)

The success of Stall Catchers and the importance of the participants’ contributions were

publicly acknowledged in blog posts and at live events. Participant contributions were

also measured in “lab hours” to communicate howmuch time the participants saved the

researchers by contributing to Stall Catchers. Prior to my field research visit to Ithaca, I

had the impression that theproject’s success storywaswidely andunquestionably shared

by all actors involved.However,when I spokewith researchers in the laboratory who had

been working with Stall Catchers and asked them about the “success” of Stall Catchers

without further defining the term, they distinguished between “success” in terms of the

project in general and in terms of its scientific value: “[I]n terms of popularity obviously,

it’s doing really well. […] I think it has the potential to be very successful,” explained Le-

ander (Sept. 22, 2021).When I askedwhy hewas referring to the potential for success, he

clarified further:
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I mean it’s obviously successful as a game, it’s growing, people are interested, so

there’s definitely something there. On our end, but I don’t know if that’s so much

a flaw of Stall Catchers is like—what I was talking about earlier—where we didn’t

have the infrastructure in place to support it being successful. So, if it’s successful,

we need to figure out how to do that. So, I think it’s […] almost there in terms of

being successful from our end. (Leander, Sept. 22, 2021)

Duringmyresearchat the laboratory, the challenge fromthe researchers’perspectivewas

that the data results they received from Stall Catchers were unreliable due to problems

in the data pipeline. The next chapter on researcher–technology relations will discuss

the pipeline and its problems in detail. For now, it should suffice to note that because of

the infrastructure problems,workingwith Stall Catchers was, at times, evenmore time-

consuming for the researchers thanmanually analyzing the data themselves.

Similar to Leander, researcher Emily explained to me during a coffee break that the

project’s limited success on the laboratory sidewas not the participants’ fault but rather a

problemon their end.She also said that she sometimes preferred to analyze the data her-

self rather than sending it to Stall Catchers because of theproblems theywere facingwith

the data pipeline (fieldnote, Sept. 15, 2021). Despite the perception of Stall Catchers not

being successful in terms of advancing and supporting the research as they had hoped,

Leanderbelieved that theywere “almost there” (see above) becauseof the infrastructuring

they had been focusing on over the last fewmonths. Jada agreed that while the scientific

side “was lagging behind […] I think it got way better by now. It’s just tricky, that’s all I’m

saying, and it took many years. But I think it’s—now looking back of course—, it was all

worth it and it was really good” (Oct. 27, 2021).The hope was that the infrastructure, i.e.,

the data pipeline, would eventually solve the problem once it was “functioning.”

Despite the frustrations, the researchers agreed that Stall Catchers was a successful

game. As PI Schaffer argued, the “value of Stall Catchers” (Dec. 07, 2021) could not be

reduced to scientific value. By “value,” he was referring to “understanding culture and

process and the fact that it’s people who do science rather than any particular scientific

fact” (Schaffer, Dec. 07, 2021).

I think the other value of Stall Catchers […] is not just the quality of the data anal-

ysis or the data analysis that we get, but it’s the opportunity to engage people who

haven’t been trained as professional scientists in the act of doing science. So, I do talk

about the idea that […] it is authentic science that people are engaged with. Not ev-

ery experiment works. Things go wrong. We’re public about that. We try to—as much

as possible as you can with this sort of amorphous cloud thing—but try to make this

an opportunity for people who are interested to get a peek behind the curtain at

how scientific decisions are made and how priorities are set and how it is slow and

why it’s slow and things like that. (Schaffer, Dec. 07, 2021)

While this value was important to and supported by the PIs, I, nevertheless observed

some tension,or at least an inherent imbalance,betweendifferent perceptions in the lab-

oratory. There remained frustrations with the project for the researchers working with

the Stall Catchers data, to which I return to in Chapters 6 and 7.
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Closely related to this aspect of divergent meanings of “success” is the balancing act

that the researchers and the team of the Human Computation Institute had to perform

to communicate the value and success of Stall Catchers, as well as its scientific goals and

progress. The politics of communication, or the balancing act, was to motivate and en-

courage participants to contribute and to translate the scientific concepts and processes

to the general public while, at the same time, not overpromising results or creating too

much hope for rapid development of a treatment for Alzheimer’s disease. Researcher

Oliver Bracko expressed his concerns about this fine line of communication in an inter-

view withTheScientistt Podcast:

[As scientists] we really have […] to watch our language because these people, they

really play because they usually have a family member that had […] died or has

Alzheimer’s disease or another form of dementia and I mean we as researchers often

state or overstate our results and I think we really have, I learned my lesson to have

to be much more cautious because things are really slow in science and the players

[…] had to understand it and so did we that we cannot say it’s basically this is the

path to a new drug or this is the path and it is a path, there’s a possibility that is

a path to a new drug, but it’s slow, and it’s at least ten years from now. (Scientistt

2020, 5:46–6:27)

The researchers had to be very careful not to overpromise the results of their research,

Bracko said. It was for this reason that the original name of Stall Catchers’ umbrella

project, “WeCureAlz” (Ramanauskaite 2016), was changed to “EyesOnAlz.” In one of our

conversations, Michelucci explained that while the idea behind the brand name “We-

CureAlz”was to convey that theywere “all in it together” towork toward the goal of curing

Alzheimer’s disease, they still changed the name so as not to mislead participants (field-

note, Nov. 2, 2022).

The tensions described in this chapter, from the unpredictability of science and the

need for rigidity and reliability of Stall Catchers’ infrastructure to the hierarchies of

science and play and the associated understandings of success in terms of the game

and science, exist alongside the productive entanglements of play and science discussed

above, requiring researchers, participants, and developers to find ways to accept and

work around these tensions through trade-offs or to align their different interests ac-

tively. An example of such alignment practices is discussed in Chapter 7. However, these

entanglements between science and play also led to the emergence of new play practices,

to which I turn in the following.

Adaptations and Practices Beyond Design

In analyzing HC-based CS games asmultiples (Mol 2002b) and assemblages of different

human–technology relations, various participant–technology practices come to the fore

that go beyond the play practices intended by design. The affordances of Stall Catchers

and Foldit as games, for example, and the participants’ active engagement with the plat-

forms invited practices that went beyond the task of analyzing research data (in the case

of Stall Catchers) and designing proteins (in Foldit). In the following, I present several
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examples of such practices initiated by participants in relation to technologies. While

the next chapter focuses more on the nature of the relations from a processual perspec-

tive, I focus here on the practices that emerge within and from these relations. While

this order of discussion seems to suggest that these practices precede the intraverting

relations, neither this nor the reverse is fully the case. Instead, these practices are fun-

damental parts of the participant–technology relations and vice versa, as the evolution

of the relations and the practices are interdependent.

These practices span a wide range of different activities. They include adapting the

projects in ways that enhance participant–technological performance and interpreting

the data presented in ways that go beyond protein folding or data from the brain vascu-

lature of mice.They also involve building new games into the existing ones. Some prac-

tices evenattack thedesigned functionality of theprojects and their purposes.All of these

practices reflect the creativity inHC-basedCS games.This creativity arises from the sys-

tem’s affordances, existing relations, and intentional actions. It also stems from theways

in which participant–technology relations shape the projects alongside designers and

developers. However, they are too often overlooked in existing definitions of HC.

Ameliorating the Participant–Technological Performance

While the intended workflow for data analysis in Stall Catchers is well-aligned with the

platform’s goal and is followed by most participants, especially by new and occasional

users, some long-term and frequent participants have developed their own practices to

improve their play and speed of analysis. Some participants, for instance, as they shared

in the in-game chat in September 2022, have written scripts for their browser that al-

low them to use hotkeys that reduce the number of clicks required to annotate videos.28

Others started using multiple browser tabs to avoid the long load times that sometimes

slowed down their play. While Foldit explicitly allowed and supported participants to

write their own scripts to automate protein folding steps, some participants went fur-

ther, such as Aram,who additionally created “an environment in Autohotkey that allows

me to monitor multiple Foldit clients and run them in parallel” (Feb. 28, 2021). Partici-

pants also often used multiple Foldit clients to work on several puzzles at the same time

or to run different recipes. “Some do multiples on a single puzzle, on multiple designs

they have,” explainedparticipantBrandon (Mar. 4, 2021).The“minimal”way to play Foldit

is with one client running and one UI, on which onemanually designs or folds a protein,

but you can also use a recipe, like a script, that continues working on it. You can go

eat or something, it will do it automatically. But you can also open a second window

[so that] one is automatized, and you are working on the other. […] So, this can also

be done with another computer. I have old computers on which I have put Linux.

(James, Feb. 11, 2021)

Participant Cleo described their daily routine of starting Foldit as follows: “I open up

three Foldit clients for the three current puzzles.Then for each one I set a suitable recipe

from my cookbook in motion” (Apr. 22, 2021.) Some participants kept multiple clients

28 Gray and Suri have observed similar tactics in their study on ghost workers (2019, 12).
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running in the background 24 hours a day, seven days a week (Arthur, Feb. 12, 2021). Par-

ticipant David even set up his Foldit infrastructure and environment so that he could

access them from basically anywhere in the world via a secure connection. So, they

are always, basically, they are always on, or on standby, if I don’t need them right

away, then I can also put them in sleep mode. But I’ve been on vacation […], for

example, and you’re in the middle of nowhere, and then you can still connect to the

servers via cell phone, and you can still do puzzles. (Mar. 4, 2021)

In thisway,David enhancedhis play anddetached it from the need to be in physical prox-

imity to the computers on which he was running Foldit to contribute. Taken together,

these play practices in Foldit provide examples of how participants improve their play or

contribution in a way that still takes place within the practices inscribed by design.

Similarly, in Stall Catchers, participant Alyson discovered a newway to interact with

the flow of the platform’s computer algorithms by testing different key combinations at

a specific moment in the data analysis, which allowed her to move more quickly to the

next video to annotate. In an email to the institute, Alyson explained:

It required my hitting the refresh button before the [Next] button had a chance to

come up. My mousing is too erratic to do that repeatedly, so I switched to playing

with my left little finger on the keyboard [anonymized key] button and the index

finger posed over the [anonymized key] so I could refresh immediately after anno-

tating. I was amazed. I played that way for several minutes (over 100K points worth)

and it seemed significantly faster.29

By seizing a timelymoment (Mousavi Baygi, Introna, andHultin 2021: 431), this tactic, as

understand by de Certeau ([1980] 2013), altered the flow of play and created a new path

for analyzing data in Stall Catchers.30 With tactics such as those described above, par-

ticipants creatively adopt the HC-based CS projects that go beyond what the developers

or designers had in mind when implementing them.This nicely demonstrates the first

principle Latour defined in the context of studying science in action: “the fate of facts and

machines is in the hands of later users” (2014, 131).31

Reading Data Differently and Playing Games in Games

Another practice I observed in the Stall Catchers examplewas the visual reinterpretation

of the research data displayed. This practice was occasionally discussed by participants

in the in-game chat. Rather than simply treating the videos as scientific data, partici-

pants sometimes interpreted them as, for instance, images of the universe, supernovas,

black holes (in-game chat, Feb. 2019), caterpillars or artworks by famous painters (in-

29 Quote from an email exchange with the Human Computation Institute on Apr. 16, 2021, with

Alyson’s permission to publish.

30 I describe this example in detail in Thanner and Vepřek (2023).

31 Of course, the practices presented here probably represent only a moderate sample of partici-

pant–technology tactics that users have discovered and developed. There might be many more

that did not come to my knowledge in my ethnographic research.
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game chat, Oct. 2019), sparking discussions among participants in the chat as they an-

alyzed the videos. While this particular practice largely grew out of the Stall Catcher’s

community, the Foldit team actually initiated a somewhat similar practice. During their

“Snowflake Challenge” in 2020, they invited participants to submit snowflake-shaped

protein designs, of which the developers and team then rated the most beautiful cre-

ations (joshmiller 2021).

Despite Stall Catchers’ game features described above, which are designed to make

the repetitive task of analyzing black-and-white video sequences more fun, some par-

ticipants came upwith evenmore ways to stay entertained. Participant Caitlin, who had

been contributing to Stall Catchers from its beginning, and as I quoted above, described

in our interview that, in the early days, she had “much enjoyed [the] process of climbing

[her] way back up to the top” (May 5, 2020) when her skill bar had dropped. But since

she had now become one of the top players, her skill bar no longer dropped low, and she

missed “the fun of climbing my way back up the way I used to” (Caitlin, May 5, 2020).

Tomake Stall Catchersmore enjoyable and fun again, she started playing “leapfrog”with

other participants. In this in-gamegame, theyplayedStall Catchers by taking turnspass-

ing each other on the leaderboard. “I’ll get one, then [they]’ll get one, and then I’ll get one,

and we will do this all the way up the board, and we’ll banter back and forth in the chat-

box” (Alyssa, May 14, 2020), described one of the leapfrog players. Sometimes, partici-

pants tried to match someone else’s exact high score on the leaderboard (Caitlin, May 5,

2020). This practice of trying to match or beat another participants score was also used

by a teacher to keep the students motivated:

They do see, when I participate, […] They see the teacher, they see my name: If I’m

above them, just above them, then they want to pass me and then so we can moti-

vate each other a bit. If I also usually, I nowadays collect quite a lot of points because

my progress bar is quite high then, but I usually stop when I am just above them so

they can catch up with me because otherwise, they go like, he is already much too

far above me, I can’t catch up, then they are demotivated. But if I’m just above them,

then they can beat the teacher like, “hey, I’m above the teacher” and all that. (Ren,

May 18, 2020)

While these examples didnot undermine the official task of Stall Catchers but rathermo-

tivated participants to continue contributing and completing the task, in Foldit, some

participants developed in-game games that created a parallel game space to the actual

Foldit task. Building on the scripting feature allowing participants to write their recipes

for automating the folding of the protein, different games were implemented using re-

purposed Foldit controls to, for instance, change the direction in the new in-game game

(Friedrich,Mar. 9, 2021).One example of such a game is “TheGame of Gominigame,” de-

veloped by Foldit user zo3xiaJonWeinberg, an adapted version of the famous board game

Go (2021a). Like other player-developed games in Foldit,32 the game was shared with the

32 See, for example, the “action realtime minigame” and recipe “rate1star output anime Mine-

craft13pub.lua” (zo3xiaJonWeinberg 2021b).
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Foldit public so that all other participants could download the recipe and play the game

in their Foldit client.

Exploring Boundaries

“People may likely push on the edges of a mimetic world as part of exploration or even

in an effort to hack it,” notes computer scientist and video game designer Brenda Lau-

rel in Computers as Theatre (2014, 131). Laurel defines players’ attempts to try to find the

limits and boundaries of a game as part of every game. As the following example shows,

this also applies to HC-based CS games. In addition to the playful modifications of the

engagement in Stall Catchers described above, which enhance the experience and intro-

duce a new play mode without disrupting the game, there have also been attempts to

hack, spam, or troll Stall Catchers.

Up until a certain point, for example, Stall Catchers participants could change their

usernames. Eventually, this feature was exploited, asMichelucci recounted in one of our

conversations. A small group of participants were playing Stall Catchers “all night long

[…] and then pretty soon, they were the top three. They had the top three positions on

the leaderboard. And then they coordinated their behavior, and they all switched their

usernames to put it to create a three-line political message at the top of the leaderboard”

(Michelucci, Jan. 14, 2021). Although this did not interfere with the core task in Stall

Catchers, these users repurposed the Stall Catchers platform as a political bulletin

board. As a result, the team had to “apologize to the community and sort of say we

didn’t intend for this to happen, we’re […] doing something about it” (Michelucci, Jan.

14, 2021). Fortunately, Michelucci explained, it was not “a very harmful thing that had

happened” (Jan. 14, 2021) in terms of the scientific purpose and functionality of Stall

Catchers.Moreover, in order to repurpose Stall Catchers, the participants who “hacked”

Stall Catchers first had to make valuable contributions to the project—valuable in the

sense of data analysis. Michelucci contacted the participants, and

the first thing I did is I thanked them for all the research contributions they had

made because by getting to the top of the leaderboard, they had annotated a lot of

stalls. I looked carefully to see if they were using a bot to do it, and […] it looked like

they were actually doing it themselves. So, they were making a research contribution.

There was value. I looked at their sensitivity. So, it was truly a research contribution.

(Jan. 14, 2021)

After this incident, the team updated the platform to prevent participants from chang-

ing their usernames in the future.However, duringmy time at the institute inNovember

2021, due to an undetected and (re)introduced bug, some students participating in Stall

Catchers discovered the possibility of changing their usernames again.The following ex-

cerpt from my fieldnote, written one day after the event, shows how this new incident

unfolded:

At around 4:40 pm yesterday, I noticed some strange chat behavior in the slack chan-

nel that forwards all chat messages sent on Stall Catchers. Some users were spam-

ming the chat. I immediately went to Stall Catchers to see what was going on—ap-
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parently, some schoolchildren had taken over the chat; some had copied the user-

names of the supercatchers and had included a black star into their username, which,

in Stall Catchers, stands for “supercatcher.” They were also insulting users, not per-

sonally but by username. Some catchers had already asked them to stop spamming

as they wanted to focus on analyzing research data.

I posted a message in the chat reminding everybody of the fact that spamming was

not allowed in the chat.

I sent a message in the slack channel to report bugs. [Developer Samuel] had also

noticed the spamming. Pietro [Michelucci] quickly jumped in and tried to stop the

spamming.

He blocked some of the users from the chat ([Samuel] had identified the user IDs).

Pietro [Michelucci] also renamed some of the users who had copied existing user-

names, but shortly after that, some of them managed to change their names again.

This should not be possible—there must have been some recent update to the code

that overwrote the feature of not being able to change the username.

Pietro [Michelucci] also messaged the chat, and after that, a few students mentioned

how great the game was, etc.

However, spamming did not really stop. At one point, a student wrote in the chat

that a teacher had called the students off. After a while, the conversation (if you can

call it a conversation) slowed down. (Nov. 17, 2021)

After the situation had calmed down, Michelucci apologized to the chat and to some of

theparticipantswhohadbeenpersonally insulted,anddeveloper Samuel deployed anew

feature to prevent users from changing their usernames. This short note from my field

diary shows how participants, in this case, schoolchildren, search for the game’s bound-

aries and adopt the platform for their own purposes, which do not always align with the

purpose intended by design. Situations like the one depicted require immediate atten-

tion from the team, regardless of what they are currently working on, because the spam-

mers’ messages also disrupted other Stall Catchers participants’ game flow through the

chat window, expanding with each newmessage and, thus, affecting the project’s work-

ing in general. This incident exemplifies how the HC-based CS game Stall Catchers is

continuously being negotiated by different actors and human–technology relations (in

this case, participant–platform and researcher–code relations) in everyday life.

Emerging Spaces in Play/Science Entanglements and Frictions

These examples of different practices presented here show how gaming the projects is

part of every game,as Laurelwrote,andhowparticipantsfindnewwaysof engagingwith

the platform and software. By tinkering with it or modding, they adopt the platforms

differently. At the same time, new possibilities for human–technology relations emerge

beyond the designers’ intentions and expectations. Here, the software’s affordances or

object potentials and the game frame (the “con-text” in Beck’s terminology [1997, 342])

invited such different practices.

However, despite participants’ rejection of the classification of the project or their

contributions as play, I argue that the entanglement of play and science directly influ-
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ences how the sociomaterial assemblage and its human–technology relations form.

“Play” and “science” here refer to attributions I encountered in the field and were used

to explain why, for example, Stall Catchers ran smoothly in contrast to the scientific

research conducted in the laboratory, or why something did not work, andwhy different

perspectives did or did not come together. Different goals and motivations unfold in

parallel and in tension rather than together and in unison. It is in these interferences of

play and science that the space for the HC-based CS games emerges in which partici-

pant–technology relations unfold and continuously intravert. In Deleuze and Guattari’s

words, these productive and tense entanglements can be understood as “movements

of deterritorialization and processes of reterritorialization” that are “always connected,

caught up in one another” (2013, 9).

While communication, game, and design scholar Mia Consalvo writes, following

cultural historian Johan Huizinga, that play “occupies a time apart from normal life”

(Huizinga [1938] 2016; cited in Consalvo 2007, 6), this chapter also illustrated the im-

portance of the very embeddedness of GWAPs in the participants’ everyday lives and

the personal connection to the advancement of scientific research. In the case of Stall

Catchers,Alzheimer’s disease has always beenpart of the game,which is permeatedwith

seriousness and leads some participants to refuse to call it a game. This was discussed

in the first part of the chapter, which concentrated on the co-texts of the HC-based CS

games studiedwith a focus onStall Catchers.As I showed,most participants contributed

because of a connection to Alzheimer’s disease and not, as the team had initially imag-

ined, to fill spare timewhile waiting in line, for example. Alzheimer’s disease formed the

overarching system of meaning “with which specific representations and perspectives,

evaluations, and normative orientations of technical artifacts are established” (Beck

1997, 351). In this setting, calling Stall Catchers a game was perceived by some partic-

ipants as devaluing their contribution, as they felt it did not accurately represent the

seriousness of their endeavor.

From these play/science interferences in Foldit and Stall Catchers, specific values

and normative claims were shared by participants, creating understandings of the right

way to play and specific ethical subject positions. Participants with a connection to

Alzheimer’s disease, for example, positioned themselves as assistants or helpers to the

researchers (e.g., Louise, May 07, 2020; Quinn, May 07, 2020; Jeshua, May 8, 2020; Elle,

May 13, 2020) rather than as gamers.33 Moreover, playing these games was considered

more meaningful than playing other games. Foldit participant Aram explained that he

had stopped playing other games partly because of time constraints but mainly because

he would not “see much sense in it anymore because there is simply no real application

behind it” (Feb. 28, 2021).This perspective of doing something meaningful was also part

of Stall Catchers’ designed narrative and was shared by participants. Using computer

hackers as an example, anthropologist Gabriella Coleman describes such processes as

33 However, other participants stated that the actual motivation of participants to contribute did not

matter because every contributionwasmeaningful. Stall Catchers participantNoemi, for example,

explained that “every person participating […] taking that step to assist is important whether they

are just doing it to play a game or whether they are doing it because of personal reasons or just

‘hey, yo,’ it’s all important” (May 14, 2020).
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“ethical enculturation” (2013, 124). In such enculturation, the actors involved learn about

“the tacit and explicit knowledge (including technical, moral, or procedural knowledge)

needed to effectively interact with other project members as well as acquiring trust,

learning appropriate social behavior, and establishing best practices” (Coleman 2013,

124). These values emerged in the relations between the programmed and intended

play practices based on the assumptions, values, and visions of developers, designers,

and researchers, as well as the participants’ particular forms of engagement that fill

Stall Catchers with multiple meanings. However, as should have become clear, the

HC-based CS assemblages shaped by the interferences of play and science are never

neutral but fragile and contain processes of deterritorialization. Similar to the social

space described by Bourdieu (1985), they are contested and permeated by power rela-

tions, different interests, and, as I have shown in this chapter, different logics of play

and science inscribed in them.

In the next chapter, I will shift my focus to concrete human–technology relations in

HC-based CS projects.With the example of participant–software and researcher–tech-

nology relations, I analyze how they unfold in the setting described here and how they

evolve and change, or intravert, over time.





6 Intraversions: Human–Technology Relations in Flux

HC systems, just like any sociotechnical system in everyday life, and despite the linear

visions behind them and driving them, are constantly in a state of becoming, that is to

say, they are “ontogenetic in nature” (Kitchin 2016, 18). Drawing on insights from his col-

laborative work with human geographer Martin Dodge (2011), geographer Rob Kitchin

aptly describes this state of becoming for algorithms that are “teased into being: edited,

revised, deleted and restarted, shared with others, passing through multiple iterations

stretched out over time and space” (2016, 18). To some extent, they are “always uncertain,

provisional and messy fragile accomplishments” (Gillespie 2014; Neyland 2015; both ci-

ted in Kitchin 2016, 18). In the previous chapter, I discussed Stall Catchers’ (and Foldit’s)

multiple meanings, focusing on the participant’s perspective with respect to the imagi-

nations inscribed or intended by design, which materialize in and are often articulated

through different practices and forms of engagement with and along sociotechnical en-

tanglements. These engagements are both constrained and enabled by nonhuman ac-

tors,which afford certainpractices andopenuppossibilities for action, thus, shaping the

assemblages collectively with human actors. Together, the intentions of various actors,

such as developers and participants, and the human–technology relations, which are

sometimes aligned, and sometimes in tension, bring HC-based CS systems into being

in continuous negotiations, leading to these systems never being closed or completed.

While this observation may apply to many sociotechnical systems, the intriguing

point about HC systems is that they are not intended to be complete or finished in the

first place. Instead, designers and developers understand them to be transitory. As such,

HC systems do not simply implement known concepts and realizations of human–tech-

nology relations but experiment with ideas and new ways of combining humans and

technology.

WhileHC researchers seem to agree that human–AI partnerships or other combina-

tions are the future of AI research, the question of how humans, human intelligence, or

creativity should be included in computational systems remains at the heart of current

research. Humans are often viewed as “assistants” for AI systems (Kamar 2016a, 4071),

and, in this sense, the roleofhumansorhuman intelligence is alreadydefined inadvance.

Alternatively, in the field of AI in general, computers or software are often considered as-

sistants to humans. Apple Inc.’s virtual “intelligent assistant” Siri (Apple Inc., n.d.) is one
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such example.However, as I argue below, this understanding of either the human or the

computer as an assistant to the other does not sufficiently take into account how hybrid

systems are constantly undergoing intraversions on their trajectories. Such a dynamic

understanding of roles and relations was also proposed recently by computer scientist

Zeynep Akata and colleagues in their “Research Agenda for Hybrid Intelligence” (2020):

In HI settings, artificial and human agents work together in complex environments.

Such environments are seldom static: team composition and tasks can change, inter-

personal relations evolve, preferences can shift, and external conditions (for example,

available resources and environment) can vary over time. Thus, competences cannot

be fixed before deployment, and agents will have to adapt and learn during opera-

tion. As such, the ability of HI systems to adapt or learn is a prerequisite not only to

perform well but to function at all. (Akata et al. 2020, 22)

As such hybrid systems tackle currently unsolvable (AI) problems, they cannot rely solely

on existing systems but must create new human–technology relations. This means, for

example, new combinations and interwoven systems of humans and software in which

humans can take over certain computational tasks, ranging from simple classification to

complex problem-solving that requires human-centered notions of creativity. From the

previous chapter and relatedworkon the constructionofuser representationsby innova-

tors anddevelopers (Akrich 1995) and the co-construction of users and technology (Ouds-

hoorn and Pinch 2005), we know that sociotechnical systems do not rely only on design

and implementation. Rather, they rely just as much on practices of adoption andmean-

ing-making by users themselves as they engage in and with the designed environment.

Hence, human–technology relations in sociotechnical systems typically evolve contin-

uously based on design choices and implementation details informed by user feedback

and adoption practices that may go beyond the intended design.

Both examples, Stall Catchers and Foldit, can be understood as laboratories for hu-

man–technology relations. At theHumanComputation Institute,HC-basedCS projects

function as laboratories for new human–technology relations in pursuit of particular vi-

sions, as discussed in Chapter 4, of how these relations should be for the “betterment of

society” (Human Computation Institute, n.d.) in the future. For Foldit, the primary goal

of combining humans and computers is to solve complex biomedical problems related

to protein structure prediction and design.While the protein structure prediction prob-

lem has seen enormous progress in the last few years, especially with the development

of the AlphaFold AI system, which I will return to below, there is currently no canonical

solution to the protein design problem. Foldit can, thus, also be understood as a labora-

tory for finding newways to solve these problems by combining humans and technology

in novel ways.New computational developments are continuously being introduced into

Foldit to “help players.” In response to my question about the role of AI in Foldit (in early

2020), Foldit teammember Gidon explained:

[W]e always try to see it as humans and computers working together, and so cer-

tainly, I mean, if you consider AI to basically be more generally kind of algorithms,

they have always been a part of Foldit like from the very beginning. […]. So, I think
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we are always trying to integrate the latest advances that we can get into the game

to help players. And so […] it’s sort of a collaboration, I think, between the human

players and the AI optimization algorithms that are built into the game. And those

are always advancing. (Jan. 31, 2020)

Human–technology relations in Stall Catchers and Foldit should, therefore, be seen as

alwayspreliminaryand inconstant flux, ina“dance”witheachother (Pickering2010cited

in Lange, Lenglet, and Seyfert 2019, 600), not only in their everyday appearance but also

by design. A genealogical analysis of human–technology relations in Stall Catchers and

Foldit reveals how these phenomena are shaped not only by their everyday becoming but

also by the continuous pursuit of pushing the systems toward a goal, an abstract idea

of ideal human–technology relations that has yet to be materialized. In the examples

studied, this pursuit consists, for example, of the introduction of new tools and features,

the attunement or restrictionof different algorithmic flows (MousaviBaygi, Introna,and

Hultin 2021), and the opening up of new action spaces within the systems.

In this chapter, I apply the concept of intraversions to the analysis of the becoming

and continuous changing of selected human–technology relations. The historical and

processual study of human–technology relations takes into account instantaneous and

gradual temporal developments and focuses on examples of participant–technology re-

lations, followed by researcher–technology relations in the second part. The investiga-

tion of researcher–technology relations sheds light on other human–technology rela-

tions that are part of HC systems. As described in Chapter 4, these relations, although

not often explicitly mentioned by HC advocates and designers, usually remain in the

background. Of course, these relations also consist of participant–researcher–technol-

ogy, developer–technology–participant relations, and other configurations and actors.

For this chapter, however, I focus on these selected examples to trace the almost circular

forwardmovements and shifts happeningwithin these relations.Nevertheless, I include

other actors who intervene and engage with the relations discussed. I argue that the on-

going changes are not merely incremental improvements to the systems and their (sci-

entific) results but often represent intraversions of human–technology relations within

the systems themselves. Inspired by Hutchins’ work on distributed cognition, I show

how these changes continuously transform and intravert the subject/object positions,

the practices, and the nature of the tasks to be performed in these sociotechnical rela-

tions. Before concluding the chapter with a summary of key arguments, I use the exam-

ple of ARTigo to discuss the dynamic interactions between human–technology relations

within HC systems and the advances in AI that become visible with the concept of in-

traversions.

The motivation for this chapter also relates to how STS scholars Wiebe Bijker and

John Law have described their interest and concern with technology: technologies or, in

my case, human–technology relations, “might have been otherwise” (1992, 3, emphasis i.o.).

Finding answers to why sociotechnical systems became what they are involves asking

questions that concern all actors involved: the design and implementation decisions and

their narratives, how human–technology relations actually unfold in the everyday, but

also how participants, for example, “reshape their technologies” (Bijker and Law 1992, 3).

Answers to suchquestionshelpusunderstandhowthey continue to evolve, since changes
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in human–technology relations always create new potentials and entanglements while,

at the same time, constraining what is possible. In this sense, relations partly stabilize

over a certain time. However, they always remain open to new intraversions and tweak-

ings according to the tensions between existing human–technology relations, everyday

becoming, and future-oriented visions of HI. In the following, I first turn to partici-

pant–technology relations in Foldit.

Never Obsolete: Intraversions of Participant–Technology Relations in Foldit

The story of Foldit, like that of Stall Catchers, goes back to a scientific problem that could

not be solved satisfactorily according to scientific quality standards. In the late 1990s, the

Baker Lab of the Institute for Protein Design at the University of Washington sought an

automated solution to get closer to solving the difficulty of protein structure prediction

by developing the Rosetta program (Zimmer 2017). Rosetta computes the probability of

interactions between segments of amino acid chains. This process is based on energy

levels, such that the structure with the least energy is the most likely to fold (Gonzalez

2007).

In the beginning, the program relied on randomly selecting and altering protein seg-

ments, trying many different protein structures until it found the one with the lowest

energy. If a move resulted in a lower energy level, it was accepted, and the program con-

tinued to modify the protein structure until it found a more optimal arrangement.This

brute force approach required a lot of computing power to be successful.The researchers

hadabout 400computers onwhich to run their calculations (Kim inGonzalez 2007, 3:30).

However, it became clear that to make real progress with the protein structure predic-

tion problem, theywould have to drastically increase their computing power, building on

thousands of computers. Biochemist, computational biologist, and director of the Baker

LabDavid Baker explained in a 2006 interviewwith the TeamPicardDistributedComputing

team, a community of distributed computing participants: “[b]ut there was simply no

way to scale up our in house computing facilities significantly” (Baker 2006). Inspired by

VDC projects such as Folding@home, David Kim, a project scientist in the Department

ofBiochemistry at theUniversity ofWashington, started tomodify andadapt theRosetta

program to connect to the BOINC (Berkeley Open Infrastructure for Network Comput-

ing) distributed computing platform (University of California, n.d.). BOINC allows indi-

viduals to donate their idle computing power to scientific research projects that require

large amounts of computing power to complete their calculations. Rosetta@home, the

distributed version of Rosetta, was launched in 2005 (Zimmer 2017). Kim explained that

“nowwithBOINC,wehave thousands of computers thatwe could runour jobs on located

all around the globe, and it’s really exciting to see how it developed” (in Gonzalez 2007,

3:33–3:42). Researchers gain access to the power of supercomputing to tackle their com-

putationally intensive research by distributing the computational problem and inviting

volunteers to provide their computing power in VDC (Holohan 2013, 28).

Baker described Rosetta@home in an explanatory video about his laboratory’s pro-

tein folding research as follows:
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What we’re doing with Rosetta@home is analogous to searching the surface of a

large rocky planet for the lowest elevation point […]. Imagine you have a team of hu-

man explorers working with you, and they’re all exploring around the planet. If the

team is small, it’s quite likely that no explorer will actually find the lowest elevation

point, in particular, if there are a lot of tall mountains that lead to explorers getting

trapped in pretty good places on the planet. Now, instead, imagine that you have a

very large team of explorers, and they each parachute down randomly on the sur-

face of the planet and then start searching for the lowest elevation point. The more

explorers you have, the more likely it is that at least one of them will find the low-

est elevation point on the planet. Now, on Rosetta@home [we’re] instead searching

the energy landscape for a protein, trying to find the lowest energy structure for an

amino acid sequence. The more computers there are doing these searches, the more

likely it is that somebody will actually find it. (Baker in Gonzalez 2007, 3:43–4:35)

People could contribute to solving the scientific problem of protein structure prediction

by downloading and installing the Rosetta software. Unlike the later Foldit project, par-

ticipants would not interactively fold proteins themselves, or even personally invest any

of their free time to contribute. Instead, Rosetta@home would simply run in the back-

ground, using the computational power of the participant’s computer when it was idle.

If they wanted, participants could observe Rosetta’s moves through a screensaver that

came with the software. Baker described this approach as a collaborative effort between

professional scientists and the public that would also change the relationship between

them:

Because it’s a whole new step forward in the relationship between scientists and

the public. To solve the problem of protein structure prediction, it’s quite clear that

it’s really not possible without the contributions of, of people from all over the world

[…], like yourselves because it’s such a big computing problem that there, it just can-

not be done with any in-house resources. So we can only do it collaboratively as a

collaboration between us and you and through this collaboration we can solve the

problem which I really think couldn’t be solved otherwise. (Baker in Gonzalez 2007,

6:00–6:32)

Baker’s emphasis on the potential of Rosetta@home to change the relationship between

scientists and the publicmust be considered in the context of how science was perceived

by the public when VDC emerged as a new phenomenon “after a time when science’s

relationship with the public was at a low ebb. In the mid-1990s, Carl Sagan observed

that the general public’s attitude toward science was increasingly one of alienation and

evenhostility” (Holohan2013, 27).Against this backdrop,VDCpresented apromising ap-

proach to bridging this gap. Distributed computing—especially with the BOINC archi-

tecture—made computationally heavy science projects, which had previously been re-

stricted to a selected group of professional researchers, accessible to a wider range of

people (Holohan 2013, 27–28). Despite the enthusiasm for VDC and the growing num-

ber of projects in this space,Holohan declared in 2013 that “VDC is still in its infancy and

the democratization of science enabled by the fewer barriers to knowledge production

that the Internet offers has not yet crystallized into institutional paths” (Holohan 2013,
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28). In addition, the user’s contributions in the distributed computing setting remain

somewhat passive.To consider the assignment of volunteers’ roles inRosetta@home, the

active role of human participants—beyond downloading and installing the software—is

reduced to providing computational power, to the very act of stepping away from the

computer so that the idle cycles can be used for Rosetta@home. In this way, the fol-

lowing observation byMackenzie, who refers to a similar distributed computing project

called THINK created by researchers at the University of Oxford to analyze the interac-

tions of specific molecules and proteins in cancer research (2006, 187–188), also applies

to Rosetta@home’s participants. “The relatively anonymousmembership has no claim or

control over the research.Theirmental or intellectual effort has been deliberately figured

out of the software, and their computers’ execution of the ‘virtual screening’ processes

largely disappears into a calculative background.” (Mackenzie 2006, 188)

The observatory or passive role of participants makes Rosetta@home very different

fromFoldit,which, in fact, originated fromRosetta@home.This developmentmay seem

somewhat surprising at first. How did a project like Foldit, in which participants are the

primary entity actively engaging with protein structures, evolve from a project that is

all about harnessing scalable (machine) computational power? How was the decision-

power in the individual protein folding steps transferred from the randomly proceeding

program to human participants?

