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Abstract

Collaboration is one of the 21st century skills, and in our new
digital and hybrid reality, the importance of designing tech-
nologies that support collaborative interaction in various
ways has increased due to e.g, the recent Covid-19 pandemic
and the need to decrease travel to keep down environmental
impact and avoid unnecessary contributions to the climate
emergency. Accordingly, designers of digital tools need to be
educated regarding supporting collaborative interaction, on-
line, on-site and hybrid. However, there is a lack of concrete
teaching materials for how to design collaborative technol-
ogies. In this paper, we present an emerging pedagogical
framework targeting technology design educations in higher
education in teaching to develop students’ knowledge and
skills for how to design technology that mediates collabo-
rative interaction. The pedagogical framework will be made
available for everyone as an online open educational resource.

The framework is developed through a pedagogical design
pattern method using a three-phased model for conducting
educational design research and developing educational ma-
terials. The results are based on Laurillard's pedagogical pat-
tern template (Laurillard, 2012), and further extended with
the SOLO taxonomy for defining learning objectives (Biggs,
2003). Using one specific approach throughout simplifies
consistency and coherence among the various parts. The
pedagogical framework consists of 10 pedagogical patterns,
which entail concrete teaching activities with accompanying
learning goals. The teaching activities are divided into con-
cepts, methods and practices:

Concepts explain the underlying conceptual and theoretical
foundations that students need in order to take human col-
laborative interaction into account, both in their methods and
in their design process, as well as in taking responsibility for
their end product or service. An example of a teaching activi-
ty is a lecture on 'Collaborative interaction in Activity theory'.

Methods address methods for students to engage with
groups, elicit requirements for design, and to practically de-
sign and evaluate collaborative technologies. An example of
a teaching activity is a lecture and exercise on 'Requirements
elicitation for collaborative technologies'.

Practices consists of case studies that illustrate best practic-
es and case studies in designing collaborative technologies.
An example is a lecture with an accompanying exercise on
'Designing for Collaborative co-located multi-display envi-
ronments’. Together, these teaching resources, which are all
freely available online, make up a framework that supports
developing students’ knowledge and skills for how to design
technology that mediates collaborative interaction.

We believe that this work has two contributions. First of all, to
propose what an emerging pedagogical framework for learning
about designing collaborative technologies can be and open
it up for critique and further development. Secondly, we also
believe that a discussion on teaching practices is important
in that it can contribute to developing the research field, as
students display through their learning process, aspects that
would perhaps have been hidden if we studied experienced
designers, or only reflected on our own research practice.
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Introduction

Collaboration is a very complex skill which involves coordi-
nation, cooperation and at its most advanced level, reflective
communication (Bardram, 1998), and is considered as one of
the 21st century skills (OECD, 2018). In a time where remote
collaboration has become increasingly more important due
to e.g, environmental emergency and pandemics (e.g.,, Tudor,
2022), the need for designing and developing technologies
that efficiently support and mediate collaborative interaction
has become a high priority.
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Historically, most user interface research has focused on sin-
gle-user systems, although this has been challenged by mul-
ti-user or group interfaces (Ellis et al, 1991), which are sen-
sitive to such factors as group dynamics and organizational
structure. Collaborative technologies come with design chal-
lenges, such as that technology designed for use by differ-
ent groups must be flexible and accommodate a variety of
team behaviors and tasks (Ellis et al, 1991). E.g, two different
teams performing the same task use collaborative technolo-
gy in very different ways (Rein and Ellis 1989), and the same
team doing two separate tasks uses the technology differ-
ently for each task.

However, teaching as an activity has been somewhat ne-
glected within fields such as Computer Supported Collabora-
tive Work (CSCW, Brown et al,, 2007). This in some contrast to
HCI, in which teaching has played a more prominent role, and
where textbooks summarize what is to be learnt (i.e. Preece
et al, 2019) and there is a lively discussion in the communi-
ty (e.e. Churchill et al, 2013; Eriksson et al, 2022a; Frauen-
berger and Purgathofer, 2019), including in various sub-fields
(e.g. Child-Computer interaction (Van Mechelen et al, 2020),
animal-computer interaction (Zamansky et al, 2017). Teach-
ing technology design for collaborative interaction involves
imparting a distinctive attitude - in particular a sensitivity to
co-ordination. In this paper we aim to initiate a pedagogical
framework for teaching design of technologies for collabora-
tive interaction in higher education. We do so by transforming
concepts, methods, and practices from research into concrete
teaching activities with accompanying learning goals.

Using the materials presented here for teaching a course
on designing collaborative technologies will not make the stu-
dents become experts, but hopefully they will gain a much
deeper understanding of how to engage with understanding a
group and a setting, before coming to think about design. This
might perhaps be the most important student outcome and
a core lesson - the connected nature of the technical and the
social. We are aiming for students to ‘come to see’ collabora-
tively, and through that develop students’ knowledge and skills
for how to design technology that mediates collaborative in-
teraction.

Background

In the light of the COVID19-pandemic, it is easy to think of
collaborative technologies as primarily communication tech-
nologies such as applications to support video meetings (e.g.,
Grenbaek et al, 2021). However, in this work, we refer to a
broader notion, including everything from social drones (e.g.,
Obaid et al,, 2022), digital games (e.g, Eriksson et al., 2022b),
to the collaborative society (e.g., Jemielniak and Przegalinska,
2020), just to mention a few.

