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Before his death in 2002, Stephen Jay Gould, one of the best-selling 
scientist authors of our time, reflected upon his first two books, which 
coincidentally appeared in the same year, 1977. The Harvard professor of 
zoology and geology and museum curator noted that his first “technical” 
book (Ontogeny and Phylogeny) and his first “popular” book (Ever 
Since Darwin) were featured by The New York Times because the idea 
of a scientist publishing successfully in two separate genres seemed quite 
surprising (Gould, 2002, pp. 1–2). However, in looking back at his own 
publication history, Gould apologized for having perpetuated a false dis-
tinction between scientific and non-scientific prose:

I no longer view this conjunction of technical and “popular” as 
anomalous, or even as interesting or unusual…. For, beyond some 
obvious requirements of stylistic tuning to expected audiences—
avoidance of technical jargon in popular essays as the most obvi-
ous example—I have come to believe… that the conceptual depth 
of technical and general writing should not differ, lest we disrespect 
the interest and intelligence of millions of potential readers who lack 
advanced technical training in science, but who remain just as fasci-
nated as any professional, and just as well aware of the importance 
of science to our human and earthly existence.

(Gould, 2002, p. 2)

In the eight-year tenure of Barack Obama, despite cataclysmic problems 
in U.S. banking and industry, recognition of the importance of science 
was borne out in strongly positive language and modest fiscal boosts 
across scientific enterprises (Hourihan, 2017). At the 2016 Democratic 
National Convention, Hillary Clinton’s declaration, “I believe in sci-
ence!” received cheers from the crowd, but not enough votes in key 
districts to be elected. On securing the presidency, Donald Trump im-
mediately made decisions that reinforced his avowed dismissal of certain 
initiatives, including climate science, renewable energy, environmen-
tal sustainability, and public health, among others. For example, the 
Trump budget aims to cut $250 million in research activity sponsored 
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by the National Oceanic and Atmospheric Administration (NOAA) and 
$900 million from the Office of Science in the Department of Energy 
(Achenbach, 2017). Science, it seems, fell out of political favor with the 
pendulum swing of partisan politics.

For scientists and citizens whom Gould identified as “well aware,” 
2017 thus dawns with serious concern for “our human and earthly 
existence.” As the world looks on, the institutions Americans took 
for granted, like the Environmental Protection Agency (EPA) and the 
National Institutes of Health (NIH), face debilitating budget cuts. 
Federally affiliated websites are monitored and purged of climate change 
related content, social media posts, and blog entries (Davenport, 2017). 
And appointments to positions of national science leadership seem anti-
thetical to the purposes of their organizations—like the appointment of 
Scott Pruitt, a fossil fuel industry advocate, as the head of EPA.

Our colleagues in science are deeply concerned, and some of their 
life-long research pursuits are at stake. For the time being, those of 
us in the interdisciplinary (and relatively unknown) field of technical 
communication might seem spared. However, that’s really not the case: 
even though the fallout does not appear to directly target us, we are 
all connected, and anything that affects science inevitably affects us. 
A brief look at our investment and involvement in science should make 
that evident.

Our Current Involvement in Science

Although technical communication lacks a precise definition, it is con-
cerned with transactions where someone needs to obtain information in 
order to make decisions or take action. Contexts for such transactions 
vary, but in research, practice, and teaching, we engage most extensively 
with discourses of technical fields (such as engineering and computing), 
scientific fields (such as biology and physics), and general business con-
texts (like finance or marketing).

Recent studies by our scholars, for example, examined image con-
struction in science (Buehl, 2014; Northcut, 2011; Welhausen, 2015), 
the argumentation and representation of science (Kitalong, Moody, 
Middlebrook, & Ancheta, 2009; Whithaus, 2012), and the communi-
cation of various topics from climate change to genetics to drug therapy 
(Cagle & Tillery, 2015; Mogull & Balzhiser, 2015; Turner, 2005; Yu, 
2017). Our journals also devoted special issues to engage with the topic 
(Johnson-Sheehan & Stewart, 2003a,b; Northcut, 2007).

Although few of our programs may explicitly use “science” or “scientific” 
in their program titles, our experience and conversations with colleagues 
tell us that many programs, especially those at land-grant universities, reg-
ularly offer classes with science-related titles that serve students from life 
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sciences, agricultural sciences, and medical sciences. The general goal of 
these classes is to prepare students for the kinds of communication tasks 
expected of them in their academic programs and/or future careers.

Such classes are prevalent because nationwide, our colleagues in sci-
ence recognize that communication competency determines whether 
their graduates are able to publish, obtain grant funding, and secure 
professional or academic positions. Similarly, for science students to 
succeed in industry, government, and nonprofits where they work in 
positions ranging from manufacturing, R&D, to policy making, they 
must communicate with management, marketing, and legislative bod-
ies. Academic and industry scientists also need the ability to work with 
popular media and communicate with a broader audience about the 
relevance and worth of their work. Indeed, in today’s political climate, 
the ability to invite, engage, and persuade public audiences may be the 
best way to preserve science.

Opportunities We Are Missing

Despite our deep involvements and investments, our field has produced sur-
prisingly little focused and systematic research in scientific communication 
the way it has in other flavors of technical and professional communication 
(although, for a welcome exception, see Gross & Buehl, 2016).

In important research areas such as intercultural communication 
(e.g., Thatcher & St. Amant, 2011; Yu & Savage, 2013), genre stud-
ies (e.g., Spinuzzi, 2003; Winsor, 2003), and new media research 
(e.g., Brewer, 2015; DeWinter & Moeller, 2014; Lamberti & Richards, 
2011), our books focus exclusively or primarily on technical and pro-
fessional discourses and contexts. Journal publications are no more 
encouraging. Database searches using the key words “scientific commu-
nication” and “science communication” yield enormous literature. But 
major publication venues are outside of our discipline and often situ-
ated in the sciences (e.g., Nature and Science), communication studies 
(e.g., Journal of Science Communication and Public Understanding of 
Science), and science education (e.g., International Journal of Science 
Education and Journal of Research in Science Teaching). Our scholars’ 
research on science, for all intents and purposes, disappears in this enor-
mous literature.

Certainly, we do benefit by drawing upon other fields and subfields. 
Charles Darwin’s Origin of Species provides the classical example 
of how scientists persuade audiences using rhetorical strategies. 
Edward O. Wilson’s Consilience (1998) helps us understand science as 
an evolved enterprise. Bruno Latour and Steve Woolgar’s Laboratory 
Life (1979, 1986) long served as a staple for introducing our students to 
the culture of science. Works in the veins of discourse analysis, cultural 
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studies, and ethnography that refer extensively to science and scientists 
(e.g., Baake, 2003; Fahnestock, 1999; Gross, 1990) also inform much 
of our research.

However, these works, valuable as they are, frequently have different 
concerns and focuses than what our scholars, and many in our expected 
readership, value. To start, most published works are interested in sci-
entific communication as “historical phenomena—created, recognized, 
mobilized, and given force within the mind of each writer and reader 
at specific social-historical moments” (Bazerman, 2000, p. 318). As 
such, they are frequently focused on historical cases and classical figures 
such as Francis Bacon, Isaac Newton, and Charles Darwin (see, e.g., 
Bazerman, 2000; Fahnestock, 1999; Gross, 1990; Gross, Harmon, & 
Reidy, 2009). Such studies are therefore of limited use to our scholars 
who are interested in contemporary scientific discourses and practices.

In addition, these works are rooted in rhetorical, social, cultural, 
and philosophical discussions but less interested in how to enhance 
(in a more or less normative sense) scientific discourses. Because of this 
difference, they are not immediately useful to scholars who are inter-
ested in pedagogical challenges: namely, how can we teach science stu-
dents to produce more effective and ethical communication. Also, how 
can we teach students in communication and rhetoric to be critical read-
ers, writers, editors, and critics of scientific discourses?

Filling the Gap

Such missed opportunities inspired this volume. When we proposed the 
book, we sought to address any number of challenges that we imagine 
will emerge when the institution of science meets the context of writing. 
We profoundly empathize with science communication instructors be-
cause we are two of them. We recognize that resources on this subject 
that we attempt to teach and theorize are very limited, while much more 
information is readily available concerning generic “technical writing” 
or “technical communication.” We wanted to help prospective scientists 
who need to write and writers who are immersed in the world of science. 
We wanted to know what and how these students should be taught. 
And we wanted to know how writing instructors and scholars broach 
science. In short, we began with a strong commitment to compiling a 
useful book, but only a vague sense of what the volume would look like 
when it was done.

Between 2014 and 2017, this volume developed. Every time the au-
thors of the 13 chapters submitted a new version, our confidence grew. 
Arguments evolved. Methodologies unfolded. Connections among 
chapters emerged. After years of refinement, each chapter has a story to 
tell, an argument (or several) to make, and a body of knowledge that is 
likely to inspire or educate.
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Now, our collection can claim to effectively achieve the following 
objectives, winnowed down from the 24 originally listed in the call for 
chapter proposals:

1	 	 Define and describe science communication and scientific communi-
cation, explicating and complicating those terms.

2	 	 Demonstrate how the writing practices of scientists change over 
time, as do the constraints (both internal and external) under which 
they work.

3	 	 Examine assumptions and expectations about how scientists should 
communicate and how ethical practice is (and is not) enforced in 
broader social contexts.

4	 	 Provide specific, extended examples of genres in which science is 
heavily invested.

5	 	 Explicate the roles and social responsibilities of scientists, science 
communicators, and other agents as they invent, repurpose, and 
deploy scientific information for different purposes to different 
audiences.

6	 	 Describe courses in science communication, including descriptions 
of and observations about the instructors, the students, and what 
they do.

7	 	 Interrogate the role of rhetoric in science communication pedagogy.

Not all chapters demonstrate every objective, but each makes a substan-
tial contribution.

Reid explains in Chapter 1 that, despite scientists cordoning them-
selves off through exclusionary professionalization, non-scientists are 
involved in scientific endeavors for various reasons. The changing role 
of the citizen-scientist perhaps tells us even more about a science-infused 
society than it does about particular science projects. In such a society, 
the boundary between insiders and outsiders, experts and non-experts, 
is blurred. This blurred boundary is made clear in Reid’s description of a 
biology lab and echoed in Chapter 10, as Maddalena and Reilly describe 
science communication service courses.

Two studies examine how science as an institution operates in the 
larger regulatory context of the U.S. In Chapter 2, Katz and Linvill in-
terrogate how the federal government oversees (or demurs from regu-
lating) the ethical activities of science. Mogull, in Chapter 3, reveals 
how the financial motivations of pharmaceutical companies compete 
with a strictly correct interpretation of research data. These bird’s-eye 
accounts help us see scientists out of the romanticized setting of the iso-
lated lab, but rather as actors in a heavily regulated industry operating 
in a litigious social environment.

Rich examples of science communication genres are highlighted in 
most of the chapters in the Practice and Theory section. These genres 
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frequently reflect the changing context of science and implicate both in-
siders and outsiders, experts and publics. Maps of the Zika virus give 
us insight into how visualizations communicate health risks to publics 
and how that communication is bound up with people’s perception of 
risk (Welhausen, Chapter 4). The visual trope of evolutionary biology, 
the tree of life, is interrogated not only for scientific accuracy, but for an-
thropocentric implications (Yu, Chapter 5). Trending Twitter hashtags 
enable us to observe public perceptions of and responsiveness to our 
deteriorating atmosphere (Cagle & Tillery, Chapter 6). And museum 
displays are evolving to engage visitors as active co-creators of scientific 
knowledge (Schneider-Bateman, Chapter 7).

However, knowing a bit about what scientists do, should do, or don’t 
do is still a long way from knowing how to effectively teach students to 
appreciate ethical, effective practice as scientists, writers, and commu-
nicators. The second section of the book, Pedagogy and Curriculum, 
begins with a strong argument for taxonomizing the world of science 
communication. In Chapter 8, Buehl and FitzGerald take a scientific 
approach practiced in biology and anthropology to explain the role and 
function of scientific communication species, niches, and terrains across 
the university.

Chapters that follow then give us a peek into actual species, niches, and 
terrains. In Chapter 9, Gigante discusses the kind of knowledge to teach 
students and debunks “quick-fix” approaches to teaching scientific com-
munication. In Maddalena and Reilly’s service classes (Chapter 10), we 
learn how to produce unexpected research questions, dialogic literature 
reviews, and functional research posters. In Davis and Frost (Chapter 11), 
we see how a rhetorically informed scientific communication pedagogy 
is enacted in face-to-face and online classrooms, the latter becoming 
an increasingly popular fixture in our programs. Harding and Studer 
(Chapter 12) then guide us through a series of workshops that train un-
experienced graduate lab assistants to teach science writing to under-
graduate students. Finally, in Chapter 13, Carmichael and Klock give 
guidelines on how to integrate Wikipedia into scientific communication 
classes to provide an authentic authoring experience to students.

How Does This Book Help Me to  
Teach Science Communication?

What helps an instructor to teach scientists to write, or to teach writers 
to write about science? The short answer is “a lot” and “it depends.” 
This volume engages with that question and, however imperfectly, pro-
vides a basis for learning much of what needs to be known. No single 
book is sufficient, but we hope that this volume offers a necessary com-
ponent in professional development sought by motivated and competent 
instructors.
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In order to teach science, we need to understand scientists. A qual-
ified science communication instructor needs at least some interaction 
with scientists or scientists-in-training. Scientists in different disci-
plines form different hypotheses and research questions, use different 
tools and equipment, and work with different materials and samples. 
However, the training of scientists does have some common themes, 
which defy complete explication in this essay but are part of a current 
national conversation: recognition of the importance of reproducible 
data, systematic observation, and logical reasoning upon which to build 
theories; assumptions that science exists for the purpose of examining 
and explaining the natural world as well as the built environment; and 
concern for ethical practice and exploration.