Foldit’s Legend

The shared narrative (or “legend,” as one Foldit teammember described it) is that it grew

out of Rosetta@Home participants actively requesting to play a different role in solv-

ing the protein structure prediction problem. Computer scientists and one of Foldit’s

creators, Adrien Treuille, described in an interview with Neil Savage for the Communica-

tions of the ACM magazine that participants “started noticing they could guess whether

the computer was getting closer to or farther from the answer by watching the graphics”

(Treuille in Savage 2012). Foldit developer Daniel further explained in our interview in

early 2020 that participants observed what the program was doing, identified its move

choices as questionable, and, thus, began to voice their feedback to the team (Jan. 24,

2020).Foldit researcher José described the feedback fromvolunteers in our conversation:

[L]ots of them really liked this research, and […] there were the screensavers that

came with [the Rosetta@Home software] so they could watch what the computer

was doing […]. And there were a couple of requests to be able to interact with the

computer. So that kind of, I think the legend goes, that blossomed into an idea to

make an actual game where, instead of the computer running things idly, you could

actually sit down at the computer, and you could try to direct how the simulation

progressed. Well, not the simulation but how the computation progressed. (José, Jan.

22, 2020)

According to this “legend,” themotivation of the participants eventually led to the devel-

opment of a new CS game. “[T]hat’s how Foldit was born,” José recalled (Jan. 22, 2020).

Thecollaborationbetween theDepartment ofBiochemistry and theCenter forGameSci-
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ence at the University of Washington began working on the new project in 2007, and it

was publicly launched in 2008. Gidon, who has been part of Foldit since its early days,

described that when they started to develop Foldit from Rosetta’s software,

[they were] trying to […] get some kind of human reasoning involved in […] what was

Rosetta@home’s sort of purely computational kind of directed random approach to

folding proteins, and maybe if we had people get involved and help direct some of

that search essentially, then that might come out with something different or some-

thing better or something, like a different way of searching through this space of

proteins than just the kind of computational approach. (Gidon, Jan. 31, 2020)

The hope, as Gidon described it, was to come up with better protein structure solutions

and new ways of exploring the space of protein structures than was possible with the

purely computational approach of Rosetta@home.

It should be noted that the reference to “human reasoning” in Gidon’s quote echoes

the imagination of the human in HC systems described earlier (Chapter 4), which re-

duces humans to thinking about something in a logicalway and,hence, to their cognitive

processes.

In the beginning, Foldit’s development, driven mainly by a core team of three devel-

opers, was highly exploratory and included many experiments and iterations1 because,

as Gidon stated, the team could not simply build uponwell-established processes to cre-

ate such a CS project: “we worked on it for about a year trying lots of different things

cause we didn’t really know what was gonna work and what people were gonna be good

at” (Jan. 31, 2020).

However, even after its official launch, Foldit was not complete or finished, but re-

mained a laboratory for CS games and human–technology relations. Since its initial de-

sign, the Foldit team has continuously been improving and updating the design and fea-

tures of the software so that the Foldit of today includes many more new means of in-

teraction between participants and software than when it was launched in 2008. Even

though the Foldit teamhas driven thesemain developments, in the following, I will show

how all different human and nonhuman actors are involved in this process.The existing

participant–technology relations have most prominently formed and influenced Foldit

and its becoming in crucial ways.

In its earliest moments, Foldit consisted of a basic UI and controls for the partic-

ipants to interact with the protein. These controls already included “automated algo-

rithms where the player [could] let the computer take over and figure out some of the

details” (Gidon, Jan. 31, 2020) and, over time, Foldit developers added more and more

such tools to make the interactions more user-friendly and allow for more ways to ma-

nipulate proteins.These tools, as the teammember with the username Zoran explained

in a Foldit blog post,were designed according to “thewayplayers tend tomanipulate pro-

teins, and according to the way expert biochemists would like to alter the configuration”

(2009). The tools were, thus, presented to participants as an offer to facilitate protein

1 To test Foldit, they invited some of the Rosetta@home participants via the project’s forums (Gi-

don, Jan. 31, 2020).
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manipulation. Only a year after the launch, it was again participants who requested the

introduction of automation tools that could help them in their approach: “players began

requesting the addition of automation tools so that they couldmore easily carry out their

strategies.” (Cooper et al. 2011, 2)With the introduction of an editor and aforementioned

recipes, effectively computer scripts for controlling Foldit itself, participants were given

the opportunity not only to use the tools provided but also to create their own tools by

writing and sharing recipes (Cooper et al. 2011, 2).The team explained in the announce-

ment text that

[i]n the spirit of allowing you to shape the course of scientific research, we’ve been

planning to do something much more powerful: allow you to design, share, refine,

discuss and rank new tools by combining the low level building blocks into more

complicated operations through a simple visual interface. (Zoran 2009)

The goal of this new feature was that anyone, even participants with no programming

experience, could build their own tools.Besides facilitating gameplay andpuzzle solving

for participants, the creation of tools or scripts also served to discover new approaches

that would improve the computational performance of protein folding (Zoran 2009):

It was also our intention to infer optimal strategies from the Foldit players and use

them to improve fully automatic approaches. Rather than performing machine learn-

ing on gameplay traces of Foldit players, we decided that the players themselves

would likely be much better at systematic abstraction of their strategies. (Cooper et

al. 2011, 2)

Although Foldit’s developers would continue to introduce new tools, participants could

now build their own tools, automate the steps of their choice, and were, thus, equipped

with new “powerful means of managing […] complexity” (Cooper et al. 2011, 1).

First, so-called GUI (Graphical User Interface) recipes, now also referred to as “the

original type of Foldit recipe” (Foldit Wiki 2017b), could be created. Participants could

choose from existing Foldit tools, such as “Wiggle” and “Shake,” and create new combi-

nations and sequences of these tools in a “simple block-based visual programming inter-

face” (Cooper et al. 2011, 2) without actually having to write code in the dedicated editor

(see Figure 6).

While GUI recipes were relatively easy to create, they had drawbacks compared to

text-based high-level programming languages, lacking several features often found in

these programming languages. For example, it was not possible to create loops of spe-

cific steps, i.e., to repeat instructions until a condition was met, or to define code paths

depending on conditional choices (Foldit Wiki 2017b). The GUI recipes also had a tech-

nical limitation that made it impossible to run them in the background when the client

wasminimized (FolditWiki 2017b),which, given the practice ofmany players to usemul-

tiple clients and run recipes 24/7 when not actively playing Foldit, could make their use

quite cumbersome. They were discontinued in 2021. However, just a few months after

the introduction of the GUI recipes and even before their end, the “Foldit Lua 1” inter-

face was added, again at the request of participants who wanted to take advantage of
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the full potential of scripting languages andmove beyond the limitations of GUI recipes

(Cooper et al. 2011, 2).This interface allowed the creation of “script recipes” using the Lua

programming language (Cooper et al. 2011, 2).The introduction of a “full” programming

language enabled the creation of more advanced scripts with loops, if-then-else logic,

and the ability to define and call functions. To this day, improving the editor and adding

new capabilities and features remains a focus of the Foldit team.This also led to the in-

troduction of a new editor, the “Lua v2” interface, which is the current version.

Figure 6: Screenshot of a Foldit GUI recipe

Source: LociOiling 2017

Participants in Foldit do not necessarily write recipes only for their own use, instead

they often share them with other participants. In fact, many participants do not create

their own recipes from scratch but refine existing recipes, which they can download and

add to their “cookbook” (Cooper et al. 2011, 3). In these cookbooks, each participant can

manage their collection of recipes in the Foldit client. Participant Lucas, for example,

explained to me during our interview that he had an extensive collection of recipes in

his cookbook. However, he argued,“I have a very short list that I use all the time and … I

just tend to use the same ones over and over. And there are people who cycle through a

much larger collection of recipes, and they can beat me; they can get more points” (Mar.

17, 2021).Participants can search for andnavigate the recipe catalog onFoldit’swebsite to

explore new recipes (Foldit Wiki 2017b).This web-based catalog also allows participants

to rate the recipes they use to assess their usefulness better.

With the introduction of the possibility to write, run, and share recipes, hu-

man–technology relationswithin Foldit intraverted fromautomated algorithms/tools as

ready-made utensils used by Foldit participants to self-mademeans. Furthermore, with
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the introduction of the recipe editor, participants became developers2 and tool creators,

and even thoughparticipants could continue to play as before, their core activitieswithin

Foldit—folding and designing proteins—now extended beyondmanually manipulating

protein structures to programming scripts that, as participant Salma explained in her

written response to my questionnaire, “automate actions that would get very tedious to

domanually” (May 8, 2021).

Most participants in Foldit today rely heavily on recipes in their gameplay or are “car-

ried” by them, as participant Sylke pointed out during our conversation in early 2021:

“The algorithmic tools carry me; they are the basis of all my solutions. […] I use recipes

all the time” (Feb. 27, 2021).3 With this development toward automating manual steps,

recipes reintroduced what participant Friedrich described as “staring at what the algo-

rithm does” (Mar. 9, 2021). Participants estimated that recipes would “work” on the puz-

zles about 90 percent of the time and that only ten percent of the time would consist of

so-called “handfolding” or selecting and starting new recipes. In a paper on the use of

recipes in Foldit that was written in collaboration with Foldit participants, Ponti et al.

(2018) even calculated that, in the case of expert Foldit users, only two percent of the total

timespentworkingonproteins canbeattributed tohumancontributions,while comput-

ers contribute 98 percent. It is worth noting, though, that to become an expert in Foldit,

humanparticipants have to invest a lot of timenot included in this calculation.Similarly,

even if recipes requireminimal editing,at a certainpoint,manyhourshavebeen invested

in writing them, usually by different participants. James, who has been participating in

Foldit for many years, described in our conversation that he had even written a recipe to

automate the entire design of the protein (and not just the steps to fold it) (Feb. 11, 2021).

“Staring at what the algorithmdoes” is very similar to the pre-Foldit timeswhen par-

ticipants could only run the Rosetta@Home software on their computer and watch the

computational steps via the screensaver. However, despite this similarity, there is a sig-

nificant difference between observing Rosetta@Home and running scripts in Foldit. In-

dividual participants in Foldit ultimately control the process and the individual steps of

protein folding. Team member Daniel emphasized the player’s choice of recipes as op-

posed to Rosetta@Home: “[L]ate game is running automated recipes and scripts to fur-

ther refine and optimize. Which, at that point, is almost resembling Rosetta@Home in

2 “Developers” here refers to the development of scripts for automating steps in the Foldit game

and not to the development of Foldit itself. This distinguishes participants as developers from the

Foldit team developers.

3 At the same time, some participants still prefer manipulating proteins manually and advocate

strongly for “hand folding.” Brandon argued, for example, in his written response to my questions

that he no longer uses recipes because they would still include bugs and have to be restarted upon

interruption: “Early on (in my Foldit experience) I would use them a LOT, and found them to be

seriously helpful to my work. The last 6–8 months, I’ve actually all but ceased their use, becoming

entirely a ‘hand folder.’ This primarily came to be due to a bug that was resulting in Foldit ran-

domly crashing, which is not conducive to a Recipe (algorithmic tool) producing results. Primarily

because if they are interrupted, they have to start over (there is no ‘resume’-like feature), but also

because Foldit hasn’t the ability to start itself back up and automatically restart what it was doing.

(It’s very much like a DVD player and watching a movie, where you’re half-way through it, and the

power goes out. You can approximately get back to where you were, but it won’t resume back to

the split-second that it left off before the power outage)” (Mar. 4, 2021).
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terms of the computer doing a lot of the work. But the player is choosing what scripts

and what algorithms and computations to run.” (Jan. 22, 2020)

“Late game” refers to one of three stages that are distinguished in Foldit. “[E]arly

game is getting the basic structure, the basic shape. Mid-game might be like moving

some things aroundand refining that” (Jan.22, 2020),Daniel explained. In the late game,

the main puzzle-solving task that the human participant has to perform is what I call

“orchestrating” recipes. It consists of selecting, starting, and stopping recipes, practices

based on knowledge of which recipes are best applied at what time, with what param-

eters, and for how long they should run in each case. David, for example, a participant

with many years of experience, described his approach as follows:

[I]f I have to make a model, then I first make a rough draft, I then set it up on those

servers and then let the servers run scripts to further develop it, and after a few hours,

I look again: How’s it going? Is it good? Is it not good? Do I need to run another

script, […] and that’s how it goes all day. And in the evening, I prepare things to

run overnight. So those PCs also run 24 hours a day, at least some of them. And for

important puzzles that I consider important, such as corona puzzles, or in this case,

the grip-binder, I also use more machines to do larger processing. (Mar. 4, 2021)

While David manually creates the first drafts of the protein, scripts or recipes then take

over to refine those drafts.ButDavid still stays in the loop by “directing the algorithm,” as

Foldit teammember Gidon explained. “So, the player can sort of do whatever they want,

including starting up some kind of algorithm and then stopping it basically. So, […] I

would say for the most part the player is sort of in control of the algorithms” (Jan. 31,

2020). As becomes clear, playing Foldit using recipes involves more than just running a

script. Instead, it includes monitoring the process of each recipe and continuously ana-

lyzingandevaluating its progress andperformance. It is crucial tounderstand the scripts

and know which recipes to use and when to use them. Participants who contributed to

my research agreed that “[s]electingwhich tool to apply inwhich situation is the art of it”

(Salma,May 8, 2021) and requires “human creativity” (Aram, Feb. 28, 2021):

The tools only help little if the initial design is not good. And here, human creativ-

ity is needed. Almost everything depends on it, and the tools are then only used for

“finalizing” and refining. On the other hand, you will hardly get a top-score design

if you do not use any additional tools. So here, there is a significant mutual depen-

dence. (Aram, Feb. 28, 2021)

The relations between the players and the software had, thus, shifted or intraverted

again.They now resembled a symbiosis; neithermanual handfolding nor pure execution

of recipes alone lead to a successful protein design. Rather, it is precisely the symbiosis,

as described by player Aika (Apr. 10, 2021), that leads to solving a protein puzzle which

can be tested in the lab. David, therefore, described the relations between humans and

algorithms as “mutually enhancing” (Mar. 4, 2021).With this intraversion, instead of one

subject controlling or merely using algorithmic or human input, algorithmic tools and

participants played equal roles and were partners in solving a puzzle.
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Some participants even took this symbiosis a step further by increasing their com-

puting power with additional servers, running multiple clients to parallelize different

approaches to the same puzzle, or working on different puzzles at the same time.

Arthur, for example, described “actively” playing around for about two to three hours in

the evening, but “the five clients, of course, automatically run 24/7 a week in the back-

ground with different programs” (Feb. 12, 2021). David’s additional servers, which he

acquired specifically for Foldit, were always ready for a Foldit job (Mar. 4, 2021).Multiple

servers and clients allowed participants to go beyond working on one puzzle at a time.

Participant–technology relations are extended over a larger network of computers and

clients that exceed previous relations.

In this way, human participants and computational entities, in fact, become indis-

tinguishable when viewed from the outside. For example, if recipes are running while

the human participant is doing something else, the corresponding user in Foldit will be

recognized as active in the game statistics.

In addition toparticipantswhoactively seek to expandandamplify thehuman–tech-

nology relations of which they are part, some prefer to fold proteins manually, using the

algorithmic tools simply as tools. Foldit’s task is divided into themanualmanipulation of

proteins and the writing and orchestration of recipes, thus delineating two main prac-

tices for approaching proteins. Interview partners commonly distinguished between a

biomedical approach to solving the puzzles,which relies on a biomedical understanding

of proteins, their elements, and how they fold, and a computational approach, which,

instead, relies more on writing and orchestrating scripts and optimizing toward points.

Not all Foldit participants follow one approach exclusively. Some have adopted a combi-

nation of both.Moreover, since the participants interviewed formy researchwere highly

engaged in Foldit compared to themajority of registeredusers, it is reasonable to assume

that others probably adopted other approaches, such as an “intuitive”method of folding.

Or, as I did in my first attempts to fold proteins, they may primarily rely on trial and

error, experimenting with the tools and scripts provided without adhering to a specific

strategy.Although the two approaches described, the biomedical and the computational,

are very different, they can both lead to successful protein designs. Participant Lucas de-

scribed these different approaches as different options while clearly identifying himself

with the biomedical approach:

[S]ome people, their interaction is primarily choosing what script to run and being

familiar with how the scripts behave and which is the one they want to use next. And

they might drive that entirely based on their score. My interaction is, I’m interacting

with the protein, and I’m trying to shape the protein based on what I believe it should

be like, and I’m using the tools only as tools to do that. (Mar. 17, 2021)

It was important to Lucas that the tools remain tools that facilitate their manual hand-

folding so that he can interact with the protein rather than with the scripts. Similarly,

when I asked what tools they would use most often, Brandon explained:

My brain! Then my arm/hand and my mouse… :) But in terms of Foldit’s internal

tools… Wiggle, Shake, Bands…. Honestly, as a ‘hand folder’—someone who spends
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the majority of their time on a puzzle doing things by hand instead of using

Recipes—it’s probably easier for me to list what I don’t often use! (Mar. 4, 2021)

Not only were their brain and hands in an extension of the mouse the first “tools” they

mentioned, but Brandon also distinguished between “internal tools,” referring to those

tools that Foldit developers had implemented from the beginning, and recipes, which

they generally did not use often. They also considered themselves to be a “hand folder,”

someonewhomostly folds the proteinwithmanualmoves and only used certain recipes,

which Brandon considered to be “‘utility’ tools” (Brandon,Mar. 4, 2021).

Following the distinctions between hand folders vs. participants relying heavily on

recipes or biomedically vs. computationally oriented participants, the introduction of

the ability to create their own tools with recipes created another distinction among par-

ticipants: toolmakers vs. tool users.While toolmakerswere typically tool users, the latter

built on recipes provided by tool makers. Since recipes can be complex programs, their

exact functionality was not always accessible to all tool users: “I’m a recipe user and I’m

not a recipe maker. So […] as much as the description would convey to me. […] [T]here

comes a time when [I] […] say all right, this is a black box, but I know it works” (Aika,

Apr. 10, 2021). Therefore, participant–technology relations also differ depending on the

individual player’s approach to solvingpuzzles and their practices.Theroleplayedbypar-

ticipants, simple algorithmic tools such as “Shake,” and recipeswithin the relation varies:

While in some cases the subject/object positions seem to be clearly separated, for exam-

ple, betweenparticipants using algorithmic tools, in other cases, recipes andparticipants

are equal partners forming a symbiosis.

AlongFoldit’s continuousdevelopment,various intraversionsof itsparticipant–tech-

nology relations can be seen in its movement from fully automated algorithms designed

to solve the protein prediction problem to a hybrid system in which computational tools

assist humans inmanuallymanipulatingproteins, followedby a shift on theparticipants’

part to rely on automated “tools” (recipes) to manipulate the protein better, to today’s

sprawling interplay of participant-developed algorithmic recipes and individualized

styles of applying the former to achieve ever more performant gameplay. Ultimately,

these emerging relations even lay the foundation for entirely new human–AI relations

to form beyond Foldit’s initial scope in the form of the highly advanced AI system

AlphaFold.

Introducing the Artificial Intelligence System AlphaFold in Foldit

DeepMind, a British-American company and Alphabet subsidiary, introduced the Al-

phaFold2 model in 2020, which significantly outperformed the previous state of the

art. AlphaFold2 is an AI system for predicting protein folding, which far exceeded ex-

pectations at the Critical Assessment of Structure Prediction (CASP) conference, a scientific

competition in which participating groups attempt to either experimentally assess or

compute structures for specific amino acid sequences (University of California, Davis,

n.d.). “This will change medicine. It will change research. It will change bioengineer-

ing. It will change everything,” said Andrei Lupas, an evolutionary biologist at the Max

Planck Institute for Developmental Biology in Tübingen, Germany, in an interview with
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Robert F. Service from Science (Service 2020).While DeepMind had already participated

in CASP in 2018, the protein folding problem was, in fact, declared to be solved in 2020

with AlphaFold2. AlphaFold2 builds on DL and a so-called “attention algorithm,” imitat-

ing how humans might approach a jigsaw puzzle (Service 2020). What is particularly

interesting in the context of Foldit and its continuous intraversions is that AlphaFold2

itself was not only partially trained on data that originated fromFoldit4 but, according to

the DeepMind co-founder Demis Hassabis, its approach was directly inspired by Foldit

and its game-like approach:5

[T]here was this game called Foldit, where some people had created a puzzle game

out of proteins. Gamers played it – and what they were doing was actually trying to

turn the protein into a particular shape. It turned out that through playing this game

… they actually discovered a couple of very important structures for real proteins.

Firstly, it was a fascinating use of games in science – and games is another one of

my interests. But secondly, it kind of suggested to me that somehow these gamers

had trained their intuition and their pattern-matching capabilities so that somehow

they were able to do what brute-force computer systems couldn’t at the time – and

actually come up with the right shapes. That made me think that AI could maybe try

to mimic that intuitive capability that those gamers were demonstrating. (Hassabis

2020)

Furthermore, as indicated in this quote, the Foldit participants’ “intuitive capabilities”

and their developmentof “intuitionandpattern-matching capabilities”were seenas fun-

damental to AI development. Bymirroring the strategies used by human participants, it

was considered feasible to train AI systems in protein folding.

Looking back at 2020 and summarizing the best news about Foldit fromeachmonth,

Foldit member Dev Josh lists AlphaFold2’s win at CASP,mentioning that Foldit was cited

as an inspiration (2021a). Inwhat can be understood as another intraversion in Foldit, an

integrationwith AlphaFoldwas then introduced in Foldit itself so that participants could

contribute solutions they had jointly created with algorithmic tools to the AI program.

The AlphaFold feature was introduced as a button that, when clicked on, opened an in-

terface where participants could upload their protein solutions to Foldit’s server, where

the AlphaFold algorithm would run and compute its prediction for the uploaded solu-

tion (Bkoep 2021a). Participant David explained the AlphaFold process after submitting

his solution to the AI algorithm as follows: “[S]ee what you [AlphaFold] come up with in

an hour or so. And then you’ll get a result back, and you can see if it’s the same shape

4 AlphaFold was trained on solved protein structures that were stored in the Protein Data Bank, to

some of which Foldit participants have contributed.

5 AlphaFold is not the only AI system that has attracted attention and advanced protein structure

prediction. Influenced by the successes of AlphaFold, the Institute for Protein Design at the Uni-

versity of Washington first developed the transform-retrained Rosetta (TrRosetta) algorithm for

protein structure prediction (Yang et al. 2020; Baker Lab 2021) and later, an even more accurate

model called RoseTTAFold, whichwas “[i]ntrigued by the DeepMind results” (Baek et al. 2021, 871).

In 2022, Baker, along with Hassabis and DeepMind’s senior staff research scientist John Jumper

received the Wile Prize in Biomedical Sciences “for procedures to predict highly accurate three-

dimensional structures of protein molecules from their amino-acid sequences” (Rose 2022).
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you had in mind. If it’s not, then apparently there’s still something in there [the protein

structure] that’s not right” (Mar. 4, 2021). The ascribed role of the AI model is that of an

assistant that should check theuploaded solutions and“help out Foldit players,” as a team

memberwith the username bkoep already anticipated in 2019 in an online chatwith par-

ticipants (2019). AlphaFold, thus, functioned as a control body and enhancement guide,

once again transforming participant–AI relations.

Rather than making the game and the participant–AI interplay or the human in the

loop redundant—a fear often expressed in response to AGI narratives, as was described

in Chapter 4—this intraversion actually allowed new relations to emerge.With the pos-

sibility of using AI models for most cases of protein structure prediction, the role of hu-

man participants could move on from their original task and work on other problems.6

As bkoep clarified in a forum post on RoseTTAfold, a model inspired by AlphaFold and

developed by the Institute for Protein Design at the University of Washington (Baek et

al. 2021, 871):

These deep neural networks are very, very good at protein structure prediction. There

will always be cases where the network predictions fall short or do not tell the story

about a protein, and human predictions may still be useful in some of those cases.

But, by and large, these neural networks seem to be the better option for raw protein

structure prediction. We think that humans have more to contribute to other prob-

lems, like protein design or model-building with experimental data. (Bkoep 2021b)

This shows how the target and the very purpose of the system itself keep transforming.

While Foldit started out as a protein structure prediction program, it now focused on

protein design,whichwas evenmore difficult to tackle but becamepossible to address by

the continuous developments, changes, and intraversions of the participant–technology

relations described. Tracing human–technology relations in Foldit and unraveling their

intraversions over time shows how the roles of individual elements of the system cannot

be ascribed and fixed once and for all. Not only do the participants themselves contest

meanings and their assigned roles, as described in Chapter 5, but their roles also change

with intraversionsdue tonew technological developments or seizedpotentials.Likewise,

the roles of automated tools, scripts, and AI system are also subject to intraversions in

Foldit. In fact, the intraversions discussed in Foldit’s participant–technology relations

describe only a small part of the ongoing evolution of these relations. In September 2022,

a new version of Foldit was introduced that included new AI-based tools alongside the

existing “classic” algorithmic tools. For instance, “Neural Net Mutate,” which was much

faster than its classic version, was now added to the older “Classic Mutate” tool (Hay-

don 2022, 0:43).This is another example of how intraversions continue to unfold within

Foldit’s human–technology relations.

Iwouldnow like to turn fromintravertinghuman–technology relations in solving the

problem of protein structure prediction to human–technology relations in Stall Catch-

6 Additionally, as participant Salma pointed out when explaining why she thinks humans will still

be needed in the future even as AI’s capabilities continue to advance, AImodels like AlphaFold de-

mand extensive computing power, whereas “[c]itizen scientists are pretty low-cost!” (May 8, 2021).
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ers, where the focus is on advancing Alzheimer’s disease research. Since Stall Catch-

ers was the primary fieldsite of my research, it will be discussed in more detail regard-

ing the overall project to be able to unravel not only participant–technology but also re-

searcher–technology relations in the second part of this chapter.

“First Use No Humans:” Intraversions of Participant–Technology Relations
in Stall Catchers

“We’ve always had a division of labor between machines and humans in Stall Catchers”

(Michelucci and Egle [Seplute] 2020), write the director and the CS coordinator of the

Human Computation Institute about an ML competition organized in collaboration

with the data science crowdsourcing platformDrivenData. Although the biomedical en-

gineering laboratory’s initial attempts to automate the analysis of Alzheimer’s disease

research data usingML techniques failed due to a lack of AI model accuracy, which then

led to the development of the CS game Stall Catchers, human–machine relations have

played an important role in Stall Catchers from the very beginning. Participants’ anno-

tations, for example, were computationally reviewed before being included in the final

crowd answers, and ML had been part of the data preparation steps in Stall Catchers

from the beginning. Various developer–technology and researcher–technology rela-

tions had to be formed and aligned to enable the analysis of the Stall Catchers research

data in the first place. The researcher–technology relations building the data pipeline

create the data around and on which the participant–technology relations operate and,

hence, set the stage for and frame these other relations.

In the early years of the Stall Catchers project, the ML algorithms within hu-

man–technology relations were considered “preprocessors” to facilitate the tasks to be

performed by human participants. The role of human participants, by contrast, was to

take over the task of annotating the presented data, which in technical terms can be

understood as an image-recognition problem, of which the AIwas not yet capable.Here,

as in the HC imagination of the “human in the loop” discussed in Chapter 4, humans

were indeedmeant to be “assistants” to algorithms in the sociotechnical system. But the

relations between participants and technology were mutually supportive because even

though the role of AI in Stall Catchers was limited to preparing data—or rather, taking

over a few steps in the very complex process of preparing data—participants would not

have been able to annotate data without the preceding preparation by a network of hu-

mans, computers, and ML models. Or, to put it differently, even though computational

models could not take over the analysis task, they still controlled and evaluated human

input—similar to the example of CAPTCHA described in Chapter 4. The annotations of

individual participantswere not considered reliable because participantswere imagined

as nonexpert humans in the loop. To ensure the quality of the crowdsourced annotation

results and to build trust in the sociotechnical system, customized algorithms were

implemented in the game to evaluate individual participant’s analysis skills.

The algorithmic assessment of each participant’s “skill level” began with the tutorial

once a participant had registered with the platform. Here, participants were presented

with videos to which the correct annotation answer was already known in order to eval-
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uate their “sensitivity” for identifying stalls. But even after the tutorial was completed

and the participants were analyzing “real” research videos to which the correct anno-

tation results were not known, the algorithmic evaluation of their skill level continued

with so-called “calibration movies,” which were regularly presented to participants be-

tween “real” research videos. These “calibration movies,” to which the expert answers

were known and which, for participants, were indistinguishable from research videos,

served to continue the evaluation of an individual participant as they played Stall Catch-

ers.The blue bar to the right of the video frame in the game interface indicates the par-

ticipant’s skill level, which is calculated from the number of videos they correctly clas-

sified. These calculations also consider the difficulty of a given video, that is, how hard

professional researchers rated it based on the detectability of the stalls. In this way, each

participant’s skill level was not only tracked “backstage” by the algorithmic system but

also revealed to the participant, who could monitor the value of their contribution.

Crucially,andbuildingon the ideaof the“wisdomof the crowd” (discussed inChapter

4), algorithmsalso calculated so-called “crowdanswers,” thefinal output of Stall Catchers

that was ultimately sent back to the laboratory.This was done by combining the individ-

ual answers and weighting them according to the skill level of each participant. Despite

the fact that humans perform the core task of analysis, their impact on the results is still

governed or curated by automated algorithms.However, the algorithmic control was not

perceivednegatively by participants. John,a Stall Catchers participant,described itmore

positively:

So, you are the little machines doing the work and trying, and the algorithm makes

sure that if you’re having a bad day and you wanna beat somebody and you’re just

zipping through files, that’s still okay. And if you’re taking it serious cause you realize

that’s not what you should do, that’s good too. And it’s all gonna work out, and […]

things are okay, and we just need you to spend some time for us if you’d like. (May

7, 2020)

John described the algorithms as safeguards to ensure that participants only provide

information that is beneficial and not “harmful” to the platform, and, consequently, to

Alzheimer’s disease research. John even referred to the participants as machines rather

than the algorithms,which he anthropomorphized. John’s response shows that an inter-

esting participant–technology interplay emerges in Stall Catchers, which goes beyond

the HC imagination of humans and algorithms working in computational systems as

mere assistants to each other. Instead, while participants take on the analysis task, they

and their annotations are continuously evaluated and rated by algorithms due to their

unreliability in consistently delivering the same quality.Valuable annotations, therefore,

emerge only in the interplay of participant–technology relations.

These relations also open up new spaces and potentials for entanglements that the

designers had not intentionally implemented. This became possible due to the possi-

bility of engaging with the software differently and the participants’ creative practices.

Following what Mackenzie describes for software, I argue that these participant–soft-

ware relations unfold within the situational context and the different practices and in-

tentions of actors (2006, 6).The example of participants bypassing the programmed par-
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ticipant–platform procedures described in the previous chapter shows the everyday be-

coming of these relations, which, despite endless efforts to design and implement them

in a specificway,are always open tonewandunintended formations andpractices.These

tactics,whichMichel de Certeau describes as undermining pre- and inscribed directives

([1980] 2013), allowparticipants to enter into different relationswith technology and con-

tribute to the formation of Stall Catchers as a sociotechnical assemblage in the everyday.

However, participants and their practices are not the only actors directly influenc-

ing their engagements with the Stall Catchers platform. Instead, servers can fail, main-

tenance work can crash the platform, and expired certificates can make Stall Catchers

unavailable.The latter, in particular,was a disruption I experienced several times during

my fieldwork and collaboration with the institute. Most of the time, participants would

send an email to the team reporting the unavailability of Stall Catchers. However, even

though the problem was known, updating the expired certificates sometimes still led to

complications. As discussed in Chapter 4, such disruptions required the full attention

of the Stall Catchers team and kept them from working on their primary tasks or fo-

cusing on meetings (fieldnote, Aug. 19, 2021). These breakdowns were as much a part

of the everyday unfolding of Stall Catchers as the careful design and implementation of

human–technology relations (Jackson 2014). During one of these disruptions, the en-

tire platform came to a halt, with participant–technology relations unable to form and

analyze research videos. This example, similar to the data outages described previously

(Chapter 5), shows how participant–technology relations in Stall Catchers must be ac-

tively ensured for Stall Catchers to “always [be] there,” as participant Akin explained in

our conversation (May 11, 2020).

Thus, these participant–technology relations—even if they didnot always unfold due

to subversive user practices that the teamhad not anticipated or disruptive certificate is-

sues—had to be ensured at all times. At the same time, they were not even meant to be

complete and remain as they were but were considered awork-in-progress and, as such,

preliminary in nature. This is already indicated by the title “The machines are coming!

(but the humans are staying) ” (Michelucci and Egle [Seplute] 2020) of the 2020 blog post

cited above. In fact, changes to the originally designed human–technology relations in

Stall Catchers were an inherent part of the vision to develop hybrid thinking systems

(Bowser et al. 2017). It was, thus, already part of the HC imaginations and, as I show be-

low,consideredamoral obligation for the institute that participant–technology relations

would intravert.

“The Machines Are Coming:” Artificial Intelligence Bots in Stall Catchers

The Human Computation Institute follows the normative oath “First use no humans,”

discussed inChapter 4,whichmeans that if a computational solution to ananalysis prob-

lem exists, it is not justifiable to ask humans to do it.While there was no computational

solution to the task of annotating Stall Catchers data in 2014 when the platform’s devel-

opment began, thismay no longer be the case.Therefore, the institute has been pursuing

different efforts to explore new andmodify existing human–AI relations.

Duringmy collaborationwith the institute, it, togetherwith computer scientists and

human–AI collaboration researchers Kori Inkpen and colleagues, conducted an exper-
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iment on human–AI partnerships in 2020, in which an AI system played the role of an

assistant to human participants (Inkpen et al. 2023). Visualized as a robot icon in the UI,

it pointed to the annotation label the AI system predicted to be correct. In this experi-

ment, the roles across thehuman–technology relationswere intraverted; itwasno longer

the human who was considered to take an assisting role but the AI system, whose rec-

ommendation the human participant was allowed but not required to follow.The study

also sought to investigate under what circumstances participants would trust the AI the

most. This intraversion happened in a sandbox version of Stall Catchers, i.e., an exper-

imental environment that was closed off from the actual Stall Catchers platform.While

this study presents an interesting development shaping Stall Catchers’ possible future

participant–technology relations, to which I return in Chapter 7, another example of in-

traversions inStall Catchersdidnot occur in a sandboxedexperimental settingbut rather

during a Catchathon and, thus, directly impacted the participant–technology relations.

Around the same time as the collaborative study with Microsoft Research scientists,

the data science competition platform DrivenData in collaboration with the Human

Computation Institute and MathWorks, launched an ML competition called “the Clog

Loss Challenge” to try again to automate the data analysis problem in Stall Catchers.