There are several definitions of what collaboration and
collaborative interaction mediated by technologies is (e.g,
Bardram, 1998; Correia et al, 2017; Roschelle and Teasley,
1995; Sedano et al, 2013; Shah, 2010). However, terms related
to collaboration, such as cooperation, coordination, teamwork,
social interaction, etc. are often used as synonyms or inter-
changeably, and there is no systematization of the terms used
(Baykal et al.,, 2020b; Sedano et al,, 2013). For instance, social
interaction is a vital but insufficient condition for collabora-
tion because some social interactions do not involve shared
goals, accommodation of different perspectives or organized
attempts to achieve the goals (OECD, 2018).

However, recently, we have seen a tendency to adopt the
levels of collaboration as defined in Activity Theory (AT), in
order to define collaboration in an operational way (Bardram,
1998; Baykal et al, 20204; Eriksson et al, 2021). AT provides
a method of understanding and analyzing a phenomenon,
finding patterns, and making inferences across interactions
(Kaptelinin and Nardi, 2009). With AT as a theoretical founda-
tion, Engestrom et al. (1997) defined three levels of collabora-
tive interaction, and building on this definition, Bardram (1998)
introduced a framework for collaborative interactions between
users and mediating technology. This framework consists of
three different levels of collaboration, from the simplest to the
most complex form: Coordination, Cooperation and Reflective
Communication. Acknowledging that there are many other
models for defining collaboration, we will in this work lean to-
wards the three levels of collaboration as deriving from Activity
theory (Bardram, 1998; Engestrom, 1987).

What do we mean by collaborative technologies?
The goal of collaborative technologies, or collaboration sys-
tems or groupware, is to assist groups in communicating, in
collaborating, and in coordinating their activities, and can be
defined as: computer-based systems that support groups of
people engaged in a commmon task (or goal) and that provide
an interface to a shared environment (Ellis et al, 1991). In the
classic CSCW matrix (Johansen, 1988), four main areas of
collaborative technologies are presented:

Face to face interactions: Collocated social interaction fo-
cuses on scenarios of ‘'same time, same place’, that is, a syn-
chronous interaction between individuals in close proximity,
e.g, single display groupware. In synchronous interactions,
such as spoken conversations, people interact in real time (Ellis
etal, 1991).In technology development, this area has attracted
less interest than technologies for remote connectedness, and
hence remains less explored and characterized (Olsson et al,
2019).

Remote interactions: Focus on same time, different place
and a typical technology is video conferencing. This is an area
that has received increased attention lately, not least due to
the COVID-19 pandemic (Tudor, 2022).

Continuous task: Focus on different time, same place, and
typical examples are team rooms and large public displays. In-
teractions are asynchronous, meaning those in which people
interact over an extended period of time (Ellis et al, 1991).

Communication and coordination: Focus on different
times, different places, where typical examples are email and
group calendars.

However, there is one area missing in the matrix, namely
that of technologies to support hybrid interaction. Neumayr
(2021) presents a systematic literature review of the con-
texts and tools of hybrid collaboration and meetings in HCI
and CSCW, with the goal to unpack how hybridity matters
when it confers an asymmetry on the coordinated activity.
In this review, hybrid collaboration refers to “collaborative
practices that involve simultaneous co-located and remote
collaboration with phases of both synchronous and asyn-
chronous work that spans multiple groupware applications
and devices” (Neumayr et al, 2018) and hybrid meetings re-
fer to video- or audio-based communication sessions among
co-located and remote participants (Roussel and Gueddana,
2007). Hybrid collaboration switches back and forth between
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all four quadrants of the time-space matrix. There are con-
stant transitions between co-located and remote as well as
synchronous and asynchronous collaboration. Further, users
typically do not rely on a single groupware application or hard-
ware device but simultaneously use different tools and de-
vices during collaboration. Also, the team size is greater than
just two collaborators and multiple coupling styles can coex-
ist simultaneously within a single team, effectively dividing
the whole team in multiple temporary subgroups of various
sizes and an individual coupling style (Neumayr et al,, 2018).

Although many systems can be categorized according to
their primary emphasis and intent (Ellis et al,, 1991), it is im-
portant to note that there is no rigid dividing line between
systems that are considered collaborative and those that are
not, or belonging to one category of the matrix or not. Due to
the varying degrees of support for common tasks and shared
environments, it is more appropriate to think of a collabora-
tive technology spectrum rather than well-defined boxes (EI-
lis et al, 1991). In the work presented in this paper, we apply
this thinking of collaborative technologies as a spectrum with
constant transitions in time, space, and level of collaboration.

Methocdlology

A three-phased model for conducting educational design
research and developing educational materials (McKenney
and Reeves, 2018) was used as an underlying and guiding
research and development framework. Educational design
research is aimed at providing concrete solutions to educa-
tional practitioners in relation to practical and complex ed-
ucational problems such as how teachers can teach collab-
orative interaction in technology design. Solutions can take
the form of educational products and materials that both
support teachers in their educational practice and seek to
discover new knowledge that can inform future research, de-
velopment, and practice within that domain.