A qualified science communication instructor is one aware of and fas-
cinated by these practices and themes, as Gould (2002) would recog-
nize. She has probably taken a university science course, and visited or 
worked in a laboratory. He probably watches TED talks about scientific 
topics, or reads Scientific American and watches NOVA for fun.

Such fascinations will teach us some key lessons about communica-
tion, though probably very little indispensable knowledge about science. 
That doesn’t mean that science per se isn’t important, because it is. But 
no single discipline can be isolated as the one that we need to understand 
in order to have the academic equivalent of a science communication 
credential. Science is socially performed, not mechanically formulated, 
and scientists are people, not data. Therefore, like communicating in 
other contexts, we are communicating for, with, and about human ac-
tivities. False attempts at objectivity (see Chapter 9) and universalism 
may be where we start as we try to broach science, but understanding 
situated science communication contexts and their unique stakeholders, 
audiences, purposes, conventions, and expectations is, as always, key.

Because of this, the ideal science communication instructor has under-
taken research where she studied individual scientists; their motivations 
and concerns; their subject matters; their approaches and methods; and/
or their data, findings, and communication products. This research will 
show us that data collection and analysis are central to the work of 
most scientists (Chapter 1), but at the same time, science is not merely 
about finding robust data to better answer research questions (Chapters 
2 and 3). Scientists work within social, cultural, political, and economic 
contexts, and their work is subject to the values of those contexts. To 
identify “scientist” as a professional title only is reductive.

Instead, scientists are citizens, experts, agents, and rhetors. Many 
who identify as “scientist” also identify with any number of other labels: 
artist, poet, historian, activist, congregant, and student, to name a few. 
Labels aside, all scientists must continually share their research both 
within their communities and across broader audiences. The publication/
dispersal of their work is not an optional last step; it’s inherently part 
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of doing the science and being a scientist. Scientists sometimes work 
alone in their communication work but frequently with a mixed group 
of experts: other scientists, technical communicators, science writers, 
journalists, graphic designers, medical illustrators, marketing/sales spe-
cialists, and publishers. Depending on the skillsets of the scientists and 
their colleagues, their works run the spectrum from masterful and tran-
scendent to clumsy and misguided. Our authors, Welhausen, Yu, Cagle 
and Tillery, and Schneider-Bateman, show us these complex possibilities 
in their respective engagements with scientists’ communication products.

The more time we spend around scientists, the less likely we are to 
generalize—as is true with most intercultural experiences. Science is 
not homogeneous, and its practitioners are complicated individuals with 
overlapping and sometimes contradictory values and beliefs. Numerous 
subcultures exist, even within disciplines. Like cultures, science also 
changes over time. The paradigms, methods, ethics, and norms of sci-
ence evolve. The views toward science shared by broader social and cul-
tural groups also change, and are also inherently complex.

To teach science communication, then, is to present how the hetero-
geneous group of scientists, in their respective ways, establish credibil-
ity to explain and promote their version of science. Doing so, we can 
then help students look beyond jargon, research methods, quantitative 
data, proper English, writing conventions, and move toward legitimate 
participation in the interdisciplinary communities where science and 
communication—and concomitant social change—happen.

At some points in the development of these ideas and of this book, we 
wondered: given the challenges, the complexity, and the difficulty in de-
fining even the basic terms of what we do, who would want to teach sci-
ence communication? Then we read draft after draft from our pedagogy 
and curriculum authors, Buehl and FitzGerald, Gigante, Maddalena and 
Reilly, Davis and Frost, Harding and Studer, and Carmichael and Klock, 
and we stopped worrying. Their attention to everything about teaching 
science and communication demonstrates the persistence and engage-
ment that will propel this enterprise in productive directions without 
further comment by us.

What’s in a Name: Technical, Science, and Scientific?

Despite our authors doing the heavy lifting, two terms deserve some 
initial unpacking as they encompass, in several ways, the premise of this 
volume.

Technical Communication vs. Scientific Communication

At this point, some readers may question if we need to be concerned by our 
field’s lack of explicit research on scientific discourse. Wouldn’t our studies 
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of engineering, manufacturing, and other professional discourses transfer 
to the science? Although the content of these discourses differs, surely the 
essence of our work applies if all of them are, for the lack of an alternative 
descriptor, “technical” in nature. In short, how is “technical communica-
tion” and “scientific communication” so very different, if at all?

These questions surfaced, although were by no means settled, in our 
early attempts to define the field. Britton (1965), for one, treated the two 
terms synonymously and spoke of them conjunctively as “technical and 
scientific writing,” a practice that is still common today. For him, the 
two concepts are one and the same because their primary characteristic 
“lies in the effort of the author to convey one meaning and only one 
meaning” (p. 114). Kelley (1976) had a similar view. Subsuming technol-
ogy under science as “applied science,” he defined technical writing as 
“Writing about subjects in the sciences in which the writer informs the 
reader through an objective presentation of facts” (p. 3).

Of course, there were positions to the contrary. For Zappen (1983), 
both scientists and technologists address a range of contexts, some “ba-
sic” and some “applied.” Technical writing, then, is not simply applied 
scientific writing. Dobrin (1983), more pointedly, argued that technical 
writing and scientific writing are distinct: technical writing makes ac-
curate, individual statements (e.g., nut A fits bolt B); scientific writing 
makes a universal truth claim that is provisional given certain terms 
(e.g., given a particular experiment setup, certain findings emerge).

Such debates and attempts to taxonomize are relics of a bygone era, in 
which disciplines could lay claim to territory and distinguish themselves 
from others by what they did and how they did it. In the current era 
of flattened hierarchies, interdisciplinary academic pursuits, and rapidly 
changing priorities, the work itself often takes precedence over how the 
work is defined, getting us back to the question of how people—whoever 
they are—write science for various audiences.

For these reasons, and the fact that our field has become more estab-
lished and diversified and that no concise definition could easily describe 
it, debates over definitions waned. Rather, “technical communication” 
becomes the umbrella term, loosely defined to describe a range of tech-
nical, scientific, business, and professional communication products and 
processes.

As editors of this collection, we have no intention to (re)define the field 
or (re)define terms. Instead, we highlight some distinct characteristics of 
technical and scientific communication—not so much to offer dichot-
omous definitions but to demonstrate that the latter deserves focused 
attention. Without such attention, it is wishful for us to think that our 
understandings of, say, the financial report genre would automatically 
apply to understanding research reports, or that our pedagogy with en-
gineering students would automatically apply in a class enrolled with 
pre-med students.
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What are the differences? First and probably most obvious is the 
ultra-specialized nature of contemporary scientific investigation. Each 
discipline, sub-discipline, and research area involves extensive insider 
knowledge, implicit convention, and nomenclature. Together, these fac-
tors make it difficult for scientists, and communicators who work with 
them, to convey their work to non-scientists or even scientists from other 
fields.

Second, compared with technical information, scientific information 
is more resistant to adaptation for varying audiences, or it takes more 
layers of complexity in working through that adaptation (see Chapters 1, 
3, 4, 5, and 7). To borrow from Dobrin (1983), this is because scien-
tific discourses must connect with the norms and premises of a research 
paradigm to make truth claims. Scientific claims are contingent upon 
multiple elements, including previous findings, experimental design 
(which is in turn built upon previous work), and analytical assumptions. 
It is therefore less easy to determine what are essential findings, what is 
non-essential background, or how to disentangle the why, the what, and 
the how. For example, a patient trying to read literature on a treatment 
for heart disease will want to know more than just how to obtain or 
take a drug, but how we know what we know about the drug’s activity, 
including side effects.

With technical information, it is relatively easier to separate back-
ground of why a piece of technology works from how it works, or what 
users can do with the technology from how the technology does it. 
Again, to borrow from Dobrin (1983), this is because technical writing 
is more situation-specific and relatively free from theoretical or meth-
odological baggage. Leveraging this feature, a writer can choose and 
combine specific statements to suit a target audience’s need. For exam-
ple, instructional manuals usually omit the “why” and focus on ”how,” 
whereas an engineering testing report will forgo the laws of physics and 
focus on quantitative data of product performance.

Last, technical and scientific discourses also elicit different affective 
and social responses. In the realm of technology, audiences are fre-
quently technologists who engage in technical work or consumers who 
purchase technologies. While there can be profound safety and ethical 
issues in communicating technologies to these stakeholders (see Dom-
browski, 2000; Katz, 1992), in today’s techno-centric world, audiences 
generally assume the “good” of the technology or see it as a neutral 
means to an end. In terms of Feenberg’s critical theory of technology 
(1991), we are likely to either take an instrumental attitude toward tech-
nology or to valorize it.

In contract, skepticism of science is rampant. Feenberg’s determinist 
attitude (1991) may prevail as the publics remain wary of uncomfortable 
and contradictory scientific claims. For any number of science disciplines, 
stakeholders—including members of the publics, activists, legislative 
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bodies, and companies/laboratories with competing interests—may not 
agree with the inherent “good” of a piece of science, seeing it more like 
a runaway train where the discovery and creation process is one step 
ahead of policies that protect the public interest. The progression of sci-
ence, whether for the betterment or detriment of humans and the planet, 
seems inevitable and frightening. Stem cell research, genetically modi-
fied food, climate change, and even natural evolution are a few examples 
where factors such as education, emotion, religion, economics, values, 
ethics, and politics complicate the understanding and communication 
of science.

In short, we repeat: the communication of science deserves our fo-
cused attention.

Scientific Communication vs. Science Communication

Another pair of terms deserving explanation here is “scientific” vs. 
“science,” as in “scientific communication” vs. “science communica-
tion.” Conventionally and generally, “scientific communication” means 
communication that transpires between fellow scientists and specialists 
(as in peer-to-peer communication). It results in such products as research 
proposals, research articles, and conference presentations. By contrast, 
“science communication” means communication that transpires between 
scientists and non-scientists—or more precisely, accommodations and 
popularizations that transmit from scientists to non-scientists. Its results 
include newspaper and magazine reports or TV programs of science.

This conventional distinction is by no means universal or consistent. 
Knowingly or otherwise, researchers and teachers use them interchange-
ably or differently (see Chapter 8). As for our position, we think that 
their difference was born out of outdated rhetorical contexts and aca-
demic traditions. We maintain that in contemporary use, a demarcation 
between the two is not only unnecessary but indeed problematic.

First, the supposed difference between the two terms is semantically un-
attainable. When we use the term “scientific” to prefix “communication,” 
we could mean that the communicated content is scientific in nature 
or that the act of communication is somehow scientific—whatever that 
means. But if we accept these premises, nothing changes when we shift 
from “scientific” the adjective to “science” the noun. Semantically, the 
“science” prefix would yield the same connotations.

Certainly, one may argue that in “science communication,” the com-
municated content is about science but not actually scientific. This argu-
ment may be at the bottom of the conventional differentiation between 
“scientific communication” and “science communication.” Communi-
cation between fellow scientists and experts, as the idea goes, is the real 
science, pure and precise. What is trickled downstream to the publics, 
however, is diluted, simplified, distorted, and ultimately not scientific.
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But this dichotomy is difficult to maintain as it is impossible to pin-
point the place where content becomes simplified, language becomes 
imprecise, and knowledge becomes derived (Hilgartner, 1990; also see 
Chapters 3, 6 and 10). Canonically, the communication of science starts 
with scientists doing experiments and reporting their findings to fellow 
experts in peer-reviewed publications; once validated through peer re-
views, those findings may then be disseminated by mainstream media to 
the publics. This canonical model, however, has started to crumble when 
economic incentives, institutional pressures, and the intention to engage 
the publics are driving scientists to bypass peer review and work directly 
with the popular press (Chubin & Hackett, 1990; Russo, 2000). In addi-
tion, through such formats as citizen science projects, social movements, 
and policy debates, today’s publics are increasingly involved in the dis-
cussion and performance of science (Chapter 1).

More fundamentally, we will do well to recognize that the supposed de-
marcation between “experts” and “non-experts” is situation-dependent, 
politically charged, and potentially problematic. Brian Wynne’s (2004) 
famous study of the Chernobyl Nuclear Power Plant explosion demon-
strates how sheep farmers’ knowledge of the local environment and 
farming management could have informed scientists’ attempt to assess 
and reduce contamination. In this and other cases (see Irwin & Michael, 
2003), the boundary between insiders and outsiders is blurred as science 
becomes a social enterprise, a cultural phenomenon, and an economic 
necessity.

This is not to say that formal knowledge of science is not relevant 
and important. It is, especially in today’s political climate. But also 
important is publics’ local knowledge and value stances (Holliman, 
Whitelegg, Scanlon, Smidt, & Thomas, 2009; Irwin & Wynne, 2004)—
or, in Gould’s (2002) words, their interest, intelligence, awareness, and 
fascination.

For these reasons, in this collection, we treat “scientific communication” 
and “science communication” interchangeably. We did not, however, 
prescribe that our authors use one term over the other because both 
have historical currency and may be preferred by individual scholars, 
instructors, and programs. Ultimately, what is important is not semantic 
rigidity but a consensus in the way we understand science as social dis-
course: created and used by people in dynamic and unstable contexts, 
for varying and ever-changing reasons.