This time, the automation was based on hundreds of thousands of human annotations

that had been collected over the past few years and could serve as training data for AI

models.The task was to build “machine learningmodels that could classify blood vessels

in 3D image stacks as stalled or flowing” (Lipstein 2020). More than 1,300 solutions

were submitted by over 900 participants in this challenge (Lipstein 2020). In a blog post

published during the course of the competition, the Human Computation Institute

expressed its hope that MLmodels could be used to create new human–AI relations:

We could then use such models to label all the ‘low-hanging fruit’ – the easier vessels,

and save the more difficult ones for our human catchers. In this arrangement, even

if the new AI systems can only reliably label 20% of the images, that’s still 20% less

time that volunteers would need to spend on a dataset, and a 20% speed up in the

overall analysis time. (Michelucci and Egle [Seplute] 2020)

Once again, computational systemswere considered effectively as preprocessors for hu-

mans, picking the “easier” videos from the datasets before the remaining videos were

presented to the participants. Other ideas included building ensembles or teams of AI

systems that together could achieve the accuracy required for analyzed data (just as hu-

manannotationswere combined into crowdanswers) or introducing standaloneAIusers

that would play Stall Catchers alongside humans (Michelucci and Egle [Seplute] 2020).

Even though themodels resulting from the Clog Loss Challenge in 2020were signifi-

cantly better than those from the first attempts in 2014, the institute’s blog post after the

end of the challenge states, “machines are still falling quite a bit short of our high quality

requirements in Stall Catchers” (Michelucci and Egle [Seplute] 2020). However, this did

notmean that themodels could not be included in Stall Catchers in “useful ways to speed

up [the Stall Catchers] search for an Alzheimer’s treatment” (Michelucci and Egle [Sep-

lute] 2020).TheHumanComputation Institute, thus, invited thewinnersof the challenge
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to work with the institute to program an AI bot to be introduced to Stall Catchers and to

“play” it alongside human participants.

For the first Stall Catchers bot experiment, one of the winners joined the institute’s

team to build an AI bot based on theirMLmodel.The team started building a “bot-wrap-

per,” an API throughwhich anMLmodel could interact with the Stall Catchers platform.

The development took place during a time when I was actively collaborating with the

institute and remotely attending many of the institute’s meetings, such as the regular

development meetings. The focus of one of these meetings in April 2021 was what the

nonhuman actors in Stall Catchers could and should look like. The team quickly agreed

that AI bots should be treated as similarly as possible to human participants, in part be-

cause the goalwasnot just to automateStall Catchers but also to explorehow“nonhuman

agents”wouldparticipate in a “communitywithhumans” in Stall Catchers (fieldnoteApr.

6,2021).Theapproachwasalsodeemedpragmatic becauseof certaindependencies in the

Stall Catchers source code, such as the requirement that all players have a profile (field-

note Apr. 6, 2021). Therefore, AI bots would be equipped with user profiles and points,

and assigned a skill level. Once it was agreed that bots and humans would be treated al-

most equally in Stall Catchers, the discussion turned to how to introduce bots to human

participants. It was not clear how participants would react to their new fellow AI play-

ers, since introducing AI bots to participate in a CS game alongside human participants

would be a novelty. Hence, the goal was to “remain as neutral as possible with the bot

and to hear from the Stall Catchers participants how they perceive the bot,” explained

Michelucci (fieldnote Apr. 6, 2021).

The first test bot named “Kaos” (Human Computation Institute 2021, 41:16), which

had no actual underlying model to predict whether a vessel was flowing or stalled but

would randomly select annotation answers,was introduced as a baseline.The second bot

releasedonStallCatcherswasGAIA.Namedby its creatorLauraOnac,oneof thewinners

of the ML challenge, GAIA is named after the second goddess in Greek mythology, the

personification of Earth, who followed the god Chaos. Onac explained in an interview

published on the Human Computation Institute’s blog: “[s]ince [this bot] was the first

one, we gave it the name of a Greek primordial deity—the great mother of all creation”

(Vaicaityte 2021a). Additionally, GAIA could also be read as an acronym for “Gateway for

Artificially Intelligent Agents,” referring to the history of AI bots in Stall Catchers now

starting (fieldnote Apr. 12, 2021).

In terms of Stall Catchers as a laboratory for new human–AI relations, the introduc-

tion of AI bots once againmodified its participant–technology relations. And, as before,

these relations did not fully unfold in the ways the team had imagined, designed, and

implemented. For example, despite the team’s prior discussions about the potential re-

actions of Stall Catchers participants to AI bots, they refrained from clearly defining the

AI bot as a partner in the announcements to the participants, even though they aimed to

encourage the formationofhuman–AIbot teams.The introductionof theseartificial par-

ticipants in Stall Catchers led not only to such teams but also to competitive human–AI

bot relations, as I will show in the following. These would pose new challenges for the

design of human–AI combinations in Stall Catchers.
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GAIA’s Debut

GAIAmade its debut in Stall Catchers during the 24-hour Catchathon event on April 28,

2021, described in the introduction of this work. The goal of the Catchathon was to re-

analyze a specific dataset that Stall Catchers participants had previously analyzed.This

time, however, not only human participants would annotate the data, but GAIA would

play alongside humans.The goal, as described by theHumanComputation Institute in a

blog post informing participants of the upcoming event, was to explore howwell human

participants and the AI bot would work together and to see “if we can do it just as well

with our bot friend GAIA , as we did on our own!” (Egle [Seplute] 2021b).

During the final hour of the competition, when all participants were invited to a

Zoom hangout with the institute, the team introduced GAIA as a new fellow partici-

pant who,7 just like humans, was not perfect. When a participant asked if they could

assume that all of the bot’s answers would be correct, Michelucci responded by point-

ing out GAIA’s human-like imperfection:

Well, if it were a perfect learner, then we might expect that. But you know what

it’s like when you have, when you have many different teachers telling you different

things, then you have to decide who you’re supposed to believe, and this bot has

had 35,000 teachers, and so somehow it has to integrate all of that—you know by

35,000 teachers I mean everyone who’s ever played Stall Catchers. So, in principle,

I definitely see what you mean, on the other hand, when you start to kind of, you

know, how do they say that the devil’s in the details, right?! (Michelucci in Human

Computation Institute 2021, 15:02-25:40)

Here,while invoking one of thewell-knownmetaphors of AI, that AI systems “learn” (and

even extending it by referring to Stall Catchers participants as “teachers,” humanizing

GAIA as a student), this narrative simultaneously departs from commonAI narratives or

“myths,” such as the understanding of AI systems as “coherent object[s]” (Bruun Jensen

2010, 21) that are neutral, acultural, and, therefore, infallible (Carlson and Vepřek 2022).

Instead,GAIA’s imperfection is acknowledgedand turned intoa supportive argument for

the “wisdom-of-the-crowd” approach underlying HC development, according to which

the combination of diverse answers from different information-processing approaches

is considered particularly valuable.

Despite, or perhaps because of, the anthropomorphizing of GAIA with its imperfec-

tions, the bot’s appearance on the Stall Catchers leaderboard still evoked competitive

feelings, an outcome the teamhadnot intended.This perception ofGAIA as a competitor

can be described as a “tacit consequence of an explicit design decision” (Forsythe [1996]

2001e, 99), namely, not actively defining or announcing the intended human–bot rela-

tions but choosing to include GAIA in the game and on the Stall Catchers leaderboards,

and having it accumulate points. Once again, the play/science entanglements and how

they shape theparticipant–technology relations inStallCatchersbecomeapparent.Mike

7 Because of its name and the reference to the goddess, GAIA was often referred to as “she” and

somehow personified.
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Capraro, a long-time active participant in Stall Catchers (known as a “supercatcher”),

joined the live Zoommeeting during the Catchathon’s final hour and described his per-

ception of the bot: “I woke up, and that pesky bot was ahead of me by almost 2,000,000

points,” he explained with a smile (in Human Computation Institute 2021, 29:19–29:24).

“I’m pretty impressed it was, she was tooling along at about skill level 96 to 108, but then

around 11:30, she got all thewayup to 100percent shewasgetting 116” (Capraro inHuman

Computation Institute 2021, 29:32–29:46). Participants can instantly gain between one

and 116 points, with the latter being the maximum, in Stall Catchers scoring system for

annotating a video. Capraro explained that he had been closely observing GAIA’s game-

play over the course of the Catchathon. As mentioned in the introduction of this work, I

got the impression from attending and observing the hangout myself that Michelucci’s

response to Capraro’s experience with GAIA carried almost a bit of relief as he summa-

rized his preliminary analysis of the bot: “GAIA is fast but not quite as skillful as [the best

human participants]” (in Human Computation Institute 2021, 32:28–32:31). In the end,

some human participants had even succeeded in beating GAIA, who came in fourth in

the final ranking (see Figure 7).

Figure 7: Final leaderboards of the April 2021 Catchathon

Source: ©Human Computation Institute 2021 (Egle [Seplute] 2021c)

This first experiment involving “AI participants” in Stall Catchers had produced

a competitive relation between humans and AI bots. As a next step after this event,

Michelucci explained in the final hangout that the team would now thoroughly analyze

the data collected during the Catchathon, including the performance of all participants

and the annotations of the dataset, “to see if the bot is good enough to help the research”

(in Human Computation Institute 2021, 39:12–39:15). If so, GAIA would become a per-

manent part of Stall Catchers, though the details of GAIA’s participation would still have

to be worked out:
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[W]e’re going to do this in consultation with others, with all our Stall Catchers players

and community, to make sure everyone is comfortable with it. Whether we keep the

bot visible on the leaderboard or whether it becomes something that’s working in

the background, we need to figure out where everyone’s comfort level is. But the

benefit of having a bot is that, again, it can play 24/7. If it’s doing a good job, we

could potentially start introducing other bots! (Michelucci in Human Computation

Institute 2021, 39:21–39:53)

After the Catchathon, I reached out to some of the participants via the Human Compu-

tation Institute’s forum to learn about their experiences with the bot. Most of the few

participants who shared their impressions agreed that it was fun to compete with GAIA

and described this first encounter as “relatively non-threatening” becauseGAIAwas slow

and inaccurate enough to be beaten by the best human participants:

While her skill level was generally pretty good, she was not on par with our best

catchers. That combination of speed and skill, I felt, made her a relatively non-threat-

ening first encounter for those of us unfamiliar with bots as collaborators. I’m looking

forward to seeing the next iteration, and how we can leverage AI to improve stall-

catcher productivity. (Caprarom 2021)

A Stall Catchers participant with the username Christiane added that she hoped to get

the chance to “work with her even more from time to time” (Christiane 2021). While

Capraro had described GAIA as a “pesky bot” during the competition, Christiane could

imagine working together with GAIA beyond the end of the event. Participant starider

still perceived GAIA as a direct competitor but, at the same time, described the bot as an

encouragement to focus evenmore during the Catchathon:

Gaia was […] my biggest concern during the catchathon. The fact, she was capable

of undertaking the task without having to take any rest, was the biggest advantage

she had over us. That was enough pressure and encouragement to keep me going.

If not for the initial hitches that prevented her from performing continuously during

the event, I’m certain she would have beaten me. Did notice that her sensitivity level

wasn’t 100%. She should be at her best for the next event. It was fun and challenging,

competing against her. (Starider 2021)

These impressions suggest that AI bots in Stall Catchers might not only accelerate the

analysis of the data (if proven not to harm the scientific data quality) but also impact

the human participants’ own play practices. While GAIA was perceived as an annoying

competitor during game-play due to its advantage of not having to take breaks, it was

seen as a valuable resource in furthering the goal of Stall Catchers, which was speeding

up Alzheimer’s disease research in the laboratory.

Three Bots in Stall Catchers

The Human Computation Institute decided to run another bot experiment with the

support of a grant to continue CS bots research, building on the experience and lessons
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learned from the first AI bot experiment in Stall Catchers. This second experiment

was scheduled for October 2021, just a few months after the introduction of GAIA, and

emerged from a lack of new research data and not necessarily from a thorough analysis

of the last Catchathon’s results, as Michelucci had announced in the final hour of the

April event. Additionally, the institute was expecting more participants than usual on

the platform in October due to a collaboration with the company Microsoft, which had

chosen Stall Catchers as one of its featured events in its annual “Giving Campaign.”8

Michelucci shared his idea for another bot study with his colleagues in an internal Slack

channel:

The Cornell Lab, which provides new biomedical datasets for analysis by Stall Catch-

ers will not have new data ready for a while, and the current dataset is fully analyzed.

We also have new players coming to Stall Catchers as early as tomorrow, and I’d like

to have a new dataset running. For these reasons, I would like to run a new bot study

using a previously analyzed dataset. We would not run it as a challenge for a partic-

ular time period, as with the previous event, but as normal ongoing data analysis.

(Michelucci, Aug. 23, 2021)

Only a few weeks remained to prepare the “bot study.”9 Starting from October 6, 2021,

three bots, including GAIA, joined Stall Catchers as participants, just like their human

counterparts. The other two bots, named clsc2 and ZFTurbo, were based on the other

two winningMLmodels from the 2020 Clog Loss Challenge and were built by themodel

creators using the same bot wrapper as GAIA. Similar to GAIA, clsc2 and ZFTurbo were

named by their creators (Vaicaityte 2021b; 2021d).This time, the bots were active not just

during a special eventwith a preset duration but for an indefinite period of timeuntil the

hybrid human/AI bot crowd had finished annotating a particular dataset.While the first

experiment with GAIA aimed to understand the impact of an AI bot on the annotated

data in general, the research question of this study was to investigate “how well [differ-

ent] bots can work with humans and other bots to analyze Stall Catchers data” (Vaicaity-

te 2021a). Since each bot was based on a different MLmodel, they not only had different

needs in termsof hardware and configuration, for example,but they also differed in their

performance. These AI bots would be considered just like other human participants, so

the team did not see it as a disadvantage that each had its own shortcomings and biases.

The teamarticulated their research interest and the advantage of havingdifferingAI bots

in Stall Catchers in an interview setting in a blog post that preceded the new bot study:

P. [Michelucci]: […] If all the bots always gave the exact same answer for the same

vessel movies in Stall Catchers, then there wouldn’t be any value in having more than

8 During this campaign, Microsoft donated money to Stall Catchers for every hour employees con-

tributed to Stall Catchers (Vaicaityte 2021c).

9 The process of developing the second experiment can be described as following more of an “engi-

neering ethos,” as Forsythe described such practice-oriented approaches ([1993] 2001c, 44) rather

than a theoretical, thoughtfully designed approach. The little time available to prepare the study

meant that therewas no time to discuss further the human–AI bot relation as had been announced

in the final hour of the first experiment. Instead, the focus was on developing the technical side.
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one bot playing. But what we discovered is that the 50 bots created in the ClogLoss

machine learning challenge are all fundamentally different in their design, how they

are taught, and how they decide on their answers.

L. [Onac]: Every bot is different and uses a different machine learning algorithm,

each with their own strengths and biases. […] And even then no single bot is accu-

rate enough so that we don’t need the help of humans anymore. We are currently

studying the performance of hybrid crowds, with both humans and bots. (Vaicaityte

2021a)

In this excerpt from the interview conducted by another institute member, Michelucci

and Onac argue for the value of combining bots with different models and, hence, with

different strengths andweaknesses.A fewdays after the publication of the interview, the

bot studywas launched on Stall Catchers. It took only a little time for AI bots,which now

had a small bot icon next to their usernames, to consistently outperform the human par-

ticipants on the leaderboard. Although some participants were motivating each other

to beat the bots and congratulating their fellow human participants when they passed

a bot on the leaderboard,10 the bots not only had the advantage of not having to take

a break but this time, they were even designed to be faster than individual humans.The

goalwas, in fact, for the three bots together to annotate data at roughly the same speed as

all the humanparticipants combined,which almost inevitably led to the bots topping the

leaderboard. Observing the developments on the platform and leaderboards and notic-

ing human participants’ resentments toward the bots expressed in the in-game chat, the

team tried to address this issue behind the scenes of the ongoing study, eventually in-

forming participants about their motivation for enabling the bots’ increased speed and

inviting them to share their perspectives on the bot engagement.

However, even this explicit knowledge about the intended, programmed dominance

of the AI bots did not lead all participants to accept their place on the leaderboard. Two

human participants managed to regain the top two spots, possibly in part by “redeem-

ing points,” a Stall Catchers feature allowing participants to redeem accumulated points

(fieldnote, Oct. 24, 2021). These points are accumulated in the following way: Partici-

pants initially receive only a few points for annotating each “research movie,” for which

there is neither an expert answer nor a computed crowd answer, since it is not yet clear

whether their answer is actually correct. Once enough participants have annotated the

video, an actual “crowd answer” is calculated.At this point, if a participant has previously

annotated that video correctly, they receive additional points, which are added to their

“redeem account.” Participants can redeem these points when the redeem button turns

green, indicating that points have been accumulated. If no points have been accumu-

lated, the button is blue and states “No points yet. Check back!”

By employing this tactic,which, at the time, could not be performed by AI bots in the

game, participants were able, at least for a short time, to pass the bots and regain their

10 I refrain from directly quoting participants’ responses, as they sent these messages to their fellow

human participants while contributing to Stall Catchers. The messages were, thus, not intended

to be analyzed. I discuss this question of including chat data that was not primarily created for

the purpose of my ethnographic research in Chapter 3.
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lead in Stall Catchers. A participant had chosen the username ALZ_BOT_X, further blur-

ring the programmed differences between human participants and bots. By the end of

themonth and near the end of the AI bots’ involvement in Stall Catchers, the participant

with the username starider had managed to earn more points than all the AI bots com-

bined. This impressed the other human participants, who expressed their appreciation

and pride for starider in the in-game chat and even surprisedMichelucci.

Stall Catchers’ participant–technology relations, as illustrated by this example of AI

bots in Stall Catchers, intraverted. Initially, software prepared the videos for the partici-

pants to analyze, and participants took over the annotation task. At the same time, their

competence was evaluated by computer algorithms.The latter weighted individual par-

ticipant answers and combined them into the final crowd answers. Despite the team’s

careful design, participants came up with other practices and ways of engaging within

these relations, for example, by exploring key combinations that could introduce short-

cuts into the game (Chapter 5) and, therefore, changing them as well. Just as in the case

study of Foldit, existing human–technology relations opened up the potential to train

ML models based on the data annotated by participants over several years and to intro-

duce AI bots into Stall Catchers, thus, transforming the participant–technology inter-

play. With the introduction of AI bots, even though the first two settings were experi-

mental, the Human Computation Institute aimed to explore human/AI bot teams and

how they could contribute to Alzheimer’s disease research together. Participants and AI

bots were treated almost equally by the system, allowing bots to earn points and climb

the leaderboard. These new intraverted participant–technology relations increased the

overall performance or speed of Stall Catchers, but, at the same time, they risked desta-

bilizing it, at least slightly. Although participants appreciated the additional help of the

AI bots in analyzingdata to advanceAlzheimer’s disease research, the participant–AI bot

relations were also competitive. Here, the play–science tensions described in Chapter 5

became apparent once again, as AI bots were highly appreciated for the scientific pur-

pose of Stall Catchers. However, during gameplay itself, the introduction of AI bots as

participants in Stall Catchers was perceived as unfair competition. This also illustrates

the dynamic nature of participant–technology relations, which depend on context and

perspective as Coleman writes for the example of hackers: “Hacker technical practices

never enact a singular subject-object relation, but instead one that shifts depending on

the context andactivity.There are timeswhenhackersworkwith computers,and inother

cases they work on them” (Coleman 2013, 99). Similarly, participants sometimes worked

with the AI bots toward the goal of accelerating Alzheimer’s disease research, and, in

other cases, they worked against and competed with them. In Don Ihde’s terms, the AI

bots became the “quasi-other” in Stall Catchers (1990, 107).

While the Human Computation Institute’s team had deliberately designed GAIA to

run on a smaller server and more slowly in the first experiment to compensate for the

advantage of not having to sleep and eat, the three AI bots in the second study were pro-

grammed towork together to annotate roughly the samenumber of research videos as all

the humanparticipants combined.This resulted in the bots annotatingmuch faster than

individual participants. When the team noticed that participants in the second experi-

ment perceived this as unfair competition, they responded by explaining the scientific

purpose of the bots’ speed to reassure them. In the end, some participants still found
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ways to jump ahead of the AI bots on the leaderboard, at least for a short time, by re-

deeming points.

This example is one moment in the continuous intraversions of participant–tech-

nology relations. After the end of the second bot study, the institute analyzed the results

of the challenge to see how well different human–AI combinations had performed and

which ones were most promising.This also raised the question of how, for example, de-

cision-making power should be distributed across these sociotechnical systems in the

future to facilitate human–AI bot teams and not necessarily competitors. Ideas included

having separate leaderboards for bots and human participants. In the beginning, the in-

troduction of AI bots into regular Stall Catchers play was intended and anticipated to

transform the human tasks into more challenging or interesting ones, as the AI would

take over the easier videos, leaving participants with the “more interesting” ones.The in-

stitute explained in a blog post providing an update on human participants and AImod-

els in Stall Catchers: “If and when these new bot catchers join the game, regular catchers

will see less boring (easy) vessels and get a higher percentage of stalls to look at – the

more interesting ones! And the dataset progress bar will hopefully move twice as fast!”

(Egle [Seplute] 2020b). In line with the Human Computation Institute’s oath not to use

humans when machines can perform a task, AI bots should indeed take over this part

of the analysis if their accuracy meets scientifically required data quality standards.The

ethics of automation are guiding Stall Catchers’ developments here.This could interfere

with themeanings that Stall Catchers has for some participants as a practice andmeans

of coping with everyday life marked by Alzheimer’s disease (see Chapter 5) or as a pas-

time,which could thenbe sidelined in this regard.However, rather than simply replacing

human participants, the institute’s researchers ultimately aimed to change the existing

tasks in Stall Catchers, including adding new ones, and to develop entirely new HC sys-

tems for humans to tackle meaningful problems that AI cannot yet solve. The Human

Computation Institute’s blog post “Stalls, machines and humans—an update” hinted at

such potential new projects: “[W]e have new projects on the horizon with very different

and quite interesting data wherewewill need to produce a similarly huge dataset to help

teach machines. These new projects will address other disease research” (Egle [Seplute]

2020b). In this way, as in the case of Foldit, not only the tasks but also the purpose of

the system itself are constantly changing with the intraversions. Stall Catchers must be

adapted to stay at the edge of computational AI capabilities and to continue to legitimize

HC’s imaginaries.

Reconfigurations of Participant–Technology Relations

Tracing the human–technology relations in Stall Catchers and Foldit over the historical

development and everyday unfolding of the projects has shown how these are neither

completely predetermined by the systems’ designs nor static in nature but continuously

evolve and transform within and along the development of HC systems. In the exam-

ple of Foldit, these intraversions unfolded from purely computational attempts to tackle

the protein structure prediction problem, to participants manually manipulating pro-

tein structures with the help of algorithmic tools and, eventually, to symbiotic relations
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between human participants and automated recipes, as well as the AI systemAlphaFold.

In Stall Catchers, relations intraverted from humans as assistants to the computational

system, itself a “preprocessor” to humans and evaluator of their answers, to participants

as teachers ofMLmodels, to human–AI pairingsworking in both collaborative and com-

petitive relations.

As discussed when introducing the intraversions concept, Hutchins’ Cognition in the

Wild analyzed naval navigation as distributed cognition, tracing how the introduction of

new tools not only facilitated the cognitive processes involved in navigation but also pre-

sented users with different problems to solve which required different sets of abilities

and their organization (1995a, 154). In a similar way, participants’ tasks, practices, and

forms of engagement within the HC-based CS systems were transformed, and their re-

lations reconfigured not only by the addition of each new feature or automated tool but

also through new potentials arising fromwithin the human–technology relations them-

selves,byparticipants seizing timelymoments (MousaviBaygi, Introna,andHultin 2021)

and the software’s affordances or object potentials (Beck 1997, 244). As such, changing

practices and relations within the systems also led to renegotiations of responsibilities

across the sociotechnical systems. And, as shown earlier, with these intraversions, even

the purposes of the systems themselves are in continuous motion.

Tracing human–technology relations in HC, thus, reveals how these relations are in

constant intraversion.These processual forward movements and shifts emerge not only

from developers, designers, and future visions but also from the existing human–tech-

nology relations and practices. Participants’ requests to developers and play practices

aligned with the flow of algorithms, opened up new possibilities that both enable and

constrain how human–technology relations unfold in the future.

As I argued in Chapter 4, researchers in the field of HC typically refer to participants

when talking about human-in-the-loop computing. However, HC systems are not con-

stituted solely by participant–technology relations, even if these are the focus of HC en-

deavors. Rather, developer–technology relations, the team–technology relations, or the

researcher–technology relations, to name the most prominent human–technology re-

lations besides participant–technology relations, are also an integral part of the forma-

tive relations ofHC-basedCSgame assemblages. Like participant–technology relations,

they also change and intravert as projects evolve, often in mutually reinforcing ways. In

what follows, I turn to the study of intraverting researcher–technology relations in Stall

Catchers, illustrating this dynamicwith the example of the researchers’ infrastructuring

of and working with the data pipeline.

Extending the Loop: Intraversions of Researcher–Technology Relations

Thebiomedical engineering Schaffer–Nishimura Lab studies the role of stalls in capillar-

ies of genetically engineered mice as part of their Alzheimer’s disease research. As dis-

cussed earlier, they investigate how these stalls occur and howblood flow can be restored

by exploring different treatments.The researchers usemultiphotonmicroscopy to image

the brains of living mice. By taking images of successive layers in a specific brain region
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and combining the individual images into so-called TIFF stacks,11 simply referred to as

image stacks, it becomes possible to manually scroll through these images layer by layer

through time, and thereby through the depth of the brain, creating a somewhat fluid

view of the 3D structure. This representation allows researchers to analyze blood flow

and identify stalled vesselsmore easily.These created image stacks formwhat is referred

to in the laboratory as “raw”12 data,whichwere initially analyzedmanually by researchers

in the laboratory prior to the introduction of Stall Catchers (and, as shown in Chapter 7,

sometimes still are today).13

It should be noted that from the very beginning of the imaging process and the cre-

ation of raw image data, “themateriality of the process gets deleted” (Law 2004, 20, emphasis

i.o.). Similar to the rats Latour studied (Latour and Woolgar [1979] 1986), the following

transformation steps are not manipulations of the materiality of something like rats or

mice themselves but of representations produced by scientists in relationwith technolo-

gies (Latour [1988] 1993; cited in Law 2004, 20). New representations of previous repre-

sentations are created with each step in the data pipeline.

Figure 8: Data transformation in summary performed in the laboratory’s data

pipeline

Source: ©Schaffer–Nishimura Lab 2021

11 TIFF stacks are single files of the Tag Image File Format (TIFF) that containmultiple raster graphics

images. A raster graphics image displays a two-dimensional image as a grid of pixels.

12 “Raw data,” as Bowker (2008) has aptly put it, is an oxymoron. Data, in this example Alzheimer’s

disease research data, are produced as part of knowledge production and, as such, “need to be

imagined as data to exist and function as such, and the imagination of data entails an interpretive

base” (Gitelman and Jackson 2013, 3, emphasis i.o.). In this chapter, however, I use the term to refer

to its usage in the field, specifically the data produced during imaging. This data is subsequently

processed and presented on the Stall Catchers platform, where it contributes to Alzheimer’s dis-

ease research in the laboratory.

13 “Manual analysis” in the example studied already referred to human–technology relations in that

researchers analyzed imaging data with the help of software.
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In order for Stall Catchers to contribute to the analysis of the Schaffer–Nishimura

Lab’s research data, the data (representations) had to be transformed into short video se-

quences analyzable by participants without prior training.This required the creation of

an infrastructure,moreprecisely,adatapipeline, throughwhich thedata followsa“chain

of translation” (Latour 1999): from the form of image stacks, the data travels through the

data pipeline of the laboratory where it is cleaned, normalized, and a vessel map is cre-

ated (see Figure 8; fieldnote, Jul. 27, 2021).

After a laboratorymember has submitted the data to theHumanComputation Insti-

tute and further translationhas takenplace, thedata isfinally ingested intoStallCatchers

as short video sequences with a highlighted vessel segment,where it is presented to par-

ticipants.14 Infrastructuring, to build andmaintain the pipeline, therefore, played ama-

jor role for the laboratory from the very beginning of the project. Since the complex pro-

cess to be achieved by this pipeline, consisting of several individual steps of data clean-

ing, transformation, andpreparation, couldnot be fully automated by the programmers,

biomedical researchers had to intervene at different points to complete a specific step

manually, or to correct errorsmade by anML-model, for example. In fact, human–tech-

nology relations play an important role in many steps of the pipeline. Hence, with the

start of the Stall Catchers project, the very processes and practices of Alzheimer’s dis-

ease research in the laboratory changed, as did the corresponding human–technology

relations. It both unsettled existing, established practices and led to the introduction of

new tasks, challenges, and ways of engaging with research data. The data pipeline was

seen as a means to speed up the analysis of Alzheimer’s disease research data and free

up researchers’ time for other tasks. As biomedical researcher and laboratory member

Leander explained in one of our conversations during my first research visit in Ithaca:

I don’t know if it’s just in research or this lab, but you kind of go for something, and

it’s not quite ready yet, but it’s like, oh, let’s try this. And then it’s like, oh, it’s working,

keep going! And then it’s like: But we don’t have … [these] steps to support it. […] it’s

like things are working well, and then when you try to grow it, you don’t necessarily

have the infrastructure in place to actually support it. […] It was like, oh, this idea is

working really well. It’s a good idea. [LHV: But who’s going to] yeah, who’s going to

do and […] do we have the stuff in place to actually make a pipeline that’s not going

to end up … costing more time. Because the goal is for the citizens to be helping the

science, not for the scientists who feel it’s like […] an extra thing that it’s, […], I don’t

know. But it’s getting there. (Sept. 22, 2021)

To get there, as I observed during my field research in 2021 and 2022, the data pipeline

turned from a means to an end in itself (Vepřek 2022a). Researchers had to shift their

14 The data that Stall Catchers participants analyze on the platform are the preprocessed, normal-

ized images presented as short video sequences. Other processing steps performed at the lab-

oratory serve to create a vessel map of individual vessel segments, which ultimately facilitates

the preprocessing that takes place at the Human Computation Institute. Here, on the institute’s

cloud servers, the orange outlines highlighting individual vessel segments are computationally

drawn and the corresponding videos, focusing on such circled vessel segments, are created (step

six in Figure 9).
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attention away from the goal-oriented work of generating new scientific results to the

“functional” work of infrastructuring. In this process, the data pipeline, which was sup-

posed to be a means to enable and facilitate the research in the background, itself be-

came the focus of everyday working practices. The development of the fully automated

infrastructurenecessary to allowStall Catchers participants to analyze data hadnot been

completed with the launch of the platform. Instead, when I joined the laboratory in Au-

gust 2021 to learn about the laboratory’s perspective on Stall Catchers, this infrastruc-

turing, not the analysis of the crowd’s output data, was the focus of the laboratory’s

work around to the CS game. Infrastructuring, here, was accompanied by the hope to

“get there” (fieldnote Aug. 24, 2021; Leander, Sept. 22, 2021). However, the pipeline and

its steps were not introduced once and for all but instead continuously developed,modi-

fied, and improved to facilitate researchers’ practices.Ultimately, the goal was to achieve

a fully automated pipeline. Since infrastructures must not only be built but also main-

tained as the design and corresponding requirements of the downstream/overarching

system change, they are never complete but in an ongoing state of becoming.

Along with these developments and in infrastructuring, researcher–technology re-

lations unfold and develop. For example, the manual tasks humans have to perform to-

gether with software are constantly changing. To show how these intraversions emerge,

the next subchapter aims to walk through the individual steps of the data pipeline and

its human–technology relations at the laboratory, focusing on selected moments.15 The

following descriptions are not only about human–technology relations but also about

how data is created, translated, and new data are generated as representations of exist-

ing data, which is itself an imperfect representations of “real” events and information.

The steps to be discussed can be summarized as follows (see Figure 9): first, the genera-

tion of research data in the laboratory in the imaging process, followed by manual and

automated preprocessing of the data to prepare it for theMLmodel DeepVess.DeepVess

then processes the data before several automated post-processing steps are performed

on the ML model’s result. Next, the data is curated by researchers with software tools

before being sent to Stall Catchers. Finally, Stall Catchers’ data annotations are analyzed

in the laboratory to close the laboratory–Stall Catchers platform–laboratory loop. The

ethnographic description is followed by an analytical section focusing explicitly on the

intraversions observed.

In order to focus on the HC system Stall Catchers and its human–technology rela-

tions, my analysis starts from the practice of imaging,16 with an ethnographic note on

15  It is not intended to represent a comprehensive technical overview but aims to provide in-depth,

microperspectival insights into some steps which have proven to be particularly interesting for

this analysis, while only roughly touching on others.

16 It is in this practice that the human–technology relations associated with the digital research

data, its transformations and representations within the Stall Catchers project become visible.

For this reason, some essential tasks of the Alzheimer’s disease research I observed at the labo-

ratory will be left out here, such as the preparations preceding the imaging sessions, including

craniotomies, preparing materials, injecting dyes, setting up lasers, or maintaining microscopes.

Similarly, the end of the project or research process could be traced to the publications in scientific

journals or even beyond. However, to answer my research question, I follow the digital imaging
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“getting lost in the brain” in the context of how research data are generated at the Schaf-

fer–Nishimura Lab. As will become clear, data generation in the in vivo imaging process

of mouse brains withmultiphoton fluorescencemicroscopy itself unfolds in various hu-

man–technology-mice relations.

Figure 9: Simplified stages of the dataflow. Green refers to stages performed at the laboratory, light

blue refers to the processing stage at the Human Computation Institute, and blue refers to the Stall

Catchers platform

Source: ©Vepřek 2023

Getting Lost in the Brain

During the first imaging session (step one in Figure 9) I observed at the laboratory in

August 2021, researcher Benjamin explained that “it can be very easy to get lost in the

brain.” Sitting in front of two large computer screens and using the software Scanim-

age,17 he was searching for a good spot in the mouse’s brain to image (fieldnote, Aug. 18,

2021). A “good spot,” Benjamin explained tome,was a region of the brainwithmany cap-

illaries—which they analyze for stalls in their Alzheimer’s disease research—and only a

few larger vessels, which were not of interest for this particular analysis. “I don’t know

data through the pipeline to the Stall Catchers platform and back, stopping at the analysis of the

Stall Catchers results by the scientists in the laboratory.

17 “ScanImage is a software package for controlling multiphoton and laser scanning microscopes”

(MBF Bioscience, n.d.). It can be customized toward specific research and microscope require-

ments.
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where we are,” hemuttered (Benjamin, fieldnote, Aug. 18, 2021). Sometimes, it took sev-

eral attempts to find such a spot in one of the brain hemispheres displayed on the right

computer screen.

Meanwhile, the subject of inspection, themouse,was out of sight behind a curtain to

prevent light interference with the detection optics. Breathing regularly, as indicated by

thebreathingmonitor on the right computer screen, themouse laybeneath theobjective,

the optical component that gathers light from the mouse’s brain, on a stage that Ben-

jamin was controlling from his desk. Although out of sight, the mouse was still present,

or represented, via the breathing monitor and the microscopic representations of its

brain on the computer screen. Benjaminmoved and adjusted the stage to a desired posi-

tion with the computer program controls and the cursor traveling through the brain on

the screen. On the left computer screen were two images representing the right and left

hemispheres of themouse’s brain.These imageshadamagnification factor of four,much

lower than the objective’s magnification factor of 25 on the right screen.The right screen

was divided into five frames, one of which was the breathing monitor.The other frames

included themicroscopic representationof themousebrain,eachdisplayingoneof three

different “channels.”Each channel visualized different dyes used to color objects, vessels,

and specific features of the brain.The remaining frame showed all channels merged to-

gether.

After awhile,Benjamin found a good spot.He drew a rectangle tomark the region he

wanted to image in the hemisphere on the left screen before returning to the magnified

imageon the right screen.Satisfiedwith the location,hemoved the focus to the topof the

brain to start the actual imagingprocess.After checking the settings, such as the number

of slices to be imaged and adjusting the power of the laser to get a good view of the ves-

sels, the actual data acquisition process began, imaging from the top down deeper into

the brain. The laser “raster-scanned” the mouse’s brain, moving in one direction, then

turning, and moving back in the other direction to cover the entire region. In this pro-

cess, it captured the emitted fluorescence and converted it first into electrical and then

digital signals.Benjamin closely observed theprocess onhis screen,where the completed

frames incremented quickly. As the lasermoved deeper, he occasionally adjusted the set-

tings to maintain the best view and, hence, the subsequent image quality.Multitasking,

he frequently checked the breathing monitor while saving the rectangle to find it later

for the next imaging session with this mouse, which would take place in a few weeks.