Phase 1) Exploration and analysis

Exploring the existing domain of teaching design of collab-
orative technologies by firstly making an inventory of exist-
ing teaching practices and research production at our own
universities. Secondly, by conducting a literature review on
(teaching) design of collaborative technologies and through
this developing the research grounding. This included e.g.,
searching SCOPUS for (TITLE-ABS-KEY (cscw) AND TITLE-
ABS-KEY (teach*)), in which we found 135 results, but only
one (Brown et al., 2007) actually addressing teaching collabo-
rative technologies. In this phase we also invited two experts
and interviewed them on their teaching practices in regard to
designing collaborative technologies. We further snowballed
on further research resources to include.

Phase 2) Design and construction

Based on phase one, two/three core competencies were
identified, and a number of overarching learning objectives
were extrapolated and described. Then the SOLO taxonomy
(Biggs, 1982) was applied to the competencies and learning
objectives to describe how we as teachers can develop stu-
dents’ competencies from a beginner to an advanced lev-
el. This led to the construction of an overarching model for
how teachers can plan, carry out and evaluate teaching and
learning on designing collaborative technologies. Based the

results from the first phase, and on the core competencies
and learning objectives, we developed a number of concrete
learning activities consisting of lectures and exercises.

Phase 3) Evaluation and reflection

Alongside the design of the stand-alone teaching activities,
an iterative peer-review of all activities was carried out using
the pedagogical pattern evaluation method called shepherd-
ing (Harrison, 1999). This method ensured multiple cycles of
evaluation, reflection, and revision of the activities through-
out the project. Additionally, the teaching activities were
put into practice and evaluated through 30 pilots involving
around 40 teachers and 523 students coming from various
disciplines, programs, institutions, and educational contexts
in five universities in four different countries. After each pi-
lot, the teacher was asked to fill out a questionnaire. The stu-
dents involved in the pilots have been enrolled in bachelor
(n=14 pilots), master (n=5 pilots) and mixed PhD \& master
programs (n=11 pilots). The programs range from communi-
cation design (Faculty of architecture and design) to interac-
tion design (Department of computer science), digital design
(Faculty of Arts), Design, Technology and Society Program
(Institute of Social Sciences), Design, Technology and Society
Program (Institute of Media and Visual Arts), and experience
economy (Faculty of Arts).

Pedagogical design pattern approach

The main outcome of the project - the collection of teaching
activities — was developed using a modification of the ped-
agogical design pattern method (Goodyear, 2005; Képpe et
al, 2017; Laurillard, 2012; Nargérd et al., 2019). The method is
aimed at capturing “best practices” from research and prac-
tice, which are then developed into concrete activities for
teaching and learning within a specific domain.

The pedagogical pattern method has been applied in order to
elicit existing best practice from teachers and from related
work found through snowballing. The method has been mod-
ified in that we have iteratively developed our own pattern
template highly inspired by the pattern template suggested
by Laurillard (2012) with the main difference that the stu-
dents’ learning objectives are formulated based on the SOLO
taxonomy for defining intended learning outcomes and ob-
jectives (Biggs, 1982), for consistency and shared language.
The template is complemented with teaching materials,
such as suggested literature, worksheets, assignments, and
presentation slides. Additionally, all visuals and figures in the
developed teaching material are either private images with
consent to be published from the owner or generated using
artificial intelligence (DALL-E).

The pattern template consists of the following items (ltal-
icized items are modifications from the original template
prosed by Laurillard (2012):
» Title (Title of the pattern).
» Origin (the original source and later contributors).
» Summary (brief description of what is being taught
and how).
» Topics (keywords that will help other teachers decide
the relevance).
» Learning outcome (what the learner will know or be
able to do by the end defined using SOLO taxonomy).
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TITLE Requirements elicitation for collaborative technologies
ORIGIN TEDCO
SUMMARY Requirements elicitation is about exploring the problem space and

defining what will be developed. Requirements range from
functional to contextual such as e.g. social environment and user
goals. Methods for gathering and analyzing data to elicit
requirements will be presented and practiced.

TOPICS Methods for requirements elicitation, qualitative data analysis and
evaluation
LEARNING * Students should be able to name methods for requirements
OUTCOME elicitation and qualitative data analysis for collaborative
technology.

* Students should be able to formulate requirements for
collaborative technology.

* Students should be able to apply requirement elicitation in
design of collaborative technology.

* Students should be able to evaluate requirements in the
design of collaborative technology.

RATIONALE Experiential learning; learning through practice.

DURATION 3h

LEARNERS Design and enginesring in higher education

SETTING Online, face-to-face, hybrid

RESOURCES AND Slides in .ppt with lecture and assignment

TOOLS

LEARNING CYCLES Sequence of teaching-learning activities G;;:P E’:": Code
The teacher introduces students to relevant all 40 TCC1

factors for eliciting requirements from
qualitative data when designing collaborative
technelogies. Explains how they will be
advised and evaluated

Students in groups practice analysis of
qualitative data and/or requirements 4 60 TPC1
elicitation.

The teacher checks what the students are
doing, and advises on aspects to consider. 4 3 TPC2

The students share their practice outputs
with peers, and gain access to peers' outputs
as a model for their practice.

w

20 PMC1.2

The teacher chairs a class discussion, asking
for reflections on experiences, and all 30
consolidating the lessens learned.

pPCCL, 2,3

Figure 1. Example of a completed pattern template - here for Requirements elicitation.

» Rationale (the learning approach or pedagogical de-
sign principle).

» Duration (total learning hours, not necessarily continu-
ous).