Concluding the Beginning

We who spend much of our time at universities are privileged, sur-
rounded by researchers in a wide range of academic disciplines, work-
ing with motivated, ambitious, and capable students. If we choose to, 
we can place ourselves on the front lines of the fight to reduce oceanic 
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pollution, improve efficiency of vehicles, and solve the other problems of 
a small, hot, crowded planet. Those of us who—however awkwardly—
straddle various disciplines of humanities and science are in the enviable 
position to encourage students to pursue critical questions of their 
disciplines. In one of the ironies of the modern university, those of us 
credentialed in liberal arts and humanities (self-labeled “non-scientists”) 
are extremely likely to teach students majoring in science, technology, 
engineering, and math (STEM).

While 2017 may not seem like an ideal historical moment to valorize 
science and argue for the merits of science communication, perhaps this 
is an ideal time for this volume to be published. We hope it will bolster 
those who continually strive to improve science education, technologi-
cal competence, and greater access to information and education. As a 
species, we remain ignorant of the promises and practices of science at 
our peril. Or perhaps, as another icon of science has said, “[T]here is 
no shame in not knowing. The problem arises when irrational thought 
and attendant behavior fill the vacuum left by ignorance” (Tyson, 2004, 
p. 38). By way of closing, we resort to riffing on Neil deGrasse Tyson’s 
infamous words: “Science communication is important whether we 
want it to be or not.”
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Practice and Theory
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This chapter reports on a study of communication related to the emerg-
ing scientific practice of citizen science, a practice with multiple defini-
tions, but which, in simplest terms, denotes “participation by the public 
in a scientific project” (McKinley et al., 2015, p. 3). Many of the earliest 
and most widely known citizen science projects have focused on birds, 
such as the National Audubon Society’s Christmas Bird Count and 
Cornell University’s eBird project – a project that has produced dynamic 
visualizations of bird migration patterns across continents (Audubon 
and Cornell Lab of Ornithology, 2016). Recently, these projects have 
greatly diversified, with featured projects in SciStarter – a database of 
citizen science projects – ranging from those focused on genome and 
environment interactions, to those on flu symptoms, and to those on 
monarch butterfly counts.

The number of citizen science projects has also grown significantly 
in recent years. Jonathan Silvertown (2009), in his influential article on 
citizen science, attributes its current rise to widespread access to the In-
ternet and mobile technologies, scientists’ increasing realization of the 
public’s interest in and availability for research (p. 467), and the fact 
that funding organizations routinely build in outreach as an outcome 
for funded research (p. 469). These factors have led to a radical climb 
in the number of projects labeled “citizen science,” a trend documented 
in recent reports, such as ecologist Duncan McKinley’s et al. (2015) re-
port on citizen science contributions to environmental protection and 
natural resource management. Mapping the number of peer-reviewed 
publications per year that are indexed in the Web of Science database 
as relevant to “citizen science” for the last two decades, McKinley et 
al. show growth from near-zero results between 1995 and 2005 to an 
almost vertical climb past the 200-per-year mark in 2015 (p. 5). Silver-
town (2009), moreover, points out that while not always labeled “citizen 
science,” science conducted by citizens has been an integral part of its 
history (e.g., Benjamin Franklin and Charles Darwin).

But what does all this mean for scientific communication? Why pay 
attention to an emerging practice like citizen science when seeking to 
understand, practice, or teach scientific communication? This collection 
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is in part intended to address the question of how to define scientific 
communication, including whether “scientific communication” is dis-
tinct from “science communication.” In this chapter, I argue that, while 
roughly distinguishable as communication between expert scientists 
and communication about science with non-experts, the two are more 
interrelated than commonly understood and that this interrelationship 
is a force for mutual change and influence. The canonical model of sci-
entific communication between experts and the public has a particular 
sequence and direction, a particular rhythm: internal communication 
within the scientific community occurs first, and transmission and pop-
ularization of scientific findings for the public occurs second (Bucchi, 
1998, p. 5; Hilgartner, 1990, p. 519). While this model has been chal-
lenged and complicated (Bucchi, 1998; Hilgartner, 1990; Lewenstein, 
1995; Myers, 2003), citizen science, by including communication with 
the public during a study rather than after its publication, overtly dis-
rupts and changes the rhythm inherent in the model, a model many 
engaged in science and scientific communication continue to operate un-
der. This shift in timing, while seemingly simple, both responds to and 
creates pressure for genre change in scientific research articles and their 
genre networks, changes that are especially relevant to those seeking 
to participate in this context or preparing others to do so. In short, the 
emerging writing practices related to citizen science impact traditional 
scientific writing practices, including those related to the research article 
genre and communication with the public.

Taking a case study approach (Gomm, Hammersley, & Foster, 2000), 
this chapter draws on my ethnographic work with the Heartbeats Project 
(Hine, 2015; Marcus, 1998), a citizen science project run by a biology 
lab actively engaged in innovating with scientific communication and 
embracing the blurred boundaries between expert and non-expert that 
citizen science encourages. The project is conceived of as a response to 
the limited data behind the well-known “rule” that, on average, mam-
mals’ hearts beat one billion times per lifetime and seeks additional data 
to test whether the original rule holds as well as to extend the analysis to 
other biological classes, like birds and amphibians. To participate, citizen 
scientists submit species heartrate data found in the scientific literature, 
which is then vetted by members of the project team before inclusion 
in the data set. The findings reported here were developed from eigh-
teen months of ethnographic engagement with the project, an engage-
ment that included analysis of project-related writing, public speaking, 
interviews, observations, and digital artifacts (e.g., data spreadsheets, 
data submission tools, etc.). The study received IRB approval, and 
pseudonyms are used throughout to protect participants’ confidential-
ity. In analyzing the relationship of the team’s citizen science commu-
nication with their scientific communication and traditional forms of 
public communication, I found a rhetorical genre framework coupled 
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with the concepts of uptake  (Austin, 1962) and recontextualization 
(Linell, 1998) proved useful. This framework and these concepts al-
lowed me to trace the relationships between genres as well as to model 
broader changes to the scientific genre chains and networks. While 
multidirectional, interconnected models of scientific communication 
have been theorized (Bucchi, 1998; Hilgartner, 1990; Lewenstein, 1995; 
Myers, 2003), examining the relationships between genres provides a 
specific mechanism for how this multidirectionality occurs and recurs, 
and demonstrates the potential for genre change that citizen science pres-
ents. Specifically, citizen science, by bookending the dominant genre of 
scientific discourse—the research article—with public-facing genres, re-
sponds to some of scientists’ most pressing rhetorical exigences while 
simultaneously exerting pressure for professional scientific genres, to 
change. In addition, analysis of the Heartbeats Project’s communication 
suggests that scientists engaging with such projects benefit from them in 
unanticipated ways, namely at the level of rhetorical invention, and that 
this inventional work provides an additional mechanism through which 
citizen science influences professional scientific writing. I conclude with a 
discussion of the implications for those engaged in or teaching scientific 
communication, including the rhetorical and ethical considerations 
presented by revised relationships with members of the public.

Theoretical Framework

The relationship between scientific discourse and public discourse about 
science has been theorized for many decades, with the most prevalent 
model showing scientific knowledge moving unidirectionally from sci-
ence to the public through the mass media, generally losing precision 
along the way (Bucchi, 1998, p. 5; Hilgartner, 1990, p. 519). Several 
theorists, however, have challenged the accuracy of this model, calling 
for more bidirectional (or multidirectional) accounts of how ideas move 
between discourses. Based on his study of communication related to 
cold fusion, for example, Bruce Lewenstein (1995) troubled the idea of 
linear dissemination of information to the public, instead proposing a 
“web of science communication contexts” that includes everything from 
journals, grant proposals, and talks to mass media, textbooks, and pol-
icy reports, “with all forms of communication leading to each other” 
(p. 426). Around the same time, Massimiano Bucchi (1998), in Science 
and the Media, offered the “continuity model” of scientific communica-
tion as an alternative that, instead of theorizing science and the public 
as discrete spheres, theorizes a continuous and reciprocal movement of 
scientific information through four stages: the intraspecialistic, interspe-
cialistic, pedagogical, and popular stages (p. 13). More recently, Bucchi 
(2004) presented the double helix as a metaphor that can model how 
scientific and public discourses develop in parallel, mutually acting on 
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one another at “junctions,” with influence moving both ways (p. 279). 
Focusing here on the specialist and public discourse on genes, Bucchi 
noted the long history of public discourse on heredity, “as documented, 
for example, by the famous claim by French novelist Emile Zola—thirty 
years before the rediscovery of Mendel’s laws of heredity—that ‘heredity 
has its laws, just like gravitation’” (p. 274). Rather than an “impover-
ished” version of specialist ideas, Bucchi points out that public ideas on 
heredity have evolved in parallel to scientific discourse, with the two 
intersecting at various points in a mutually reinforcing pattern. In this 
same vein, Greg Myers (2003) made a similar case against the dominant 
model of popularization, arguing that, instead, “scientific discourses are 
embedded in and intertwined with other discourses” (p. 271).

The study I describe here contributes to this troubling of the dominant 
account of the relationship between scientific discourse and the public. 
I use rhetorical genre theory as a framework that provides a view of the 
recurring types of communication within these two larger spheres, as 
well as the routine patterns of interaction that knit the two together. 
Rhetorical genre theory, rather than focusing on shared formal features 
as the basis for genre, focuses on the pragmatic actions genres perform 
for communities. To quote Carolyn Miller’s (1984) influential definition, 
genres are “typified rhetorical actions based in recurrent situations” 
(p. 159). In this paradigm, genres are a complex of the “substantive, sit-
uational, and stylistic” (Campbell & Jamieson, 1978, p. 18). Mediating 
between individual action and culture, genres help rhetorical communi-
ties, “the relationships we carry around in our heads, to reproduce and 
reconstruct themselves, to continue their stories” (Miller, 1994, p. 75).

While studies of individual genres have yielded important insights 
into a range of rhetorical communities and events, a number of genre 
theorists have found it productive to expand their focus to groups of 
genres, such as genre sets, systems, and networks, for a fuller account 
of the processes at work in the production of events, texts, and com-
munities (Bazerman, 1994; Berkenkotter, 2001; Devitt, 1991; Swales, 
2004). In this same vein, the concept of “intertextual chains” has been 
useful (Fairclough, 1992; Linell, 1998). These chains, once routinized 
into fairly predictable, recurrent patterns of interaction, might best be 
thought of as “genre chains” (Swales, 2004). The relationships between 
texts in these chains can vary in nature. Some texts directly prompt or 
form the exigence for another, while others bear more implicit traces 
of each other in what Mikhail Bakhtin (1986) has called the “dialogic 
overtones” of all language—the “echoes and reverberations of other ut-
terances” that fill our own utterances (p. 91).

For the first, more directly linked relationships, I have drawn on 
John Austin’s (1962) concept of uptake, particularly as it has been put 
into conversation with genre theory by Anne Freadman (2002), who 
theorizes that “a text is contrived to secure a certain class of uptakes” 
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and that “the uptake text confirms [the first text’s] generic status by 
conforming itself to this contrivance” and responding in the expected 
way (p. 40). While warning against the impulse to systematize these 
utterance-uptake relationships into rigid sets of rules, Freadman offers a 
rationale for looking at pairs of texts (and ultimately genre chains) as a 
productive way to understand both the relationships between genres in 
a given context and, through this, the social actions of individual genres. 
For the second, more implicit intertextual relationship, I have drawn on 
Linell’s (1998) recontextualization, defined roughly as “the extrication 
of some part or aspect from a text or discourse, or from a genre of texts 
or discourses, and fitting of this part or aspect into another context” 
(p. 145). This can involve direct quoting or reworking of material for 
another context, as well as “vague influences” between texts (p. 148).

While these are different types of relationships between texts, both 
can become routinized into recurring patterns that can be usefully 
mapped into genre chains. For my purposes, they have provided useful 
analytical tools for concretely mapping some of the paths professional 
scientists and citizen scientists travel in interacting with each other. They 
therefore also provided some concrete mechanisms for how scientific dis-
course and public discourse about science influence each other. As John 
Swales (2004) points out, however, we should be careful about overly 
systematizing these relationships with a term like genre system, which 
“suggests that we have a greater understanding of how everything fits to-
gether in a ‘system’ than is likely the case” (p 23). I have therefore opted 
for Swales’s term, genre network.

Studying the Heartbeats Project

The Heartbeats Project is one project of many at a biology lab in a large 
Southeastern U.S. public university and includes data collected by citizen 
scientists as well as data collected by members of the lab. The project is 
conceived of as a response to the limited data behind the rule that on av-
erage mammals’ hearts beat one billion times per lifetime. The project’s 
researchers have sought to add substantially to this data, to test whether 
the original rule holds, and to look at the relationship between heart rate 
and lifespan for other biological classes, like birds and amphibians. In 
part in order to speed up the process of gathering heart rate data from 
the scientific literature, the lab created a webpage that solicits submis-
sion of relevant species heartrate data and research articles by citizen 
scientists, which are then vetted by members of the project team before 
inclusion or exclusion in the data set. This lab has a strong commitment 
to public science and experience running citizen science projects, with 
some of those projects reaching participation in the tens of thousands of 
citizen scientists. At the time of writing, however, the Heartbeats Proj-
ect had only garnered a little over 100 citizen science contributions, a 
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number high enough to help address the limited data of the original 
research in this area, but that calls attention to the project’s difficulty in 
engaging citizen scientists, a fact also reinforced by the one-star rating 
given it in the SciStarter database. The team has hypothesized a number 
of reasons for this low engagement, with the dominant explanation that 
this is related to the project’s focus on the scientific literature, which 
is often inaccessible to the public and which does not fit the schema of 
“doing science” many citizen scientists are seeking. The team running 
the project consisted of five core people, though other members of the 
lab and campus resources were tapped as needed:

•	 Clay – the postdoc leading the Heartbeats Project and lead author 
on the first research article manuscript.