Depending on the experiment, mice were imaged several times over a certain period of

time, usually several weeks.This first session would be the baseline imaging and, there-

fore, includedfinding the brain regions thatwould be used again in subsequent sessions.

The process ended once the laser had reached the set final depth and completed the

final scan.The high-resolution images generated were stored as one image stack on the

computer beforeBenjaminmovedon to the next imaging spot.A total of six image stacks

were created per mouse and imaging session. Depending on the experiment and re-

search study, severalmicewere imaged—some receiving a specific treatment to be tested

and others serving as control mice—in approximately three sessions, generating 72 im-

age stacks (if four mice were imaged) per experiment. On average, a dataset sent to Stall

Catchers contained around 170–190 image stacks.
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Although the imaging session also included measuring blood flow and placing the

mice back in their cages, here, I continue to follow the data created in human–technol-

ogy–mouse relations as “raw” image stacks, the first step in the data pipeline.These 3D

high-resolution images of the vasculature, including the shape and size of the blood ves-

sels, are represented as connected voxels18 in the digital representation and bundled into

an image stack of around 500 images. In Latour’s terminology, these high-resolution im-

ages are inscriptions produced by instruments and lie behind scientific texts (e.g., in La-

tour 1987, 64–70). They represent both time and space, or depth, and, in fact, differ in

many ways from the short video sequences with highlighted vessels that are ultimately

presented to Stall Catchers participants in their “virtual microscope.” These raw stacks,

for example, ideally include many capillaries but also other larger vessels, liposomes, or

dura,making it difficult for the untrained eye to analyze individual vessels for stalls.The

data then had to be cleaned,processed, and transformed in order to delegate the analysis

to Stall Catchers and the crowd of participants and to create these short videos focusing

on a single capillary to be analyzed; a complex process undertakenboth by the laboratory,

which handled the image data preparation, and by the Human Computation Institute,

which then created the actual videos and calculated and drew the vessel outlines around

them.

With this description of the origins of the raw research data that are ultimately an-

alyzed in Stall Catchers in mind, I will now turn to their subsequent transformations or

translations (Callon 1984; Latour 1999), which themselves involve new data generations,

happening at the laboratory in the data pipeline.19

Processing and Translating Data

At the timeofmyresearch, the coreprocessof theentirepipelinewas centeredaround the

ML model DeepVess, which was included to perform vessel segmentation. In the latter,

individual blood vessels are isolated from tissue and other structures in the surround-

ing image region.Multiple pre- and post-processing steps had to be introduced because

this model could not be run on arbitrary data; it performed differently depending on the

quality of an input dataset. Both pre- and post-processing here refer to the data pipeline

at the laboratory itself, as well as the processing that takes place before the data is sent

to the Human Computation Institute. In the following, the analysis follows two scales

of chronological developments, with the primary focus on the data and its transforma-

tion steps in terms of their order within the data pipeline and the secondary focus on the

longer-term changes made to the data pipeline itself. While I begin with a focus on the

state of the pipeline in 2021, I subsequently describe the changes that were made over

the course of my research until late 2022.

18 Voxels can be thought of as volumetric (3D) pixels, depicting values on a grid in 3D space.

19 The term data pipeline, also used in the laboratory, creates the fiction of an object through which

data is sent. While I use this term to describe the human–technology relations and data transla-

tions and generation steps, I understand the pipeline as an incomplete process that, along with its

researcher–technology relations, is continuously changing and becoming.
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The imaging data had to be preprocessed for DeepVess to perform as expected (step

two in Figure 9). The raw images, for example, contain elements and parts of the brain

vasculature that are not considered to contribute to the understanding of Alzheimer’s

disease and are, therefore, seen as “noise” in the research data. Dura mater,20 for in-

stance, could be visible in the images at the top of the image stack, taken from the upper

layers of the brain, butDeepVess could not handle dura, and, additionally, it was not rele-

vant to the scientists’ research interest.Therefore,durahad tobemanually removed from

the images. In this process, researchers identified the image regions containingdura and

drew the boundaries around these image regions. In this context, cleaning meant that

the information in a given image region was “masked” by the researcher, i.e., overwrit-

ten with zero-value (black) pixels, thereby,making it invisible to both human vision and

MLmodels.

Stalls only occurred in the capillaries (the small vessels).Therefore, large vessels were

also not needed for the Stall Catchersanalysis andwould be a confounding variable in the

overall analysis. For a long time, researchers had tomanually mask these large vessels in

the images before running them throughDeepVess because theMLmodel’s performance

was negatively affected by them: “[T]he problem is not the capillaries. It does a great job

with the capillaries.The problem is […] the larger vessels,” explained researcher Leander

(Sept. 22, 2021) in one of our conversations.DeepVesswas often confused by large vessels

and, as a result, misidentified parts of them as vessels. While masking dura was quite

efficient and fast, masking all individual large vessels was (and remained) quite a time-

consuming task:

[Y]ou’ll have a large vessel going down. And the best way we had at that time was to

go through frame by frame and mask out the vessel. And you can’t just do it straight

because the vessel moves, you have to [, for] every frame, move the little thing. And

there’s usually multiple, and it’s taking me hours. (Leander, Sept. 22, 2021)

Therefore, to improve their data cleaning and preparation work, the researchers modi-

fied or improved the data pipeline by developing an automasking algorithm to take over

their task.

After these initial data cleaning steps, laboratory members actively pushed the data

to the next automated data preprocessing step, which referred to “basically […] just nor-

malization with the possibility of motion correction,” as laboratory member Charles ex-

plained (fieldnote, Aug. 17, 2021). Normalization,21 in this case, refers to adjusting the

intensities of the image by mapping the values to the range between zero and one. A

threshold value of 0.8 was set for a mask, meaning that any value above 0.8 is consid-

ered a logical one and included in the mask, and anything less is not included (Charles,

20 Dura mater describes the outermost layer of the membrane surrounding the brain and spinal

cord, which provides protection for the central nervous system.

21 Following the feminist science and technology sociologist Hannah Fitsch andmedia studies scho-

lar Kathrin Friedrich, who draw from literary scholar Jürgen Link’s understanding of the “normal”

(e.g., Link 2014), “[n]ormalization […] describes the processual steps required to constitute norma-

lity” (Fitsch and Friedrich 2018, 3; cf. Bowker and Star 2008).
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Sept. 14, 2021). As Charles pointed out, this process raises the question of what is con-

sidered a capillary in the laboratory’s research. It was not considered perfect but “oper-

ating fairly well” (Sept. 14, 2021) regarding the researchers’ goal of identifying capillar-

ies. This step was performed using the MATLAB programming language and environ-

ment (The MathWorks, Inc., n.d.), which provides various tools for image processing.

This frame-by-frame image normalization took approximately two minutes per image

stack and could be parallelized to process four stacks simultaneously (fieldnotes, Jul. 27,

2021; Aug. 17, 2021).

The “possibility of motion correction” referenced above refers to the fact that mice

are active actors in Alzheimer’s disease research whose actions and movements do not

always conform to the scientific, or more specifically, the imaging process. If a mouse

moved during the imaging session, the image quality was impacted and could include

smears or waves caused by movement (fieldnote, Aug. 17, 2021).These movements could

be minimal, as Michelucci explained to me during one of our interview sessions: “The

mice are breathing.Their heart is beating, these introduce motion artifacts into the im-

age stacks” (Jan. 21, 2021).Thesemotion artifacts are described in the paper detailing the

DeepVess algorithm as “one of the major challenges for 3D segmentation of in vivoMPM

[multiphotonmicroscopy] images” (Haft-Javaherian et al. 2019, 5, emphasis i.o.).The lab-

oratory implemented a motion correction algorithm based on previous work on an im-

age registration tool (Thirion 1998; Vercauteren et al. 2009; cited inHaft-Javaherian et al.

2019, 5).However, at the time ofmyfield research, this algorithmwas not necessarily ap-

plied to every dataset as it could also worsen data quality, sometimes to the extent that

further data analysis was no longer feasible (fieldnote, Aug. 17, 2021). This could mean,

for example, that vessel outlines would not line up correctly due to cumulative errors in-

troduced bymotion correction (fieldnote, Jul. 27, 2021).Thedecision to applymotion cor-

rection was, therefore, based on the researcher’s assessment of how they thought Deep-

Vess would handle a specific dataset. In these researcher–technology relations, more of

the decision-making powerwas on the side of the researchers,who determined the algo-

rithm’s role and the course of action.At the endof the preprocessingprogram,a so-called

H5 file was generated, a data format that stores data hierarchically as multidimensional

arrays.This file constituted the input to DeepVess.

Machine Learning for Data Segmentation

Havingdescribed the preprocessing steps performedbefore and forDeepVess, I now turn

to the MLmodel itself (step three in Figure 9).Themodel was developed and introduced

to automate the segmentation of vessels, which is important for the later analysis of the

vessels for stalls. Stall Catchers participants should be presented with the complete seg-

ment of an individual vessel to determine if it is stalled (fieldnote, Aug. 16, 2021). Prior to

usingDeepVess, researchersmanually traced andmarked each vessel in the image stacks

using the open-source image processing software ImageJ (National Institute of Health,

n.d.).Manual segmentation of a 3D image stack took around 20–30 hours per stack.The
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authors22 state in the article introducingDeepVess thatmanual segmentation, thus,was

not feasible since it “slows down the progress of biomedical research and constrains the

use of imaging in clinical practice” (Haft-Javaherian et al. 2019, 12). Researcher Emily ex-

plained thatmanually tracing each vesselwithout the help ofDeepVesswould be “a colos-

sal task” (Sept. 8, 2021). Adding up the number of images to be analyzed and vessels to

be traced illustrates this problem: In each experiment, several mice, for instance three

mice, had to be imaged in three phases of imaging with six image stacks per session and

mouse, adding up to 18 image stacks per mouse and, in this example, 54 image stacks in

total. If each image stack contains around 500 images, this would result in 27,000 im-

ages to analyze, each containingmultiple vessels.Hence,DeepVess’ lead developer Haft-

Javaherian’s “aim throughout his tenure with EyesOnALZ [the name of the former over-

arching project of Stall Catchers] [was] to replace himself with machine automation,”

states a blog post by the Human Computation Institute (Egle [Seplute] 2019).

Haft-Javaherian developed a convolutional neural network (CNN) to automate the

segmentation of 3D vessels. CNNs are a form of deep neural networks, sometimes also

calledDL.Deep learning is a specific formofML (Goodfellow,Bengio,andCourville 2016,

95). To give a slightly simplified account of what neural networks are, they combine dif-

ferent mathematical operations whose composition is described by a directed acyclic

graph (Goodfellow, Bengio, and Courville 2016, 163), often simply a linear chain of mul-

tiplications and subsequent application of so-called “activation functions.”The different

components in the chain are also called “layers,” while the “length” of the chain describes

the depth of themodel (Goodfellow,Bengio, andCourville 2016, 163).When there are two

or more layers, the network is typically referred to as “deep.” The CNNs are a particular

type of “neural network for processing data that has a known grid-like topology” (Good-

fellow, Bengio, and Courville 2016, 326), especially when there are “spatial invariants” in

the data, i.e., “local” patterns that can occur independently of their “global” location.They

are, thus, particularly successful in computer vision and image data processing (LeCun,

Kavukcuoglu, and Farabet 2010; Albawi, Mohammed, and Al-Zawi 2017) and owe their

name to the mathematical linear operation called “convolution,” which is performed on

matrices (Goodfellow, Bengio, and Courville 2016, 321; Albawi, Mohammed, and Al-Za-

wi 2017, 1). Mathematically speaking, the input and output of the individual layers and

the overall model are essentially sets of matrices (or, generalized to higher dimensions,

“tensors”) or, in terms of code, simply “arrays.”The outputs of intermediate layers in such

a network are also called “feature maps” (LeCun, Kavukcuoglu, and Farabet 2010, 1). In

the example of the 3D multiphoton microscopy imaging data, both inputs and outputs

would be 3D tensors, each represented as a three-times nested array.The laboratory im-

plemented their models using Tensorflow (Martín Abadi et al. 2015), a popular open-

source software library forAIandMLapplications for thePythonprogramming language

(Haft-Javaherian et al. 2019).23

Thepaper introducing DeepVess describes it as a system consisting of preprocessing

steps (as described above), the actual segmentationwith themodel, and post-processing

22 The paper was authored by laboratory members and researchers of the Meinig School of Biome-

dical Engineering at Cornell University, Mohammad Haft-Javaherian et al.

23 The precise architecture of the laboratory’s CNN is described in Haft-Javaherian et al. (2019).
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steps (Haft-Javaherian et al. 2019, 3).However,duringmyfield research at the laboratory,

researchers referred toDeepVess as theMLmodel performing the segmentation anddis-

cussed its pre- andpost-processing separately.Therefore, I follow the laboratory’s usage,

referring to the actual model itself as DeepVess.

DeepVess proved to achieve better accuracy computationally on the task of vessel seg-

mentation than any of the “current state-of-the-art” (Haft-Javaherian et al. 2019, 2) com-

putational approaches.Moreover, it took only tenminutes to calculate the segmentation

of the images compared to 30hoursofmanualwork (Haft-Javaherianet al.2019, 12).Once

themodelwas trained, researchers could simply run itwithout thinking aboutDeepVess’

internal steps. Laboratory member Charles explained that he had “never actually looked

at [the DeepVess source code] file” (Sept. 14, 2021).When he eventually did during one of

our meetings, he “realized, oh, it’s only 276 lines long. It’s not very long for such a pro-

gram” (Charles, Sept. 14, 2021).

To actually process the data andperform the vessel segmentation,a researcherwould

invoke it via a simple command in a terminal. Once this process was complete, a re-

searcher would take the resulting output file and similarly initiate the post-processing

on it (fieldnote, Aug. 17, 2021). However, although this process flow was very clear and

straightforward, it did not always go as designed, typically due to software errors inter-

rupting the segmentation of individual samples. These errors were often related to the

fact that DeepVess eventually had to be updated (fieldnote, Aug. 17, 2021). DeepVess had

been introduced at the beginning of the Stall Catchers project and its maintenance in-

volved, for example, updating versions of software libraries on which it depends, such

as TensorFlow, from time to time. At the time of my field research, however, this main-

tenance was lacking and the code, or the libraries it used, were no longer up to date.

Part of the problemwas that none of the current laboratorymembers were deeply famil-

iar with DeepVess and its codebase (fieldnote, Aug. 10, 2021) and, as researcher Leander

explained to me, they had difficulties “decipher[ing]” (Sept. 22, 2021) it after the devel-

oper left. “So, it’s been hard for us to […] improve it. We also don’t have someone who’s

as knowledgeable, I think, inmachine learning” (Leaner, Sept. 22, 2021). Duringmy field

research, DeepVess was sometimes referred to as a “black box” or “magic” by researcher

Anna (fieldnotes, Jul. 27, 2021; Aug. 10, 2021).This is a common narrative used to convey

praise for the ineffable capabilities of technology, or ML in this specific case, while si-

multaneously emphasizing its inscrutable and unknowable nature (e.g., Elish and boyd

2018, 63).

To get around the errormessages that kept appearing, a workaroundwas found that

allowed data to be pushed through DeepVess without interruption. Overall, Isabel sum-

marized, DeepVess worked well “as long as there’s stuff in the frame” (fieldnote Aug. 10,

2021). As it turned out, however, there was not always “stuff in the frame,” and DeepVess

did not always perform equally well, so the resulting segmentation was not always of the

quality desired.The results could “contain some segmentation artifact such as holes in-

side the vessels, rough boundaries, or isolated small objects” (Haft-Javaherian et al. 2019,

8) and “[i]mages fromdeeperwithin the brain tissue […] suffer[ed] frommore segmenta-

tion errors“ (Haft-Javaherian et al. 2019, 14). Additional automated post-processing steps

were introduced to mitigate such errors (see Haft-Javaherian et al. 2019, 8).
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Automated Post-Processing

The post-processing (step four in Figure 9), as I learned during my field research at the

laboratory,was significantlymore complex than the preprocessing steps used to prepare

the data for DeepVess (fieldnote, Aug. 17, 2021).The process, again implemented inMAT-

LAB, consists of three main steps, which I briefly describe below. Like the segmentation

process, post-processing is triggered manually by a laboratory member. The first step,

Isabel described,

[is] just the cleaning up […] of the segmentation. So, what […] we get out of DeepVess

[…] got lots of noise in it. So, there’s, first a cleaning app and that’s just smoothing

the surfaces […]. We do that twice just to make it smoother, I guess. Fill in any single

holes and then get rid of any single voxels that are left isolated. (Sept. 14, 2021)

Here, images are “re-filled”andboundaries “cleared” inorder to recreate the shapesof the

vessel segments as they appear, or would have appeared, in mouse brains, even though

thisdigital representationnever recovers its original but is practically anew imagedrawn

on top of the already processed representation.Here, it becomes clearly visibly—not only

in the post-processing but, in fact, from the beginning of the imaging process—that the

object of analysis, in pursuing the aimof revealingmore about its origin, is further alien-

ated from its “original” formwith each additional step.

In the next step, these new data representations are augmented with what the re-

searchers call “skeletons.” This means that the foreground regions of the stack are con-

densed into a “skeletal remnant that largely preserves the extent and connectivity of the

original regionwhile throwing awaymost of the original foreground pixels” (Fisher et al.

2003).24 The resulting structures are thin, single-voxel-wide paths creating a 3D skele-

ton that traces the structure of the underlying vessels (fieldnote, Jul. 27, 2021). Due to

the skeletonizations, the images will also include “background noise” (Charles, Sept. 14,

2021) because “any little scattered bits will end upwith a little tiny spot on them or a little

line, lots of little bits of mess everywhere” (Charles, Sept. 14, 2021). Therefore, addition-

ally, Anna explained tome in our Zoommeeting as wewent through the code line by line

on the shared screen, walking me through the individual algorithmic steps:

[T]o remove any background noise and non-vessels, group the voxels together into

connected components, […] that’s what this […] function means. It basically says […]

well this is for anything that is just off on its own and if it’s off on its own, then just

get rid of it. […] So, it just counts the number of voxels involved in each connected

component. And […] there is a whole bunch of little things on their own and it just

pulls them out. (Sept. 14, 2021)

Once the background noise has been reduced, the program shifts its focus to the actual

skeleton, which has “lots of noise, there’s gonna be gaps in it and stuff as well” (Anna,

Sept. 14, 2021). Anna and Iwere now looking at an example image of DeepVess’ output on

24 This process is applied at the level of voxels, not pixels, because the stacks are 3D structures.
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the computer screen: “[y]ou can see down here it looks connected and it ends up being

broken at some point” (Anna, Sept. 14, 2021). The next step, therefore, is to connect the

vessels across these gaps, which may actually contain stalls (fieldnote Jul. 27, 2021), by

expanding each voxel in the mask using a sphere of a specified radius. Anna explained

that they “just inflate everything and thatwill cause things to thenmerge across gaps.So,

if there […] is a stall somewhere and that ends up with a break, this will end up dilating

across and they’ll, the spheres on either side of the stall will end up colliding and they’ll

join together again.” (Sept. 14, 2021)

This step of connecting the inferred vessel structures was followed by another itera-

tion of the previous steps of smoothing, filling holes, and skeletonizing again to improve

the result (Anna, Sept. 14, 2021).The individual vessel segments in the new skeletonwere

then reviewed, focusing on their length. If the number of voxels connected in a segment

was too low, the segmentwas removed (fieldnote Jul. 27, 2021). In otherwords, connected

voxels are only considered valid vessel segments if they reach a minimum length.

In the next automated post-DeepVess processing step, segments that were wrongly

separated but actually formed one vessel should be reconnected. Here, the laboratory

built uponandextendedanapproachdescribed inprevious research (Schager andBrown

2020), and the endpoints of vessel segments formed the focus of the operation. Sup-

pose two endpoints of different segments are within a certain distance and “point at

each other” at a certain angle. In this case, they should be connected because they were

probably separated by mistake. At this point, segmenting and mapping the vessels in

the network becomes amere geometric,mathematical problem to be solved.This recon-

struction step was added later and not included in the initial automated post-process-

ing. Similarly, the computer code formost of the other steps had changed from the orig-

inal implementation. New versions of MATLAB, for example, were released over time,

including new functions that could be used to replace or optimize those that the Deep-

Vess developer had previously programmed from scratch. As Isabel explained, “a lot of

the functionality is now built into MATLAB so … it simplified things a great deal” (Sept.

14, 2021).

After connecting separated segments, the previously mentioned step of masking

large vessels, which in the past was manually performed by researchers before sending

the data through DeepVess, was now performed automatically.25 Similar to the preced-

ing steps, the problem is translated into a geometric problem inwhich the vessel’s radius

is compared to a “logical sphere” (Isabel, Sept. 14, 2021) of a certain size (fieldnote Jul. 27,

2021). According to the researchers’ understanding, if the vessel’s radius is smaller than

that of the sphere, it classifies as a capillary. If, however, it is larger than the sphere’s

radius, it exceeds the size of capillaries and can, hence, be removed from the images

by deleting its centerline/skeleton (Isabel, Sept. 14, 2021). Finally, a last round of skele-

tonization follows “just to make sure that there’s nothing funny happening” (Charles,

Sept. 14, 2021), junctions are removed, and the previous step of removing segments not

25 Therefore, the data were normalized regarding the masked volumes and compared to the “orig-

inal image”—with everything that is to be masked replaced with a logical zero, and everything

within a sphere are logical ones (Isabel, Sept. 14, 2021). Masking dura, by contrast, was still per-

formed by researchers but at an even later stage in the data pipeline (see below).
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meeting the required voxel count is repeated.26 This yields the final skeleton, “which is

the XYZ [coordinates] of all of the connected voxels for each segment and the number

of objects in that is the number of segments […] in the skeleton” (Isabel, Sept. 14, 2021),

fromwhich the output of the automated post-processing is created. 

In the first years of the Stall Catchers project, this post-processing was the final step

in the data transformation process before a laboratorymember would take the resulting

dataandsent it to theHumanComputation Institute.However,whileDeepVess tookover

the overall task of manually creating a vessel map, it did not always work as intended,

introducing errors that the post-processing algorithms could not smooth out or repair:

[DeepVess] obviously fails because […] our imaging data is very heterogeneous and

sometimes we have very nice images, sometimes we have images that have a ton of

noise, a ton of autofluorescence, and so DeepVess will pretend or will … DeepVess

doesn’t do a very good job in excluding things that are not vessels. So, it will detect

things [that] are not vessels and will say, “Oh this is a vessel,” but it’s not; it’s like

a random thing that is autofluorescing. So, and then if we don’t correct that, it will

go into Stall Catchers, and then the users will be like, “Oh, this is not a vessel, this

is like a random thing,” and then they will flag the movie. […] [W]e can eventually

see which movies are bad [= flagged], and there are a lot of bad movies. But then,

at the end, because DeepVess doesn’t really recognize a lot of the capillaries, […] the

result that we get back from Stall Catchers … we get very few stalls. And we get so

few that it’s just not possible to work with that data. (Emily, Sept. 8, 2021)

In our conversation during my first research stay at the laboratory, Emily described not

only the failings of DeepVess but also their reverberations through the Stall Catchers

project andhow they led to the researchers’ inability to “workwith that data.” Stall Catch-

ers allowed participants to “flag” videos if they could not analyze themdue to ambiguous

vessel segments or unclear, or “grainy” images (e.g., Eliza, May 18, 2020; Asher, May 20,

2020; Daan,May 26, 2020).However, researchers needed to know the correct number of

vessel segments in an image stack to report on the impact of stalls and learn from the

experiments. If DeepVess did not recognize a certain amount of the capillaries in the im-

ages, the number of detected vessels and stalls were incorrect.Therefore, despite the ex-

tensive automated post-processing put in place to correctmany of the errors introduced

by DeepVess, it still did not produce the required quality. While some vessel segments

were drawn where they should not have been, others were separated or not detected for

“convoluted reasons” (Isabel, Sept. 14, 2021; fieldnote Aug. 24, 2021). Although the post-

processing stepsdescribedwere “supposed to compensate for potential breaks in the ves-

sel[s]” (Leander, Aug. 16, 2021), this did not “always work,” as Leander noted:

26 “Junctions” or “branch points” refer to voxels with more than two neighbors that are logical ones

(Charles, Sept. 14, 2021). These points get subtracted from the skeleton to receive the individual

segments. By, once again, connecting the endpoints of the then isolated segments, “a long list of

all of the connected voxels and […] every single connected segment becomes its own […] object

in a structure” (Charles, Sept. 14, 2021).
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[W]hen we send [the data] to Stall Catchers, we want it to include the whole segment

even if there’s a stall because that’s how they find whether or not there is a stall. And

if it’s a pretty big stall, [DeepVess] would make two vessels, which is not what you

want. You want it to send the whole thing so … part of the DeepVess post-processing

[is that] it will […] expand the segmentation so that it overlaps across any potential

stalls and then it comes back as one segment. But that doesn’t always work. (Leander,

Aug. 16, 2021)

Data quality varies due to experimental conditions, the movement of mice during

imaging, DeepVess, and the algorithmic processing’s performance, along with the in-

terference of other “things” in the images that float around and can be misidentified as

parts of vessels by DeepVess because it does not distinguish between vessels and other

bright spots (fieldnote Aug. 10, 2021). As Emily explained (see above), the quality of

images differed from experiment to experiment and from imaging session to imaging

session. Moreover, at the time of my field research, DeepVess had been trained several

years earlier. “The neural network […] was trained on data that’s older now, and things

have changed a little bit,” explained Leander (Sept. 22, 2021). In fact, at the time of

my second research visit, the model was performing better on bad data than on data

considered good quality due to the data on which it was trained (fieldnote, Oct. 25,

2022). Since then, not only has the computer code been continuously updated but so

have the experimental settings, such as the microscopes, which influence the imaging

data generation and, hence, the data run through DeepVess (fieldnote Oct. 18, 2022).

In addition, the laboratory’s PI Schaffer stated that four to five years are an “eternity in

AI” and that there are already better libraries and models that could be used (fieldnote,

Oct. 18, 2022). Retraining the model with current data was, therefore, discussed as an

important measure but had not yet been done at the time of my research.

Together, these contingencies, changes, and data fluctuations led to varying data re-

sults at the end of the automated data processing. In the first years of the Stall Catchers

project, however, the laboratory’s focus had been on validating the CS approach to en-

sure that the crowdsourced analysis would meet the required accuracy. Only after that

did they concentrate more on the data pipeline and improving the quality of the data

sent to Stall Catchers.Until then,evenwhenStall Catchers participants accurately classi-

fied the data presented, thesemight have included broken or incorrectly identified vessel

segments, or the image quality was sometimes not good enough to classify an outlined

vessel. Following the principle of “garbage in, garbage out” (fieldnote, Oct. 22, 2022), the

classified data returned to the laboratory from Stall Catchers could then also be diffi-

cult for the researchers to interpret because if DeepVess incorrectly separated vessel seg-

ments, Stall Catchers participants would sometimes separately classify videos of seg-

ments that actually belonged together (fieldnote, Aug. 10, 2021). Reflecting on the Stall

Catchers developments from the laboratory’s perspective, Anna saw bad data quality as

the main problem from the beginning (fieldnote, Oct. 25, 2022).

“[W]e really hadn’t anticipated howmuch the preprocessing […] was going to be nec-

essary, […] and that was just something that we couldn’t have predicted from […] the im-

ages and the data,” explained PINishimura (Dec.07, 2021) in our interview. In fact, at the

beginningof theproject usingHC to speedup the analysis of the laboratory’s Alzheimer’s
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disease research data, the plan had been to create twoCS projects: Stall Catchers, to ana-

lyze the vessels, and another project to identify the vessel segments.The platform for the

second project could be based on the 3Dpuzzle game andCS project Eyewire (Seung Lab,

Princeton University, n.d.), in which participants help map neurons in the brain. This

second project was never realized, however, because the laboratory andHumanCompu-

tation Institute decided that “the blood vessels were pretty straightforward enough that

we thought we could just automate that from the beginning,” Schaffer explained (Dec.

07, 2021) in our interview.The assumption had been that the vessel segmentation could

be fully automated: “But, honestly, I mean, you see, we’re still struggling with getting

[…] the final details about the automation right and it still takes quite a bit of us man-

ually intervening […] in order for us to have confidence in the outcomes” (Schaffer, Dec.

07, 2021). As it turned out, automating the vessel segmentation with DeepVess did not

just make the researchers’ work easier but also introduced new tasks and problems to be

solved manually.

An additional process was introduced to improve the quality of the data sent to Stall

Catchers. This process was called “data curation” in which the researchers’ role was to

“see if DeepVess did a good job and edit what it did not do well” (Sean, fieldnote, Nov.

4, 2022).This change also brought about new researcher–technology relations. My field

research in Ithaca coincided with a crucial time regarding the data pipeline, as the re-

searchers were in the midst of implementing this new data curation process. To have a

solid,smoothly functioning infrastructure to relyon,starting inearly 2021, theyhadbeen

focusing on improving the data pipeline by introducing new steps and tools to facilitate

the researchers’ data preparation tasks and improve the quality of the data sent to the

crowd. They were testing and improving a new customized editing tool for researchers

to review the automated processing results (fieldnote,Nov. 4, 2022).Thenew editing tool

“to clean up [DeepVess’] results” (fieldnote, Aug. 10, 2021) was also implemented inMAT-

LAB.Inameetingof the laboratory in July 2021 about thedatapipeline,Charlesdescribed

the manual curation as an “opportunity to ensure stall count from Stall Catchers [was]

directly applicable to experimental results” (fieldnote Jul. 27, 2021). With this new step,

researchers now had to clean the images before sending them to the crowd for analysis.

This move introduced a new intraversion within researcher–technology relations in

the data pipeline.The supportive work around the MLmodel that researchers had to do

became tedious and temporarily evenmore time-consuming (at least, that was the expe-

rience of some researchers) thanmanually annotating stalled vessels from the start.

Data Curation: Manually Intervening and Editing

After the results of the automatedprocessingdescribed on theprevious pageswere saved

in a laboratory-wide shared repository for processed data, researchers could access the

data to edit it in the new curation tool, which allowed them to review the results of the

automatedprocessing steps anddecidewhether to omit, accept, or adjust them (stepfive

in Figure 9).The curation tool was implemented as a MATLAB program, but unlike pre-

vious tools that were effectively just scripts run via a terminal, this tool featured a simple

UI. This UI included a large image frame for the data to be edited and a collection of

menus, settings, view options, and controls for scrolling through the image stack. Data
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was displayed in the tool as black images with white vessels and a few white spots scat-

tered across the frame.Thevesselmaskdepicting the individual vessel segments, i.e., the

segmentation created by DeepVess, was layered over the white vessels in red. After load-

ing an image stack into the program, researchers could choose how many images they

wanted to view at a time.Multiple consecutive image slices from the stack were then ac-

cordingly projected into a single condensed image, with the top slice being considered

the image currently displayed,which allowed them to go through the image stack faster.

Vessels in the currently displayed imagewere colored light red,while vessels in the other

projected image slices were colored dark red. Some white lines were not colored in red.

ResearcherLeander explained thatDeepVesshadnot identified thesewhite lines as vessel

segments. Sometimes, the resolution of the vessels was too low, or they were not bright

enough,making them difficult to identify not only for the AI model but also for humans

analyzing the images later. In this case, Leander continued, it was better to omit ves-

sels because “you don’t want to include vessels that cannot be analyzed” (fieldnote, Aug.

16, 2021). Most of the time, Leander “agreed with” DeepVess’ results (fieldnote, Aug. 16,

2021).

After having “cut” the stacks to remove low-quality images and dura, researchers had

to perform two main tasks in the editing tool. These were to reconnect vessel segments

that had been incorrectly separated and to remove segments that DeepVess had wrongly

identifiedas capillaries.WhileSeanusually took several passes through the image stacks,

going through the projected images from the top of the image stack to the button and

checking for broken or redundant segments and segments to connect separately (field-

note,Nov. 14, 2022),27 he emphasized that others would have their own routines for edit-

ing the data.

These twomain steps of connecting vessel segments and removing falsely identified

vessels allowed the researchers to improve the vesselmap created byDeepVess.However,

it did not allow them to retroactively include vessels that DeepVess had missed. Even

though Leander considered it to be better to omit vessels that had not been identified

by the ML model and could not be analyzed anyway, some vessels that had been missed

could be analyzed, and he would have preferred to be able to add them manually after

the fact. Some researchers, such as James, therefore, found the curation process occa-

sionally frustrating because he would see vessels DeepVess had missed but was unable

to correct the data, and had “to live with knowing that the data is not perfect” (fieldnote,

Nov. 16, 2022). In addition to this discontent, editing also consumeda lot of time. In 2021,

it took Leander about three hours to curate a single image stack (fieldnote Aug. 16, 2021).

Although researchers agreed that this editing was necessary to get the total number of

vessels in an image stack, which was subsequently needed to know what percentage of

27 In the first iteration, he focused on removing noisy segments which DeepVess often incorrectly

classified as vessels, or large vessels that were overlooked in the automated preprocessing (field-

note, Nov. 14, 2022). Once he arrived at the bottom of the image stack, he scrolled up again,

checking for additional segments to be removed again before starting the second pass in which

he focused on connecting segments (fieldnote, Nov. 14, 2022). Similar to the automated process

of post-processing, researchers would focus on the endpoints of the vessel segments to connect

broken vessels, this time manually (fieldnote, Aug. 16, 2021).
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all vessels were stalled in their experiments, it was still perceived as tedious and some-

timesdescribedas a “misery” (fieldnoteAug. 16,2021).“I even feel like this ismore tedious

than [manually counting stalls] cause I’ve been just manually counting stalls, but this is

three hours per stack versus maybe … a little bit over an hour for manual,” explained a

researcher in a meeting related to the Stall Catchers pipeline (fieldnote Aug. 16, 2021).

It is worth noting that this comparison of the work they now had to do in the curation

process versus manually analyzing stalls did not include the additional 20–30 hours it

would take to also segment a stack manually.

At that time, in late summer 2021, the goal was to improve the curation process so

that it would take no more than an hour per image stack. The goal was to do “anything

[…] to make it faster” (fieldnote, Aug. 24, 2021). Laboratory members worked together to

improve the tool by providing and implementing feedback.By the time I left Ithaca at the

end of October 2021, researchers were confident that this goal would soon be achieved,

with the process improved to the point where it would no longer be perceived as painful.

Once the curation process and, hence, the data pipeline were improved, Stall Catchers

could be successful not only as a game but also “successful from [the researchers’] end”

(Leander, Sept. 22, 2021) (cf. Chapter 5). The problem, according to Leander, was that

they “didn’t have […] the infrastructure in place to support it being successful. So, if

it’s successful, […] we need to figure out […] how to do that. So, I think it’s like almost

there in terms of being successful from our end” (Sept. 22, 2021). Once “there”—which,

in an August laboratory meeting, was defined as one hour of manual work to prepare

the dataset—they could start focusing on other things again (fieldnote Aug. 24, 2021)

and the data pipeline could fade into the background of Alzheimer’s disease research

processes.

However, when I returned about a year later, in fall 2022, the laboratory was still

working on improving the data pipeline. It was not yet finished, Nishimura explained

(fieldnote, Oct. 21, 2022).There had only recently been a new round of discussions about

problems in the curation tool, and the understanding that theywould be “there” soonhad

shifted.The data pipeline was now seenmore as an “ongoing process,” as Sean described

it (fieldnote,Nov. 14, 2022), or as a “work-in-progress” (Emily,Oct. 18, 2022).Working on

the data pipelinewas understood as a “long-term investment” since the pipeline could be

used for different data and different aspects of the data beyond the Stall Catchers project

(fieldnote Oct. 21, 2022).