» Learner characteristics (educational pre-requisites,
experience, interests)

» Setting (face-to-face, blended, or online).

» Resources and tools (the teaching materials e.g,, lec-
ture slides).

» Group size (the range of minimum to any maximum).

» Learning cycles (Sequence of teaching-learning activ-
ities)

For the learning cycles, the following codes are used:

» Formative assessment FA

» Summative assessment SA

» Design elements for activities in the Conversational
Framework Cycles Access to the teacher’'s concepts
TCC1

» The means to articulate their concepts and reflections
on practice TCC2

» Extrinsic feedback on questions or articulations of
their concepts TCC3

» A practice environment that facilitates their actions
TPC1

» Extrinsic feedback on their articulations of their ac-
tions TPC2

» A modeling environment that elicits their actions TMC1

» Intrinsic feedback on their actions from the model
T™MC2

* Concepts
* Methods

* Practices

To develop student’s
knowledge and skills for
how to design technology
that mediates
collaborative interaction.

Learning

objectives

Teaching
activities

Figure 2. The pedagogical framework for teaching design of technologies that mediate
collaborative interaction. The framework is centred around the overarching learning
objective, and consists of three parts: teaching activities, learning objectives, and
concepts, methods and practices.

» Access to peers' concepts PCC1

» The means to articulate their concepts and reflections
on practice PCC2

» Extrinsic feedback from peers on articulations of their
concepts PCC3

» Sharing practice outputs with peers PMC1

» Access to peers’ outputs as a model for their practice
PMC2

For an example of a complete teaching pattern, see Figure 1.

Results

The overarching learning objective of the entire pedagogical
framework is: To develop student’s knowledge and skills for
how to design technology that mediates collaborative in-
teraction, see Figure 2. In order to strive for this learning ob-
jective, the teaching activities that the framework consists
of are divided into concepts (Table 1), methods (Table 2), and
practices (Table 3), each with its own learning objectives and
pedagogical pattern. The teaching materials are available for
download at https://www.tedco.se.

Considerations for applying

the pedagogical patterns

The collection of teaching activities presented in the frame-
work above is meant as an inspirational educational resource,
where it is possible to pick and choose what is needed, and
what fits into the existing curriculum. They are not designed
for a specific curriculum or meant to be taught together as a
course. However, there are many considerations to take when
planning to teach about design of collaborative technologies
including: Who are the intended students, and what curricu-
lum are they following (computer science, engineering, social
science)? Length of learning activity (workshop, full course)?
Level of knowledge of the students in relation to designing
collaborative technologies (beginner or more advanced)?
The dimensions of knowledge, skills and attitude that need
to be taught (awareness of aspects of collaborative technol-
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Table 1. Overview of Concepts in teaching design of collaborative technologies.

Table 3. Overview of Practices in teaching design of collaborative technologies.

Concepts in Design of Collaborative Technologies

Practices in Design of Collaborative Technologies

The core concepts of collaborative technologies which are relevant for
design research and practice, and what are the strategies to link these
theory and concepts to design practice. Explains the underlying concep-
tual and theoretical foundations that students need in order to take colla-
borative interaction into count, both in their methods and in their design
process, as well as in taking responsibility for their end product or service.

Learning Objectives

- Recognize and describe different aspects of collaborative interaction.
+ Analyze and critically reflect on how collaborative interaction is media-
ted by technology design

Pedagogical Patterns

- Introduction to designing collaborative technologies. Summary: The
students are introduced to desighing technologies that mediate colla-
borative interaction. This includes examples of technologies that medi-
ate collaborative interaction, the elements that make up collaborative
interaction, and various levels of collaborative interaction.

- Collaborative Interaction in Activity Theory. Summary: The students are
introduced with theoretical approaches and paradigms related to colla-
borative interaction mediated by technology. Students describe different
aspects and levels of human collaboration mediated by technology.
Topics for the final discussions is on how students would want to modify
the systems to increase or enhance the current collaborative interaction.

Table 2. Overview of Methods in teaching design of collaborative technologies.

Methods in Design of Collaborative Technologies

The methods and approaches for understanding, investigating, and
designing technologies for collaborative interaction. Addresses methods
for students to engage with groups and their collaborative interaction
mediated by technology design, and also to practically design and evalua-
te collaborative technologies.

Learning Objectives

- Identify and describe direct and indirect stakeholders of a collaborative
technology design.

- Elicit stakeholder requirements for collaborative technologies.

- Integrate considerations for collaborative interaction into the design
process.

- Analyze, evaluate and critically reflect on the impact of a technology in
collaborative interaction in context

Pedagogical Patterns

- User research in designing collaborative technologies. Summary: The
students are introduced to relevant factors for performing field rese-
arch when designing collaborative technology (distinctions from dyads
to communities), three types of methods to achieve it (ethnography,
artifact ecology, and network analysis).

- Requirements elicitation in designing collaborative technologies.
Summary: Requirements elicitation is about exploring the problem
space and defining what collaborative technology will be developed.
Requirements range from functional to contextual such as e.g,, social,
environment and user goals. Methods for gathering and analyzing data
to elicit requirements for collaborative technologies will be presented.