•	 Jada – the undergraduate researcher assigned to the project.
•	 Summer – a lab manager and research associate assisting with proj-

ect visualizations.
•	 Soren – the principal investigator (PI) of the lab who began the 

project.
•	 Rachel – a former member of the lab assisting with statistical 

analysis.

The findings I report on here were developed from eighteen months of 
ethnographic engagement with the Heartbeats Project’s writing and fo-
cus on the team’s inventional work, meaning the process of developing 
scientific findings, ideas, and material for their research article. This 
study employed qualitative research methods and proceeded inductively, 
with ongoing analysis driving further data collection. In order to situate 
the team’s writing practices within a larger context, I took an ethno-
graphic approach informed by the “connective” practices described by 
Christine Hine (2015) in Ethnography for the Internet, practices that 
integrate mediated forms of engagement with participants and the field 
into ethnographic inquiry in order to avoid increasingly problematic 
divisions between online/offline activity. In practical terms, this means 
that digital artifacts and interactions (e.g., emails, the project website, 
Twitter events, etc.) were included in my analysis alongside interviews 
and observations (see Table 1.1).

I analyzed data for this chapter through three approaches. First, 
I mapped the relationships between texts, both those with direct 
utterance-uptake relationships and those with signs of recontextualiza-
tion. Second, I performed rhetorical analysis of the texts included in this 
mapping. Third, I coded collected data using MAXQDA, a qualitative 
data analysis tool. While my larger study of this team included several 
other codes, this chapter focuses on three main codes, along with their 
subcodes: (1) public communication, (2) scientific communication, and 
(3) genre talk.
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Overlapping Models of Communication

Before examining the Heartbeats Project team’s innovative communi-
cation practices, it is important to note that the team engages in tradi-
tional scientific communication practices like writing research articles 
and communicating with the public after the publication of research ar-
ticles alongside their citizen science writing. In fact, the dominant model 
of scientific communication between experts and the public was strongly 
present in their work, both as a standard to be pushed against and as a 
resource to be enlisted. Clay, the postdoc leading the project, referenced 
a typical chain of genres resembling the dominant model and the desired 
uptake between those genres many times over the eighteen months of 
this study (see Figure 1.1), an order that amounted to important proce-
dural knowledge for acting effectively as a scientist.

Clay explained that the way to set this chain in motion in his institu-
tional context was to contact the university public information officer 
assigned to them, Brendan Cross, as soon as a research article was ac-
cepted. The desired uptake from the press release Brendan produced was 
widespread coverage of their work through both traditional news media 
and through social media, though this uptake was by no means guaran-
teed. Having a press release ready to send out while the research article 
was still under embargo or on the day the article was published was one 
way to increase the chances of success, since, as Brendan explained to 
me, “Depending on the discipline, [the research article’s] shelf life can 

Table 1.1  �Types and Quantities of Data Collected

Within Team Beyond Team

9 Interviews (9 hours) SciStarter observations  
(4 projects)

5 Observations (6 hours) AnAge database 
observations (3 entries)

Drafts & writing samples (9 texts) Twitter #CitiSciChat events 
(3 events)

Project data spreadsheets (5 spreadsheets) CitSci listserv observations 
(270 listserv posts)

Project website/lab blog posts (14 posts) Citizen science participation 
(2 projects)

Emails (70 emails) Local citizen science events 
(3 events)

Media coverage of the project/lab  
(12 articles)

National Science Foundation 
documents and databases 
(4 documents)

Lab social media account subscriptions  
(3 platforms)

Citizen Science Association 
website and blog  
(2 site visits)

Participation in the Heartbeats Project (1 submission)
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be as short as days.” Yet while the genre chain to the news media and 
to social media was a fairly concrete path that participants could readily 
outline for me, the desired uptake by the public itself was more nebulous. 
This uptake was often represented by quantified “views,” “shares,” and 
references to “impact.” That numeric representation, however, seemed to 
stand for a host of desired outcomes not easily reduced to the number of 
times a given article was viewed. Stated goals for communicating with 
the public, for example, ranged from specific goals like publicizing the 
research or addressing a particular problem to broader goals like educat-
ing the public about science, influencing public policy, and creating more 
favorable conditions for science. The team was also sensitive to the injus-
tice of having publicly-funded research rendered inaccessible to the public 
by journal and database paywalls. Regardless of the ambiguity of the end 
of the genre chain, this well-traveled path underscores how the canonical 
model Bucchi (1998) and others have described serves as a blueprint for 
scientists in their work, something Clay confirmed for me. When pre-
sented with a visual of the model (Bucchi, 1998, p. 5), Clay admitted how 
the directionality of the model is “one every scientist acts under.”

The team’s strategies for communication, however, also demonstrate 
how multiple models of communication overlap and coexist, with the 
traditional genre chain outlined in Figure 1.1 existing alongside the 
team’s direct communication with the public through websites and 
blogs. This traditional chain of genres reflects what Bucchi (2013) has 
more recently termed Science Communication 1.0, a model that includes 
mediators like the press release and news genres in a sequential pattern 
of communication (p. 906). At the same time that the Heartbeats Project 
team has made use of this traditional pattern, however, it has also made 
use of resources presented by what Bucchi (2013) calls Science Commu-
nication 2.0, in which scientists communicate directly with the public 
in a horizontal, simultaneous relationship (p. 906). Public-facing videos 
are examples of such communication. Explaining his resistance to some 
journals’ requests for videos as supplementary materials for research ar-
ticles, Clay described how in his experience those videos are “buried” 
and don’t get watched or shared, a reason for his preference to post 
videos “on my own website” or “on a Vimeo account” where they are 

Figure 1.1  �Traditional chain of genres communicating science to the public.
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more likely to be found, viewed, and shared. While adept at enlisting 
the traditional chain of genres for communicating with the public, Clay 
also routinely circumvents the traditional mediators of science-related 
communication. The Heartbeats Project, as a less readily visual project, 
has not lent itself to videos, but the team’s regular use of blogs, Face-
book, Twitter, and public events to encourage the public to participate is 
evidence of a direct and simultaneous approach to communication over-
lapping with a traditional sequential approach. During the time I studied 
the Heartbeats Project, both the canonical model and the “direct” model 
of communication with the public were simultaneously present in the 
team’s work, with the canonical model understood as the “standard” 
to be pushed and worked against, and with both models enlisted as re-
sources. In Clay’s words, the team has put much effort into considering 
“what scientists can do to influence the end game,” with citizen science 
and direct communication with the public key to those efforts.

Recontextualizing Science for Science

While the traditional chain of genres used to communicate with the pub-
lic after a research article’s publication can be traced through explicit 
evidence of uptake, those involved in the Heartbeats Project’s citizen 
science before its publication are better traced through intertextuality, 
specifically through evidence of recontextualization. In concrete terms, 
the press release in the genre chain (see Figure 1.1) directly “takes up” and 
responds to the exigence presented by the research article, and the news 
articles take up the invitation offered by the press release. Each of these 
explicitly signals the text it is taking up through textual features such as 
a direct reference to that text. The research article, however, does not 
have an overt utterance-uptake relationship with any publicly-oriented 
genre—this relationship, when it exists, is occluded. While press releases 
and news articles are meant to call attention to the research article as 
their exigence, the research article genre has embedded in it the logic 
that the exigence for scientific work lies in the scientific literature, not 
in publicly-oriented genres or even in the lab (Berkenkotter & Huckin, 
1995). Observing the relationships between texts and genres related to 
the Heartbeats team’s citizen science and its scientific writing requires 
looking at slightly different traces than for those participating in the 
traditional science-to-public genre chain.

Examining the Heartbeats Project’s writing for recontextualized ma-
terial reveals a striking aspect of this type of citizen science project, 
namely that, in direct contrast with the conventional wisdom about 
how scientific ideas are recontextualized from scientific conversations 
for public fora (e.g., Luzón, 2013), citizen science recontextualizes 
science for science. By this, I mean that citizen science practices en-
courage the recontextualization of scientific activity and science-related 
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communication occurring in public contexts for scientific discourse 
(the research article). In the case of the Heartbeats Project, the proj-
ect’s origin story begins with publicly-oriented writing in the form of a 
popular science book Soren (the lab’s principal investigator) was work-
ing on. This required recontextualizing scientific findings on the billion 
beats rule for a public audience (the conventional order of things), but 
then prompted the inception of the Heartbeats Project when the scien-
tific literature was found lacking (a departure from the conventional). 
From that point forward in the team’s writing, citizen science activity 
and writing developed in tandem with their scientific writing, with re-
contextualization often occurring from the publicly-oriented texts to the 
scientifically-oriented texts. For example, when the team compiled and 
analyzed data in part originating from citizen scientists, they first com-
municated those to citizen scientists and the broader public using the 
project website and the lab blog. This material then provided a starting 
point for working on research articles related to the project.

The project website from February 2015 and an early research article 
manuscript from this same time period provide a useful example of this 
recontextualization (see Table 1.2), with material originally developed 
for a public audience making its way into writing intended for an expert 
audience. For instance, the examples developed for citizen scientists of 
species with extremely fast and extremely slow heartrates—the shrew 
and the grey whale, respectively (sentence 2)—show up in the manu-
script draft (sentence 5), as do the explanations of the billion beats rule 
(sentences 1 and 3, respectively). Interestingly, both documents also be-
gin by gesturing at the scientific literature.

But while the two texts show a clear relationship, they also depart 
from each other in important ways. The research article manuscript 
makes extensive use of hedges, like the verbs “consider” and “suggest,” 

Table 1.2  �Introductions to the Heartbeats Project, Public and Scientific

Heartbeats Project Website, 2015 Draft Article, 2015

1	 “Studies have concluded” –  
the rule

2	 Shrew and grey whale 
examples

3	 Exceptions to the rule
4	 Outliers with more than  

1 billion beats
5	 Outliers must be explained  

by biology
6	 Potential implications for 

human longevity
7	 Call to contribute data

1	 “A large literature considers” – 
the variables

2	 Generally understood relationship 
between variables

3	 Relationship, continued – the rule
4	 Empirical support for the rule
5	 Shrew and grey whale examples
6	 Limited evidence
7	 Most comprehensive study based 

on limited data
8	 Potential for more complex 

relationships than [2]
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while the website conveys greater certainty with verbs like “conclude” 
and “are.” The website allots substantial space to considering outliers 
and research implications, both of which point toward the possibility 
of greater longevity in humans. On the website, these moves regarding 
outliers and implications lead up to a call for more data—a clear call to 
action for citizen scientists to participate. This early draft of the manu-
script, on the other hand, situates its exigence in the literature, following 
John Swales’s (1990) Moves 1 and 2 in his “Create a Research Space” 
(CARS) model of scholarly introductions: “Establishing a Territory” and 
“Establishing a Niche.” Using the literature to establish the “territory” 
of the relationship between heart rate and longevity, the manuscript then 
establishes a “niche” by pointing out a gap in this literature—the scant 
data the understood relationship is based on. The manuscript doubly se-
cures this research niche by suggesting that the understood relationship 
may in fact be found to be more complex once additional data is exam-
ined. Notably, the manuscript’s explicitly-stated exigence rests squarely 
in the scientific literature, with the text’s relationship with citizen sci-
ence and other publicly-oriented communication occluded. The scientific 
story and relationships embedded in the research article genre are not, at 
this point, challenged by these overt written choices. The activity related 
to citizen science, however, including its communication, does leave sub-
stantive and rhetorical traces on the manuscript.

As I followed the project, it became apparent that those traces stemmed 
in part from the creative, inventive work required to communicate with 
citizen scientists, work that served as something of a rehearsal for analy-
sis and arguments that might eventually be used in professional science. 
Later in 2015, for example, Clay gave a publicly-oriented talk about 
the project, including solicitation for more citizen science participation, 
at a science café, a genre he explained he found useful for helping him 
“organize my thoughts about where to start, how to provide context” in 
a research article, including which ideas sound “ridiculous” and which 
work. While the event was intended to be for the public, Clay noted 
that a high proportion of the audience appeared to be retired scientists. 
Nevertheless, he invoked a public audience, as the genre and situation 
asked him to do so. While Clay found the makeup of the audience frus-
trating (since the point was to connect with a public audience), it rein-
forces the point made by Bucchi and others that these discourses and 
contexts routinely overlap, noting that on some issues experts in one spe-
cialty become members of the public on another. Clay and Brendan, in 
fact, both discussed how public writing could be used to reach other sci-
entists for scientific purposes. Discussing, for example, a “cranky” audi-
ence member who stayed after the talk to take issue with some elements 
of his talk, Clay confessed that this exchange gave him useful feedback 
on a variable they would need to address more robustly in their research 
article. His experiences giving these sorts of talks and the inventional 
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role they ended up playing for him in his scientific writing led him to 
express a preference for “giv[ing] a presentation or two on a project 
before I even start to write the paper,” particularly “the introduction 
and the discussion.” Increasingly, during our check-in interviews, Clay 
expressed an appreciation for how communicating with citizen scientists 
invited him to consider the “broader implications” of his work, implica-
tions that showed up in the introduction and discussion sections of re-
search article manuscripts and that allowed him to target the higher tier 
journals (“high impact journals”) that stress this. This may in part be 
accounted for by Clay’s relative inexperience as a postdoc, but it demon-
strates how interacting with the public can further both the development 
of scientific ideas and scientists’ own development.