Compared to the previous year, however, the PIs stated that theywere now in amuch

better situation (fieldnote, Oct. 18, 2022).The work on the data pipeline and particularly

the curation process in 2021was retrospectively described as very frustrating.Compared

to 2021, when the process had been “very sloppy” (Emily, Oct. 18, 2022), Emily agreed

that theywere in an “okay spot.”The vesselmaps they now hadwere “much cleaner” (Oct.

18, 2022). The latest improvements included a new automated masking procedure and

new features in the curation tool, such as the option to add vessels that DeepVess had

missed.28

28 Furthermore, they even included a full re-implementation of the tool from scratch. The initial

tool had been built as an image viewer with many features not required for the curation process,

creating a researcher experience that was not smooth (fieldnote, Oct. 25, 2022). The new curation
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However, when I asked James how they experienced the data pipeline now, he said

that it was generally the “same old, trying to curate data” (fieldnote,Nov. 16, 2022).While

all laboratory members seemed to agree that the changes to the data pipeline, including

the curation tool, were improvements, the overall problem of efficiently and effectively

preparing data for Stall Catchers was not yet considered solved. The pipeline was now

producing data of sufficient quality, but curating was now (again) taking up toomuch of

the researchers’ time (fieldnote, Oct. 18, 2022). Indeed, some researchers still found the

whole process related to Stall Catchers too time-consuming and saw no advantage over

manually annotating the raw research images.The PIs had to invest a lot of effort in con-

vincing researchers to “use” Stall Catchers (fieldnote, Oct. 25, 2022) and send data to the

platform instead of manually annotating it themselves. This effort included improving

the data curation tool and trying to standardize curation practices across the laboratory,

which could vary widely between different researchers, especially in terms of the time

it took. The new goal was to consistently reduce curation time to 15–20 minutes (Sean,

fieldnoteNov. 4, 2022), since each researchprojectwould require several hundred stacks.

They, for example, had to stop drawing lines again to speed up curation because it was

too time-consuming.Drawing lines,however,was something that researchers described

as very helpful and had greatly improved their curation experience. James,who had pre-

viously been dissatisfied with not being able to draw lines, described that, with this new

feature, he got “the sense that I actually do it accurately” (fieldnote, Nov. 16, 2022). Now,

with the need to speed up the curation process and, thus, skip drawing lines, he faced the

risk of losing that sense of accuracy.

The shift in focus from achieving the required data quality through curation tomini-

mizing the time required for curation was also accompanied, or even driven, by a new

understanding of the ultimate goal of the processing beyond preparing data for Stall

Catchers: While the researchers’ initial goal was to create a “holistic perfect vessel net-

work,” they now focused on further improving certain segments within specific image

slices that DeepVess had actually correctly identified (fieldnote, Nov. 16, 2022). This was

related to the new insight that they only needed a certain total number of vessels for their

research rather than correctly identifying every vessel in each individual image stack.

Therefore, one of the previous first steps in the data pipeline, masking out dura, was

changed completely and moved to the curation step after all the automated processing.

Researchers would no longer manually mask out dura before sending the data through

DeepVess. Instead, entire image slices were excluded from the final editing step, reduc-

ing the sizeof thefinal image stackand, thereby, the amountofdata sent toStallCatchers

by more than half (fieldnotes Nov. 4 and 16, 2022).While the top was excluded to reduce

visible dura, the image slices at the bottomwere excluded because image quality tended

todeterioratewithdepthdue to theweakened signal, sometimes causingDeepVess to in-

correctly identify vessel segments where there were none. Sean described this new prac-

tice as “cutting aggressively.” “[T]he more you cut, the less work you have, the faster you

can go” (fieldnote, Nov. 16, 2022). “Cutting aggressively” was a relief to the researchers.

tool was cleaner and seemed to be working better, though it still took too much time to curate

an image stack (fieldnote, Oct. 25, 2022).
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James, for example, explained that he no longer felt like he was doing “pointless work”

but could spend his time onmore “productive” work (fieldnote, Nov. 16, 2022).

Speeding up the curation step and improving the researchers’ experience with the

tool was not the laboratory’s only focus regarding the Stall Catchers data pipeline in fall

2022. Laboratory members were also dealing with a new problem that had only recently

been identified. As researchers and Nishimura explained, they had not known until re-

cently that they “hadn’t closed the loop” (fieldnote, Oct. 21, 2022) of Stall Catchers. In one

of their last internal meetings about Stall Catchers, they had realized that only a few re-

searchers had been pulling data from the platform. Many researchers at the laboratory

had been “dumpingdata” (fieldnote,Oct. 21, 2022) into Stall Catchers but hadnot studied

the results coming back from the CS game. Therefore, these researchers did not really

know what the Stall Catchers results looked like and did not include them in their re-

search. A new goal was, thus, to close this loop by focusing the infrastructuring work on

the phase after Stall Catchers participants had analyzed the data.29 Yet another software

tool was introduced to close this loop, describing another step in the continuous infra-

structuring practices related to Stall Catchers and its researcher–technology relations.

Closing the Loop

Once a dataset was fully analyzed in Stall Catchers, a Human Computation Institute

member notified researchers that they could download the results from the researcher

interface30 on the Stall Catchers platform.The results in the downloaded CSV files were

structured with one vessel per line and columns for different information.While the file

includedmore than ten columns, Sean focused on only three columns, one of which was

the link to the corresponding video to validate the results. Even though this had not been

intended in the design of Stall Catchers (as I discuss in more detail in Chapter 7), re-

searchers went through the list of annotated vessels to review the generated annotations

and to manually validate them by analyzing the video. The vessels, i.e., the lines of the

file,wereorderedaccording to the confidence level of the crowdanswers for a vessel being

stalled.High confidence reflected the agreement betweendifferent Stall Catchers partic-

ipants that a vessel was stalled. Sean explained that he usually created an extra column

for his answer and then reviewed each stall annotation with a confidence level between

1.0 and 0.5 (fieldnote, Nov. 4, 2022). The challenge of “closing the loop” was not only to

get researchers to look at the data results and learn to trust them (see Chapter 7) but also

to make this step more efficient and convenient for researchers.

The problem with this review approach was that the researchers were looking at the

samedata as the participants, i.e., the short videos of blood vessels that had been created

from the original 3D imaging data through themultiple steps of data transformation de-

scribed above.To answer their researchquestions,however, the researchers had to trans-

29 Closing the loop, PI Nishimura suggested, would also help build the researchers’ trust in the Stall

Catchers project as they could then engage with the results (fieldnote Oct. 22, 2022; see Chapter

7).

30 In addition to the user game interface, there is an additional interface for researchers to access

their own projects and related datasets.
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late the videos back or compare them to the original imaging data (and,ultimately, to the

individual mice).This task was very cumbersome, as researcher Jada explained:

I check the video and then I go back to the stack, which is a little bit difficult […]

[T]hen I have a quick look whether I identify those [stalls] as well in the original

video. […] [I]t’s just […] for my sanity; I just would like to see these in the full stack.

[…] I’m kind of extremely used to it and see it in the context and there are also a lot

of regions, edges, and stuff where stalls occur where it gets difficult for the program

to really see those. (Oct. 27, 2021)

While the abstractions and transformations of the data were necessary both to count the

vessels in a stack and to allow Stall Catchers participants to analyze research data, they

also made it more laborious for the researchers to continue working with the results.

The laboratory also implemented yet another tool for the manual post-processing of

the data returned from Stall Catchers to facilitate this process and further improve the

researchers’ experiencewith the project.This tool enabled researchers to open an unpro-

cessed image stack and select the vessel they wanted to look at from the list of all vessels

(fieldnote, Oct. 25, 2022). The tool then drew an outline of the requested vessel, similar

to what the Stall Catchers participants had seen but on top of the original raw imaging

data.This way, instead of watching the Stall Catchers videos and then trying to find the

vessel in the original image stackmanually, they could directly examine the vessel and its

environment. Bringing the latter into view was another objective of the new tool, since

the data sent to Stall Catchers only included one channel and, thus, not all the informa-

tion, such as other cell types, was visualized in other channels. It was now crucial for

the researchers to understand not only if a vessel is stalled but also why it was stalled.31

Therefore, it was important to know what is around a vessel and to learn about the be-

havior of these other cells in relation to stalled or flowing vessels. The new tool allowed

the researchers to see all channels.

At the time of my field research in 2022, this tool had just been implemented and

was not yet being used by researchers (fieldnotes, Oct. 25 and Nov. 4, 2022). This new

researcher–technology configuration carried the hope of closing the Stall Catchers loop

and facilitating their everyday research practices, thus, solving some of the remaining

problems with the project. However, how this new tool will shape and impact the data

pipeline and practices surrounding Stall Catchers remains open at the time of writing.

What seemed to be clear, though, was that closing the loop would not be the end of

the infrastructuring related to the Stall Catchers project. Improving DeepVess, for in-

stance, had already been identified as a potential next undertaking, as the model was

seen to require retraining or perhaps even replacement. The ML model was considered

to be “lagging behind the rest of” (Anna,Oct. 14, 2021) the pipeline.Researchers Sean and

Leander expressed their hope that “it would be great if we did not have to curate” (Sean,

fieldnote, Nov. 4, 2022) any longer and if, instead, “the AI” were to be improved. “[I]f we

can get it to the pointwherewe don’t have [tomake] all of these little connections… that’d

be really nice, so I don’t know.The more I think that we can jump onto [improving the]

31 Charles, April 2023, private correspondence.
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DeepVess part as opposed to adding on tons of post-processing” (Leander, Aug. 16, 2021).

A new data pipeline focus with DeepVess had already been identified for future work.

The example of closing the loop shows how various intraverting researcher–technol-

ogy relations are entangled in thedata pipeline andhownewpotentials and tasks emerge

within the same relations and enable new configurations in other interwoven ones.Clos-

ing the loop only emerged as a problem once data preparation had been improved to

a certain point, and once that was solved, DeepVess could become the next target. Re-

searcher–DeepVess relations will intravert yet again with the work on the MLmodel.

Reconfiguring Data, the Pipeline, and Researcher–Technology Relations

While the previous sections described in detail the implementation and steps of the Stall

Catchers infrastructure on the laboratory’s side, in this section, I summarize and ana-

lyze themwith a focus on intraversions. I concentrate on twomain points: first, how the

human–technology relations keep changing with each reorientation and modification,

focusing on the development of the infrastructure.This includes how the idea of the data

pipeline as a means shifted to the idea of it as an investment alongside and because of

the intravertinghuman–technology relations,what this tells us about the imagination of

infrastructures, andhow this impacts the researchers’working practices. Second, I show

how thedata pipeline and theworkon it canbeunderstood as part of anHCsystem itself.

The detailed descriptions of the improvements, modifications, and related reori-

entations revealed the complex intraverting sociotechnical interplay between humans

and technology in which automated steps were interwoven with manual human tasks

and vice versa. Agency and tasks within the relations were not fixed but shifted and

redistributed along with these developments. For example, they shifted from the ML

model originally developed to support and accelerate the researchers’ work to the need

for researchers to support DeepVess and other automated algorithmic steps by cleaning

up their results. Similarly, the subgoals or tasks associated with infrastructuring kept

changing, such as, as described above, the initial subgoal of creating a perfect vessel net-

work, which was changed to a required number of correctly mapped vessels. DeepVess

and the researcher–tool relations initially complemented each other toward the same

goal of identifying the complete vessel network. In contrast, later, researcher–Deep-

Vess–tool relations focused only on those parts of theDeepVess output considered “good

enough” to achieve better efficiency and throughput, i.e., freeing up time and resources

for the researchers. Retraining DeepVess to achieve better automated performance

would be another step in this direction, which will go hand in hand with reconfigura-

tions of researcher–DeepVess relations.Alongwith thedevelopment of the Stall Catchers

pipeline, similar to what Mackenzie observed with the example of machine learners,

both human and nonhuman actors were assigned new positions. “These positions are

sometimes hierarchical and sometimes dispersed,” Mackenzie writes (2017, 186), but

the subject position in this hybrid relation is always mobile (2017, 186). Much like the

introduction of new tools in the example of naval navigation described by Hutchins

(1995a), the introduction of the ML model created new tasks for the researchers, such

as data curation and image masking. While pushing the data from one automated step

to the next was considered “pretty easy” (Isabel, Oct. 14, 2021), and the researchers’ role
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here was simply to guide the data through the pipeline, taking it from the computer and

handing it back (Isabel, Oct. 14, 2021), new tasks, such as curation, now became a bottle-

neck in the data pipeline. Instead of relying on the ML tool to take over the researchers’

task, researchers had to focus on assisting the tool and evaluating its performance.

It should have become clear that the data pipeline,which was originally conceived as

a means to enable data analysis via Stall Catchers and to speed up Alzheimer’s disease

research at the laboratory, itself became a central focus of work at the laboratory, which

was not completed even five or six years after the project was introduced. In fact, dur-

ing the time of my field research, researchers were particularly focused on working on

the data pipeline itself.This was not always perceived as satisfactory by laboratorymem-

bers, as for some of them, their actual research goals fell out of sight while working on

the data preprocessing.There are many translation steps from raw pixels depicting ves-

sels in the mouse brain, to knowing the total number of stalled vessels in the dataset, to

deriving insight into the effects of reduced blood flow in Alzheimer’s disease in mice. In

contrast to working on the data pipeline, when researchers were still manually annotat-

ing stalls—the tedious activity that theCSprojectwasdesigned to replace—they,at least,

had a stronger sense of directly working toward their research goal; the stalls were the

center of interest, and though tedious, their workwas directly concernedwith analyzing

them.This sense of working toward their research goal was lost when they were working

on the infrastructure rather than using it; this work was effectively one level of abstrac-

tion removed from their actual research. Nevertheless, the focus on the infrastructure

was also seen as a future investment that would eventually facilitate the research once

the data pipeline was running smoothly. In 2021, James explained: “I guess it’s even like

[a] long-term investment in the future […] if this will be faster than manually, […] but

right now it’s hard cause it’s a lot” (fieldnote, Aug. 16, 2021).

However, during the time ofmy research, even as the data pipeline, data quality, and

the researchers’ experience improved gradually, the idea of the data pipeline as a means

that could slowly disappear into the background turned into an understanding that the

pipeline was an “ongoing” project that would never be finished.With the solution of one

problem and a better understanding of the current processes, new problems arose that

had to be tackled, such as the loop that had to be closed or the curation of data with the

introduction of theMLmodel DeepVess. By fall 2022, the laboratorywas closer to its goal

of obtaining correct results, i.e., not only correctly classified vessels from Stall Catchers

but also the correct number of vessels in an image stack. However, it seemed that the

closer they got and themore they worked on the infrastructures and improving the pro-

cesses, themore they identified gaps and problems they had not thought of before (field-

note,Nov. 4, 2022). “[N]ew instrumentationgivesnewperceptions,” arguesDon Ihde (1990, 56,

emphasis i.o.). Viewed through the lens of intraversions, each improvement and change

in the pipeline opened up a space for new scaling, revealing questions or problems that

had previously been out of sight. In fact, infrastructuring, in the example of the data

pipeline for Stall Catchers, involved several intraversions in the research–technology re-

lations, most notably the introduction of an ML model to do the segmentation necessi-

tatingmanual preprocessing steps, which were then refactored to semiautomated post-

processing steps, again creating the need for manual curation.
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Theobservation of the incomplete pipeline is not to say that the efforts to improve the

infrastructure did not make a difference but to emphasize that infrastructure is unruly

(Wynne 1988). One laboratory member explained that the processes related to the Stall

Catchers project would probably never be “standardized” compared to other established

collaborative processes because of the “variability within the data:”

[Y]ou have to spend some time, and you also have to make sure for your science that

it’s […] sort of correct because it is a little bit of a black box. But I don’t think it’s neg-

ative. We also have many other black boxes. If I send something out to some facility,

they are [sending] me some excel sheet back with data that I also don’t have the real

insight to, but I think it’s more standardized and this is just not as standardized and

probably will never be. It’s just because of variability within the data. (Jada, Oct. 27,

2021)

In addition to the variability within the data mentioned by Jada, Charles explained that

therewill always be some “nonlinear pacing” (Oct. 14, 2021) in animal experiments,which

cannot be predicted and prevents the process from being completely standardized.

The continuous changes and modifications to the pipeline’s steps that went hand in

hand with the shifting tasks researchers had to perform were difficult for new labora-

torymembers whowere still being introduced to Alzheimer’s disease research with Stall

Catchers. As Benjamin explained, for example, every time he tried to learn how to curate

data, the task or program had changed or a new tool had been introduced that he had to

get used to again, resulting in himnot being eager to try it and preferring to analyze data

manually instead (fieldnote, Oct. 26, 2022).

Even as the researchers’ understanding of the pipeline changed from a means that

would be completed one day to an ongoing process, theywere confident that Stall Catch-

erswould eventually save researchers time (fieldnote,Nov. 4, 2022).At the end ofmyfield

research in November 2022, Sean stated they were getting closer to the point where Stall

Catchers would make the analysis process easier than manually counting stalls (field-

note, Nov. 4, 2022).

Focusing on the development of the pipeline further illustrates how digital infra-

structures in the example studied, and particularly trained computational models, carry

inertia. They often lag behind spontaneous changes in processes and practices, such as

variations in experimental settings.While it is comparatively easy to exchange a micro-

scopeobjective,adjust the laser trajectory,or alter the treatment ofmicewith adirect im-

pact on research, it takes a long time to retrain anMLmodel to account for these changes

or to develop a custom data annotation tool for researchers to use.32 Not only does code

need to be changed, but the adjustment of downstream systems and the lengthy evalu-

ation and feedback cycles involved further increase the effort for such changes. This is

32 This is not necessarily generalizable to all MLmodels but specific to the situation described. Some

ML models, for example, are designed to continuously get retrained and updated. However, this

depends on having the necessary meta-infrastructure in place, i.e., the tools, processes, and sys-

tems required to support and maintain ML models over time, as well as enough personnel re-

sources to support ongoing model development.
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not always feasible within the constraints under which researchers work, and as the se-

ries of pipelinemodifications at the laboratory shows, instead of tackling such problems

at their deepest level, other workarounds are often introduced.The decision to improve

the output of DeepVess via complex post-processing instead of improving the model it-

self, i.e., retraining it, is an example of such an improvised, temporary solution,which is

also related to the fact that the laboratory lacked the necessaryML expertise after the re-

searcher who had originally implemented the model had left. Similarly, earlier on in the

pipeline, manual masking of the dura and other noisy remnants of the imaging process

could also be seen as such a workaround.

The data pipeline, understood initially as a means to enable outsourcing the image

analysis to the Stall Catchers platform, had become a major focus and investment.This

discrepancy in themeaning of the pipeline led to tensions in the laboratory, since, even in

2022, it was still considered a “side thing” (fieldnote, Oct. 26, 2022) by some researchers

rather than a core part of their Alzheimer’s disease research process. Curation was of-

ten practiced in the late evenings when researchers had time to do it (fieldnote, Oct. 26,

2022). In addition to this attitude, the fact that the curation program did not work well

on all laptops due to the large amount of computing power it consumed played an im-

portant role here. Benjamin explained that he preferred to curate data every now and

then while in the laboratory waiting for an experiment to be completed (fieldnote, Oct.

26, 2022). But since the program was too slow on his computer, this was not an option.

Sean, whose laptop managed to run the program as long as he pulled the data from a

solid-state drive, tried to find time to curate data whenever possible (fieldnote, Nov. 4,

2022). Data curation was something researchers typically incorporated into their daily

working practices with lower priority, organizing it around their other tasks. Changing

this understanding of data curation, therefore, was one of the main aims of the labora-

tory’s PIs during the time ofmy research. Stall Catchers were to become a central part of

the research and not just a side thing, explained laboratory member Isabel, who tried to

get other researchers to “use it” (fieldnote, Oct. 25, 2022). According to Isabel, what was

needed was a “paradigm shift” in their thinking (fieldnote, Oct. 25, 2022).

Looking at Stall Catchers, including the data pipeline as a whole, the pipeline can

be understood as a part of a “higher-level” HC system, even though it was not designed

and considered as such by the Human Computation Institute and laboratory. When

I suggested this idea of a “higher-level” HC system and the pipeline as a part of it,

Michelucci explained that he had not done so because the human–computer and hu-

man–AI handshakes in the pipeline are not automated but manual, meaning that the

individual steps are not fully streamlined (fieldnote Nov. 4, 2022). To move from one

step in the pipeline to the next, humansmust actively intervene, for example, bymoving

the data from one folder to another or by starting a successive program.However, I here

aim to show how this is, nonetheless, an insightful perspective for understanding how

different human–technology relations intravert in their entanglements and how the

overall system evolves.

Viewing the laboratory as one actor in this higher-level system and Stall Catchers as

another, the laboratory’s role shifted from fully (but slowly) performing all of the analy-

sis to delegating a key part of the analysis to Stall Catchers. The laboratory’s own focus

shifted to providing better data outputs for it to use, while introducing a new manual
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validation step to reincorporate Stall Catchers’ data. At the end ofmy field research, this

system still faced considerable friction and the efficiency gains on the side of the labo-

ratory were not yet as substantial as researchers had hoped. However, it was already on

a path of continuous change and intraversion that both actors expected would eventu-

ally lead to significantly outperforming the system’s initial configuration. The intraver-

sions occurring at the scale of this overarching system are slower than those occurring

within either system viewed in isolation. Given this and the project’s short existence, it

is still too early to give a full account of how human–technology relations and the actors’

roles within this system are intraverting over time. However, during my field research,

I could already observe some tendencies and imaginations of potential futuremodifica-

tions in these relations, tasks, and responsibilities. These included ideas for changes to

the task on the Stall Catchers platform itself (fieldnote Oct. 26, 2022) as well as involving

Stall Catchers participants in earlier steps of Alzheimer’s disease research conducted at

the laboratory and improving the ML model with input from the game platform. Even

though neither the laboratory nor the Human Computation Institute seemed to actively

consider or describe this higher-level HC system as such—only Stall Catchers itself was

usually described as an HC system33—there was still an awareness among researchers

that Stall Catchers’ capabilities and infrastructure could be further integrated into their

work.

The researchers had discussed the idea of using the Stall Catchers participants’

identification of poor-quality videos by “flagging” them as input for improvingDeepVess

based on an HC approach (fieldnote, Aug. 10, 2021). Another idea that was discussed

during my field research with the common goals of both reducing the laboratory’s own

workload and involving Stall Catchers participants in more steps of Alzheimer’s disease

research was to invite some of the more experienced Stall Catchers participants to take

on some more complex tasks (fieldnote, Oct. 21, 2022), as data curation turned out to

be more time-consuming and laborious for researchers than anticipated. The idea was

also related to the fact that more andmore participants were analyzing data on the Stall

Catchers platform, increasing the data throughput to such an extent that the researchers

in the laboratory sometimes could not keep up with generating and preparing new data

for Stall Catchers. Improvements in the data pipeline even further reinforced this, as

better data quality reduced the number of segments sent to Stall Catchers. However,

this meant fewer videos for participants to analyze, which could exacerbate the problem

of lack of data (fieldnote, Aug. 10, 2021). Participants asking for more data was a new

dynamic for the researchers. Initially, the laboratory had a huge backlog of data to

send to Stall Catchers and researchers had to wait for participants to analyze it. One

concrete idea to address this asymmetry was to allow participants to work closer to

the raw data in the curation steps (fieldnote, Oct. 21, 2022). According to researcher

Sora, this could benefit both biomedical researchers and Stall Catchers participants,

as it would contribute to the research process and potentially be more interesting for

participants (fieldnote, Nov. 1, 2022). In some ways, this would not only lead to new

transformations of the infrastructure and related human–technology relations but also

change the relationship between researchers and participants, since the latter would

33 This is related to the human-in-the-loop understanding behind HC that I discussed in Chapter 4.
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then be included in the scientific process of vessel mapping and cleaning (fieldnote,

Nov. 1, 2022). When asked how this would be different from the current involvement of

Stall Catchers participants, a laboratorymember explained that participants would then

be introduced to and confronted with the variability and uncertainty of science, which

were “pretty much removed” in Stall Catchers (fieldnote, Oct. 21, 2022). If participants

were included in data curation, they would have tomake their own judgments, since not

everything in science can be decided with 100 percent certainty (fieldnote, Oct. 21, 2022)

and, hence, would have to be trained as researchers first. This illustrates the boundary

work biomedical engineers do to distinguish between their research and the analysis

step outsourced to CS participants. Although this idea had not been realized at the

time of my research and was also controversially discussed in the laboratory, it points

to possible future intraversions within the human–human and human–technology

relations in Stall Catchers.

Looking back at the first five years of the Stall Catchers project and the development

of the interplay betweenhumanparticipants and computer algorithms, the idea of intro-

ducing new types of tasks to be solved via participant–technology/computational tools

relations was also considered a very complex and long process: “I’ve learned […] that it’s

difficult to make a single task pretty consistent. So, the challenges of making multiple

taskswould be awhole other thing.Well, I’m still hopeful,” saidNishimura (Dec. 7, 2021).

The question of whether and how this intraversion will unfold remains open at this

time. However, two key points I would like to make are already evident in the stages the

system has gone through so far. On the one hand, HC-based CS systems are imagined

differently by their actors, with their own specific aims and needs in mind. In this, the

overarching structure of the system may not always appear to or be seen in the same

way by each actor. On the other hand, such systems are never understood as complete

or closed systems. This is not only because, like many systems, they exhibit problems

in their development and maintenance. Rather, they are specifically thought of as be-

ing continuously open to change in the hope of surpassing their current function,which

manifests itself in intraversions of human–technology relations in theHC-basedCS sys-

tems. As Schaffer put it: “[I]t’s not done […]. I mean, […] there’ll be a new wrinkle in the

data.There’ll be some new problem that comes up because we’re not going to keep doing

just this exact same thing over and over” (Dec. 7, 2021).This continuous evolution of HC

systems is particularly apparent in the analysis of the dynamics of the ARTigo example.

Moving Forward in Concert

Shifting our focus from the microanalytical perspective on HC systems in their every-

day situatedness to the broader evolution of HC-based assemblages over extended pe-

riods (i.e., years), a pattern emerges.This pattern describes the dynamic and nontrivial

interactions between human–technology relations within HC systems and advances in

AI computational capabilities. In the following exploratory remarks, using ARTigo as an

example, I show how these also undergo a continuous transformation pattern, evolving

in parallel with the intraverting human–technology relations.They influence and create

each other in concert as they move forward.
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The main reason for my focus on ARTigo at this point is that the development of

ARTigo’s life cycle presents a revealing example of the changing relations between HC

and AI research despite its less extensive treatment in previous chapters.When I started

my ethnographic fieldwork in the last weeks of 2019, ARTigo had been an active project

for over ten years. The project idea emerged in 2007 from computer scientist Bry, who

was inspired by VonAhn’s ESP game (VonAhn 2005),34 which “was the first systemwhere

work activity was seamlessly integrated with gameplay to solve Artificial Intelligence

problems” (VonAhn 2005, 70; see also Law2011; Lazar, Feng, andHochheiser 2017). In the

two-player ESP game, players (without seeing each other or knowing the other player)

had to describe images with words but only gained points if their words or tagsmatched

those of the other player. Bry brought this idea into the area of art history. Computer

scientist and ARTigo team member Ben described in our conversation in early 2020

that “[f]or art history, […] the idea of doing it this way and making it this big and also

combining it with the several games, that is to say,making it a platform,was a very good

idea. No one had done that before” (Feb. 24, 2020). In an article by digital humanist and

data scientist Stefanie Schneider and art historianHubertus Kohle, who are both part of

the ARTigo project, the authors describe ARTigo and its twofold goal.They characterize

it as “an internet platform in which digital reproductions of artworks are presented to

an audiencewith unknown qualifications,who then annotate these artworks in a playful

and competitive way” (Schneider and Kohle 2017, 82). Furthermore, they define it as “a

semantic search enginewhich canmaster large image sets based on these crowdsourced

annotations (tags) without having to rely on the expensive manpower of specialists—or

even on artificial intelligence from the field of computer vision” (Schneider and Kohle

2017, 82, emphasis i.o.). There was a need for such a semantic search engine in the field

of art, since several million digital reproductions of works of art existed in electronic

repositories, but there was no way to retrieve them based on specific criteria (Schefels,

n.d.). Computational search, at that time, was “still very limited” (Schneider and Kohle

2017, 82).

In addition to these official goals, for Ben, ARTigo was also an opportunity to “bring

art history […] into the computer age and to provewithARTigo that computer science can

also do research in art history, that is, with data science, data analysis” (Feb. 24, 2020).

Whileparticipants contributed text-based tags,anunsupervisedMLmethod35 processed

these contributions to build and constantly improve the semantic search engine (Bogner

et al. 2017, 53).The advantage of a semantic search engine is that it can be used to “search

for [art]works whose identity cannot be determined by identifying the author and title,

whichare available asmetadata in traditional imagearchives” (Schneider andKohle 2017,

82).

While the ARTigo projectwas funded by theGermanResearch Foundation from2010

until 2013, the team continued to work on it andmaintain it beyond the end of the fund-

34 The game is named after “extrasensory perception” (ESP), which is also known as the “sixth sense.”

Even though Von Ahn does not explicitly state so in his dissertation, it becomes clear from the

context to what he is referring.

35 More precisely, the team developed a “Higher-Order Latent Semantic Analysis” (Wieser et al. 2013;

Wieser 2014).
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ing period. Up to 2016, over nine million tags had been gathered from “on average 150

persons a day playing on ARTigo” (Bry and Schefels 2016, 5), and by 2023, Schneider and

colleagues report on 10,679,711 annotations (Schneider, Kristen, and Vollmer 2023, 4) by

several tens of thousands of participants (Kohle 2018).

The ARTigo platform included several games to collect different tags. As Ben ex-

plained:

There are different games for different tag groups. So, the ARTigo game, the classic

one, that’s very general, it collects tags very broadly, while the other games, they

keep refining that. They then build on the dataset and then also again the other

way around, other [games] build on that dataset then again and this way, it keeps

refining. And this way, you then get a better description for the images. (Feb. 24,

2020)

The different tags and their corresponding games can generally be divided into “simple

descriptions” collected by the ARTigo game, which resembles the ESP Game (Bogner et

al. 2017, 53; screenshots of the initial ARTigo UI can be found at Citizen Science Games

2019), and “more specific descriptions [that] are collected by ‘diversification games’ using

simple descriptions collected by description games” (Bogner et al. 2017, 53), such as the

ARTigo game.

Finally, “integration games” collected “annotation clusters” based on tags collected by

all different games (Bogner et al. 2017, 53). Together, these different games and tag forms

or annotations—all ofwhichwere text-based—allowed the “ARTigogaming ecosystemas

awhole [to] perform[] better thaneachof its gamesalone” (Bogner et al.2017, 56).ARTigo,

like Foldit, is explicitly built on the idea that nonprofessionally trained participants will

provide different tags than professional art historians (Kohle, Dec. 4, 2019). The value

of annotations by nonprofessionally trained people lies in the fact that while individual

descriptions may refer to objects or colors in images of artworks, when combined, “the

tags demonstrate a wisdom not present in any single word, but only in the collection”

(Kohle 2016, 3). By saving only those tags contributed by at least two participants, ARTigo

aims to exclude “deliberately false input” (Kohle 2016, 2).

In late 2019 and early 2020, I interviewed art history researchers and computer sci-

entists involved in the project to learn about their experiences with the project and how

they would describe ARTigo’s journey so far. Teammember Finn explained:

Overall, you have to see that it is somewhat of a flagship project for all citizen science

projects. It was one of the earliest projects to experiment a bit. And also one of the

projects that, I think, had the most far-reaching consequences because art history

[…] has no datasets with actual annotations available. Currently, obviously, it has de-

creased a little bit. Because I also believe that this system of actually assigning text

annotations for images, that is no longer popular. (Dec. 16, 2019)

The team universally agreed that ARTigo was very successful as an early HC-based CS

game, especially since it was launched beforeML, computer vision, and deep neural net-

works became “such a cool research topic again” (Emilia, Nov. 8, 2019).The technologies
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that exist today to automate tagging the semantic content of artworkswere not available

at the time, computer scientist Emilia explained in our conversation (Nov. 8, 2019).

By 2019,ARTigo seemed to have passed its peak.Due to a lack of funding, it was diffi-

cult to sustain such a large project.While various research studies (including bachelor’s

andmaster’s theses)36 hadbeen conductedonandaroundARTigoduring its peakperiod,

Emilia explained,

not much is happening there at the moment. […] It’s just kind of a bit of an old

project at the moment that kind of just keeps going […]. But currently, in terms of the

underlying technology, it is just […] more or less end of lifetime. So, it also constantly

crashes. So, if you try to access the ARTigo page, then it can be more often that 50[3]37

or so, so that the server is not working because somehow the system is not working.

And I think the […] daily business now is basically maintenance and restarting the

server when it crashes again. (Nov. 8, 2019)

Thus, at the end of 2019 and the beginning of 2020, the team’s main tasks were keep-

ing ARTigo alive andmaintaining the platform by occasionally restarting the server and

answering press inquiries.38 Finn sighed and explained that it “happens relatively often

that I have to restart [the server] three times a day” (Dec. 16, 2019). At the same time,

the platformwas somewhat outdated.39 Bry argued that “[i]f youwant a platform to con-

tinue to remain popular, you need to work on the platform constantly. A game platform

cannot stay the way it was for ten years. And that’s hard work” (Feb. 3, 2020). For ARTigo

to remain popular, Kohle agreed, it would have to be reimplemented from scratch with

different games and less text-based approaches (Dec. 4, 2019). Finn suggested that par-

ticipants today prefer to drag or click on things rather than type (Dec. 16, 2019). Such a

reimplementation could also, according to Kohle,

address a weakness of the application related to its logic. In particular, in cases where

we also want to use the annotations to train computational neural networks, such

that the computers will eventually be able to recognize the objects depicted in the

works themselves, the information is too imprecise: If an image is tagged with the

term “dog,” then a dog appears somewhere in the image, but it remains unclear

which part exactly contains the dog, and can only be deduced by human intelligence.

Another version of the game could be to assign terms to certain areas of the image,

for example, to drag the term “dog” with the mouse to the image representing the

dog. (2018, 2–3)

36 E.g., Schemainda (2014); Taenzel (2017); Greth (2019).

37 Emilia mentioned the HTTP response status code 505, which refers to “version not supported.”

It is, thus, likely that she was referring to the response status code 503, which refers to “service

unavailable.”

38 Due to ARTigo’s collaboration with museums, in which some version of ARTigo was featured in

exhibitions, for example, the project still received public interest and media coverage from time

to time (Finn, Dec. 16, 2019).

39 The sustainability problem of such CS projects and platforms was not only raised by ARTigo team

members but was also a primary motivation for Michelucci to build the Civium ecosystem (see

Chapter 4).
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While researchers from the ARTigo teamhad alreadyworkedwith clustering algorithms

in 2017 to divide artworks into groups based on the crowd’s annotations (Schneider and

Kohle 2017), the resulting clusters could later be used to train CNNs.These could eventu-

ally allow the automated classification of images of artworks without prior manual an-

notation (Schneider and Kohle 2017, 88). However, I would like to remain a bit longer

with the state of ARTigo at the beginning of my field research.40 At that time, compared

to other software and game interfaces or UIs in general, ARTigo no longermet the users’

expectations (Ben, Feb. 24, 2020).41

Fromauserperspective,notmuch seemed tobehappeningwith theARTigoplatform

for thenext year andahalf duringmymainfield researchperiod (2020–2021).Yet, I knew

frommy interviews with ARTigo teammembers that they were working with computer

science students (Greth 2019) to reimplement the entire platform. I frequently checked

thewebsite to see if the project was still running or if a new platformhad been launched.

At some point in 2021, the platform was only accessible from the Munich Scientific Net-

work provided by the data and supercomputing center Leibniz Supercomputing Centre

connecting academic institutions in Munich, including the LMU and the Technical Uni-

versity Munich.

To my surprise, when I checked the status of ARTigo in November 2022 (as I contin-

ued to regularly do throughout my research), an entirely new iteration of the platform

appeared (cf. Schneider, Kristen, and Vollmer 2023). Instead of the eight mini-games

available on the previous platform, players could now choose between two game modes

on the new platform, which was released in November 2022.The first resembled the old

games in that it asked participants to annotate images of artworks in a text-basedman-

ner.However, in addition to asking for descriptive tags, the game also asked participants

to explain,“What feelingsdoes it [thedigital reproductionof the artwork] trigger in you?”