- Evaluation of collaborative technologies. Summary: The students learn
how to evaluate the user experiences with the system. Students list
the methods of evaluating user experience, and propose which method
works best for their own system. Students also reflect on why studying
user experiences is important, and in which phases of the design pro-
cess this can play a meaningful role.

ogies, methods for practicing design of collaborative technol-
ogies)? When aiming for the overarching learning objective,
the framework can be used in several different ways, see
Figure 2. For instance, teachers can explore the learning ob-
jectives for each activity and select those that are the most
relevant to their discipline, curriculum, or course. The learning
objectives are described in broad terms, while the teaching

The practices and pedagogies highlighting how design problems related
to collaborative interaction mediated by technology are more uncertain,
more nuanced, or more complex than originally assumed. This complexi-
ty will be unfolded through a number of case studies. Consist of case
studies that illustrate practices in designing collaborative technologies.

Learning Objectives

+ Recognize, design, and analyze relevant factors for the design and
collaborative aspects of multi-display environments.

+ Recognize, describe, and analyze relevant factors for the design of
technologies for co-located interactions.

+ Recognize, describe, analyze and integrate hybrid collaboration aspects
in the design of collaborative technologies.

+ Recognize and describe relevant taxonomy for extended reality and
analyze aspects in synchronous extended reality remote collaboration
systems.

+ Recognize and describe different aspects of collaborative society

Pedagogical Patterns

- Designing for Collaborative co-located multi-display environments.
Summary: The students are introduced to the concept of multi-display
environments (MDE), i.e, the coupling of several displays together
to form a shared interactive environment. The concept is described
through a framework and illustrative cases.

- Designing for Mobile and co-located collaborative interaction. Sum-
mary: The students are introduced to designing for co-located collabo-
rative interaction mediated by technology. A framework for designing
co-located mobile interactions is presented that can be a useful tool
for work in this area.

- Designing for collaborative interaction in hybrid settings. Summary:
The students are introduced to relevant factors for recognizing,
analyzing and designing technology to support hybrid collaborative
interaction, while reflecting on the consequences of the technologies.
This includes understanding how hybridity matters to the tools and
processes of collaboration and unpack how hybridity matters when
it confers an asymmetry on the coordination that occurs within the
interrelated concepts of collaboration.

- Designing for collaborative interaction in extended reality environ-
ments. Summary: The students are introduced to the taxonomy for
synchronous collaborative interaction in social augmented, mixed
or virtual reality platforms. This includes understanding the main
components for designing extended reality platforms that mediate
collaboration. Opportunities and challenges of future virtual systems
for collaboration are presented for future design considerations.

- Collahorative society. Summary: Introduces to collaborative society;,
an emerging trend that changes the social, cultural, and economic
fabric of human organization through technology-fostered cooperative
behaviors and interactions. This includes different modes of cooperati-
on, illustrated by examples such as sharing economy, peer production,
social activism, internet of things, big data etc.

activities connected to each of the learning objectives exe-
cute them in concrete ways. Further, teachers can combine
concrete teaching activities that move students from a sim-
ple (unistructural) to a complex (extended abstract) level
of understanding of designing collaborative technologies in
accordance with the SOLO taxonomy Biggs (2003). Teach-
ers can also combine concepts, methods and practices that
create a broad foundation for students to become designers
of collaborative technologies. Whatever way is chosen, it is
important for teachers to adapt and appropriate the teach-
ing activities to fit their specific educational context (Hendry,
2020; Nilsson et al.,, 2020).

Experiences with using the teaching materials

The teaching materials were iteratively developed based on
the peer-review process but were also evaluated based on a
questionnaire by the teacher after pilots. Some of the teach-




TEACHING DESIGN OF TECHNOLOGIES FOR MEDIATING COLLABORATIVE INTERACTION - AN EMERGING PEDAGOGICAL FRAMEWORK

ers gave concrete input to further development and design
iterations of the teaching materials, such as a pilot using the
Evaluation pattern, where the teacher states that 'the pat-
tern on Evaluation should be split up into multiple parts'. Also,
when the teaching material on stakeholder mapping was
tested in a bachelor project course, the teacher comment
that 'the workshop gave insights into the topic that could be
taken into account in the further developments of the ma-
terial, and that in general students tend to be well able to
grasp 2x2 matrices in various contexts (not only placement
of collaborative technologies, but also types of stakeholders
could be classified in a 2x2 matrix)". The teachers state that
the added value of the piloted teaching material was: 1.) pro-
fessional development within technology design for collabo-
rative interaction, 2.) a qualitative update of the design cur-
riculum of collaborative technologies, 3.) increased capacity
to teach technology design for collaborative interaction in
relevant and innovative ways.

Discussion

The pedagogical framework presented in this paper is the
result of an inductive approach to the pedagogical pattern
method, meaning that we started with our own and our col-
leagues research and teaching practices, and snowballed
from there. This means that we are not trying to claim that
this framework covers everything a student needs to know in
order to develop knowledge and skills for how to design tech-
nology that mediates collaborative interaction. Rather, this is
aninitial approach to an emerging pedagogical framework. We
are not claiming that an inductive approach is the best or only
approach possible, a more deductive approach could have led
to a different outcome. Also, the evaluation of the developed
teaching material is so far restricted to iterative peer-review
and questionnaire feedback from teachers after pilots. In fu-
ture work, we would encourage further evaluation based on
feedback from students, and not only rely on the teacher's
conception based on the students observable learning.