The recontextualization of material from citizen science communi-
cation to the team’s scientific writing extended to other areas as well, 
including the visuals developed for research article manuscripts. While 
the team decided that the Heartbeats Project did not lend itself visually 
to videos, they did stress visual communication with citizen scientists in 
the form of clear, compelling charts, often placed sequentially to “tell 
a story.” The project website, for example, featured a cleanly-designed 
scatter plot chart of all the species data submitted to the project, with 
a few evocative outlier examples highlighted through color and label-
ing (e.g., the grey whale, Etruscan shrew, humans). In his science café 
talk, Clay took this chart and duplicated it multiple times for consecu-
tive slides, each time emphasizing a different species or group of species 
(carnivores, rodents, marsupials) to tell the story of the data visually, 
to “show motion.” This analytical and rhetorical work then became a 
starting point for research article figures. The lab, in fact, routinely cre-
ated figures for research articles that recontextualized material devel-
oped for citizen scientists and that would then be accessible to public 
audiences later, potentially being published in press releases and news 
articles, and shared on social media platforms. In Clay’s words, why not 
“show a picture of the actual data that makes sense to people?” Why 
not “[build] the outreach figures ahead of time” and “[put] them into the 
paper?” While in his experience some journal editors resisted some of 
these visual innovations (one editor felt a panel of figures walking read-
ers through the data just “showed the same information” redundantly 
and should be reintegrated into a single figure), other editors embraced 
these innovative visual strategies and readily used them.

Figure 1.2 maps the relationships between genres that the Heartbeats 
Project team used to communicate with citizen scientists and demonstrates 
how this communication served an inventional purpose for the team, help-
ing them generate findings, arguments, and material to be repurposed.

Routinely participating in this network of genres gave the team a recurring 
reason to continue producing new material—new figures and analyses based 
on the data submitted—and a communicative reason to think more deeply 
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at the level of implications (like human longevity) and values (like wonder). 
This activity was then recontextualized for scientific discourse, a movement 
that reverses the canonical model of public communication about science 
and bookends the research article, the dominant genre of professional sci-
ence, with publicly-oriented genres. The Heartbeats Project demonstrates, 
then, one way citizen science can influence professional science. Beyond an 
opportunity to expand data collection or for public outreach, citizen science 
also offers scientists creative, inventional benefits, influencing the shape of 
the final research and the arguments made to situate it.

Shifting Networks, Genres, and Roles

The genres enlisted for the Heartbeats Project illustrate the shifted net-
works of genres that citizen science can prompt for scientists who choose 
to lead or engage with these projects (Figure 1.2). These are not the 
genres generally associated with scientific communication (e.g., research 
articles, literature reviews, research proposals, posters, abstracts, con-
ference papers, grant proposals) or even with the occluded genres of sci-
entific work (e.g., lab notebooks, emails, article reviews). Instead, these 
more closely resemble the genres enlisted to communicate with the public 
about published research articles (i.e., the traditional chain of genres in 
Figure 1.1 that amounted to important procedural knowledge for Clay). 
The timing of these genres, however, is changed and requires more di-
rect communication between scientists and the public, a fact that may 
be both attractive and uncomfortable for some scientists, particularly 
those who feel they are not adequately trained or practiced in public sci-
ence communication. For many, however, the challenges of citizen science 
will outweigh those misgivings as it presents itself as a fitting response 
to a commonly understood rhetorical situation, a situation that includes 
an exigence to share scientific research with the public and technological 

Figure 1.2  �Citizen science communication as scientific invention [recontextual-
ization in brackets].
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resources to do so widely and meaningfully. Clay, for example, noted the 
“huge disconnect” of having “the public pay for [science] through tax 
dollars” but having the final products in a form “the public can’t read or 
have access to.” This disconnect, in fact, is one that funding agencies like 
the National Science Foundation (NSF) have attempted to address by at-
taching requirements for public outreach in their grants and through the 
initiatives like the NSF’s Public Access Repository. It is also part of the 
motivation behind the Open Science movement, whose proponents see 
openness and collaboration as values key both to cultivating relevant, 
rigorous science and to ensuring that this science is available to inform 
public decision-making. This latter concern encompasses perceived pub-
lic hostility toward science and scientific findings and a general low level 
of scientific literacy (issues like vaccines and climate change are often 
cited). This complex of exigences (taxpayers, funding, collaboration, is-
sues, literacy) have propelled a great deal of experimentation with both 
scientific genres and genre networks, including experiments with open 
access publishing, open data, open peer review and new genre elements 
like lay summaries, supplements, primers, and videos (Costello, 2016). 
Situated in this context, citizen science can be seen as a response to many 
of the pressures for change in scientific genre networks, holding poten-
tial for fostering public trust and literacy and, in Clay’s words, affecting 
the “end game” (see Chapter 10, for a discussion of the deficit model and 
complications to the expert/public binary).

The Heartbeats Project, however, underscores how citizen science also 
contributes to the forces for change in scientific genres and genre net-
works. It is important to note that the larger scientific network of genres 
is generally more structured and regulated than other networks of genres, 
with multiple institutionalized forces acting conservatively to maintain 
stability—forces like university tenure and promotion practices, blind 
peer review, professional associations, funding and regulatory agencies, 
and others (Kelly & Maddalena, 2015, pp. 8–9). Interviews with mem-
bers of the Heartbeats Project team, in fact, highlight the power of these 
forces and the limited value some scientists see in many of the genre 
innovations occurring at scientific journals (e.g., Clay’s assessment of 
video supplements). Yet analysis of the Heartbeats Project’s communi-
cation suggests that routinely engaging with citizen scientists influences 
scientists’ inventional work, contributing incrementally to a movement 
toward accessibility and open science. Communicating with citizen sci-
entists, for example, influenced the team’s visual choices in a way that 
contributes to the accessibility of their research article manuscript. 
Shifting the network of scientific genres to include citizen science, then, 
promotes a degree of scientific genre change toward accessibility and 
toward addressing the “big picture” implications of scientific research.

The shifted timing and nature of public communication introduced 
by citizen science also contributes to the pressure for genre change in 
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another important way, namely by altering the roles indexed in scientific 
genres. Genres provide a set of social rules, constraints, and resources 
for particular situations, including “reproducible speaker and addressee 
roles, social typifications of recurrent social needs or exigences, topical 
structures (or ‘moves’ and ‘steps’), and ways of indexing an event to 
material conditions” (Miller, 1994, p. 71). Citizen science shifts the role 
of the scientist communicator from one communicating to the public 
to one communicating with the public. This collaborative relationship 
is part of the rhetorical power of citizen science; however, it also intro-
duces a new set of relationships that have some similar precedents that 
writers can draw on (e.g., extended scientific collaborative teams) as well 
as introduce distinctive dynamics. These dynamics raise rhetorical prob-
lems not fully addressed by research article conventions. For example,

•	 At what point are citizen scientists coauthors and at what point is an 
acknowledgement sufficient? (See Chapter 2, for more about science 
authorship.)

•	 Is a data citation sufficient and what is the most accurate and 
effective way to cite data (Hunter & Hsu, 2015)?

•	 At what point are citizen scientists human subjects?
•	 Can citizen scientists play multiple roles?
•	 What ethical obligation do professional scientist authors have to 

make research articles based on citizen science projects available to 
citizen scientists? Is a press release or news article sufficient?

•	 Do citizen scientists have a right to published journal articles and to 
lay summaries tailored for them?

•	 Will the research article genre allow for a research exigence situated 
in citizen science or must the scientific story told in research articles 
continue to focus exclusively on the exigences presented by gaps in 
the scientific literature?

These are not simple questions to answer and they have not been an-
swered often enough in the research article genre for them to be typ-
ified components. In the case of the Heartbeats Project, manuscript 
drafts do not list citizen scientists as co-authors, something Clay attri-
butes to their fairly minor level of participation. Likewise, Brendan’s 
suggestion during our interview to include a reward like a “keychain 
or t-shirt” to boost project participation does not invoke a collabora-
tor role for citizen scientists. The reciprocity and obligations elicited 
by the Heartbeats Project is rather low. However, the set of factors 
that must be considered in order to answer questions related to roles 
and attribution draws attention to the fact that citizen science is not a 
single monolithic practice, but rather a set of practices with variations. 
The typified answers to this rhetorical problem will need to account 
for the various manifestations citizen science can take, something 
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addressed by several typologies of citizen science practices (Bonney 
et al., 2009; Cooper, Dickinson, Phillips, & Bonney, 2007; Haklay, 
2011; Wiggins & Crowston, 2011; Wilderman, 2007). Haklay’s (2011) 
four-level typology of citizen science based on level of participation, 
for example, helps explain the Heartbeats Project team’s decision not 
to include citizen scientists as coauthors:

1	 	 “Crowdsourcing,” with citizens as “sensors.”
2	 	 “Distributed Intelligence,” with citizens as “basic interpreters.”
3	 	 “Participatory Science,” with citizens participating in “problem 

definition and data collection.”
4	 	 “Extreme,” with citizens collaborating on “problem definition, data 

collection and analysis.” (p. 116)

In this typology, the Heartbeats Project fits at the level of “distributed 
intelligence,” since participants must make several interpretive decisions 
about their data collection, including whether the heartrate data in a 
research article are valid (drugged animals, for example, should be ex-
cluded). While a step above the citizen scientist as “sensor,” this level and 
type of participation raises only minimal questions about attribution 
and ethics. In contrast, projects like the Flint Water Study, a community-
led citizen science project partnering with researchers at Virginia Tech 
University to investigate the contamination of Flint, Michigan’s water 
supply (Maynard, 2016), raise more extensive rhetorical and ethical 
questions about the relationship between scientists and citizen scientists 
and the obligations this relationship raises. The obligation to commu-
nicate findings to citizen scientists and stakeholders in an accessible, 
actionable form, for example, is much greater and draws attention to 
how citizen science can encourage change at the level of genre and genre 
networks.

Conclusions: Implications for Scientific Communication

The Heartbeats Project case presents several findings relevant for those 
engaged in or teaching scientific communication in a shifting rhetor-
ical landscape of science. While scientists might choose to involve 
citizen scientists in their projects for many reasons, including to expe-
dite data collection, the Heartbeats Project shows that citizen science 
also offers scientists creative, inventional benefits that influence the 
shape of their final research and the arguments they develop to situ-
ate it (see Figure 1.2). Even in a project that did not yield widespread 
participation (participants numbered in the hundreds, not thousands) 
and where the communicative labor of working with citizens out-
weighed the yield in data, the professional scientists leading the project 
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benefited from citizen science in other ways, namely rhetorical and 
scientific invention. Scientists considering organizing citizen science 
projects or engaging with existing projects should therefore realize 
that the benefits that arise from such engagement may extend beyond 
data and derive as much from their communication with citizen scien-
tists, though this communication entails considerable work. With this 
in mind, scientists designing such projects might consider building in 
opportunities for citizen scientists to communicate with them beyond 
the submission of data.

In many of its forms, citizen science shifts the role of the scien-
tist communicator from one of communicating to the public to one 
of communicating with the public. This collaborative relationship is 
part of the rhetorical power of citizen science, but it also raises rhe-
torical and ethical questions not fully addressed by research article 
conventions. These questions range from those about authorship and 
revised reader-writer roles, to those regarding the status of citizen 
scientists as collaborators to be acknowledged, human subjects to be 
protected, neither of these, or both. Ultimately, scientists designing 
citizen science projects need to consider the issue of reciprocity raised 
by their relationship with citizen scientists. For example, do scien-
tists owe it to citizen scientists to “return” data and analysis to those 
who collected it? If so, in what form? Likewise, can citizen scien-
tists expect scientists to advocate on their behalf with the data they 
have submitted, though scientists may see this as outside their pur-
view or a contradiction in roles? These are evolving questions with 
evolving answers, but they point toward the pressure citizen science 
practices put toward accessibility, both the “technical” accessibility 
addressed by open access publishing and rhetorical accessibility at 
the level of genre. Professional scientists working with citizen scien-
tists will need to consider these questions and many more specific to 
their projects and the communities they engage. Ultimately, however, 
the Heartbeats Project underscores that professional scientists work-
ing with citizen scientists are engaging in a rhetorical endeavor and 
that, like other rhetorical endeavors, influence is likely to move in 
both directions, with neither party left unchanged and the outcome 
not entirely predictable.
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In 1992, Technical Communication Quarterly published a special is-
sue dedicated to scientific misconduct. In that same year, the Office of 
Research Integrity (ORI) was formed in the Department of Health and 
Human Services (DHHS). Organizations like the National Academies 
of Science and Engineering, Public Health Service, and the Institute of 
Medicine also were working to codify and explain official definitions of 
“research misconduct.” In the many years since, we’ve experienced an 
“increasing complexity of science” (Louis, Holdsworth, Anderson, & 
Campbell, 2008, p. 89): research teams have expanded, labs have be-
come more multicultural, and technology has changed research and 
writing processes. Yet the definition of scientific misconduct has re-
mained virtually unchanged: fabrication, falsification, and plagiarism 
(FFP). As we will see, this definition of scientific misconduct omits a host 
of authorship ethics affecting scientists, and thus the role of authorship 
in science and beyond.