(Ludwig-Maximilians-Universität n.d.a).The second gamemode invited participants to

annotate image regions based on the word tags provided. The latter presented partici-

pants with a completely new task. Instead of creating text-based tags, they now had to

draw outlines around the object region(s) corresponing to one of the provided tags (Fig-

ure 10).

40 Despite the fact that the ARTigo platform itself was notmuch used at the end of 2019, annotations

created on the platform were still used in other projects. For example, they were included as trai-

ning data in the new research project “iART” funded by the German Research Foundation (Kohle,

Dec. 4, 2019). The project, funded from 2018 to 2023, was a collaboration between the Chair of Me-

dieval and Modern Art History at LMUMunich, the Visual Analytics Research Group at the Leibniz

Information Centre For Science and Technology University Library, and the research group Intelli-

gent Systems and Machine Learning at the Heinz Nixdorf Institute, Paderborn University, and in-

cluded two researchers of the ARTigo project, Hubertus Kohle and Stefanie Schneider (Deutsche

Forschungsgemeinschaft n.d.).

41 ARTigo participantHelena,whohad responded tomypublic call for participation onARTigo’s Twit-

ter account, expressed her wish for a more “modern” website (Jan. 27, 2020).
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Figure 10: ARTigo Playmode “annotate image regions based on tags”

Source: Screenshot taken by LHV on Feb. 27, 2023 (https://www.artigo.org/de/game)

This development of the ARTigo platform can be compared to the evolution of

CAPTCHA described in Chapter 4, which brings us back to the very first HC. As the

algorithms for optical character recognition of written text improved, the task was

changed to identify objects in images, such as traffic lights or taxis, to improve the

AI algorithms for image recognition. The introduction of this new game mode in AR-

Tigo provides an interesting example for my analysis for at least three reasons. First,

it corresponded to the ideas presented by team members in our conversations in late

2019 and early 2020 described above. According to these, participants today were less

interested in text-based tasks and more interested in tangible modes of interaction. In

the mobile version, participants could circle the areas with their fingers.This new form

of engagement was understood to be more entertaining in times when smartphones

and touch screens had become standard for many people. As a GWAP, ARTigo depends

on volunteer engagement and, therefore, needs to be (and remain) entertaining.42

Second, newmodalities of information beyond test-based tags are collectedwith the

new game mode. This new information then allows researchers to improve computa-

tional analysis tools and AI models and create new models, such as a CNN, which was

already described as a future idea in the quote from Kohle (2018) above. In this way, it

allowed AI research to advance. When I contacted the ARTigo team in March 2023 to

learn about the goals behind introducing this new game mode, they confirmed this ob-

servation with their email reply that the new gamemode served the purpose of “increas-

ing precision. So far, [the label] dog could be used during annotation, but it was unclear

which area of the imagewas being referred to.However, this would be beneficial to teach

the computer to recognize a dog independently.”43

42 Additionally, the new ARTigo platform included an input frame that was inspired by messaging

apps, in which a chat, or chatbot, was simulated to create something that resembled a dialogue

between the chatbot and participant (Schneider, Kristen, and Vollmer 2023, 3).

43 E-mail exchange between LHV and the ARTigo team fromMarch 26, 2023.
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Finally, with the advancements in computer vision research in recent years, the state

of the art in AI research in 2020, shortly before the launch of the new ARTigo platform,

could not be compared to 2007,when the idea of ARTigowas conceived. ARTigo, accord-

ing to PI Kohle, is based on a normative understanding similar to the Human Compu-

tation Institute’s Hippocratic oath: “First use no humans” (Michelucci and Egle [Seplute]

2020) (see Chapter 4). In an interviewwith the science blog Bürger KünsteWissenschaft, PI

Kohle argued that “[w]hat is important is that people perform real tasks and do not do

things that a computer could do, just so they are involved somehow” (Kohle 2019). Fol-

lowing this understanding, it could be argued that the new games were necessary to en-

sure that participants continued to perform tasks that computational systems could not,

in fact, solve. Even if this was not the primary motivation for the new games, this new

development could be understood as yet another iteration in a series of intraversions.

Instead of asking participants for descriptions of the images, the software now presents

themwith information previously entered by humans to confirm the tag and specify the

image region(s) corresponding to it.

ARTigo’s early games built upon each other, forming an “ecosystem” in which partic-

ipants filled in where the capabilities of the computational parts of the system fell short.

Subsequently, two things happened: significant amounts of useful data were collected

and AI research, particularly in computer vision, made significant advances that likely

made it possible to perform at least some of the human tasks in ARTigo using compu-

tational methods.This combination of achieving the system’s initial purpose (at least to

a large extent) and the advances in the capabilities of computer vision models led to the

emergence of anew iterationof theHCsystembyopening the space for the system to ful-

fill a new, elevated purpose.ARTigo’s evolution here resembles that of the visual database

project ImageNet described by Gray and Suri, who discuss its evolution as an illustrative

example of the paradox of the last mile of automation: “Humans trained an AI; only to

have the AI ultimately take over the task entirely. Researchers could then open up even

harderproblems.For example,after the ImageNet challengefinished,researchers turned

their attention to finding where an object is in an image or video” (Gray and Suri 2019, 8,

emphasis i.o.). Even though, in the case of ARTigo, AI has not yet fully taken over the an-

notation task, new,more advanced problems could be addressed. For this new iteration

of ARTigo, the platform, interfaces, andmodes of engagement also needed to be adapted

and developed further to remain interesting, engaging, and even ethical.

Furthermore, it could be argued that ARTigo, as anHC-based CS, had to undergo this

development in order to remain an HC system, i.e., a system that “harness[es] human

intelligence to solve computational problems that are beyond the scope of existing Ar-

tificial Intelligence (AI) algorithms” (Law and Von Ahn 2011). In the case of ARTigo, this

was a specific problem at the intersection of computer vision and art. Progress on this

immediate problem, for example, due to improved computational capabilities through

more powerful AI models, meant that computers could increasingly take over the tasks

performed by humans in the HC system.These intraversions, as in the case of both Stall

Catchers and Foldit, are often largely driven by internal developments and based on the

data collected or generated by the system itself. By contrast, ARTigo’s intraversion was

not primarily based on data collected as part of the project.This difference between AR-

Tigo and the other systems studied does not imply that these developments should not
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be viewed as intraversions. Rather, intraversions in the HC systems’ human–technology

relations can be significantly influenced by both internal and external factors. HC sys-

tems often directly support or drive the AI advances that cause the intraversions, but

this is not a necessary condition. This difference reinforces the notion that advances in

computational capabilities do not typically lead to the human side of the system being

considered redundant. Instead, as Michelucci explained, “humans can move on to the

next task” (fieldnote, Sept. 30, 2021). The assemblages themselves typically do not cease

to exist when the current purpose of the system is achieved but are repurposed toward a

newgoal,which only comeswithin reach due to the advancesmade previously.By adapt-

ing to newproblems and needs, i.e., by intraversions of its human–technology relations,

these assemblages themselves become something new (Deleuze and Guattari 2013, 7).

Contingent, Imagined, and Emergent Intraversions

In this chapter, I have analyzed different human–technology relations and how they in-

travert in the HC-based CS projects Foldit, Stall Catchers, and ARTigo in everyday life’s

instantaneity, over time, and on different levels.

The analysis shows that the relations are not fixed but open and dynamic and how

the idea of “hybrid intelligence” and, thus, the target of HC, keeps moving. The target

remains partly an empty shell which gets filled with the instantiations of continuously

adjusted human–technology relations as such systemsmove forward. Role assignments

here areneverfixedbut in fluxnot only in their everyday enactment but also by thedesign

of the system itself.Built to be changedagain, thenature of the tasks to beperformedand

the purpose of the system are constantly changing along with the intraverting relations.

Given the continuous formation and alteration of human–AI or –technology relations in

HC systems, it is not sufficient or possible to define once and for all the intended and re-

alized relations betweenhumans andAI. Instead, theymust be traced and analyzed along

and with their becoming.These observations of intraverting participant–technology re-

lations not necessarily apply only to the examples studied but also to other HC-based CS

systems, such as Galaxy Zoo,44 in which participants first provide data for training ML

models and thenAImodels, insteadof replacinghumanparticipants,are introduced into

44 The online CS project Galaxy Zoo was launched in 2007 with the goal of inviting participants to

classify galaxies from the Sloan Digital Sky Survey (Lintott 2019, 41) because “the human brain

is much better at recognising patterns than a computer” (Galaxy Zoo, n.d.). The project has seen

many changes andmodifications since its start. Despite its huge success regarding participant en-

gagement and its purpose of classifying galaxies, the project faced the problem that they had too

much data to be analyzed by human participants. To solve this problem, researchers started com-

bining the participants’ “classifications with those of machines, inspired by the idea that the com-

bination of both automatic and human classification may be more powerful than either alone”

(Zooniverse, n.d.). Similar to the approach in Stall Catchers, they used participant annotations to

create CNNs “that make probabilistic predictions of Galaxy Zoo classifications” (Walmsley et al.

2020, 1555). Building on the work that some among the numerous images of galaxies are more

significant than others (Walmsley et al. 2020, 1555), the Galaxy Zoo team introduced the new

“enhanced” project mode in which participants are presented with those images to classify that

have been selected by the classifier. With the “active learning approach” of using the human clas-
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the same projects.The concept of intraversions helps to analyze these shifts and oscilla-

tions of positions, responsibilities, and tasks. Drawing on the example of user–technol-

ogy and researcher–technology relations, I demonstrated how the intraverting relations

reconfigure the tasks, practices, and forms of engagement of different actors within the

sociotechnical assemblages.

In the example of Foldit, algorithmswhose actions could be observed by human par-

ticipants were first implemented to try to solve the protein structure prediction problem

automatically. Participants’ requests and involvement led to Foldit, in which computa-

tional tools assistedhumans inmanuallymanipulatingproteins,which then evolved into

a platform in which participants again relied primarily on automated algorithms toma-

nipulate the protein but with a newly gained level of involvement and control.These evo-

lutions of user–technology relations set the stage for entirely new human–AI relations

to evolve in the form of supporting the development of Alphafold and its subsequent in-

tegration into the platform to review and comment on the protein structures developed

by human–computational tool relations.

In the example of Stall Catchers, an analysis problem that could not be solved with

current AI technologies led to the development of an HC-based CS in which volunteer

participantswere invited to fill in and assist by analyzing short research videos under the

supervision of algorithms. This then facilitated the development of ML models, which

were subsequently integrated into Stall Catchers to assist in the analysis. Here, the AI

bots based on the ML models became both coworkers and competitors to human par-

ticipants and could serve as preprocessors for humans in the future, thereby, also influ-

encing the human participants’ practices from analyzing videos of varying difficulty to

focusing on thehardones.This, in turn,would also impact the humanparticipants’ expe-

rience of contributing to Stall Catchers. If ML models can one day completely take over

the analysis task, the designers and researchers believe that human participants could

then move on to other tasks that are not yet computationally solvable, such as curating

data before it is analyzed byAI bots,whichwould again intravert the human–AI relation.

Similarly, the researcher–technology relations were continuously changing in the

HCsystemformedby the researchers of theSchaffer–NishimuraLaband theStall Catch-

ers platform.They intraverted from themanual labor of analyzing data on the part of the

researchers, to the development of Stall Catchers, accompanied by the introduction of

computational tools and AImodels to reduce this workload in the laboratory and the in-

troductionofnew tasks tobeperformedby researchers, suchasmaskingdata, correcting

DeepVess’ errors, and successfully reincorporating Stall Catchers’ output into their sci-

entific work.

Finally, the analysis of the long-term evolution of ARTigo revealed the interactions

between intraversions of human–technology relations in HC systems and advances in

AI. Due to advances in computational and algorithmic capabilities, participants’ tasks

and ways of engaging with the platform, as well as the purpose of the games themselves

changed over the years. While participants initially provided text-based annotations

about the images’ content, they were then asked by the software to provide information

sifications to feed into the model, the latter keeps refining and, the assumption is, less and less

labeled data will be required (Walmsley et al. 2020, 1555).
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about their feelings when viewing the artworks and to specify image regions for existing

annotations through tangible modes of interaction. These reconfigurations were nec-

essary to ensure participation and to keep the HC system at the edge of technological

development.

As the examples illustrate, intraversions are processes that, even when stabilized for

a certain period of time, eventually present openings for new tweaks and improvements;

the circumstances in which they occur tend to actively invite, almost require, such

change. However, they are not arbitrary but contingent, imagined, and emergent. They

are contingent in that their becoming always depends on previous relations and given

materialities. They are also imagined in that they can occur through external deliberate

design modifications, such as decisions made by developers, and emergent, in that they

depend as much on and evolve through the underlying human–technology relations,

which create new possibilities through their dynamic and partly unstable nature. In the

Foldit example, participants requested to be involved in more active ways than just ob-

serving the automated program in Rosetta@Home, leading to the creation of the Foldit

game, in which participants became decision-makers regarding the next steps to fold

proteins and the automated tools assisted them in their attempts. In this way, partici-

pants can also be understood as designers of the intraversions of the human–technology

relations in which they are involved. In the example of Stall Catchers, participants ex-

pressed their perspective on the AI bots as both assistants and competitors and, thus,

actively related and contributed to the experimental research on new hybrid human–AI

combinations in HC-based CS projects.45 Participants accommodated the new presence

of AI bots and, thereby, reflected on how they wanted to interact with AI bots in Stall

Catchers. Following Dorrestijn, they “perform[ed] a transformation to their hybrid self”

(2012a, 117).

At the same time, intraversions are still influenced and evoked by coincidental or ac-

cidental events,material breakdowns, or different relations interveningwith each other.

Finally, intraversions also go hand in hand with resistance and divergent understand-

ings of the meanings of infrastructure, roles, and overall aims of CS games. On a more

abstract and subject-focused level, these practices of resistance or tactics employed by

different actors within intraverting human–technology relations can be understood as

“copingwith [the] influences” (Dorrestijn 2017, 318) of technology. In this sense,new sub-

jectivities emerge from these intraverting relations (Foucault 1983; 1988).

Together, the HC-based assemblages studied are, thus, shaped by different actors,

their intentions, and entangled human–technology relations that do not always align

frictionlessly. Alignment or reterritorialization processes play an important role in

bringing together the different interests, needs, visions, andmaterial possibilities of the

actors involved. In the next chapter, I discuss the example of trust building as one such

alignment process, which became necessary due to the destabilization of established

trust-buildingpractices by intraversions. I showhow trust emerges andmust be adapted

45 As an example, even though AI bots redeeming points was being discussed as a potential future

feature, the team decided to refrain from allowing it during the bot study in October 2021 due to

concerns expressed by participants on the leaderboard.
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alongside intraverting relations in HC-based CS. Trust, as I understand it in this next

chapter, unfolds within human–technology relations.



7 Building Trust in and With Human Computation1

“[W]e have to trust the whole citizen science stuff” (fieldnote Jul. 27, 2021), explained re-

searcher Anna during the first laboratory meeting I attended for my ethnographic field-

work in Ithaca in 2021. In this meeting, the laboratory discussed recent improvements

in the data pipeline that connects the laboratory’s Alzheimer’s disease research with the

online gameStall Catchers.Although this statement struckmeas remarkable at the time,

I had not considered “trust” an empirical category of interest or an analytical concept for

my research on HC systems. However, throughout my first three-month stay in Ithaca

to learn about the researchers, developers, and designers’ perspectives on their joint en-

deavor, Stall Catchers, the notion of trust came up repeatedly in conversations with lab-

oratory members. Moreover, trust also emerged as a critical aspect of legitimizing the

HC-based CS approach to knowledge production pursued at the Human Computation

Institute and its mission to “engineer sustainable participatory systems that have a pro-

found impact on health, humanitarian, and educational outcomes” (Human Computa-

tion Institute, n.d.).

What does it mean for biomedical researchers to “trust the whole citizen science

stuff”? Trust, as I will show in this chapter, plays a crucial role in the formation and

maintenance of HC-based CS assemblages. By analyzing not only the articulations but

also the practices of researchers in human–technology relations, it becomes clear that

trusting the “citizen science stuff” is not only a social relation but also includes socio-

material2 practices that continuously reestablish trust. The reappearance of the notion

of trust in the field brought me a new analytical perspective on how these systems are

continuously becoming in the interplay of the different human and nonhuman actors

involved. I consider trust as reterritorialization processes that bring together and align

various elements and relations to (re)configure these sociotechnical systems. Trust as a

1 This chapter builds on ideas presented in the talk “Betweenmeans and ends: Data infrastructures

in biomedical research” at the RAIMed conference 2022 (Vepřek 2022a), and a poster presentation

at the Spring School of the Transformations in European Societies Ph.D. program in Murcia, Spain,

on March 25, 2022.

2 In this chapter, I use the term sociomaterial practice, which includes sociotechnical practices, be-

cause the point I would like to make is not specific to technologies but refers more broadly to

how trust is built in relations of humans and materialities.
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sociomaterial practice is at the core of HC development as it emerges and needs to be

adapted alongside the intraverting relations in HC-based CS due to new changes and

shifts unsettling established trust-building mechanisms.3 Trust, as I understand it in

this chapter, is itself created within human–technology relations.

To unfold this perspective, I revisit some of the examples discussed previously

through the lens of trust as a sociomaterial practice, while also discussing some new

instances of HC-based CS and its human–technology relations. The chapter is orga-

nized as follows. First, I briefly discuss trust as an analytical concept before delving

into various trusting practices and relations in the example of Stall Catchers. I then

analyze trust within HC-based collaborations from the researchers’ point of view and

their understanding of scientific confidence.HC itself plays an essential role in building

trust in the CS approach. At the same time, trust in HC systems must be programmed

algorithmically, as I discuss from the perspective of the Human Computation Institute’s

team. Next, I turn to the participants’ perspective and their trust in the researchers and

the Stall Catchers team. Before concluding this chapter, I briefly discuss the question

of proprietary software and trust. The aim of this chapter is not to disregard trust as

a social relation but to open up the concept of trust to sociomaterial practice to gain

a deeper understanding of human–technology relations in HC-based CS. The under-

standing of trust suggested in this chapter, thus, does not seek to define trust once and

for all—which is an impossible undertaking anyway, as human computer interaction

researcher Richard Harper shows in the edited volume Trust, Computing, and Society

(2014a)—but rather to provide a valuable concept for analyzing the field at hand. While

trust emerged from the field research on Stall Catchers and this chapter is, therefore,

largely based on this example, it also draws on Foldit in some places as a comparative

study to further reflect on the larger context of trust in the field.

Trust as an Analytical Concept

Trust, as a sociological concept, has received considerable attention.4 In 2000, sociolo-

gist Piotr Sztompka described a “new wave of sociological interest in trust” (2000, 14),5

which he attributes not only to a variety of reasons, such as the growing complexity and

3 My interest is in how trust is being built in HC-based CS. This exploration necessarily includes

considering instances of lack of trust or mistrust. Anthropologist Florian Mühlfried suggests that

mistrust, compared to trust, remains an understudied phenomenon (2018, 7). Mühlfried defines

mistrust, following sociologist Niklas Luhmann, as a way of reducing the complexity of the world.

Mistrust seeks out “defensive arrangements” (Luhmann 2014, 1), that, according to Mühlfried, are

“ways to spread risks and weaken dependencies” (2018, 11). However, I do not delve further into

conceptualizations of mistrust or distrust (on the relation between mistrust and distrust, see, for

example, Carey [2017, 8]; cf.Mühlfried [2018]), but refer to the terms as they are used empirically

by my research partners.

4 It is not my aim here to provide a comprehensive overview of the existing literature on trust. To

point to further work beyond that discussed, see, for example, Garfinkel (1963), Braithwaite and

Levi (1998), Gambetta (1988b), Apelt (1999), Endreß (2012), Schilcher, Will-Zocholl, and Ziegler

(2012), Weichselbraun, Galvin, and McKay (2023).

5 For a review of sociological theories on trust in the twentieth century, see Sztompka (2000).
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interdependenceof theworldandhumanrelationsbut also to the indeterminacyof social

roles or the increasing opaqueness of institutions and technological systems. Scholars,

such as anthropologist AlbertoCorsín Jiménez,have also observed a “crisis of trust” (2011)

over the last few centuries. This crisis manifests itself in a decrease of trust not only in

the state but also in institutions, and, as can be observed in the climate crisis and during

the COVID-19 pandemic, in science. Contrary to earlier psychological understandings of

trust as a personal attitude, according to Sztompka, trust is now conceived as “the trait of

interpersonal relations, the feature of the socio-individual field inwhich people operate,

the cultural resource utilized by individuals in their actions” (2000, 14). The interactive

and interpersonal nature of trust (Weingardt 2011, 9) is an important aspect in the litera-

ture on trust,which is commonly understood as (a) social relations(hips) (e.g., Luhmann

1988; 2014; Hardin 2006; Weingardt 2011).6 According to Sztompka, trust is something

inherently human—it cannot be bound to natural phenomena (2000, 20).What charac-

terizes trust is its future orientation and its associationwith the uncertainty and uncon-

trollability of the future (Sztompka 2000, 20). According to sociologist Niklas Luhmann,

trust serves to reduce the complexity of the world and is both a risky investment and a

“solution for specific problems of risk” (1988, 95).7 However, trust does not refer to any

future action but to those that shape our present decisions (Gambetta 1988a, 218–219).

Trust, therefore, fills the gap between risky and unpredictable futures and the need to

make decisions and take action. Sociologist Heinz Bude, following Luhmann, has aptly

summarized the essence of trust:

Trust opens up perspectives and enables action in complex and complicated situa-

tions. Wittgenstein provided a philosophical explanation for this when he explained

how, through trust, the reason of life overrules the unreason of doubt. This is, as

Niklas Luhmann has poignantly demonstrated, the logic of a risky advance, which is

only ever rational in retrospect. From the feeling of trust, one dares to take the leap

into the dark, which overcomes the hiatus between justification and decision. (Bude

2010, 11)

This sense of trust, sociologist Anthony Giddens contends, is not limited to social rela-

tionships or individuals but can also be extended to abstract systems (1990).8 Giddens

employs the term “abstract systems” to refer to symbolic tokens or expert systems that

play a significant role in structuring life in themodern era.The subtle difference between

these forms of trust is illustrated by the example of money: “it is money as such which

is trusted, not only, or even primarily, the persons with whom particular transactions

are carried out” (Giddens 1990, 26). As this quote indicates, however, trust in persons is

6 Some authors divide trust as social relations further into trust in oneself, trust related to certain

networks of the lifeworld of which one is part, and trust in systems and institutions (Bude 2010,

13).

7 According to Luhmann (2014), distrust is the functional equivalent to trust. Therefore, they both

function in the same way.

8 Sociologist Martin Endreß defines trust as a multidimensional phenomenon by considering three

different modes of trust: reflexive, habitual, and pre-reflexive functioning mode (2012).



250 Libuše Hannah Vepřek: At the Edge of AI

still, to some extent, involved in trust in systems regarding their “proper working” (Gid-

dens 1990, 34, emphasis i.o.). Gidden’s distinction is valuable for the following analysis

because trust in the field includes the social dimension but also goes beyond it.However,

like the sociological theories discussed previously, Giddens did not pay particular atten-

tion to thematerialities (or sociomaterialities) for building trust,which play an essential

role in understanding trust in sociotechnical systems, such as HC-based CS projects. In

fact, most theories of trust in sociological and social theory, despite varying definitions

of trust and related concepts, such as confidence (e.g., Luhmann 1988; Giddens 1990; Se-

ligman 2000),9 share the understanding of trust as a cognitive, social, and only human

phenomenon. Yet, trust, as it was expressed and performed in the field, cannot be cap-

tured by a cognitive understanding of trust alone because, as Corsín Jiménez aptly de-

scribes, trust is “also distributed in a variety of human and nonhuman forms; it is as

much a cognitive category as it is a material one; indeed, it belongs to the realm of the

intersubjective in asmuch as it belongs to the interobjective” (2011, 179). AlthoughCorsín

Jiménez explicitly points out that his work does not aim to contribute to the existing lit-

erature on trust, it forms a fruitful basis for the following reflections since, as I will show

below, trust is built along and with technology in the field of HC-based CS projects (In-

gold 2007).10 In postphenomenological terms, it is mediated by technology. Researchers

in the laboratory are continuously working on establishing trust with technologies pre-

cisely because “trust [in] the whole citizen science stuff” (fieldnote Jul. 27, 2021) cannot

be based entirely on social relations. InHC-basedCSprojects, scientists, developers, and

participants enternewcollaborationswitheachotherandotheractors, thereby introduc-

ing new relations and practices previously unknown to the individual parties and partly

requiring the reevaluationof establishedprocesses andpracticespreviouslyused tobuild

andmaintain trust.

9 Luhmannandother scholars have distinguished trust fromother concepts,most prominently from

the concept of confidence. According to Luhmann, trust and confidence share that they are both

“modes of asserting expectations” (1988, 99), whereby these expectations can turn into disappoint-

ments (1988, 97). However, while confidence is the case when one has no other choice than to be

confident in something, trust is connected to one’s active previous engagement. Trust implies risk

in a particular situation inwhich one decides to act in oneway or the other (Luhmann 1988, 97–98).

However, relations of trust or confidence can transform into the other. The distinction between

trust and confidence is also common in everyday life, as the proverbs such as “trust, but verify” or

the German form Vertrauen ist gut, Kontrolle ist besser demonstrate (cf. Seligman 2000, 17). While

religious studies scholar Adam Seligman agrees on the distinction between trust and confidence,

he argues that “trust” in its current understanding “as a solution to a particular type of risk” (2000,

7–8) is a phenomenon specific tomodernity and not universally transferable to social organization

in general (2000, 6). Confidence, by contrast, is required for any social organization towork. On the

other hand, Giddens defines trust as “a particular type of confidence” (1990, 32) and, thus, not as

something different from confidence. Similarly, during my field research, I could not observe a

clear distinction between confidence and trust as suggested by Luhmann and Seligman. Instead,

and as I will show in this chapter, trust, confidence, and control merged smoothly into each other

and were sometimes interwoven to an extent that it was not possible to clearly differentiate be-

tween them.

10 Pink et al. have also shown how trust can be built through “familiar technologies” (2018, 11), such

as paper documentation.
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I analyze human–technology relations in practice to grasp how trust emerges and is

maintained in collaboration and knowledge production in my case study. In this sense,

and building upon recent anthropological approaches to trust (e.g., Pink, Lanzeni, and

Horst 2018; Pink 2021; 2022; 2023; Weichselbraun, Galvin, and McKay 2023), I explore

trust as a sociomaterial practice that is distributed between human and nonhuman

actors, such as software tools and data flows. While the understanding of trust as a

purely cognitive phenomenon seems too narrow for the analysis of HC-based CS (and, I

think, sociotechnological or technologically mediated lifeworlds in general), the frame-

work of trust as sociomaterial practice includes trust as social relations and opens it to

human–technology relations in practice.11 In this way, it also allows one to capture the

understandings of trust that appear in the field studied itself without requiring a strict

definition of the boundaries of trust—such as defining in advancewhere trust turns into

confidence or belief—and, hence, remaining open to the meanings and practices that

unfold in HC-based CS. Focusing on practices, moreover, follows a “processual theory

of trust” (Pink, Lanzeni, and Horst 2018, 11), as suggested by Sarah Pink, anthropologist

DeborahLanzeni, and sociocultural anthropologistHeatherHorst,which “maps out how

people cope with the inevitable uncertainty and contingency of the emergent circum-

stances of everyday life” (2018, 11–12). Trust as sociomaterial practice, thus, resembles

Pink’s approach to “everyday trust,” which understands trust as an anticipatory concept

that “involves ‘a sensory experience of feeling or disposition towards something’ rather

than an explicit cognitive decision made in relation to a specific technology” (Pink,

Lanzeni, andHorst 2018; cited in Pink 2022, 47). In what follows, however, I aim to focus

not so much on the feeling (as a sensory experience) of trust as a result of specific con-

figurations (Pink 2021, 193) but on the trust-generating practices themselves unfolding

in relations between humans and technology that are always situated in everyday and

historical contexts. By focusing on practice, it also connects to approaches to trust that

see trust as a “doing rather than a fixed point” (Garfinkel 1967; cited in Harper 2014b, 324,

emphasis i.o.; cf. Watson 2014). Trust, then, is “ephemeral, emergent, contingent and

shifting” (Pink 2023, 29) and, as such, is not independent ofmistrust but interdependent

with it (Pink 2023, 38; Mühlfried 2018, 11).

In the following subchapters, Iwill jumpback and forth between both trust as an em-

pirical category and an analytical concept to capture the different layers of trust involved

inHC-basedCS projects and foster the dialogue between them.Here, a basic tension be-

tween the analytical and empirical term may always remain, but I hope to turn it into a

productive one.

11 Trust as a sociomaterial practice, thus, does not form an alternative or contrast to trust as so-

cial relations but, instead, a broader understanding that encompasses both human–human, hu-

man–technology, technology–human–technology, etc. relations.
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Trust as a Sociomaterial Practice

“We Have to Trust the Whole Citizen Science Stuff”

Science is an inherently unpredictable adventure, and it is part of doing science to “wres-

tle with the unknown” (Schaffer,Dec. 7, 2021). Research pushes the boundaries of knowl-

edge; therefore, it must deal with scientific uncertainty. Schaffer explained in our in-

terview that “scientific uncertainty is something that […] we naturally deal with” (Dec.

7, 2021). While this applies to research in general, researchers at the laboratory stud-

ied described Alzheimer’s disease as a particularly complicated research subject. Very

little is known about the mechanisms of the disease, andmultiple factors seem to influ-

ence its onset and progression. A laboratory member summarized the challenges they

face in studying Alzheimer’s disease: “[w]hat a disaster of a disease” (fieldnote Sept. 07,

2021). Following Lock (2013), the laboratory’s approach to Alzheimer’s disease can be de-

scribed with the term “localization theory” (2013, 5). Lock identifies two approaches to

Alzheimer’s disease research. Regarding localization theory, Lock writes, “neuropatho-

logical changes in the brain are assumed to be causal of specific behavioral changes in

persons” (2013, 5). The second approach is the “entanglement” theory of dementia, in

which advocates “favor theories about the way in which mind, persons, life events, ag-

ing, and environments interact to precipitate neurological and behavioral transforma-

tions that are pathological” (Lock 2013, 5).While localization theory was dominant in the

twentieth century, today, there is a growing awareness of entanglements of the environ-

ment, the mind, and the body (Lock 2013, 5), as is evident in the laboratory member’s

quote about the disastrous disease. Despite the researchers’ awareness of different en-

tanglements at the studied laboratory, most of the experiments related to Alzheimer’s

disease revolved around the question of how stalled blood vessels could be resolved and

blood flow restored. In our conversation in late October 2021, researcher Jada reflected

on this research focus as a very small detail of Alzheimer’s disease: “[E]verythingwe do is

a minor aspect to the very complicated disease process that […] may or may not turn out

to be—even in years from now—to be really important or not.We just don’t know at this

point. So, it looks like now […] it’s likely going to be important, but we don’t know that”

(Oct. 27, 2021).Uncertainty about the future success of their current scientific effortswas

part of the researchers’ daily experience.

Apart from the general scientific uncertainties, there are other uncertainties specific

to the researchprocess of Alzheimer’s disease research and the laboratory’s collaboration

with Stall Catchers. Research on Alzheimer’s disease in the laboratory was marked on a

daily basis by the unpredictability of experiments and their outcomes due to contingen-

cies and the unruliness of the nonhuman actors involved.This included, for example, the

material used for the chronic cranialwindows,whichwere installed during surgery to al-

low subsequent in vivo imaging of themouse brains, or the activity and life cycles ofmice,

which did not always align with the experimental procedures. How good will the image

quality of an individual imaging session be? How long will a mouse survive with a new

treatment? Conducting scientific research in this area necessarily included recognizing

and accepting the unpredictability of experiments and the potential challenges that can

arise during a research project.
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The development of Stall Catchers and its introduction into the routines of re-

searchers at the laboratory added even more previously unknown uncertainties. This

was due in part to the nature of Stall Catchers as “a cutting-edge experiment,” Schaffer

explained (Dec. 7, 2021), a not-yet-well-established approach to analyzing scientific

research data for which there were no solutions and which introduced questions about

data quality and impact on the research at the laboratory which could not be antici-

pated at the beginning. Furthermore, unpredictable factors and, in particular, the large

amount of work laboratory members had to invest in Stall Catchers without receiving

any immediate benefit from the platformmade it difficult to convince them of the value

of the project, “[a]nd it took a little bit of pushing from Chris [Schaffer] to get the lab

and everybody sort of buy-in on—because it took quite concerted effort without seeing

payback for a couple of months,” explained Nishimura (Dec. 7, 2021).

Although adapting work routines and methods to new technologies and tools was

described as difficult for many laboratory members in general, researcher Isabel said it

was especially difficult to convince some laboratory members of new steps and tools re-

lated to the CS game. She explained that this was also partly due to the distance between

the laboratory and its collaborators: “Stall Catchers is a harder thing to do, it’s a longer

turnaround, and there is not asmuch of a direct feedback […] [T]here is this lab, and then

Stall Catchers and the Human Computation Institute is over there somewhere” (Isabel,

Oct. 14, 2021).

The long turnaround and the novelty of the Stall Catchers approach added to the

“usual” uncertainty researchers were used to. Moreover, and this will be the focus of the

followingpages, they couldnot rely onestablishedpractices and their familiar routines to

work against uncertainties.Doing sciencewas defined not only by the inherent or “natu-

ral” uncertainty of scientific research but also by the “commitment to […] getting it right”

(Nishimura, Dec. 7, 2021). Nishimura explained that her motivation to do science

is that I really want […] the answers that we find to be correct. And so in the field of

Alzheimer’s disease, it’s really important to me that even if we’re answering a small

question or a big question, doesn’t matter, and it does need to be correct, and […]

something that I really worry about is getting something wrong that is eventually

going to feed into a drug that doesn’t work or an idea that goes the wrong way or

something like that. So that is something that I really do worry about and care about.

And I think a lot of people in the lab are also motivated by what I call as a commit-

ment to; I don’t know if you want to personify like truth or something […] that you

really commit to. But getting it right. (Nishimura, Dec. 7, 2021)

The drive to be 100 percent certain of a new finding, to eliminate all uncertainty, was

not a contradiction to the uncertainty that defines scientific inquiry but stood next to it.

Scientific work unfolds in this space between uncertainty and “getting it right,” and this

is where the notion of trust comes into play.

During my first research visit to Ithaca in 2021, trust came up in most of my conver-

sations with laboratory members when they discussed current problems in Alzheimer’s

disease research involving Stall Catchers.The termwasmost often used to describewhat

was not working well and why they could not always use data analyzed by Stall Catchers.
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When Imentioned this observation inmy conversationwith the PIs, they explained that,

when talking about “trust,” they were not referring to trust “in people” but trust as “sci-

entific confidence.” It was about trust “in the process and in the system” (Schaffer,Dec. 7,

2021).This process- and system-oriented understanding of trust appears to be typical of

HC systems as a whole, where the crowd is at a conceptual level, an anonymous, deper-

sonalized group of individuals (see Chapter 4) and is also reflected in the development

of these systems, as will be further explained later in this chapter. Trust has to be built

differently when there is no person on the other side to address directly.

When laboratory members talked about ongoing problems with research building

on Stall Catchers, they consistently emphasized that these were not Stall Catchers’ fault.

Researcher Emily stressed that “it’s not their [Stall Catchers’] fault, it’s, I think it’s all on

our side” (Sept. 8, 2021). The problems were rooted in the data pipeline, in the prepro-

cessing of the research data to be sent to Stall Catchers.More specifically, as I discussed

from the perspective of infrastructuring, members explained that the problem was that

they could not trust the “absolute number” (Schaffer, Dec. 7, 2021) of stalls that resulted

fromthe crowdannotations—notbecause theydidnot trust the crowd’s accuracy infind-

ing stalls, but because the preprocessing did not output the exact number of capillaries.