Challenges and considerations

In this work, we have met a number of challenges and con-
siderations that we need to pay attention to when designing
teaching materials for the design of technologies that me-
diate collaborative interaction. The first issue is the lack of
a common definition for collaboration. The term “collabora-
tion" used interchangeably with similar but not synonymous
words such as “social”, “cooperative”, “coordination” in the
literature especially in technology design studies (Baykal et
al, 2020b). Thus, in our teaching materials we adopted the
following formulation for the term collaboration in order to
identify the elements of collaborative interaction Collabora-
tion is a technologically mediated social interaction between
multiple people who share a common goal. Based on this for-
mulation of the term, the core elements of the collaborative
interaction include; Social (synchronous or asynchronous),
Multiple people (human), Those people have a shared goal,
Technology plays a mediating role between multiple people,
Intention of designers and/vs. users' appropriation.

The second issue is also linked to the first one in that collab-
orationis a very complex phenomena which is not only difficult
to define but also to analyze. To this extent, we found the levels
of collaborative interaction defined in Activity Theory as the
most comprehensive one. Derived from Activity Theory, Eng-

estrom defined three levels of collaborative interaction: 1. co-
ordination, 2. cooperation, 3. reflective communication (Eng-
estrém, 1987; Engestrom et al., 1997). This definition inspired
some work particularly in CSCW (Kuutti and Arvonen, 1992) as
well as in HCI in general by being used as a lens to analyze the
collaborative interaction mediated by technology (Kaptelinin
and Nardi, 2009; Kuutti et al,, 1996; Bardram, 1998; Baykal et al.,
2020a), albeit having its own limitations (Bedker et al, 1988).
The future work may use the definition to analyze the collabo-
rative activities in different scales (e.g, business models such
as Uber, Airbnb which were built on shared economy as ex-
plained from a critical theoretical perspective in Collaborative
Society by Jemielniak and Przegalinska), spaces (e.g. hybrid
meetings, see Neumayr et al. 2021; Grenbeek et al. 2021), or
realities and temporalities (e.g. envisioning and designing var-
ious interaction modalities and sensory inputs which require
further investigation in social AR/VR/MR platforms (Schéafer et
al, 2021).

The third issue is sort of an outcome of the former two in
that the lack of a common definition and level of complexity
of the phenomena for analysis yields a diverse but scattered
knowledge of how to design for and evaluate the collaborative
interaction (Baykal et al, 2020b), let alone the challenges in
mediating a higher level of collaboration between the collab-
orating actors.

Intention and adoption in the design

of collaborative technologies

In this framework, collaborative technologies are considered
as a spectrum with constant transitions in time, space and
level of collaboration. This is due to the fact that there is no
rigid dividing line between systems that mediate collabora-
tive interaction and those that do not. Many systems can be
categorized according to their primary emphasis and intent
(Ellis et al,, 1991), but still most often have varying degrees of
support for common tasks and shared environments and is
also highly dependent on the specific adoption by the usersin
specific situations. So, this is why we in this work find it more
appropriate to think of a collaborative technology spectrum
rather than well-defined boxes, as in e.g, the CSCW matrix
(Ellis et al,, 1991). This, however, led to difficulties when de-
signing the teaching materials, as the literature more often
has a focus on the intention rather than actual use.

Another related challenge we experienced when develop-
ing the teaching material, especially when focused on prac-
tices, was that most literature has an emphasis on a specific
technology or application, and not on the collaborative aspects
as such. This led to many discussions on what is specific to
designing technologies for mediating collaborative interaction,
with the consequence of that much material has been exclud-
ed for being classified as too general. Examples of this are gen-
eral theory on HCI for the pattern “Collaborative Interaction in
Activity Theory”, and even a whole pattern on “Prototyping col-
laborative technologies” was excluded.

Methods used

Applying the pedagogical pattern method worked well for
the development of the teaching materials presented in this
framework. Especially the use of the SOLO taxonomy as a
shared language for defining learning objectives was experi-
enced as very fruitful. The SOLO taxonomy became a shared
language not only for the design team, but also in correspond-
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ence with the teachers involved in the pilots, as they are used
to SOLO in their practice. In regard to the pattern template in-
spired by Laurillard (2012), especially the learning cycles were
highly useful in developing the teaching materials. The se-
quence of teaching-learning activities helped to provide at the
same time a holistic and detailed take on the various materials,
so that the lecture and exercises became better aligned.

Conclusion

In this paper, we have introduced an initial pedagogical
framework for teaching design of technologies that mediate
collaborative interaction. The framework is based on an in-
ductive approach to the pedagogical pattern method in com-
bination with the SOLO taxonomy. The framework is a first try
to transfer concepts, methods and practices from research
into concrete and inspirational teaching activities aimed for

teaching in higher education. In the framework, collaborative
technologies range across many different application areas,
and without a well-framed definition. Still, the core elements
include social interaction (synchronous or asynchronous),
Multiple people (human), Shared goal, Technology as media-
tor between multiple people, Intention of designers, and User
appropriation. In the framework, collaborative technologies
are considered as a spectrum with constant transitions in
time, space and level of collaboration. Hopefully this frame-
work can inspire teachers in higher education to dive into the
complex world of teaching in designing technologies for me-
diating collaborative interaction.

Acknowledgements
This research is co-funded by EU Erasmus+ 2020-1-SEO1-
KA226-HE-092580.