For now, we can initially distinguish authorship ethics from other 
research ethics. Authorship ethics deal with the writing, communica-
tion, and publication of science (e.g., collaboration, the assigning of 
credit, the order of authors, peer review). Traditionally opposed to this 
is scientific research ethics, which deal with experiments (equipment, 
methodologies, data-gathering). But scientific research also includes 
ethics in reporting results, as we see in fabrication and falsification. 
Thus, even the simple (and false) distinction between authorship and 
research ethics begins to break down. To understand this is to begin 
to recognize the centrality of writing and authorship ethics throughout 
the scientific process, and an important argument for including them 
at least in the study if not the regulation of scientific ethics. Among the 
many authorship ethics touched on in this chapter, the ORI has chosen 
only to regulate “plagiarism,” an extensive but not inclusive domain of 
authorship ethics.
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This chapter delves into the wider implications of the ORI’s (non)
decision to exclude scientific authorship in its definition of scientific 
misconduct. Perhaps it should come as little surprise that the ORI, and 
other agencies whose deliberations and decisions it relies on, came to 
the conclusion that authorship ethics were not of concern to them, and 
that their focus should instead remain solely on fabrication and falsi-
fication, as well as plagiarism. In some ways, questions of authorship 
have been excluded from ethics in the West since the beginning of writ-
ing. In classical Greece, Plato (1956) and Aristotle (2007) prized “Ideal 
Forms” or observable “facts,” respectively, and true content was much 
more important than language or rhetoric, which for these philosophers 
played little or no part in the discovery and dissemination of “Truth” 
or “scientific knowledge.” This has been the mainstream view of scien-
tists since the Newtonian revolution and the rise of empiricism: doing 
science happens outside and independently of language and authorship; 
science is objective; and writing is only important in the “conveyance” 
or “transmission” of results (Katz, 2009). Hence the mimetic (imitative) 
function of language to “copy” facts, and the ethical problem of copying 
other authors’ ideas and words (plagiarism), become issues of scientific 
error and ethics based on the concept of “accuracy.” But in this under-
standing of language as accurate and ethical transmission, the author’s 
role in science is significantly reduced.

We won’t have time in this chapter to explore the historically and 
philosophically contentious relationship between language, knowledge, 
and ethics in the multiple fields that study them. But we believe that the 
ORI’s ongoing decision not to include authorship ethics in its definition 
of scientific misconduct provides a unique opportunity to interrogate 
the supposed, potential, and real power of ORI, and its concept of au-
thorship ethics in relation to other scientific organs and institutions. We 
therefore will attempt to begin to reveal what we will call the “lines and 
fields of ethical force” in which the ORI, other scientific organizations 
and entities, and scientists themselves, are embedded and operate. The 
ultimate purpose of this chapter is to better understand the role of sci-
entific authorship and to show how ethics in science should go beyond 
policing FFP.

A Historical Overview of the Office of Research Integrity

We begin our analysis of the Office of Research Integrity (ORI), and its 
role in the interplay of the lines and fields of ethical force in scientific 
authorship, by examining the history of the ORI, one of the nation’s 
highest ethical bodies, and its decision to define research misconduct 
solely as FFP.

Research misconduct has only been formally defined and regulated in 
the United States on the federal level since the 1980s. Several government 
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agencies and departmental committees developed during that time (and 
later combined) to regulate the work of scientists (ORI, n.d.-b). Major 
government funding agencies that oversee research include the National 
Institutes of Health (NIH), which is part of the U.S. Department of 
Health and Human Services (DHHS), and the National Science Founda-
tion (NSF), which sets research guidelines for scientists and institutions 
that apply for their grants (NSF, 2002). But the top-most government 
services agency that regulates research under the umbrella of the DHHS 
is the Office of Research Integrity (ORI). The ORI developed when two 
branches of the Public Health Service (PHS), the Office of Scientific In-
tegrity (housed in the NIH), and the Office of Scientific Integrity Review 
(housed in Office of the Assistant Secretary for Health), merged in May 
1992 (ORI, n.d.-b).

Research misconduct became a public issue in 1981 during Congres-
sional hearings that were held in response to some high-profile cases 
of unethical research (ORI, n.d.-b), most notoriously that of John R. 
Darsee, who published articles using fraudulent data and assigned false 
authorship credit (Jones, 2003). The hearings led to the passage of the 
Health Research Extension Act in 1985. This act required regulations 
regarding research fraud to be investigated and reported by federal gov-
ernment science agencies, which in turn led to: (1) the NIH publishing 
research guidelines in 1986 concerning funding, responsibilities, and 
conflicts of interest, codified in 1989 (ORI, n.d.-b) and (2) the NSF for-
mally defining research misconduct in 1987 as “fabrication, falsifica-
tion, plagiarism, or other serious deviation from accepted practices in 
proposing, carrying out, or reporting results from activities funded by 
NSF” (Boehm, 2012, p. 1). In 1989, the Public Health Service (PHS) 
published a similar definition, focused on “fabrication, falsification, and 
plagiarism” (Schechter & Schwartz, 1996). The National Academies of 
Sciences and Engineering, with the then-separate Institute of Medicine, 
and the Department of Health and Human Services’ two subgroups—
the ORI, and the Office of Science and Technology Policy (OSTP)—had 
each published definitions of research misconduct that, like all the pre-
viously published ones, stressed and defined the three tenants of fabrica-
tion, falsification, and plagiarism.

Over the past 30 years, the definitions of research misconduct have 
undergone some changes, but nothing drastic. The ORI published a 
definition in 2000 with the OSTP, then “revised” this definition in 2005 
for the PHS after receiving numerous comments and complaints involv-
ing definitions of deception and falsification, as well as concerns about 
authorship and credit disputes. However, their 2005 revision is (as PHS 
acknowledges) a near carbon-copy of the original FFP definition. In 
fact, few of the definitions of scientific misconduct include anything 
beyond the three taboos of FFP. The DHHS, in their report “Public 
Health Service Policies on Research Misconduct,” defines research 
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misconduct as “fabrication, falsification, or plagiarism in proposing, 
performing, or reviewing research, or in reporting research results” 
(2005, p. 28386). The report defines fabrication as reporting made-up 
data or results; falsification as manipulating research “materials, equip-
ment, or processes” or “changing or omitting data or results… such 
that the research is not represented in the research record” (also see 
Chapter 3); and plagiarism as the “appropriation of another person’s 
ideas, processes, results, or words without giving appropriate credit” 
(misconduct does not include “honest errors” or “differences of opin-
ion” [U.S. DHHS, 2005, p. 28386]). To summarize, as Francis Macrina 
succinctly puts it: “in science as in life, it is wrong to lie, cheat, or steal” 
(2014, p. 11).

Honest Disagreements?

Throughout the past decades and across all the federal agencies, defini-
tions of research misconduct included at their core the three root words 
“fabrication, falsification, plagiarism.” However, in 1995, the Com-
mission on Research Integrity, also known as the Ryan Commission, 
was formed to make recommendations to the Secretary of Health and 
Human Services, the House Committee on Commerce, and the Senate 
Committee on Labor and Human Resources, about the definition of 
research misconduct and to address incidences of retaliation against 
whistleblowers who had reported misconduct (ORI, n.d.-b). The Ryan 
Commission recommended a new definition that went well beyond FFP: 
they ultimately defined research misconduct as “significant misbehavior 
that improperly appropriates the intellectual property or contributions 
of others, that intentionally impedes the progress of research, or that 
risks corrupting the scientific record or compromising the integrity of 
scientific practices” (1995, p. 15). This more socially broad and ethically 
aware definition by the Ryan Commission also includes examples of mis-
conduct in the categories of misappropriation (breach of confidential-
ity, as well as plagiarism), interference (disrupting the work of another 
scientist), and misrepresentation (lying or withholding information, 
i.e., the more “interpersonal” side of data fabrication)—all dealing with 
authorship ethics and going further than FFP.

The Ryan Commission, then, recommended a definition of research 
misconduct that put two key authorship issues, intellectual property 
and intellectual contribution, at the forefront of the definition. Clearly, 
the Commission felt that authorship ethics were an integral aspect of 
scientific research misconduct. Despite this, their definition was not 
accepted in full by the then-Secretary of Health and Human Services, 
Donna Shalala. Instead, she implemented the FFP definition of research 
misconduct proposed by the National Science and Technology Council 
(ORI, n.d.-b). Even after the Ryan Commission’s recommendations, the 



Lines and Fields of Ethical Force in Scientific Authorship  43

DHHS’s new Federal Research Misconduct Policy, published in December 
2000, again defined research misconduct only as FFP (Ferguson, 2000). 
In fact, the Policy acknowledges the omission in its FAQs: “Are author-
ship disputes covered by this policy? Authorship disputes are not covered 
by this policy unless they involve plagiarism” (Ferguson, 2000).

Thus, governmental regulation and funding agencies charged with 
overseeing scientific ethics focused mainly on the data-gathering side 
of research misconduct (fabrication and falsification) and chose only 
to regulate and define one aspect of the authorship side of research 
(plagiarism), thus leaving out a multitude of other, nuanced, authorship 
ethics (see Tables 2.1 and 2.2). The ORI may have had internal questions 
about their narrow definition: they put out a call in 2002 for a survey to 
better understand scientists’ research behaviors that might fall outside 
of the ORI’s definition of research misconduct. However, two major sci-
entific societies, the Federation of American Societies for Experimental 
Biology and the Association of American Medical Colleges, objected to 
the call for the survey (Martinson, Anderson, & de Vries, 2005). Filling 
in this research gap after the DHHS decided not to move ahead with 
their survey, Martinson, Anderson, and de Vries conducted a seminal 
survey in 2005 that was published in the interdisciplinary journal Na-
ture. Martinson et al. (2005) asked scientists to self-report incidences of 
research misconduct (see Table 2.1).

The original table by Martinson et al. (2005) depicted the “top ten” 
sanctionable incidents of misconduct self-reported by entry-level and 
mid-career scientists. What emerged was that many of these incidents 
of scientific misconduct were authorship ethics—some of the very 
ones ORI choses to leave out in FFP. In their modification and reor-
dering of the Martinson et al. table, Mogull and Katz (2012) reveal 
that in an expanded definition of authorship, most—if not all—of the 
16 violations were concerned with writing and communication ethics, 
reordered here by percentages. It also contains the six misbehaviors not 
considered sanctionable by ethics compliance officers. These include 
not only authorship issues like “bad record keeping,” which has the 
highest incidence of self-reportage, but also “assigning author credit” 
at 10%. Martinson et al. (2005) conclude: “Our findings suggest that 
U.S. scientists engage in a range of behaviors extending far beyond fal-
sification, fabrication, and plagiarism” (p. 737). ORI’s definition had 
been updated in 2005—theoretically in time to have read Martinson, 
Anderson, and de Vries’ report—but ORI did not expand authorship 
beyond plagiarism in the three long-standing terms FFP. In fact, the 
ORI’s new definition not only repeated previous terms, but expressly 
excluded authorship and credit disputes (U.S. DHHS, 2005). The ORI’s 
actions seem clear: it chose not to regulate or define ethical issues con-
cerning authorship, other than plagiarism, as being an essential part of 
scientific research.



Table 2.1  �Research vs. Authorship Disclosures (Mogull & Katz, 2012). Originally Studied by 
Martinson, Anderson, and de Vries (2005)

Top 16 Behaviors Reported by 
Scientists (Early and Mid-Career)

Percentage of 
Scientists Admitting 
to Engaging 
in Behavior in 
Previous 3 Years

Authorship 
Ethics Issue

Research 
Ethics Issue

“Inadequate record keeping related to 
research projects”

27.5 ✔

“Changing the design, methodology, 
or results of a study in response to 
pressure from a funding source”

15.5 ✔ ✔

“Dropping observations or data points 
from analyses based on a gut 
feeling that they were inaccurate”

15.3 ✔ ✔

“Using inadequate or inappropriate 
research designs”

13.5 ✔

“Overlooking others’ use of flawed 
data or questionable interpretation 
of data”

12.5 ✔ ✔

“Withholding details of methodology 
or results in papers or proposals”

10.8 ✔

“Inappropriately assigning authorship 
credit”

10.0 ✔

“Circumventing certain minor aspects 
of human-subject requirement”

7.6 ✔

“Failing to present data that 
contradict one’s own previous 
research”

6.0 ✔

“Publishing the same data or results in 
two or more publications”

4.7 ✔

“Unauthorized use of confidential 
information in connection with 
one’s own research”

1.7 ✔

“Using another’s ideas without 
obtaining permission or giving due 
credit”

1.4 ✔  

“Relationships with students, research 
subjects, or clients that may be 
interpreted as questionable”

1.4 ✔ ✔

“Not properly disclosing involvement 
in firms whose products are based 
on one’s own research”

0.3 ✔

“Ignoring major aspects of human-
subject requirements”

0.3 ✔

“Falsifying or ‘cooking’ research data” 0.3 ✔ ✔
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The Power and Influence of the ORI

Officially, the Office of Research Integrity “oversees and directs Public 
Health Service (PHS) research integrity activities” (ORI, n.d.-a). The 
PHS is comprised of 10 agencies, including the National Institutes of 
Health, the Food and Drug Administration, and the Centers for Disease 
Control and Prevention (ORI, n.d.-a). PHS provides billions of dollars 
in funding to support research at federal and non-government agencies, 
e.g., universities, hospitals, research institutions (ORI, n.d.-a). As the 
overseer of the integrity of research for the institutions PHS funds, ORI 
performs a variety of functions that affect a wide range of domains. In 
brief, the ORI: develops the policies and procedures to detect, investi-
gate, and prevent research misconduct; implements programs to teach 
responsible conduct of research; reviews and monitors institutions’ mis-
conduct evaluations; evaluates policies and procedures of health and hu-
man services programs; and prevents retaliation against whistleblowers. 
It also recommends findings and actions when misconduct cases are re-
ferred to the Secretary of Health (ORI, n.d.-a).