Capillaries got lost in the data pipeline:

[T]he holdup really is not so much […] whether a vessel is stalled or not. Stall Catchers

is really good at that. We’re kind of getting stuck because we need to know the total

vessel count and that’s where … it’s … getting a little more frustrating because Stall

Catchers can, if we send a vessel that’s not a vessel, Stall Catchers will mark it as not

a vessel […] most of the time. But that’s also not fun for them if there’s a whole bunch

of garbage that we’re sending […]. So that’s kind of where we’re at right now. […] I’ve

been trying to get the data nicer for their sake and our sake. Using computers, not

us, because initially, it was on us to do it manually. (Leander, Sept. 22, 2021)

This problem only became clear after the introduction and initial development of the

CS project. Previously, one of the most important questions was whether a vessel was

stalled. The question of how many vessels there are in the first place was introduced

with Stall Catchers and along the intraverting researcher–technology relations in the

pipeline. It had not arisen earlier because the manual research data analysis had been

performed on the “raw” image data, where the vessel count could be relied upon. How-

ever, with the current state of the data pipeline and the preprocessing of the data, “the

data we are sending, you had a whole ton of non-vessels and a whole bunch of broken-

up vessels and things like that. So, we couldn’t really trust that aspect of it” (Isabel, Oct.

14, 2021). Previous trust-building relations were disrupted with the introduction of Stall

Catchers and the laboratory’s new collaborationwith theHumanComputation Institute

and Stall Catchers participants, as well as the new infrastructure; trust or scientific con-

fidence had to be rebuilt.

In the following pages, I will show and discuss how trust had been established and

maintained prior to the introduction of Stall Catchers and how it has evolved since the

introduction of the CS platform in various sociomaterial practices.
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In order to better understand the differences between the manual analysis of re-

search data conducted in the laboratory and the analysis conducted by the crowd in Stall

Catchers, the following excerpt from a field note from one of my laboratory visits in late

September 2021 provides insights into the manual annotation of stalls.

“I cannot promise that it will be exciting,” explains James while plugging in a hard

disk with the image stacks. He opens the folder containing another 18 folders with

data of a different image session of a specific mouse, each including one image

stack. James has been working on the analysis of this specific dataset for about two

and a half months now. He explains that they have an extra spreadsheet with the

depths of each image stack, so he knows how deep the imaging process went and

how many frames he has to analyze. James picks a yellow post-it and writes down

10/20/30/40/50/60/ … /470/480, each number representing a projection of ten slices.

He will look at one projection, e.g., ten images/slices, at a time and cross out those

numbers that he’s already analyzed to ensure that he does not miss a slice.

Before analyzing the images, James must first adjust the image program settings to

fit the to-be-analyzed image stack. For example, he has to set the number of color

channels [with two-photon microscopy, different color channels can be imaged si-

multaneously], and the depth of the image stack. James, furthermore, adjusts the

brightness of the image to a contrast that is more pleasant for his eyes and sets the

last channel to gray, which is easier for him to see. James keeps the little menu for

the brightness setting open during the analysis session. “And from here, it’s the same

over and over again,” he explains.

As James progresses through the image stack, he frequently adjusts the brightness

level to compensate for the increased graininess of the pictures at deeper levels. This

helps to improve visibility and to discern finer details in the images. During the anal-

ysis, there are windows for each color channel with images from one image stack.

James begins with the analysis of the first ten slices. He opens an additional window

with the projection of the slices and looks for something “suspicious,” a suspicious

area or spot that could be a stall. If James finds something, “I keep an eye on it and

go fast” through the image stack. Therefore, he switches to the combined channel,

and by navigating with the right and left arrow buttons, he goes through the image

stack, looking for stalls at this specific position. If he is not sure, he switches to one

of the other channels depicting only specific structures or molecules. A stall, here,

refers to a blockage in a capillary that doesn’t start flowing within five slices. When-

ever James finds one, he marks it in the channel and saves the image with the stall

in an extra stalls folder.

He explains that “you do everything you can to make it go faster.” So, instead of an-

alyzing one projection at a time, James opens two projections and works on them in

parallel. Additionally, he uses hotkeys to speed up the clicking procedures. Not all

experimentalists analyze projections of ten; others prefer to analyze projections of

20, and they all have their own pace and practices. After around 30 minutes, James

completed today’s first image stack. (fieldnote, Sept. 27, 2021)

Manually annotating images, as described in the fieldnote, can be summarized as di-

viding an image stack into projections of a few slices each, which are then compared

with the scrollable image stack displaying certain channels in separate windows. Here,

“scientific confidence” emerges in the manual annotation of stalls by relying not only on
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the experimenter’s own eyes and practice to identify stalls but also through the “raw”

image stacks being analyzed, which have not been manipulated by any processing algo-

rithms—even though the data has already gone through different steps of translation

(Callon 1984; Latour 1999) from excited photons captured by themicroscope’s objective to

scrollable stacks of TIFF-format files depicting two-dimensional image slices. Interest-

ingly, trust only became a concern after image generation. Researchers did not describe

any gaps in themicroscopic imaging process and the process of generating raw imaging

data.To further reduce bias and error, the image stackswere analyzed by at least two lab-

oratory members and were anonymized to “blind” the experimenters. They were not to

knowwhether theywere analyzing the data fromanAlzheimer’smousewith a particular

treatment or a control mouse.

Now,with the introduction of collaborationwith theHC-based CS project and, thus,

with the introduction of new data infrastructures that made the crowd analysis possi-

ble in the first place, these established trust-building practices no longer worked. As will

be described below, this first created a lack of trust, requiring it to be built differently

through new human–technology relations. Two different moments, which overlap in

practice, can be distinguished analytically here: trust in the now outsourced analysis had

to be (re)established and trust in the new automated preprocessing andmanipulation of

data—in short, the data pipeline—had to be built.

At the time of my fieldwork at the laboratory, some experimentalists still preferred

to manually annotate stalls rather than “use” (James, Sept. 27, 2021) Stall Catchers. The

use of Stall Catchers required researchers to rely on an anonymous crowd of people with

no formal training to analyze the data.There remained a perceived gap between the re-

searchers’ own analysis and the crowd. One reason for this can be linked to a question

of routine and the pleasure of working and engaging with the research data. Researcher

Anna described the difficulty of handing over tasks to someone else in general and, as

she described for other laboratory members, especially to an anonymous crowd of peo-

ple doing the analysis:

Where it’s like, we are used to doing it this way, just manually, and when I do it

manually, I trust it. But human computation, well, the wisdom of crowd type thing

is like okay, well, you trust it, but is it right?! And statistically, it [manual analysis] is

less likely to be right than getting a whole bunch of people that maybe don’t know all

the details of things, but you take an average of all those people, creating something

that is probably more accurate than what you would do […] the slow, painful way.

[B]ut I think there is still a little bit of a mis… […] I wouldn’t say a lack of trust but

just more of a strong belief in their own abilities than handing things off to other

people and then taking those results and […] taking those as a given. Definitely […]

with programs that they are used to […] they can plug things in, and they get an

answer from that, and they’ll trust it if they’ve used it a few times. But the human

computation stuff, they don’t seem to think of it as another program. […] [A]nd there

is like this bit of […] an inherent mistrust of “well it’s just a bunch of people, how

are they gonna do better than I could?!” And a lot of it is […], I think, in the end,

statistically, they will do better […] than [researchers] could, but it’s asking a large

group of people to do a small repetitive task, and you don’t have to invest as much

time into that, but I think there is still this idea they get their results back and […]
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I need to double check this, I need to double-check and I can’t just take it. (Oct. 14,

2021)

Formany laboratorymembers, handing off the analysis step that had been part of the re-

searchers’working routines to ananonymous crowdwasdifficult.At thebeginningof the

Stall Catchers project, the laboratory, together with the Human Computation Institute,

had invested a lot of effort into validating the crowdsourced image analysis to the point

where they were confident that the crowdsourced analysis was at least as statistically ac-

curate as the researcher’s results. Researcher Jada described this process as challenging

because it involved a lot of extra and duplicative work:

[I]n the beginning, it took at least […] three to four years to really kind of get some-

thing out that works. And this is a long time and … along this way, you did a lot of

doubling of your work because I was counting […] as before just to make sure that

this sort of matches up. And then you […], it’s maybe kind of your baby, you’re switch-

ing away to […] trust it. It’s like, sometimes you have a person working with you; it’s

kind of the same. So, you do sanity checks, but then you give it away. But those times

just have been sometimes months of work to […] confirm it on both hands. […] [But]

I think it was still critical for the data and for me personally, mostly. (Oct. 27, 2021)

Eventually, Jada explained, researchers had to give away the task and start trusting the

outsourced analysis. Still, researchers had trouble relying on the crowd’s answers.There

was a gap between the statistics and the distance between the platformand the crowd, as

perceived by laboratory members. Jada further described the difficulty of no longer in-

teractingwith the data, of not being able to build the relationwith the images theywould

usually build if they had annotated the images themselves. Looking at the images them-

selves is sometimes “just […] for [their] sanity” (Jada,Oct. 27, 2021). Jada explained, “I just

would like to see these in the full stack” (Oct. 27, 2021).The reason they could not simply

trust the resultwas inpart because the preprocessingprogramsmight still havedifficulty

identifying potential stalls in certain regions or edges (Jada,Oct. 27, 2021).However, Jada

noted, “on awhole scale, you could say that doesn’tmatter,which is sort of true, but I still

think it matters sometimes” (Oct. 27, 2021). Even if the difference was not statistically

significant, it was important for the researcher’s reason to analyze the imagesmanually.

It was also a matter of routine. “[I]t’s also the way I got trainedmyself to do it” (Jada,

Oct. 27, 2021). Here, trust was built in and with routines and, as Pink and colleagues ob-

served in their research on digital data anxiety and practices, “trust is invested in the

routine, or a sense of trust is gained through the familiarity of the routine” (Pink, Lanze-

ni, and Horst 2018, 7).

Student researchers or those in their early scientific career “are all focused on future

career and […] building up to something,” explained researcher Charles (Oct. 14, 2021),

who was further along in his scientific career. Therefore, there was another reason for

themnot to simply trustStallCatchers andnewcomputational tools: “So […] theambition

tends to make them a little bit distrustful of anything new, and I think that’s both Stall

Catchers and [newcomputational tools]. It takes a lot ofwork to get themto feel comfort-

able with it and to adopt it” (Charles, Oct. 14, 2021). Since their future scientific careers
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depended on their performance in the early years of scientific research, it was crucial for

them to maintain direct control over the research processes.This became more difficult

when some key processeswere delegated to other (unknown) people or to computational

tools that were not established research tools.

Recalling the “Closing the Loop” section of the last chapter, I would like to discuss

how this lack of trust in the results of Stall Catchers and the preference formanual anno-

tation and engagement with the images unfolded in the researchers’ everyday practices

with Stall Catchers results. Once Stall Catchers had completed the dataset analysis, the

crowdsourced annotation results of individual vessel videos as flowing or stalled could be

downloaded by the researchers as a spreadsheet. Researchers could go back to the videos

and “recheck” (Emily, Sept. 08, 2021) the crowd results with the links to the correspond-

ing Stall Catchers video files in the spreadsheet. Some researchers even returned to the

“raw” image files to verify the data after reviewing the Stall Catchers vessel video.

Such a validation step was not intended to be necessary in the original design of the

Stall Catchers’ collaboration. However, Michelucci explained in a conversation in Octo-

ber 2021 that the initial idea had been that once they had the crowd answers, they would

no longer need expert answers. The crowd’s answer was supposed to replace the expert

answer, allowing researchers to take the results and move on to the next step in their

research. In practice, however, researchers still went back to check all the stalls in the

images analyzed by the crowd.12 Consequently, a second protocol that they used dur-

ing the time of my research was implemented to at least facilitate the verification of

Stall Catchers results. This was the procedure discussed in the previous chapter, where

the results of Stall Catchers were ordered from high crowd confidence of a vessel be-

ing stalled to low crowd confidence, so that researchers only had to review the first 200

videos rather than all of them (fieldnote, Oct. 18, 2021). As the researchers reviewed the

results, they added their own vessel video annotations to the spreadsheet.These new an-

notations—not the participants’ aggregated annotations—were then considered the fi-

nal “ground truth”data labels.The crowd answers, ormore specifically, the crowd’s confi-

dence levels, were, thus, considered as benchmarks and guiding indicators but not valid

answers the researchers would continue to work with directly. Nonetheless, the partic-

ipants’ annotations greatly reduced the researchers’ workload, who only had to review

about 200 vessels compared to the full manual annotation of about 50,000 vessels in a

dataset (fieldnote, Nov. 4, 2022).

This example shows how new trust-building procedures and practices were imple-

mented to allow researchers to manually review the results and connect the abstracted

vessel videos, the dry data, back to the wet data, i.e., a mouse model with or without

a specific treatment to create confidence in the data. Trust in the results generated by

the crowd did not simply exist but was being built by interacting with the data—in its

different states from imaged mice to “raw” image stacks to Stall Catchers videos—and

the resulting numbers and data references presented in spreadsheets. At the same time,

12 Similarly, in the example of Foldit, researchers reviewed all solutions submitted by participants by

bothmanually looking at them and with computational analysis. Foldit researcher José explained

that they did this “to try to see if I can find any errors just from looking at their models, but if

they look good then we can test those in the lab” (Jan. 22, 2020).
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trust in theCS collaborationwas established in researcher–technology relations through

infrastructuring, by working on the individual preprocessing steps, becoming familiar

with the functionalities of new tools, andbuilding a trustworthy data pipeline thatwould

output the correct number of vessels (Chapter 6). Trust-buildingpractices related to Stall

Catchers were well underway but not yet established in 2021.

In the previous chapter, I showed how, during my second research visit in 2022, it

was hoped that these would be established and, thus, the Stall Catchers loop closed once

the new post-processing tool, which was supposed to further facilitate the researcher’s

experience with the pipeline and Stall Catchers, was in use (fieldnote Oct. 25, 2022).The

hope was that once this new tool became part of the everyday research practice, all labo-

ratory members would finally trust the whole project; building trust takes time (Endreß

2012, 91).The example of the data pipeline shows how trust in the collaborationwith Stall

Catchers “moves in and out of different idioms” (Corsín Jiménez 2011, 183), such as data

quality, vessel count, and result-checking, and cannot be reduced to trust or lack of trust

as a mere social relation.13 

Another example of how previous trust-building practices had to be reconfigured

with the introduction of Stall Catchers is the “blinding”procedure,whichhad to be trans-

lated from its original manual form into the virtual game environment. As described

above, researchers would typically analyze image stacks manually without knowing the

treatment or mouse model on which the data were based. However, despite efforts to

de-identify the images, it was still possible for some researchers to identify the underly-

ing mouse model:

[T]ypically, I can recognize an Alzheimer [mouse] relatively easy. […] [G]enerally, that

doesn’t mean I know the treatment. I try to not care at this stage about it […] or

[another researcher] is doing it and [this other researcher] definitely doesn’t know

what mouse is what. But for me […] because I have done many other analyses with

those mice before[ ], I typically know what it is. (Jada, Oct. 27, 2021)

The introduction of Stall Catchers, therefore, presented an opportunity to even improve

anonymized analysis. At the same time, however, translating the anonymization pro-

cess into the virtual game platform posed several challenges. For one, the crowdsourced

data analysis approachwasnot an established researchmethodwithdefinedprocedures.

Therefore, the laboratory had toworkwith theHumanComputation Institute to develop

a new process to guarantee that participants would not know what research data they

were looking at. It was essential that the original data, i.e., a mouse with or without

Alzheimer’s disease, be alienated. Nishimura explained:

13 Interestingly, when I returned to the laboratory in Fall 2022 and discussed my observations regar-

ding trustwith the biomedical researchers, somementioned that they still preferred to sometimes

annotate research data manually instead of sending it through Stall Catchers. When reflecting

further about this preference, one of the laboratory members explained that there was no longer

any reason for this, since the problems they used to have with ensuring the data quality with the

Stall Catchers data pipeline had been resolved (see Chapter 6). However, the gap had not yet been

closed, the new process of preparing data and sending it through the crowdsourced analysis had

not yet become an established routine (fieldnote, Oct. 21, 2022).
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[I]t took a few iterations to come up with […] this blinding, […] that’s the gold stan-

dard for data analysis, and sometimes we don’t even quite do it in the lab as well as

I would like. […] So, it kind of takes a bit of […] a leap of faith that you really have

to do this right, but I do think it’s important. (Dec. 7, 2021)

To get it right, in terms of scientific data quality standards, it was necessary to “sacrifice”

user or play experience, as I discussed in Chapter 5. While they first thought about in-

cluding a progress bar for individual mice, they later refrained from implementing it to

ensure that “the whole dataset is blinded” (Nishimura, Dec. 7, 2021).

As the analysis of the intraverting researcher–technology relations showed,however,

incorporating crowdsourced analysis of their data also required the development of a

data pipeline, which was incomplete with the introduction of Stall Catchers and an on-

going endeavor.While I have already analyzed the process with a focus on the changing

human–technology relations in the data pipeline, I here would like to return to this ex-

ample with a focus on trust. In 2021, according to Schaffer, the laboratory had come a

long way regarding the Stall Catchers project and now “already [had] a good confidence

in Stall Catchers” (fieldnote Aug. 17, 2021). Compared to the early days of Stall Catchers,

they now had “good buy-in” (Schaffer, Dec. 7, 2021). During our interview in December

2021, he noted that in the beginning,

we had a period where people, I think, had not as good a buy-in on Stall Catchers

because they saw it as a lot of upfront kind of work that they had to do. And then

… there was lingering uncertainties about the data quality. But I think with people

being actively involved in fixing those problems, I think that’s how you get by it. […]

And so now people can work with it and understand the limitations, understand the

capabilities and not feel […] so uncertain to or untethered, I guess, in their use of

that capability. (Schaffer, Dec. 7, 2021)

Active involvement in the process, the data pipeline, and the individual tools created con-

fidence and trust.Therefore, for example, laboratorymemberswere required to complete

training on laser alignment, which included learning how to set up the lasers for themi-

croscopes. Researchers usually did not have to set up the laser parcourse from scratch

for imaging, as it could be reused from previous imaging sessions and did not need to

be changed for each individual one.Nevertheless, they should knowwhat is going on be-

hind the technologies supporting their work to be able to adjust them if necessary and,

as Schaffer explained, to not “overtrust” the infrastructures (fieldnote Oct. 20, 2021).

In summary, prior to the introduction of Stall Catchers, building and maintaining

trust in the“right”analysis of the researchdataand its resultshadalreadybeencharacter-

ized by sociomaterial practices, such as going through the image stacks, focusing one’s

eyes on the vessels in the raw image data, and, thereby, interactingwith the data in away

that one could rely on one’s own abilities and practice. Building trust wasmore straight-

forward here than with Stall Catchers, also because the data was considered “raw,” or, at

least, notmanipulated by computational algorithms (although it had already been trans-

lated from mouse brains into digital images). Knowing that they were looking at the

“original” data, there was no room for doubt about what they were seeing.The data rep-
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resentationdisplayed the “real”data, andnobug in any algorithms couldhave introduced

distorted images ormissed some vessels. Additionally, extrameasures, such as the inde-

pendent analysis of the same image stacks by multiple researchers and the anonymiza-

tion of the researchdata, ensured “scientific confidence” (Schaffer,Dec. 7, 2021).With the

introduction of Stall Catchers, not only did new collaborations with theHumanCompu-

tation Institute and an anonymous crowd of people disrupt established practices and

require new ones, but the introduction of new data pipeline steps for Stall Catchers, in

particular, introduced new potential sources of error and, therefore, uncertainty sud-

denly multiplied.

Let us now return to the opening quote of this chapter after the analysis of how trust

was built and maintained in scientific knowledge production with Stall Catchers at the

biomedical engineering laboratory, namely, that they had “to trust the whole citizen

science stuff” (fieldnote Jul. 27, 2021). It becomes clear that what was described in this

rather plausible statement is not a mere social relation that is chosen instead of other

approaches but unfolds in sociomaterial practices along intraverting human–technol-

ogy relations. These practices, however, are to be located on the laboratory’s side of the

Stall Catchers project. Regarding Stall Catchers as the game, the software, and the HC

system itself, the biomedical researchers were “confident” (fieldnote Aug. 17, 2021) and

relied on the Human Computation Institute. Here at the institute, I observed other

trust-building practices, which I discuss in the following section.

Building Trust With Human Computation and Algorithmic Evaluation

When I asked Paul, who had been part of the Stall Catchers team since its early days,

how HC-based CS games like Stall Catchers (could) change science structurally, he ex-

plained that these projects “contribute—I hope they’re contributing—to changing […]

thementality, the way people think about science but not just normal people but the sci-

entists themselves” (Oct. 14, 2020). Questions of trust in research with CS in general and

how CS could change established structures and hierarchies within science have been

discussed in scientific and public discourse (e.g., Haarmann 2013; Kosmala et al. 2016;

Bedessem,Gawrońska-Nowak, and Lis 2021), and there are various proposals for frame-

works to build trust in CS. For example, computer scientists Abdulmonem Alabri and

Jane Hunter discuss a technological framework that uses trust models and filtering ser-

vices to improve the reliability of and trust in CS (Alabri and Hunter 2010; cf.Hunter, Al-

abri,andvan Ingen2013).Butdespite thepopularityofCS todayand the supportbymajor

funding programs, such as the European Union’s Horizon Europe 2021–2027 (European

Commission 2021), recurring concerns remain, including those related to the evaluation

of results.The authors of the Science Academies G7 Summit report on digital CS express

concern about the risks associated with CS, “especially around the evaluation of results

stemming from CBPR [Community-Based Participatory Research] and BTWR [Beyond

TheWalls Research].These results are often disseminated through diverse channels out-

side the traditional peer-review system” (Gaffield et al. 2019, 1). Human Computation

Institute team member Paul, who also observed such concerns, traced them back to an

issue ofmistrust on the part of someprofessional scientists.After his initial positive out-

look on the potential of CS (quoted above), he clarified that today, the potential of CS has
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not been fully explored, in part because of this mistrust: “I think it’s […] an intimidating

thing for most scientists to open up to the public […] and involve the public […] and they

don’t even understand what the public knows and can do and stuff like that. They, they

mistrust the public” (Paul, Oct. 14, 2020). Even if CS projects were to follow standard sci-

entific validation techniques, the problem of professional scientists not being familiar

with the approach andmethods of CS and the involvement of nonprofessionally trained

scientists in research projects, in general, would remain.This is where projects like Stall

Catchers, especially as they have spread in recent years, could play an important role in

building trust,Paul argued (Oct. 14,2020).WithStallCatchers, they“haveactual evidence

to support […] thismethod […] and to […] demonstrate data quality and all the other stuff

that scientists […] worry about,” continued Paul (Oct. 14, 2020). Developer Kate agreed

with Paul in our November 2021 interview, clarifying that “we’re proving that […] you can

do things differently” (Nov. 19, 2020). Although more and more institutions, libraries,

political bodies, and universities were beginning to adopt a more open attitude toward

CS, Paul did not expect a rapid change in thinking and academic scientific practice be-

cause academic institutions “change over [the course of] hundreds of years […] but not

several years” (Oct. 14, 2020). The COVID-19 pandemic has also played a role in acceler-

ating the popularization and visibility of CS since early 2020, driven particularly by suc-

cessful projects such as Foldit. “[T]heir visibility and their success, I think, is […] helping

scientists to understand what it is to open up and why do it, so … I’m kind of … finding

myself sounding too optimistic [laughs], but I dowanna believe it’smaking that sort of a

difference” (Paul, Oct. 14, 2020). Here, the Stall Catchers team argued that HC itself was

“key” to gaining the trust of professional scientists in CS:

I think that […] this method [of HC] is the key to ensuring these things are done

right. Cause you can, I mean, anybody can create a citizen science project […] and

just get people out there and do something. But unless you understand how to get

the maximum value of individual contributions, then you’re mostly just wasting your

time and such a project I think risks to just become another science outreach project.

[…] I’m sure there might be other methods, but I’m a bit biased, so I think human

computation is sort of key in these types of projects, and […] we will not open sci-

ence unless scientists can trust the way it’s done, which is why a … solid scientific

foundation like human computation methods must be behind it, I think. (Paul, Oct.

14, 2020)

HC was understood to provide the computational and statistical methods to bridge the

gap between scientific knowledge production, which depends heavily on measurability

and calculability in the natural sciences, andCS, as the engagement of the broader public

without predefined knowledge. It, thus, linked people to numbers. Here, building trust

with HC as a computational method carried the notion of legitimizing CS as a scientific

approach.

But how did HC actually contribute to building trust within these projects? If

biomedical researchers had to invest in infrastructuring and new working practices to

reestablish trust in the results of analysis, what mechanisms, relations, and practices

played a role within the human-in-the-loop system itself?
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In a conversation with developer Samuel, he explained that developing Stall Catch-

ers required a careful approach: “Because since we’re working with the crowd, we’re like

asking everyone to connect to our system and […] all this then can be hacked andmanip-

ulated. So, we have to be careful” (Sept. 2, 2021). As an Internet platform that was meant

to be accessible from all over the world and to everyone, Stall Catchers, like any other

freely accessible website, was vulnerable to both targeted and random attacks.However,

as Samuel explained, caution was especially important in the case of Stall Catchers for

another reason: it worked with a crowd of people the team did not know. Stall Catch-

ers developers also described this as a specificity of developing HC systems compared

to other software projects they had worked on. According to Samuel, in other software

projects, such as the development of online rating or booking platforms, it is often eas-

ier to identify the target audience and anticipate their needs on the platform. More-

over, since cheating is an inherent part of gameplay (see Chapter 5), the Stall Catchers

source code included protection mechanisms to prevent cheating. Cheating, however,

could not only break the game’s functionalities and cause unfair play but could also lead

to poor data quality.14 This is probably the most significant aspect of the role of trust in

HC-based CS projects and how trust is built andmaintained at the source code level be-

cause poor data quality could harm the overall research. Since Stall Catchers contributes

to Alzheimer’s disease research, the team’s top priority was to ensure that the quality of

the analysis results met the requirements of scientific research as defined by the labora-

tory. To achieve these goals, the Human Computation Institute developed a customized

“wisdom-of-the-crowds” method to calculate “final” Stall Catchers answers for a given

data point.Thismethod, as described previously, combined the responses of several Stall

Catchers participants for that data point andapplied aweightingmechanism to these re-

sponses according to the participants’ “sensitivity” scores.Thismeans that building trust

in the collective answers and meeting the required scientific data quality requires cus-

tomized algorithmic mechanisms. Before including the answers of new participants in

the collective crowd answers, their skill level was assessed in the pregame tutorial. Once

the tutorial was completed, participants could annotate “real” research videos for which

there were no expert answers, and their annotations were incorporated into the calcu-

lated crowd answers according to their skill level.This skill level was not fixed, however,

but constantly recalculated based on the participant’s answer to “calibration movies,”

which were regularly sprinkled between research videos and to which the correct an-

swer was known. These calibration videos were intended to be and usually were indis-

tinguishable from the research videos. However, experienced participants and so-called

“supercatchers” were sometimes able to tell the difference between calibration and re-

search videos. Moreover, the frequency with which these “calibration movies” appeared

was not random or the same for all participants but dependent on the individual’s skill

14 Cheating in HC-based CS games can be categorized as either harmful or valuable for achieving

the scientific purpose, as illustrated by the example of cheating discussed in Chapter 5, where a

shortcut in the game discovered by a participant allowed the acceleration of data analysis. How-

ever, not knowing the intentions of individual participants and how cheating might influence

data quality, cheating-prevention mechanisms had to be put in place. This distinction was also

discussed on the Foldit forum in 2014 (v_mulligan 2014).
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level. This shows how different participants and their contributions in Stall Catchers

were not treated equally by the system but, on the contrary, how the system was tuned

to individual participants. Different levels of trust were introduced algorithmically by

continuously measuring the skill level and weighting answers accordingly.

Figure 11: Excerpt of the Stall Catchers source code with the saveNextMovie func-

tion

Source: ©Human Computation Institute n.d.

In addition to the encoded trust-building practices to ensure scientific data quality,

there were other algorithmic mechanisms in the game’s source code to prevent cheat-

ing and, hence, harm to data quality, which I will discuss here with the example of the

“saveNextMovie” function (see Figure 11).The purpose of this function is described in the

comment above the function as “Save nextmovie (for criminal clientswhowant skip hard

known videos by turning off browser.”The function prevents users from switching to an-

other vessel video without answering the current one.The algorithm, thus, ensured that

all participants and their corresponding skill levels were evaluated on the same video

data.The code here included the design assumption that someparticipants—specifically

“criminal clients”—would actively try to circumvent the rules. Instead of assuming that

participantswould answer all videos as presented, the source code included this function

to ensure that skipping videos was impossible. Furthermore, this fragment shows that it

was assumed that “criminal” participants would strive for points and winning the game

rather than focusing on contributing to research by skipping those videos that might be

more difficult to answer correctly. Hence, decision power over the selection of the next

video clearly rested with the algorithm, not with the participant.
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The question of how to establish trust in HC systems is not answered once and for

all but evolves alongside the continued development of participant–technology relations

in HC systems. Intraversions in participant–AI relations, as with the introduction of AI

bots in Stall Catchers, require new practices for building trust, as explored in the exper-

imental study on human–AI partnerships in 2020 (Inkpen et al. 2023).This experiment,

in which an AI agent was introduced into the Stall Catchers task to assist human par-

ticipants with suggestions about whether a vessel video was flowing or stalled, explored

the performance of hybrid human–AI teams depending on the skill level of the human

participant and the sensitivity and bias of the AI agent.Michelucci explained the goal of

this experiment in one of our conversations:

[W]e […] explored an actual collaboration […] So I have this agent that’s assigned

to me as my partner. That AI agent has some level of sensitivity and some kind of

bias with respect to answering about stalled and flowing. And the AI is giving me

suggestions. And now, I have my own ideas about what’s flowing and stalled and

based on […] seeing what the AI says, making my own decisions, seeing the outcome,

I start to develop a trust maybe that the AI in certain cases knows better than I do, but

in some cases, I know better than the AI. And if I could develop that predictive model

about when the AI is going to be right or wrong and integrate that with my own

responses and maybe collectively as a dyad, we can perform better than individually.

And […] our early result is that when the machine bias is opposite of the human

bias, then we actually see better performance with the AI and the human working

together than separately. So that was exciting. (Jan. 21, 2021)

While this experiment took place in a sandbox (a special environment designed to test

an isolated feature or experimenting without all game functionalities andwith no direct

impact on the real game or Alzheimer’s disease research), AI bots were later introduced

into theactual StallCatchersgame,as Idiscussed in theprevious chapter.Evenbefore the

introductionofAI bots, the idea of humanparticipants andAI bots playingStall Catchers

side by side had already raised many questions and concerns. A few months before the

AI bot GAIA was introduced to Stall Catchers, Paul described his expectations for the

introduction of the bots:

[There will be] some people who will be interested and [who] more or less under-

stand what’s happening and even be interested in competing with AI or whatever,

and then there will be people who will be confused and feel replaced and not sure,

mistrust the AI, and maybe the AI is now messing up the data, and their work will

also be wasted. (Oct. 14, 2020)

Human–AI relations in the experimental bot studies unfolded in productive team spirit

and competitive relations. How these relations will evolve in the future, if and when AI

bots become a permanent part of Stall Catchers, remains to be seen. But this example

shows that, much like human–technology relations, trust is not built once and for all

but changes along intraversions. Finally, although the understanding of trust as a socio-

material practice describes a shift away from the conceptualization of trust as a purely

cognitive phenomenon, it does not exclude trust as a social relationship as defined by
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Luhmann (1988; 2014) and others (e.g., Hardin 2006; Weingardt 2011). As a final exam-

ple of trust from the perspective of the Human Computation Institute, I would like to

show the importance of building trustworthy social relations for the development of new

HC-based CS projects for researchers and developers. During my fieldwork in Ithaca, I

accompanied Michelucci on a two-day trip to collaborative researchers in Washington

D.C.15 at the end of September 2021. The main goal of this trip was to “build relation-

ships” (fieldnote Sept. 30, 2021) with researchers as partners for a new HC project. We

left Ithaca in the late morning of September 29, arriving just in time for dinner with

the researchers. To my surprise, the envisioned project was not discussed that evening.

The next day, after breakfast, Michelucci and I reflected on the first impressions of the

visit and discussed the importance of building social relations. Michelucci mentioned

that he often had to first explain the Human Computation Institute’s projects, such as

Stall Catchers, and the organization of the Human Computation Institute because “the

HCI itself is an unconventional institution” (fieldnote Sept. 30, 2021). Therefore, meet-

ing in person and spending time together to get to know each other and build trustful

relationships before developing a new HC-based CS project was important. While they

had started working together and developing ideas for new projects more than a year

ago, it had not really taken off before the September 2021 visit.The face-to-face meeting

made it easier todiscussmutual expectations andclarify the approach,which couldbuild

upon theHumanComputation Institute’s previous experience in building Stall Catchers

but for which there were no common procedures. A trusting relationship could be estab-

lished through a personal meeting.

Trust the System, Trust Yourself

If we now turn to the participant’s point of view, trust andmistrust unfold yet again dif-

ferently.Trust cameup in several conversationswithparticipantswhen I asked themhow

important it was to them to learn about the scientific developments behind Stall Catch-

ers.Here, trust in theHumanComputation Institute and the researchers conducting the

Alzheimer’s disease research played an important role. At the same time, trust, or more

accurately,mistrust in one’s own abilities and in getting the answers right,was either ex-

plicitly or implicitly raised by some participants as one of their concerns. In this section,

I focus on these two dimensions of trust.

Using theHumanComputation Institute’s blog, the Stall Catchers teamprovided in-

sights intowhatwas goingonbehind theUI at the institute, announcednew features and

special events, and provided updates on the research behind the game.Whenever a new

dataset was uploaded to Stall Catchers for analysis, a blog post was published explain-

ing the purpose of that particular dataset. Institute member Egle (seplute) explained in

a July 22, 2017 post that “[t]he new dataset is focused on the effects of a high fat diet on

stalls in the brain inAlzheimer’s disease” (2017, emphasis i.o.).This brief statement was

followed by an explanation of the research question or aim and its impact on Alzheimer’s

disease research: “We are seeking to understand the cellularmechanisms linking cardio-

vascular risk factors to Alzheimer’s. Analyzing this dataset will be a big push towards un-

15 The destination is anonymized.
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derstanding this long-debated link!” (Egle [seplute] 2017). For participants who wanted

to learnmore about the dataset, amore detailed scientific explanationwas provided, cit-

ing research collaborator Schaffer. The Stall Catchers team aimed to make the research

behind Stall Catchers more comprehensible and accessible with these blog posts, which

were also shared and linked in the in-game chat.

Interestingly, the answers varied widely when I asked participants about the impor-

tance of learning about these developments and understanding the science behind Stall

Catchers. It was important for many participants to learn about the scientific develop-

ments because they “like to know how playing the game is actually helping progress the

research (Ebby,May08,2020).Orbecause “[t]hat’s a reason […] forwhat youdo. […]That’s

certainly something you can learn from” (Kamon,May 15, 2020). Akin even doubted that

they “would engage in it at all if it weren’t for that” (May 11, 2020). Reading about the

progress created a sense of accomplishment and ownership: “Well, it’s important from

the standpoint that if I see the science of this making progress forward, I can feel a lit-

tle piece of ownership that, hey, I think I’ve helped with making that progress forward”

(Daan,May 26, 2020).

Other participants, however, expressed their interest in learning about the datasets

they were analyzing and the scientific developments as a form of feedback that was not

particularly important to them: “forme [it] is really not that important because I am con-

fident that it will get sent there somewhere,” Ellen explained (May 19, 2020). Caitlin said,

it makes it more interesting if you know how the data is being used and what the

scientists are learning from it. So although it wasn’t my primary motivator early on,

I just trusted that what we were doing was of use or we wouldn’t be doing it, but it’s

good to get the feedback like with this NOX-inhibitor business, […] that’s very pos-

itive feedback to be getting that […] we might be making some progress here and

in some small way what we’re doing may help advance progress towards a cure per-

haps even for Alzheimer’s. So, yeah, that’s very good to have that kind of feedback.