TEACHING DESIGN OF TECHNOLOGIES FOR MEDIATING COLLABORATIVE INTERACTION - AN EMERGING PEDAGOGICAL FRAMEWORK

References

Bardram, J. (1998). Collaboration, Coordination and Computer Support: An Activity
Theoretical Approach to the Design of Computer Supported Cooperative Work.
Ph. D. Thesis. DAIMI Report Series, 27(533).

Baykal, G. E, Eriksson, E.,, Barendregt, W, Torgersson, O, & Bjork, S. (2020). Evaluating
co-located games as a mediator for children’s collaborative interaction. In
Proceedings of the 11th nordic conference on human-computer interaction:
Shaping experiences, shaping society. New York, NY, USA: Association for
Computing Machinery. doi:10.1145/3419249.3420118

Baykal, G. E, Van Mechelen, M,, & Eriksson, E. (2020). Collaborative technologies for
children with special needs: A systematic literature review. In Proceedings of the
sigchi conference on human factors in computing systems. New York, NY, USA:
ACM. d0i:10.1145/3313831.3376291

Biggs, J. (2003). Teaching for quality learning at university (2nd ed.). The Society for
Research into Higher Education and Open University Press, Buckingham.

Biggs, K, J.and Collis. (1982). Evaluating the quality of learning: The solo taxonomy.
New York: Academic Press.

Bodker, S, Ehn, P, Knudsen, J, Kyng, M., & Madsen, K. (1988). Computer support for
cooperative design (invited paper). In Proceedings of the 1988 acm conference
on computer-supported cooperative work (p. 377-394). New York, NY, USA:
Association for Computing Machinery. doi:10.1145/62266.62296

Brown, B, Lundin, J, Rost, M, Lymer, G, & Holmquist, L. E. (2007). Seeing ethnographical-
ly: Teaching ethnography as part of CSCW. In ECSCW 2007 (pp. 411-430). Springer
London. doi: 10.1007/978-1-84800-031-522

Churchill, E. F, Bowser, A, & Preece, J. (2013, mar). Teaching and learning hu-
man-computer interaction: Past, present, and future. Interactions, 20(2), 44-53.
doi:10.1145/2427076.2427086

Correia, A, Paredes, H,, & Fonseca, B. (2017, November). Scientometric analysis of
scientific publications in CSCW. Scientometrics, 114(1), 31-89. doi:10.1007/
s11192-017-2562-0

Ellis, C. A, Gibbs, S. J, & Rein, G. (1991, January). Groupware: Some issues and experienc-
es. Commun. ACM, 34 (1), 39-58. doi: 10.1145/99977.99987

Engestrom, Y. (1987). Learning by expanding: An activity-theoretical approach to
developmental research. Helsinki: Orienta-Konsultit.

Engestrom, Y, Brown, K., Christopher, L. C, & Gregory, J. (1997, October). Coordination,
cooperation, and communication in the Courts: Expansive transitions in legal
work. In M. Cole, Y. Engestrom, & O. A. Vasquez (Eds.), Mind, culture, and
activity. seminal papers from the laboratory of comparative human cognition
(pp. 369-388). Cambricige University Press.

Eriksson, E., Baykal, G. E.,, Torgersson, O, & Bjork, S. (2021). The coce design space:
Exploring the design space for co-located collaborative games that use mul-
ti-display composition. In Designing interactive systems conference 2021
(p. 718-733). New York, NY, USA: Association for Computing Machinery. doi:
10.1145/3461778.3462023

Eriksson, E, Nilsson, E. M, Hansen, A.-M,, & Bekker, T. (2022, February). Teaching
for values in human-computer interaction. Frontiers in Computer Science, 4.
doi:10.3389/fcomp.2022.830736

Eriksson, E, Petersen, J. O, Bagge, R, Kristensen, J. B, Lervig, M., Torgersson, O., &

Baykal, G. E. (2022). Quadropong - conditions for mediating collaborative
interaction in a co-located collaborative digital game using multi-display
composition. In Adjunct proceedings of the 2022 nordic human-computer
interaction conference. New York, NY, USA: Association for Computing Machinery.
doi:10.1145/3547522.3547721

Frauenberger, C, & Purgathofer, P. (2019, June). Ways of thinking in informatics.
Commun. ACM, 62(7), 58-64. doi: 10.1145/3329674

Goodyear, P. (2005, March). Educational design and networked learning: Patterns,
pattern languages and design practice. Australasian Journal of Educational
Technology, 21(1). doi: 10.14742/ajet.1344

Grenbaek, J. E, Saatgi, B, Griggio, C. F, & Klokmose, C. N. (2021). Mirrorblender: Support-
ing hybrid meetings with a malleable video-conferencing system. In Proceedings
of the 2021 chi conference on human factors in computing systems (pp. 1-13).

Harrison, N. B. (1999). The language of shepherding-a pattern language for shepherds
and sheep.

Hendry, D. (2020). Designing tech policy - instructional case studies for technologists
and policymakers. University of Washington tech policy lab.

Jemielniak, D, & Przegalinska, A. (2020). Collaborative society. MIT Press.

Johansen, R. (1988). Groupware: Computer support for business teams. USA: The Free
Press.

Kaptelinin, V., & Nardi, B. A. (2009). Acting with technology: Activity theory and interac-
tion design. The MIT Press.