The Strong Arm of the ORI

Clearly, ORI has many advisory roles, educational functions, and over-
sight responsibilities. But the ORI, through the DHHS, also exercises 
extensive punitive power for research misconduct in sciences funded 
by the Public Health Service (PHS). When an allegation of misconduct 
takes place at an institution receiving PHS funds, the ORI must be no-
tified before the investigation begins, monitors the investigation, and is 
notified of the final results. The ORI then conducts its own independent 
investigation and if misconduct is confirmed, makes a recommendation 
for punishment to the DHHS and PHS (ORI, 2015b; ORI, 2016) and 
enforces it. Sometimes an incident is forwarded to the ORI directly, and 
the ORI determines if it warrants investigation by an institution (ORI, 
2016). The ORI also can become more immediately involved in an in-
vestigation if there are circumstances such as a possible health hazard to 
humans or animals (ORI, 2015b). But most of the time ORI oversight is 
initiated and reactive.

ORI’s real power is in its adjudication and sanctions. On the recom-
mendation of the ORI, the punishments issued by the DHHS and PHS 
can be quite severe, including most notably “debarment from eligibility 
to receive Federal funds for grants and contracts, … imposition of su-
pervision on the respondent by the institution, … [or] submission of a 
retraction of published articles by respondent” (ORI, n.d.-c). Here we 
see the real power of the ORI to reach across the entire federal gov-
ernment (to any and all funding agencies), reach individual institutions, 
and reach into any specified journal. To put this regulation into real-life 
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application, the ORI has historically investigated and rendered rulings 
on about 12–16 cases each year (ORI, 2015a). These cases illustrate the 
real power the ORI possesses, as well as suggests intended or unintended 
consequences of its rulings, which in turn reveal the even greater poten-
tial of its power.

For example, Adam C. Savine, a former doctoral student in psychol-
ogy at Washington University–St. Louis, was found guilty of falsifying 
data in three publications and six conference abstracts (National Insti-
tutes of Health, 2013). He entered a voluntary settlement for three years, 
in which he: (1) must have any research funded by the PHS supervised 
(and if he applies for any PHS funding, he has to include a supervi-
sion plan); (2) must have any institution that employs him and uses PHS 
funding certify to ORI that the research data are correct and based on 
legitimate experiments and are accurately reported; (3) cannot advise, 
serve on committees, boards, or other related oversight for PHS; and 
(4) have the senior authors request a retraction of his three articles (two 
from 2012, and one from 2010) (National Institutes of Health, 2013). 
This punishment is in line with most of other cases, although some are 
more lenient (requiring corrections instead of full retractions of papers, 
or have shorter punitive timeframes), while a few are more stringent, 
like in the case of Li Chen, who was found guilty of “recklessly” fal-
sifying and fabricating data on four publications, one manuscript, and 
four grant applications, and without admitting fault, was disbarred from 
working with any U.S. government agency for three years (ORI, 2015c).

Punishment also is meted out for those found guilty of plagiarism, 
as in the 2013 case of Pratima Karnik, who received the same punish-
ment as Mr. Savine but for two years instead of three, and without ar-
ticle retraction. It is perhaps worth noting, though, that hers is the only 
case from 2013 or 2014 regarding plagiarism as the only offense (ORI, 
2015a). From 1992–2005, ORI found 162 instances of scientific mis-
conduct, 19 of which were plagiarism cases, and 10 of which resulted 
in disbarment (Price, 2006). Price (2006) adds that “almost all of the 
10 plagiarists debarred by ORI/PHS from federal funding also falsified 
and/or fabricated research material, thereby compounding the serious-
ness of their plagiarism” (p. 46). Only eight of the 162 cases were for 
plagiarism alone, implying that plagiarism in ORI cases is usually com-
mitted by scientists who also were willing to perform “research-related” 
acts of misconduct in data-falsification (cf. Masic, 2012).

The Supposed, Potential, and Limited Power of the ORI

Beyond the fact that scientists can be as ethically frail as the rest of us 
humans, what these cases illustrate well is how far the ORI’s power 
stretches in all PHS cases where it is officially mandated to monitor and 
adjudicate incidents of scientific misconduct when an institution has 
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finished its investigation. We also see here the strength of its punitive 
powers, the kind of moderate-to-severe punishments the ORI recom-
mends to and enforces for the DHHS and PHS. We can easily under-
stand how being banned from receiving funds, requiring oversight, and 
not being allowed to receive any U.S. funds for three years could in the 
short term affect the careers of anyone found guilty of FF or P by the 
ORI. There are even more heinous cases where violations of FFP actu-
ally set back research in a field, like the fabrication of stem cell data in 
AIDS research (Beardsley, 2006), where retractions of the unethical act, 
while necessary, will not mitigate the harm done to research, patients, 
and/or the research field.

But these cases also point to some important questions about poten-
tial future effects of the ORI’s power. The ORI’s case rulings online 
note only the punishment, but a closer reading of the rulings reveals 
other rhetorical clues: “Mr. Adam C. Savine, former doctoral student,” 
and “Dr. Li Chen, former Postdoctoral Fellow” (National Institutes of 
Health, 2013; ORI, 2015c; emphasis ours). While the ORI ruling in 
each case of misconduct appears cut and dry, less obvious may be the 
likely impact of the ORI findings and the subsequent judgment and pun-
ishment on the arc of an individual’s career. We need not speculate to 
observe, for example, that Mr. Savine was not allowed to graduate from 
his doctoral program (Bernhard, 2013) and that Dr. Chen was dismissed 
from Mount Sinai School of Medicine (Grant, 2014).

A crucial dimension of the ORI’s power is “the range of motion” of 
ORI’s reach, the long-term effects of its forensic judgments that ex-
tend far beyond the documented rulings and punishments. Findings of 
research misconduct by the ORI can result in scientists losing funds, 
equality with their peers, seniority, and respect within their universities; 
scientists also stand to lose the trust of society and the public as well 
(Committee on Assessing Integrity, 2002, p. 8). And even more, scien-
tists stand to lose the one thing needed to practice science at all: their 
credibility in their field (Committee on Science, Engineering and Public 
Policy, 2009; Hoshiko, 1991; Macrina, 2014; Penrose & Katz, 2010).

However, this discussion of the ORI also begins to expose some of 
ORI’s porous borders, if not the limitations of its grasp. Certainly, the 
ORI’s power is limited—by Congressional statute, as an agency of the 
DHHS; by its self-definition; by its work with other agencies, organi-
zations, and journals, discussed more below; and by the limitations of 
“ethics” itself (to stop bad acts a priori, given free will, or the inability 
to repair damage a posteriori).

By statute, the investigative authority of ORI is not legally activated 
until a case or a request is sent to them from other institutions, and then 
only those that fall under the purview of PHS (ORI, 2016). Further, 
“[t]he ORI has no direct involvement in the decision-making by an insti-
tution,” whatever the ORI’s separate finding. And, it is the DHHS “that 
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takes final administrative actions against a respondent as well as the 
entity that oversees the appeal process through the HHS Departmental 
Appeals Board” (ORI, 2016). One little-noticed attribute and irony of 
the true power of ORI is its legal muscle to set the parameters of its eth-
ical focus and authority. This includes the decision whether to deal with 
authorship ethics. The ORI delimits its own power by its restricted defi-
nitions of scientific misconduct that exclude scientific authorship ethics 
other than plagiarism. Certainly, plagiarism, which remains squarely 
in ORI’s realm, is a problem, and has become more complicated—and 
thus further delimited—by the emergence of the internet, open-access 
journals and software, public cultural commons, and the crowdsourcing 
of peer review. But ORI’s power to decide to focus only on plagiarism 
within the larger set of authorship ethics provides a window not only 
into the working of that power, or its view of authorship, but also its 
relationship to other scientific organizations and entities. Why might the 
ORI limit its power?

Perhaps simple practicality is one justification for the ORI dismissing 
most authorship issues from consideration. In her article published in the 
Croatian Medical Journal (1999), Mary Scheetz of the ORI’s Division of 
Policy and Education suggests that the messy myriad of issues involved 
in authorship ethics may be too cumbersome and difficult for the ORI to 
fully evaluate. As we will discuss further below, it appears that ORI 
leaves the articulation and implementation of scientific authorship ethics 
to journals, which on its face makes sense, but provides other insights 
into how ORI works in the broader ethical context.

Mere “Authorship Disputes”?

There is more to the ORI’s decision than practicality, however. Despite 
Martinson et al. (2005) finding that authorship ethics violations were 
numerous and self-reported more than research ethics violations, Scheetz 
(1999) argues that the ORI and the PHS cannot be directly involved in 
authorship disputes because so many of them are not related to scien-
tific misconduct. That is, per ORI’s FFP definition, authorship disputes 
are not a part of research, and research is not authorship. Plagiarism is 
the only authorship issue ORI will consider. As Scheetz wrote: “ORI 
receives many allegations that do not meet the Public Health Service 
definition of scientific misconduct…. [P]lagiarism allegations…are later 
determined to be authorship disputes” (1999, p. 323).

The separation of plagiarism from authorship disputes, and its inclu-
sion as a scientific research misconduct, may puzzle us. However, Scheetz 
states that there may be several reasons for our confusion: “ORI’s in-
terpretation of plagiarism under the Public Health Service definition 
of scientific misconduct has a narrower scope than the term plagiarism 
as used more casually in the non-regulatory context” (1999, p. 323). 
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Authorship issues that may fall out of this narrower definition of pla-
giarism include: (a) “authorship or credit disputes between collaborators 
or former collaborators”; (b) “misappropriation of collaborators’ ideas”; 
(c) “disagreements over who should be an author, or the order of author-
ship”; (d) “questions of whether consent must be obtained in order for 
a collaborator to publish independently from his or her research team”; 
and (e) “whether a member of a research team can publish conflicting 
analyses” (Scheetz, 1999, p. 324).

However, beyond plagiarism, no matter how it is defined or delin-
eated, the question of authorship ethics—and of authorship itself—
reveals another, deeper, philosophical issue. We suggest that the 
question is not only the potential plethora of authorship problems, but 
also an epistemological question of the relationship of authorship to 
research in science. Perhaps authorship issues and disputes are not re-
lated to scientific misconduct because authorship is not related enough 
to research, data gathering, or knowledge-making in science for Scheetz 
and the ORI. Here we see the relevance of the old debate stretching 
back to Plato, in which writing is not part of the discovery or creation 
of knowledge, but the mere conveyance of it. For Scheetz, plagiarism 
qua scientific misconduct includes “both the theft or misappropriation 
of intellectual property and the substantial unattributed textual copy-
ing of another’s work. It does not include authorship or credit disputes” 
(Scheetz, 1999, p. 324).

But if authorship is related to scientific research, how are publication 
issues, interpersonal relations, other forms of communication, and writ-
ing itself related to scientific research? In this more rhetorical worldview, 
publication, the process of interpersonal communication, and writing 
(with all its “human problems”) are not only the basis of the dissemi-
nation but the validation of knowledge as a social construction (Kuhn, 
2012). The very act of writing itself is an “epistemic” activity that is 
the basis of science and of knowing: planning, formulating, calculating, 
proposing, producing, recording, reporting, disseminating, retesting, ar-
guing, validating, accepting claims—are all central to scientific research 
as a human, social enterprise (cf. Latour & Woolgar, 1986). In excluding 
this expanded notion of authorship in scientific research, excepting pla-
giarism, the ORI’s decision casts authorship only in its negative relation-
ship to research and knowledge—as plagiarism.

Taking the other, rhetorical view of the centrality of authorship in 
the making as well as communicating of science itself, we begin to see 
the ripple of epistemological power in ORI’s decision to focus solely 
on plagiarism as a singular, final criterion of research misconduct in 
science. Excluded forms of communication (see Table 2.1) and non-
plagiaristic author ethics such as the responsibility of co-authors to 
develop knowledge and share with each other are how science—and sci-
entific research—are done. The ORI does not consider such authorship 
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ethics in its purview; it thus seems to downplay the role of authorship 
in science. Yet the ORI still in different ways (re)configures the wider 
ethical landscape in which scientists as authors work. It is to this wider 
landscape that we now turn.

Beyond the ORI

One Institution among Many…?

The ORI, a government agency in the DHHS whose cabinet secretary 
reports directly to the president of the United States, is a powerful regu-
latory institution for those receiving funds from its granting agencies in 
PHS, including the influential NIH. That the ORI is a powerful institu-
tion needs no further proof. But its relationships to other organizations 
and entities in science, such as universities, associations, and journals, 
and the effect on authors are not as obvious. Let’s start with other orga-
nizations in science.

According to its self-description (ORI, 2016), the ORI first determines 
that institutions such as universities or other research facilities have 
regulations in place to set “local” policy, monitor the ethical conduct 
of research, and investigate alleged misconduct. In organizations such 
as universities, for example, where research is funded by PHS-related 
organizations, these criteria are met via the establishment of an Insti-
tutional Review Board (IRB). At each research organization that falls 
under ORI’s purview, IRB offices constantly develop ethical modules 
and materials for researchers in all disciplines (including graduate stu-
dents) involved with the study and/or use of human or animal subjects, 
and monitor them through the submission and approval of written pro-
tocols and consent forms.