(Caitlin, May 5, 2020)

Itwasnot particularly important to theseparticipants to bekept informedof all scientific

steps,or itwasnot theprimarymotivator for learningaboutAlzheimer’s disease research

because they were “confident” or “trusted” that their contributions would bemeaningful

andused for scientific purposes.The terms “trust” and “confidence”were used here to de-

scribe a similar relation. Although “trust” and “confidence” are commonly distinguished

in sociological theories (among others, Luhmann 1988; 2014; Hardin 2006), the purpose

of this work is not to apply a fixed definition of these terms to the empirical material but

to better understand how trust unfolds.With this inmind, it is possible to see how trust

navigates through various expressions in everyday life.

The distribution of knowledge in Stall Catchers and the role allocations of different

actors can explain the trust relation. Longtime participant and frequent player John ex-

plained that

you have to be able to trust the people […]. Hopefully, the people at the top would

be willing to say “Hey, we’ve kind of reached the end of where we wanna go here;
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maybe we gonna have to take some time moving to another area of research, or

maybe it’s time to pull this back”… or […] if the people at the top are honest and if

you believe they are—cause it’s hard for maybe the average person to verify—[one

would have to] read a bunch of articles […], you put your head down...and it’s not! I

don’t mean to make it sound like a struggle, but you dive in, and if you want to do it,

then you do it. And if you do one film, that’s good! If you do one million films, that’s

good! But we’re all trying to go towards the end of hopefully—whether we know it

or not—figuring this thing out. Even […] if the research shows something contrary to

what the scientists had thought, it was going to show and it’s a dead end, that’s good

too because we know where not to look now and hopefully we spread that around

saying you know “we did this and it is peer reviewed, and there is no point really

going down this place anymore.” (John, May 7, 2020)

While participants could read about the science behind Stall Catchers, they did not need

to know the details about Alzheimer’s disease research to contribute to the project.They

had one specific task on the Stall Catchers platform: to analyze the data presented to

them.While the Human Computation Institute took care of the algorithmic evaluation

of participants’ input and ensured that the required scientific data quality was achieved,

the researchers in the Schaffer–Nishimura Lab directed the scientific approach, includ-

ing decisions onwhich the research questions to investigate, andhow to proceed.16Here,

trust in the researchers filled the gap in scientific knowledge about Alzheimer’s disease

research and allowed participants to perceive their contribution as meaningful.

Despite trust in the scientists and theHumanComputation Institute teamtodevelop

and maintain the platform and game in such a way that the participants’ contributions

were perceived as purposeful, I observed another dimension of trust in the participants’

ownabilities to analyze data on the Stall Catchers platform.Someparticipants expressed

forms ofmistrust in themselves or,more precisely, in their ownability tomakemeaning-

ful contributions to Stall Catchers and Alzheimer’s disease research. Some participants

explicitly described their fears of answering research videos incorrectly in our conversa-

tions. Elle, for example, who began contributing to Stall Catchers in 2015, felt that she

did not have the time to participate in Stall Catchers as much as she would like because

her “level of emotional investment and commitment isn’t alwaysmatched by [her] actual

actions” (May 13, 2020).At one point in our conversation, she expressed fear of being pre-

sentedwith a research video that had not yet been annotated bymany other participants

(the UI includes an information box below the video frame indicating howmany partic-

ipants have answered the video presented and how): “when you start moving from the

ones that are being done by multiple people into ones that you’re the first person or the

second person to check and you don’t actually knowwhether other people agreewith you

or not, it’s a little bit more scary” (Elle, May 13, 2020.).

Noemi, a participant who had not contributed to Stall Catchers for a while before

our interview but who had gone back to Stall Catchers the night before our meeting,

explained as she reflected on her Stall Catchers experience: “I was doing some last night,

and I was like oooh now I have to get back into what I’m looking for … cause I’mmaking

16 As described by Michelucci, in a few rare instances, though, the researchers took up suggestions

from participants for specific studies (fieldnote Nov. 9, 2023).
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mistakes, and I’m feeling bad, I’m making mistakes, that’s wrong! But usually when I

have long periods of time is when I will go and play” (Noemi,May 14, 2020).

Stall Catchers participants contributing tomy research agreed that becoming “good”

at Stall Catchers required practice. Noemi further explained that she would have to get

used toplayingStall Catchers again andattributedhermistakes to her long absence from

the project. It was very important for her to contribute in a meaningful way, and, there-

fore, she was afraid of getting videos wrong: “[I]t is challenging! It is challenging and

sometimes […] with this game I’m like ‘oh no I don’t wanna get it wrong’” (Noemi, May

14, 2020).

The fear of contributing “bad data” can be connected to the participants’ understand-

ing of how the HC system works and their practice, i.e., how often and how much they

contributed. Participant Olav explained how participation helped build trust in one’s

annotations: “the longer I think you do it, […] you […] can then trust yourself after you’ve

made a decision […] that’s the right decision because you’ve done it enough to know […]

what […] clear, flowing […] things should look like” (May 21, 2020). By regularly engaging

with vessel videos, participants learned to distinguish between flowing and stalled

vessels and developed an understanding of the system’s functionalities. According to

the Stall Catchers team, the implemented security measures and the “wisdom-of-the-

crowds” methods made it virtually impossible for incorrect answers to harm the overall

analysis.Most of the participantswhowere aware of this did not fear inputting incorrect

data, although some also describedmissing stalls as a bad experience (see Chapter 5). In

an interview with the Human Computation Institute published on the institute’s blog,

“supercatcher” Carol aka Mema described her “misses” as one of the things she disliked

most about Stall Catchers because “I feel like I let myself and others down” (Carol aka

Mema 2019).

Practicing and engaging with the system regularly, as well as reading up on the fea-

tures in the FAQs or blog posts explaining the design of Stall Catchers and, thus, under-

standing how Stall Catchers as an HC system and the “wisdom-of-the-crowds” method

work can, therefore, be interpreted as trust-building practices (cf. Pink, Lanzeni, and

Horst 2018). Participants do not have to worry about their skill level in catching stalls,

as participantMaya summarized: “[I]t doesn’tmatter if you’re right orwrong because it’s

all statistics and […] it’s okay to be the wrong one, and it’s okay to be the right one. And

then depending on if you’re right or wrong however a number,many of times, it starts to

change what they give you” (May 13, 2020). By contrast, lacking this experience and the

understanding of the game mechanics and crowd answer computation led to not trust-

ing one’s own analytical skills to contribute meaningfully to Stall Catchers.

The Question of Trust and Proprietary Software

Before turning to concluding thoughts on trust in andwithHC-based CS, I would like to

address a final aspect related to the participants’ ability to understand the system and,

hence, to verify that their contributions are meaningful.This aspect does not only apply

to the example of Stall Catchers but was also discussed in the example of Foldit.
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Both projects are based on proprietary software and the teams justify this in part

because it is a game and people might try to modify the code in ways that are benefi-

cial to the game but harmful to the science behind the projects.17 Foldit team member

bkoep explained in a forumdiscussion that “[p]art of the concernwith open-sourcing the

Foldit code is the potential for abuse—there are a lot of trivial ways that Foldit could be

mademore ‘fun’ as a game, but that would also undermine the scientific validity of Foldit

players’ work” (Bkoep 2018). In Foldit, proprietary software was further justified by the

fact that Foldit was built on the code base of the protein-modeling software Rosetta.The

Rosetta code was distributed under a Rosetta license, which was not open-source (but

free for noncommercial use) and required registration with RosettaCommons (Bkoep

2018). Following Giddens, the “prime condition of requirements for trust is […] lack of

full information” (1990, 33). Participants in HC-based CS games that rely on proprietary

code, such as Foldit and Stall Catchers, cannot verify scientific correctness even if they

wanted to and had the technical knowledge to do so. Stall Catchers participants, for ex-

ample, cannot verify that the statistical approach to combining individual answers is in-

deed correct. Instead, they must rely on the team of the Human Computation Institute

and believe the system’s explanations,which are simplified tomake them accessible but,

therefore, also incomplete. This is not to say that there is a reason to distrust the devel-

opers and researchers but to demonstrate the existence of this gap.

While the question of open-sourcing Stall Catchers had not been raised publicly on

theStallCatchers forumat the timeofmyresearch, in the caseofFoldit, requests toopen-

source Foldit’s source code had been recurring since the project’s early days. Now and

then, a new participant would (unknowingly) reopen the year-long discussion, prompt-

ing some other participants to leave comments such as “here we go again” (B_2, 2011),

expressing their fatigue with the discussion. Nonetheless, these requests kept coming

back and,most of the time, did not proceed satisfactorily for the requester. It is not sur-

prising that such requests are more common at Foldit, as it attracts many programmers

and participants interested in computer science. Since the code base of both projects is

not open-source, it becomes impossible for participants or others interested in them to

build trust as sociomaterial practice.

Distributed Trust

HC-based CS assemblages are multiplicities resulting from continuous reterritorializa-

tion processes inwhich different interests and human–technology relations are aligned,

together forming the assemblages.Continuity is necessary due to deterritorializing pro-

cesses that simultaneously act upon and carry away the assemblage. Examples of the lat-

ter are divergent interests, different logics at play (as discussed in Chapter 5), or ma-

terial breakdowns. Furthermore, as Deleuze and Guattari write, an assemblage “nec-

essarily changes in nature as it expands its connections” (2013, 7). Due to the need for

17 Interestingly, the ARTigo source code, by contrast, is open-source and published under the GNU

General Public License on Github (Institute of Art History (Ludwig Maximilian University of Mu-

nich), n.d.).
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HC-based CS systems to remain at the edge of AI, human–technology relations keep in-

traverting, and with them, the systems or assemblages themselves are changing. These

intraversions and changes in the overall system require trust, an example of a reterri-

torialization process, to be continuously rebuilt. Trust, as I have aimed to show in this

chapter, thereby, moves along various sociomaterial relations and practices. In the ex-

amples discussed, trust cannot be grasped by analyzing human social relations alone,

even though they play an important role, as the example of the trust-building trip I ac-

companied demonstrated. Trust is built via human–technology relations. Thus, even if

the explicit goal of the team members was to trust, for example, the participants con-

tributing to Stall Catchers, this was achieved through themediation of technologies and

sociomaterial practices. It is, therefore, important not to overlook trust as a sociomate-

rial practice, which was the focus of this chapter.

The introduction of Stall Catchers in the biomedical engineering laboratory required

the development of a data pipeline to prepare research data for subsequent analysis by

Stall Catchers participants, which partly disrupted established research practices and

work routines and even led to mistrust in the results. Trust-building practices, such

as anonymized research data analysis, had to be translated into new practices. Trust

emerged here through work on infrastructures and engagement with materialities.

Additionally, trust played a role in legitimizing CS as a not-yet-established approach

to scientific knowledge production. Here, the HC system mediated trust in crowd an-

swers via computational algorithms by preventing cheating and ensuring the required

scientific data quality. At the same time, trustworthy relations with collaborators need

to be built first, e.g., through in-person meetings and time spent together, to develop

newHC-based CS projects.

Finally, a lower level of familiarity and understanding of Stall Catchers on the part

of the participant tends to increase the importance of trust in the researchers and the

team of theHuman Computation Institute in order for the participants to perceive their

contribution as meaningful. Similarly, regular participation and engagement with the

system build trust in the participant’s ability to catch stalls. Participants who were less

familiar with the “wisdom-of-the-crowds” method correspondingly expressed mistrust

in their competence to contribute to research.

Building and maintaining trust is essential for Stall Catchers to come into being in

the interplay of the different humanandnonhumanactors involved.As I have shown, the

relations between, for example, infrastructure, software tools, and researchers, or par-

ticipants and algorithms are just as important as those between human collaborators.

Trust, therefore, unfolds in (sociomaterial) practices. Following social anthropologist

Martin Holbraad’s Truth in Motion: the Recursive Anthropology of Cuban Divination

(2012), in which he argues for conceptualizing truth in “motile terms, as an event of

collision—a meeting—between previously unrelated strands of meaning” (2012, xxiii),

I suggest thinking about trust in motile terms. Through engaging with meanings of

trust in the field, trust reveals itself as not just a static phenomenon but one that is

constantly becoming through these sociomaterial relations and practices. It, thereby,

depends on the very sociotechnical situation and “transforms itself in various stages or

steps” (Harper 2014b, 307) in HC-based CS assemblages. “[T]rust is transitive; certainly

a composite” (Harper 2014b, 307). In this way, trust unfolds as something distributed
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across HC-based CS projects, emerging within human–technology relations and along

their intraversions, asmuch as it contributes to forming sociotechnical assemblages and

holding them together. Finally, trust needs to be continuously maintained and rebuilt

through the ongoing evolution of these HC assemblages.



8 Conclusions

Hybridization […] is not to be rejected,

neither is it the greatest danger, but it does

deserve the greatest care. (Dorrestijn 2012b,

240)

In 2021, for the first time in the history of Stall Catchers, an AI bot named GAIA was in-

cluded alongside human participants in the HC-based CS game to analyze Alzheimer’s

disease research data.This first encounter between humans andAI bots in Stall Catchers

presented at the beginning of this book initially appeared as a snapshot, independent of

Stall Catchers’ historical becoming and its future directions. Yet, the encounter merely

represented one stage in the evolution of the Stall Catchers’ assemblage and its continu-

ously intraverting participant–technology relations.This human–AI bot encounter was

first shaped by the Human Computation Institute’s imaginaries of HC, the design of

Stall Catchers as it was built in part upon the Stardust@home project, and the labora-

tory’s practices for manually analyzing Alzheimer’s disease research data. Importantly,

the encounter was also formed by preexisting participant–technology relations in Stall

Catchers, including the data annotation performed by human participants, while other

algorithms, in turn, review and adjust for individual participants’ skill levels. Human

participants’ annotations were then used to train ML algorithms, forming the basis for

the AI bots’ inclusion as artificial participants on the platform. At the same time, the HC

system’s intrinsic play/science entanglements created the encounter as a fun, yet seri-

ous situation, introducing competition among human and nonhuman participants, al-

beit mitigated through the common pursuit of advancing Alzheimer’s disease research.

However, the encounter was not solely defined by historical developments, path depen-

dencies, and previous relations. Instead,with AI bots on the leaderboard, human partic-

ipants actively related to the new configurations using tactics such as redeeming points

and forming human alliances against the bots. Simultaneously, participants also shaped

and created the possibility for new human–technology relations by seizing specific al-

gorithmic affordances not actually intended by the system’s design.Through their moti-

vations and experiences that brought them to Stall Catchers, participants ascribed new

meanings to the project while rejecting specific inscriptions, such as that of referring to

Stall Catchers as a game.With all of this inmind, that initial encounter presents only one
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key moment in Stall Catchers’ long chain of intraversions, one which specifically marks

the emergence of a new dynamic in participant–technology relations.This new dynamic

resulted in direct productive cooperation between humans and AI in pursuit of the CS

project’s overarching goal of bringing about a cure for Alzheimer’s disease.

Although Stall Catchers and the Human Computation Institute served as the pri-

mary focus of my research, specific aspects regarding how human–technology relations

inHC-basedCS intravert only becomeclearwhenconsidering the additional case studies

of Foldit and ARTigo.

More precisely, the analysis of Foldit showed particularly well how human–technol-

ogy relations in HC-based CS continue to intravert over long time periods—over almost

20 years in this case. Beginningwith the distributed computing project Rosetta@Home,

Foldit underwent significant cycles of intraversions from its inception. Born from an

idea regarding how to improve an automated system through the introduction of human

creativity, the project was subsequently reconfigured to allow humans to create and de-

ploy customized, automated tools. Foldit navigated through these major changes with-

out ever becomingobsolete, even,andperhapsmost notably, in the face of stark advances

in AI capabilities, such as AlphaFold’s solution to the problem of protein structure pre-

diction. Instead of rendering it obsolete, AlphaFold’s capabilities were soon subsumed

into Foldit in the form of an additional tool, with Foldit’s own purpose shifting from ad-

vancing protein structure prediction to, instead, furthering progress on protein design,

aswell as other unsolved problems.Notably, themost impactful intraversions in the case

of Foldit often emerged out of the engagement of the participants themselves, rather

than being introduced only by the system’s developers.This provided a contrast between

Foldit and Stall Catchers (wheremore, but not all, of the innovations were introduced by

the Human Computation Institute team).

The analysis of ARTigo specifically highlighted how the overall purpose of HC-based

CS assemblages transformed with its intraverting human–technology relations and by

whatmeans these changes unfold.By concentrating on the larger scale of the overall sys-

tem’s life cycle, I demonstrated how the platform required reimplementation and how

participant–technology relations needed reconfiguration to remain both engaging for

participants and at the edge of technological development. ARTigo persisted not only

through the intraversions in its relations and alongside advancements in computer vi-

sion toward new goals. To an extent, it could be said that ARTigo had to undergo changes

due to secondary factors, such as continued active participant engagement andmotiva-

tion along with gradual personnel changes to the team developing and maintaining the

system.

Various processes of territorialization anddeterritorialization shape the complex in-

terplay of different human and nonhuman actors in HC assemblages. As an example, I

discussed trust as an ongoing territorialization process. Instead of understanding trust

as a cognitive category, it must be considered a sociomaterial practice, since trust is ne-

gotiated in the intra-actions of humans and technologies. Given the changing nature of

HC-based systems,newquestions of trust emergewhile disrupting existing trust-estab-

lishing practices.Ultimately, possibilities for new intraversions emerge at the horizon of

human–technology relations in HC. Towards the conclusion of this study, for instance,

the next intraversion of humans–AI relations in Stall Catchers remained open.However,
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it seems clear that even if AI eventually achieves the accuracy required to fully fill in for

human participants in the analysis of research data, human participation in Stall Catch-

ers is unlikely to become obsolete. New ideas regarding how to include human partici-

pants in other steps in Alzheimer’s disease research already exist at the Human Compu-

tation Institute and in the biomedical laboratory.

As Gray and Suri (2019) argue, newly identified problems will continue to arise with

the advancement of AI and the automation of increasing numbers of tasks: “Thus, there

is an ever-moving frontier between what machines can and can’t solve. We call this the

paradox of automation’s last mile: as machines progress, the opportunity to automate

something else appears on the horizon” (Gray and Suri 2019, 175).The paradox lies in the

continuous repetition of this process—taking over tasks performed by humans and si-

multaneously creating new ones humans can solve. “In other worlds, as machines solve

more andmore problems, we continue to identify needs for augmenting rather than re-

placing human effort” (Gray and Suri 2019, 175–176). It is clear for the Human Computa-

tion Institute that asMLmodels becomemore accurate in analyzing Stall Catchers data,

the future involvement of humansmust necessarily look differently than that of AI bots.

If the intraversions of Foldit prove instructive here, this may result in human engage-

ments moving to a higher level of abstraction and creativity, for example, by creatively

combining different AI capabilities or solving a new, higher-order problem. As the fron-

tier of AI shifts along with technological advancements, the system might even shift its

purpose altogether as new projects become possible, addressing problemswhich cannot

yet be solved in fully automated ways. In this way, HC systems can effectively remain at

the edge of AI in pursuit of ever-evolving goals and capabilities.

This study aimed to investigate the formation of HC-based CS assemblages in the

interplay between human and nonhuman actors. To do so, I analyzed how HC advo-

cates and designers imagine them as new forms of HI, building a counter-imaginary to

AGI and drawing their own understanding of how human–technology relations ought to

evolve to create desirable futures. At the same time, however, these imaginaries are, nev-

ertheless, rooted in shared AI paradigms. Imaginaries materialize in infrastructuring

practices,which, in turn, shapeHC designers’ visions of the future.However, once other

actors (includingparticipants andmaterialities that bringwith them thepotential to fail)

join and engage within HC, these systems are negotiated in practice through the inter-

ferences of play and science, the motivating role of the system’s overarching purpose,

and what human–technology relations in these systems should look like, just as they are

shapedbydifferent territorializationanddeterritorializationprocesses.TheseHC-based

CSassemblages,as Ihave shown,are temporally consistentbut,nevertheless, fluctuating

compositions of heterogeneous entangled human–technology relations. In turn, these

relations are reconfigured within this complex interplay as they continuously transform

through future-thinking, everyday adaptations, failures, and intentional redesigns. I in-

troduced the concept of intraversions to analyze how these relations unfold and trans-

form, and how subject/object positions, tasks, responsibilities, and, thus, power are dis-

tributed across these relations and along these developments. The concept of intraver-

sions emerged frommy co-laborative ethnographic observations and experiences in the

field and is particularly suited for the investigation of HC systems developed as transi-

tory, always open, and, in fact, intended, to change again. The transformations of hu-
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man–technology relations in HC(-based CS) assemblages—that is, intraversions—can

be described as forward circular movements that unfold along temporal developments,

which are both instantaneous and gradual. As an analytical tool, intraversions allow one

to account for both of these dimensions and combine them in the analysis. The concept

helps to trace how the frontier of automation described by Gray and Suri (2019) moves by

focusing onHC’s continuously changing human–technology relations along their whole

“life span” and beyond, as new relations and even entire sociotechnical systems emerge

from existing ones, resembling assemblages that, as they extend, develop into new as-

semblages (Deleuze and Guattari 2013, 7).

Engaging at the Edge of Artificial Intelligence

I aimed in thiswork to not only contribute to the body of knowledge of digital anthropol-

ogy and STS. It is also my hope that the results of this study and my engagement in the

field, collaborative from the beginning, may serve as an example of how ethnographers

can play active roles in informing and shaping the design, implementation, and main-

tenance of emerging technologies through constructively accompanying their everyday

practices. To that end, in what follows, I highlight three examples of how this research

can contribute to the development of HC systems, followed by more general arguments

for why and how digital anthropologists and STS researchers should actively engage in

the development of such technologies.

First, the analysis of HC imaginaries demonstrated that the human in the loop does

not strictly refer to an embodied, and socially and culturally embedded human being,

but rather to an information-processing unit understood primarily as part of a crowd,

given motivation via the context of a game.My investigation of the becoming of assem-

blages demonstrated how cognition—just like agency, power, and responsibility—is dis-

tributed across human–technology relations and cannot be attributed to human actors

alone. Furthermore, human actors cannot be reduced to their “intelligence” or “think-

ing,” given that human experience relies on being in the world, which is always embodied

and affective. Additionally, I discussed the importance of extending “the loop” when re-

ferring to the humans in the loop to include developers, researchers, and, depending on

the specific example, other actors involved. If the goal of HC for human–AI hybridiza-

tion is to form the future of AI, this analysis presents an attempt and further invitation

to reflect on the understandings and imaginations of the human in the loop and the in-

terplay of the humans and the technologies behindHC systems. AsDorrestijn describes,

hybridization should be given the greatest care (2012b, 240).

Second, while the concept of intraversions primarily serves as analytical tool, it can,

nevertheless, also function as a reflective tool aiding in the development of HC by pro-

viding an understanding of how humans and technology are configured and how these

relations evolve over time. Such configurations and relations depend on existing rela-

tions, path dependencies, different actors’ intentions, and various other forces such as

serendipity acting upon, through, and with them.The concept of intraversions helps us

to see how sociotechnical systems and their human–technology relations become what

they are, suggesting that,while the specificpotential paths alongwhich theydevelopmay
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vary significantly, they are, indeed, likely to change again in very particular ways in the

future, possibly offering instructive insight for their design. It may, thus, also help the

creators of these systems reflect upon and reconsider whether the path currently fol-

lowed is desirable for the long-term evolution of the system.

Third, assemblage thinking can contribute to an understanding along the lines of

what Bateson described in her foreword to the Handbook of Human Computation (2013).

She argues that HC, with its crowd-based approach integrating a diversity of human

and nonhuman actors, could contribute to a shift in “attitudes away from the fetish of

individual autonomy and [teach] us, by implication, to recognize that we are connected

parts of a larger whole, this is a goal to be pursued” (Bateson 2013, vii). Looking at HC

systemsas assemblages brings forth the varioushumanandnonhumanelements and re-

lations involved in the formation of these as well as the continuous forces and processes

acting upon them, bringing them together and tearing them apart. In this context, in-

traversions, as a reflective tool, make the complex interplay and intra-actions between

humans and technology inHC assemblages visible. Via this perspective, humans are not

independent actors autonomously interacting with other humans and technology but a

part of and situated within larger entanglements.

Cultural anthropological research, with its focus on everyday life and historical be-

coming, can connect past, present, and future. As Suchman (2007b) argues, plans do not

unfold as linear sequences of action but, in practice, unfold rather unpredictably, given

that they are always situated in sociocultural contexts. Ethnographic analysis can help

us understand where AI systems come from, bringing together the different perspec-

tives involved, and, thereby, pointing to potential futures. Cultural and digital anthro-

pology can contribute by critically accompanying and contextualizing the developments

of emerging technologies to steer them in directions preferable to all of the actors in-

volved.

To do so, ethnographic analysis must be embedded in the development practice of

emerging technologies (such as HC) itself. Collaborative approaches are, of course, well-

established practice in ethnographic research. However, with a few (yet notable) excep-

tions, such as works by Suchman (2007b; 2021), Forsythe (2001f), and Pink (e.g., 2023),1

participatory ethnographic research into the development of computational systems

remains lacking, especially in the domain of AI research. Given how AI is becoming a

greater presence in our everyday lives, and not only in the public discourse, I think it is

crucial for digital anthropologists and STS researchers to not only accompany software

development as advisors on cultural or ethical questions but to also actively engage in

the very processes of creating socio-computational systems.Digital anthropologists and

STS researchers must, thus, contribute to shaping the future. As Pink argues, “Wemust

become players in the same futures-focused space as other stakeholders in the future

1 Additionally, two ongoing research projects should be mentioned here: Kinder-Kurlanda and col-

league’s ongoing work within NoBIAS: Artificial Intelligence without Bias (2020–2024), a Marie

Skłodowska-Curie Innovative Training Network (ITN) (NoBIAS n.d.) and cultural anthropologist

Sarah Thanner’s collaborative research within the VIGITIA project (Physical-Digital Affordances

Group University of Regensburg n.d.).
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of emerging technologies, create new collaborations and bring different, diverse and

everyday stories to the centre” (Pink 2023, 11).

The extent of domain-specific knowledge or training required for suchworkdepends

on the specific context and research field, but I argue that it does not always necessar-

ily involve learning how to code, as often suggested. Instead, it can be much more im-

portant to understand a broader range of underlying conceptual levels more generally.

In fields adjacent to AI, these may include concepts such as computation, the architec-

ture and functioning of computers, the basic and emergent behavior of algorithms, or

the cognitive ideas underlying the implementation of AI models. In other words, ethno-

graphic research on computer science and AI cannot and should not treat the techni-

cal content of these fields as primarily about understanding and producing source code.

Beck (2012) argues in his article on social neuroscience that anthropology must recog-

nize that cognitive science eludes simple characterizations; instead, it combines various

scientific fields, theoretical approaches, and methods. As a result, anthropology should

join the various endeavors “that all somewhat fumble in the dark to better understand

the distributed, self-organizing ‘systematics’ of cognitive phenomena” (Beck 2012, 114)

and contribute to an ever-refining discourse:

The unwanted alternative would be that an undifferentiated critique might deepen

the split between the natural and social sciences and, even more important, might

prevent possibly productive challenges that the new findings and modes of explana-

tion in the neurosciences might have for established modes of thought and research

practices cultivated by the social sciences and the humanities (Beck 2012, 114).

By adopting Beck’s viewpoint and applying it to the field of AI, cultural anthropology

ought not to confine AI to a singular discipline, theoretical concept, or method, and,

consequently, should refrain from evaluating and criticizing it based on such limited

perspectives. Instead, it should examine specific fields of research and applications and

attempt to develop an understanding of both general and case-specific underlying con-

cepts and assumptions.Thiswill allow the discipline to engage in critical yet constructive

ways (Suchman 2021, 70–71) in these fields to explore and contribute to shaping how we

want to live and organize our everyday lives with AI.

Beyond the Edge

In this work, I analyzed HC as a phenomenon at the edge of AI, focusing on the specific

and emerging branch of HC,more specifically considering its applications in the field of

CS. I chose such a concrete focus on a specific area of AI because I believe grasping it as a

whole is unfeasible and perhaps even counterproductive, given the diverse understand-

ings,missions, and persistent lack of a cohesive definition for “intelligence,” be it human

or artificial. I think it is important for researchers in STS (andother areas) to broadenour

focus beyond the imaginaries of and efforts to create “strong AI” or AGI but to also exam-

ine other existing and emerging approaches in the field, which increasingly inform and

contribute to both developments and discourse in and around AI. The analysis of con-
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crete fields of practice allows one to gain an in-depth understanding of the paradigms,

visions, and intentions of the various actors, as well as the meanings and failings shap-

ing the fields. Such an understanding is necessary to actively intervene, an undertak-

ing which may be gaining in importance today given the vertigo-inducing (Dippel 2021)

pace with which developments in AI are increasingly impacting our everyday lives. My

research represents “a study of a culture in the making” (Turkle 2005b, 23). Much like in

Turkle’s investigationof computer culture in the late 1970s and 1980s,my research subject

formed a moving (perhaps even accelerating) target. Today, the speed of developments

continues at unprecedented levels, pushing the edge of AI further.

To conclude I turn to the edge of AI itself and situate my work in the broader context

of AI research and the field’s advancements. Taking a broader view, the edge of AI in

recent years has been marked by significant advances driven largely by the emergence

of highly powerful “foundation models” (Bommasani et al. 2022). This is perhaps most

notable in OpenAI’s advances in the domain of large language models with GPT-3

and, subsequently, GPT-4 (as well as ChatGPT, OpenAI’s GPT-powered AI chatbot that

popularized these developments in late 2022). These models significantly exhibit ad-

vanced capabilities in text comprehension, reasoning, problem-solving, and a host of

other tasks, prompting some researchers to describe them as featuring first “Sparks

of Artificial General Intelligence” (Bubeck et al. 2023), a characterization that invokes

new imaginaries as well as reviving old ones. These advancements have reignited and

accelerated debates about the automation and obsolescence of human labor, previously

centered around menial tasks but now broadening their scope to include advanced

domains of knowledge work, extending into medicine, finance, and even software en-

gineering itself. While it is too soon to determine how these developments will unfold

and what impact they might have, thus far, the deployment of these new AI systems has

been marked primarily by what must be described as HI: “AI assistants” and “co-pilots”

have been developed for myriad domains, including customer support, marketing,

insurance, medicine, and software engineering, all with the promise of helping profes-

sionals to do more, rather than to help them do nothing.2 In addition to such purpose-

built AI assistants, another theme pointing in the direction of increasing human–AI

hybridization can be found in the development of software frameworks that actively

make affordances for building tools combining AI and human capabilities. One example

of this is found in LangChain, an early but now highly popular Python framework for

“building applications with LLMs through composability” (Chase 2022).One of the types

of “agents” available in this framework is in fact humans—described as useful in helping

other AI agents: “[h]uman[s] are AGI so they can certainly be used as a tool to help out

[an] AI agent when it is confused” (Chase 2023), states the framework’s documentation,

introducing even newer and further configurations of human–AI relations in which

humans and AI both take diverse subjective positions, sometimes simultaneously.

2 For specific examples, it is instructive to review the US-based technology startup accelerator Y

Combinator’s list of startup companies in its winter 2023 cohort (n.d.). A cursory glance sug-

gests that the single biggest unifying theme is AI, typically represented as either domain-specific

AI-powered software, functionally specific AI assistants or tools for the development of or with AI.
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Today, it seems clear that some—perhapsmany—specific currently existing jobs and

tasks humans performacross amultitude of domains can indeed be automatedusingAI.

While this book offered a deep dive into only a few specific domains, it is also clear that

the primary theme has remained one of enhancement, not replacement, and my analysis

suggests that humanswill continue to play a role in these systems, turning to ever-newer

tasks and goals to pursue. More precisely, the question of the “level of involvement” of

humans or AI may be insignificant, if instead we think of these systems as truly hybrid

human–AI assemblages. To that end, I offer intraversions as an analytical tool to trace

and analyze how the relations between humans and technology unfold and transform

alongside continued developments and progress in AI, and to engage constructively and

with the greatest care with human–AI systems in the making.



Glossary

The following glossary entries are primarily intended to provide an overview of technical

and functional aspects of concepts rather than analytical ones.

Algorithm A structured set of instructions, typically in the form of steps, designed to solve a

specific problem that can be implemented using programming languages to be

executed as part of computer code.

AlphaFold An artificial intelligence system for predicting protein folding, developed by the

British-American company and Alphabet subsidiary DeepMind.

Artificial General

Intelligence (AGI)

Broadly understood as artificial intelligence that performs a wide and generic

rangeof tasks andbehaviors at levels that are considered tobeequal toorgreater

than that of humans. Its feasibility remains a subject of active debate.

Artificial Intelli-

gence (AI)

Describes the broad field of research aimed at building “intelligent”machines. It

consistsofbroadsubsetsor techniques suchasmachine learning,deeplearning,

natural language processing, reinforcement learning, computer vision, robotics,

and expert systems.

Convolutional

Neural Network

(CNN)

A form of deep neural network, sometimes also referred to as deep learning,

for processing data with a grid-like structure and non-local features. CNNs are

frequently used in the field of computer vision, where they leverage chains of

convolutional filters to automatically extract features from images at various

levels of detail.

Deep Learning

(DL)

Any formofmachine learning thatmakes use ofdeepneuralnetworks.Cf.CNN.

Deep Neural

Network

A neural networkwith two ormore layers.

Fluorescence

microscopy

An imaging technique in which expressed fluorescent proteins or administered

small molecule fluorophores are excited at a specific wavelength and emit a

photon of a definedhigherwavelength on recovery to their energy ground state.
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Human Computa-

tion (HC)

In its current understanding, HC dates from the beginning of the twenty-first

century and describes an interdisciplinary area of research that its advocates

situatewithin the researchfieldofartificial intelligence.HCaddressesproblems

that cannot be solved by current artificial intelligence technologies or manual

human approaches alone by combining the strengths of humans andmachines

to achieve superior capabilities. The termHC is sometimes used synonymously

with hybrid intelligence.

Hybrid Intelli-

gence (HI)

An emerging research field that focuses on the development of hybrid systems

of humans and artificial intelligence, which are often considered to improve

by learning from each other. The term is sometimes used synonymously with

human computation.

Large Language

Model (LLM)

A type of deep neural network trained on large amounts of text data to predict

sequences of words, thereby building a model of the language. They are often

able to generate output that resembles text produced by humans.

Machine Learning

(ML)

Describes a subset or technique of artificial intelligence in which algorithmic

prediction or decision models are built from large amounts of data without

directly programmed instructions.

MATLAB A programming language and platform for programming and numeric compu-

tation developed and owned by the private companyMathWorks.

Multiphoton

microscopy

A form of fluorescencemicroscopy in whichmultiple photons of lower energy

are used to achieve excitation of the fluorophores. Cf. two-photonmicroscopy.

Neural Network

(NN)

An NN combines different mathematical operations, whose composition is

describedby a directed acyclic graph, to forma complex parameterized function.

Most often, this function simply consists of a linear chain of multiplications of

so-called “weightsmatrices”with subsequent application of so-called “activation

functions.” The different components in the chain are also called “layers.” A key

component of a neural network is that its parameters (orweights) are “trainable,”

i.e., they are initialized to random values and then gradually optimized by

applying the network to training data (inputs and expected outputs), iteratively

updating the weights to improve the network’s performance in mapping the

inputs to the expected outputs, for example via gradient descent techniques.

Python A widely used high-level programming language for web development, data

analysis, artificial intelligence, and other applications.

Rosetta A protein modeling and protein structure analysis software first developed by

the Baker Lab of the Institute for ProteinDesign at theUniversity ofWashington.

Today, it is developed andmaintained by themembers of the RosettaCommons

collaborative, which includes academic institutes, government laboratories, and

partner corporations.

RoseTTAfold An advanced deep learning–basedmodel that was developed by the Institute

for Protein Design at the University ofWashington.

Two-photon

microscopy

A form of fluorescencemicroscopy in which two photons of lower energy, such

as near-infrared light, are used to achieve excitation of the fluorophores. The use

of low-energy near-infrared light, as well as the good tissue penetration of red

light, allows for the imaging of thick specimens and even living tissue.

Voxel A volumetric (3D) pixel depicting a digital value on a grid in 3D space.
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