Koppe, C, Norgérd, R. T, & Pedersen, A. Y. (2017). Towards a pattern language for hybrid
education. In Proceedings of the VikingPLoP 2017 conference on pattern languag-
es of program - VikingPLoP. ACM Press. doi: 10.1145/3158491.3158504

Kuutti, K, & Arvonen, T. (1992). Identifying potential cscw applications by means of
activity theory concepts: A case example. In Proceedings of the 1992 acm confer-
ence on computer-supported cooperative work (pp. 233-240).

Kuutti, K, et al. (1998). Activity theory as a potential framework for humancomputer
interaction research. Context and consciousness: Activity theory and hu-
man-computer interaction, 1744 .

Laurillard, D. (2012). Teaching as a design science : building pedagogical patterns for
learning and technology. New York, NY: Routlecige.

McKenney, S, & Reeves, T. C. (2018). Conducting educational design research (2nd ed.).
London, England: Routledge.

Neumayr, T, Saatgi, B. (2021). What was hybrid? a systematic review of hybrid collabo-
ration and meetings research. In Proceedings of interact’21. Interact.

Neumayr, T, Jetter, H.-C, Augstein, M,, Fried|, J,, & Luger, T. (2018, November). Domino.
Proceedings of the ACM on Human-Computer Interaction, 2(CSCW), 1-24. doi:
10.1145/3274397

Neumayr, T, Saatci, B, Rintel, S, Klokmose, C. N., & Augstein, M. (2021). What was
hybrid? a systematic review of hybrid collaboration and meetings research.

Nilsson, E. M., Barendregt, W., Eriksson, E,, Hansen, A.-M.,, Toft Nergérd, R, & Yoo, D.
(2020). The values clustering teaching activity — a case study on two teachers’
appropriations of open educational resources for teaching values in design.

In Proceedings of the 11th nordic conference on human-computer interaction:
Shaping experiences, shaping society. New York, NY, USA: Association for
Computing Machinery. doi:10.1145/3419249.3421238

Nergérd, R. T, Mor, Y, & Bengtsen, S. S. E. (2019). Networked learning in, for, and with
the world. In Research in networked learning (pp. 71-88). Springer International
Publishing. doi: 10.1007/978-3-030-18030-05

Obaid, M, Tatar, K, Wiberg, M, Said, A, Rost, M., Weilenmann, A, ... .Eyssel, F. (2022).
Social drones for health and well-being. In Adjunct proceedings of the 2022
nordic human-computer interaction conference. New York, NY, USA: Association
for Computing Machinery. doi:10.1145/3547522.3547709

OECD. (2018). Education 2030: The future of education and skills.

Olsson, T, Jarusriboonchai, P, Wozniak, P, Paasovaara, S, Vaananen, K., & Lucero, A.
(2019, February). Technologies for enhancing collocated social interaction:
Review of design solutions and approaches. Computer Supported Cooperative
Work (CSCW), 29(1-2), 29-83. doi: 10.1007/s10606-019-09345-0

Preece, J, Rogers, Y, & Sharp, H. (2019). Interaction design. Chichester, England: John
Wiley & Sons.

Rein, G. L, & Ellis, C. A. (1989). The nick experiment reinterpreted: Implications for
developers and evaluators of groupware. Office Technology and People.

Roschelle, J, & Teasley, S. D. (1995). The construction of shared knowledge in collabo-
rative problem solving. In Computer supported collaborative learning (pp. 69-97).
Springer Berlin Heidelberg. doi: 10.1007/978-3-642-85098-15

Roussel, N, & Gueddana, S. (2007). Beyond "beyond being there": Towards multiscale
communication systems. In Proceedings of the 15th acm international confer-
ence on multimedia (p. 238-246). New York, NY, USA: Association for Computing
Machinery. doi:10.1145/1291233.1291283

Schéfer, A, Reis, G, & Stricker, D. (2021). A survey on synchronous augmented, virtual
and mixed reality remote collaboration systems. ACM Computing Surveys
(CSUR).

Sedano, C. I, Carvalho, M. B, Secco, N, & Longstreet, C. S. (2013). Collaborative and
cooperative games: Facts and assumptions. In 2013 international conference on
collaboration technologies and systems (cts). (pp. 370-376).

Shah, C. (2010, January). Collaborative information seeking: A literature review.

In Advances in librarianship (pp. 3-33). Emerald Group Publishing Limited.
doi:10.1108/s0065-2830(2010)0000032004

Tudor, C. (2022, August). The impact of the COVID-19 pandemic on the global web
and video conferencing SaaS market. Electronics, 11(16), 2633. doi:10.3390/
electronics11162633

Van Mechelen, M,, Gilutz, S, Hourcade, J. P, Baykal, G. E,, Gielen, M., Eriksson, E,, ...
Iversen, O. S. (2020). Teaching the next generation of child-computer interaction
researchers and designers. In Proceedings of the 2020 acm interaction design
and children conference: Extended abstracts (p. 69-76). New York, NY, USA:
Association for Computing Machinery. doi:10.1145/3397617.3398068

Zamansky, A, van der Linden, D, & Baskin, S. (2017). Teaching animal-computer
interaction: An experience report. In Proceedings of the fourth international
conference on animal-computer interaction. New York, NY, USA: Association for
Computing Machinery. doi:10.1145/3152130.3152136