These IRB offices thus enforce federal principles and ethical thresholds 
of violations based on the moral standards and codes first articulated in 
1979 in The Belmont Report (National Commission). Beginning with 
the horrific findings of medical experiments revealed in the Nuremberg 
trials, the ethical scope and detail of The Belmont Report generally in-
cludes but extends well beyond the FFP strictures of ORI. While The 
Belmont Report focuses primarily on biological research (and medical 
research at that), many of the principles and discussion consist of or 
include communication issues, such as the interaction between the re-
searcher and subject(s), the written protocols and consent forms that will 
govern experiments and how subjects are handled, and the privacy/pub-
lication of data that could cause harm to research subjects. Researchers 
must adhere to and/or update their protocols as necessary throughout a 
research project, from planning to publication (National Commission, 
1979). Not too far off in the distance, ORI has the responsibility and 
power to monitor these research activities at institutions receiving PHS 
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funding, and as we have seen, to intervene when requested by the insti-
tution and/or deemed absolutely necessary by ORI itself.

 In fact, there is enormous incentive—ethical, legal, and financial—on 
these institutions to comply with federal regulations, and thus the ORI. 
IRB offices that serve entire universities are under enormous pressure. 
Researchers at scientific organizations that repeatedly are found to have 
committed scientific misconduct may find the effectiveness of their IRBs, 
their educational and regulatory measures, and even their PHS funding, 
called into question by the ORI (ORI, 2016). Other researchers at these 
institutions too will discover it is more difficult to receive federal fund-
ing. Like the reputation of individual researchers, the reputations of sci-
entific organizations matter. There have even been calls for institutions 
to be held fiscally accountable for their researchers based on accusations 
of self-interest or financial gain (Glanz & Armendariz, 2017). How-
ever, efforts to monitor institutions are not without controversies about 
academic freedom, the self-regulation of scientists, and fiduciary issues 
based on the way funds are immediately dispersed throughout the insti-
tution, labs, and research teams (Schneider, 2015).

In describing the interrelation of the ORI with scientific institu-
tions receiving federal funding from agencies under DHHS, we begin 
to see that ORI’s overt power, self-stopped along the borders of other 
organizations, in some ways increases its influence over those organi-
zations. At the policy level, the ORI (if sporadically) defines research 
misconduct (based on FFP) and provides guidelines for organizations to 
follow. However, the responsibility to develop efficient, well-organized, 
and well-run IRB offices, and carefully monitor the ethical dimensions 
of all research involving animal or human subjects, is placed squarely on 
the shoulders of the institution (Scheetz, 1999).

There are other ways ORI exercises a passive power as an observer. 
The ORI does not have a say in which proposals receive funding based 
on their merits, the way funding agencies do. But as a federal agency 
with oversight power, the ORI still sits as an ethical “gatekeeper” over 
research laboratories and universities, passively determining by regula-
tion the outer perimeters of the FFP policies of organizations under its 
jurisdiction. The organizations, in turn, must oversee and regulate all 
their member scientists and researchers. The ORI, then, usually does 
not have to deal with the actual rules and procedures for implementing 
its FFP policies at each organization—the “details” of developing regula-
tions and deadlines for educating its faculty, monitoring ethical compli-
ance of individual researchers, carrying out investigations, and handling 
all the paperwork have been delegated to the institutions.

ORI’s full oversight responsibilities and legal and punitive powers are 
only invoked when someone is found guilty of scientific misconduct by 
the IRB, and/or the infraction is serious enough to warrant further inves-
tigation by the ORI. It is at this stage that the active power of the ORI to 
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prosecute and judge ethical breaches is initiated. We have seen that the 
ORI’s docket of work is rather full. In addition, there are many more eth-
ical infractions in science than most people think, and investigations can 
be quite involved and lengthy. As we’ve seen, the ORI’s adjudication and 
penal decisions probably profoundly affect the personal and professional 
lives of specific scientists found guilty of infractions. Thus, the ORI’s pas-
sive and active powers ripple through the conglomeration of IRB offices, 
training, rules, regulations, and other authorship activities at many spe-
cific institutions. As Foucault (1972) argued, all organizations and insti-
tutions themselves begin in writing—begin in the statutes and legal codes 
that create them, and the written laws govern those agencies, ad infinitum.

We turn now to a key entity in scientific communication, and the au-
thorship landscape: research journals, the organizations that support 
them, and their relationship to the ORI and each other.

Journals as Ethical Entities

We have seen that ORI’s definition of FFP limits the focus on authorship 
ethics to plagiarism. By being “forced” to create their own guidelines for 
authorship and ethics, journals and the scientific societies that produce 
them can be understood to fill the oversight void left by the ORI. Inter-
estingly, the ethical as well as practical power of journals as the entities 
of organizations was originally derived from the real concern of protect-
ing scientific authors (from each other) by publication, such as with the 
Royal Society of London, which awarded credit to papers that arrive at 
the journal first (Penrose & Katz, 2010, p. 10).

Authorship and publication issues that fall under the purview of jour-
nals include discussions of defining the author(s), credit allocation, best 
practices for author order, self-plagiarism (also known as redundant pub-
lication), cultural differences in authorship decisions, the role of journal 
editors, the selection and ethics of peer reviewers, etc. (Anderson, Kot, 
Shaw, Lepkowski, & De Vries, 2011; Jones, 2003; Louis et al., 2008; 
Pearson, 2006; Penrose & Katz, 2010). Of all these issues, the allocation 
of credit appears in almost all discussions regarding publication ethics. 
This makes sense considering the importance that credit plays in fur-
thering science. Credit is necessary for both moving publication forward 
and for securing new research grants, on which an individual scientist’s 
or a lab’s future projects depend. Credit is also necessary for tenure, 
promotion, and professional advancement. These discussions help re-
veal the idea that publication ethics are more than “forms of research 
misconduct that can undermine the scientific literature” (Wager, Fiack, 
Graf, Robinson, & Rowlands, 2009, p. 348). Publication ethics, like au-
thorship itself, therefore play a much more central role in the creation of 
scientific knowledge, as well as its later diffusion, than the ORI decision 
concerning authorship ethics as plagiarism might lead one to think.
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During the early 1980s and through the decades that followed, federal 
oversight boards continued to publish definitions of research misconduct 
that did not include authorship issues beyond plagiarism. Seemingly to 
fill the vacuum, the editors of scientific and medical journals published 
their own rules concerning such ethics. In 1985, several journal editors 
began issuing statements and guidelines regarding authorship, including 
the International Committee of Medical Journal Editors (ICMJE). The 
ICMJE is a group of editors of various international medical journals 
and their related associations who meet solely for the purpose of estab-
lishing general publishing guidelines for all of their journals (ICMJE, 
2014). Their published, formal authorship guideline is arguably the sem-
inal one in science publication, having since been adopted internation-
ally by “hundreds of biomedical journals,” by U.S. medical schools and 
scientific societies, and even by two countries (Jones, 2003, p. 244).

ICMJE’s “Recommendations  for the Conduct, Reporting, Editing, 
and Publication of Scholarly Work in Medical Journals” (2015) con-
tains sections specifically for the role of authors as well as for publication 
issues. This includes definitions of the roles of authors and contributors, 
as well as author responsibilities (in issues like conflicts of interest). In 
fact, “scientific misconduct” is only one section amidst extensive rules 
and discussions of scientific communication, and authorship issues spe-
cifically. Since no federal policy exists to tell scientists how to ethically 
allocate credit, the ICMJE’s guidelines serve as one of the only—if not the 
only—set of rules regarding authorship that applies equally to various sci-
entific disciplines and journals. Scientists can reference these recommen-
dations to attempt to navigate the complicated waters of authorship and 
credit when they are working toward a publication in a biomedical field.

However, the guidelines published by the ICMJE certainly have not 
settled the issue of authorship disputes or put to rest other authorship-
related ethical issues in science. In fact, a study published in Academic 
Medicine showed that the chairs of departments of medicine did not 
change their authorship habits from 1979–1990, despite publications of 
guidelines by the ICMJE and many journals (Shulkin, Goin, & Rennie, 
1993, cited in Jones, 2003). While we have no way of knowing which be-
haviors didn’t change, we can safely assume they include at least some of 
the incidences of misconduct exposed by Martinson et al. (2005). If this 
is the case, it follows that journals do not completely control the process 
of how authorship is determined—or do not do so following ICMJE’s 
guidelines—and/or do not adequately educate their authors. One possi-
ble explanation for this omission that goes to our primary point is that 
even editors are not all fully invested in the idea of authorship ethics. In 
interviewing 231 editors of science and health care journals, Wager et al. 
(2009) found that editors are not very concerned about problems in pub-
lication ethics, as they believe that misconduct rarely occurs—despite 
the publication of the Martinson et al. (2005) survey four years before.
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Ironically, and perhaps of great epistemological and ideological sig-
nificance, it may be that scientific journal editors buy into the lesser role 
of authorship ethics that ORI also has carved out for them in the nar-
rower confines of plagiarism. In looking at ethical organizations such 
as IRBs, entities such as research journals, and their interrelationship to 
the ORI and each other, we can begin to see the intersection of ethics 
in a landscape that in a limited way resembles Actor-Network Theory 
(see Latour, 2005, 2013)—but is applied here to elucidate ethics in sci-
entific communication and authorship. We see this interactive landscape 
as constituted by “lines and fields of ethical force.” Through their pres-
ence, agency, and continuous actions, the ORI and other organizations/
entities together create powerful and sometimes intersecting or conflict-
ing lines and fields of ethical force in which science—and authorship 
ethics—must be enacted, communicated, and legitimized.

Writing Within the Lines

Arguably, due to its overarching range and ability to ban a scientist from 
research, the ORI serves as the governing body with the most power to 
ethically influence scientists funded under the DHHS. However, as we 
have pointed out, scientists’ actions are regulated by different organiza-
tions and entities whose powers converge in different ways, one of which 
is captured in Figure 2.1 (Linvill, 2012), with the ORI serving as perhaps 
the most omnipresent, if normally distant, influence. In fact, we believe 
that the perceived and real power of the ORI is amplified and echoed 
within this network of influencers. Yet each organization or entity can 
be understood to extend its own lines of power into scientists’ career and 
work. Together, these sources and others (not shown or unknown) create 
fields of ethical force(s) in which scientists, organizations, and entities 
are embedded or emerge, exist, and move.

Figure 2.1 illustrates how ORI oversees (by administering investi-
gations and prescribing punishment) the funding sources that under-
gird other institutions. The shared areas imply how, as the nation’s 
largest oversight body, ORI’s rules influence and directly or indirectly 
(“symbolically”) affect and impinge on all aspects of a scientist’s career, 
even when punishment is not a threat. Figure 2.1 also shows how the 
regulators of scientific entities most related to authorship—journals and 
the professional societies that produce them—fill the ethical space left 
by the ORI’s commitment to FFP, and yet are not within the realm of 
the ORI’s direct and/or actual influence except when the ORI demands 
a retraction.

Linvill (2012) found that scientists look to journals when making 
authorship decisions. The journals may not have the power to regulate 
authorship via the type of sanctions that ORI can impose, but journals 
and their editors do have the advantage of working directly with 
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scientists and controlling what gets published. In addition, as scientists 
are immediately concerned with how to get published in a journal, they 
will often read and follow that journal’s rules and instructions for au-
thors. It would seem that the ability to write regulations, enforce codes, 
educate scientists about the process, and actually work with scientists as 
they make decisions as authors rests in the hands of journals and editors, 
rather than in a large organization such as the ORI. Yet authorship deci-
sions, although important, can be scattered in the field among different 
resources and influencers—along different vectors of the lines and fields 
of ethical force.

We also might surmise that the ethics of the scientists themselves, as 
individuals with unique histories, are of prime if not primary importance 
(hence they are the central focus of Figure 2.1), even as they are intersected 
and interact with/in other ethical fields scientists are embedded in. Indeed, 
scientists work in professions and environments where their reputation is of 
the utmost importance and is also quite personal to them. But in Figure 2.1, 
we see that the ethics of individual scientists are touched and affected  

Figure 2.1  �Lines and Fields of Ethical Force on Scientists (Linvill, 2012).
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both by large governmental agencies like ORI, as well as other scientific 
organizations/entities. However, we see that the other scientific organi-
zations/entities are in closer proximity to individual scientists, and thus 
in fuller force than the more vast and distant ORI. These organizations/
entities also might appear to be self-regulating as well as single lines of force, 
until one sees them in the context of the entire ethical field, as in Figure 2.1.

In a previous section, we noted that the ORI has the power to choose 
what it will and will not investigate after the verdict of the institution; to 
decide where its power and influence will end, as provided by the federal 
law; and to punish offenders in ways that are highly significant and pain-
ful to scientists. But other organizations and entities have various powers 
to regulate and punish too. We can only begin to tease out some of these 
powers (and consequences) here. First is the power of journals to act 
as gatekeepers through managing peer review and publication; journals 
may reject manuscripts, require revision, and even black-ball authors. 
More foundationally, we see the power of funding agencies that also 
perform gatekeeping roles through peer review, ultimately controlling 
the purse strings of scientists and labs, which in turn directly influences 
and sets the agenda of the particular field(s) (Penrose & Katz, 2010, 
p. 175). Thus, the differential of organizations/entities when compared 
to the ORI may be asymmetrical. But other organizations and entities 
wield considerable power over scientists, and authorship ethics, as well.

One point that can be made here is that the power (and legitimacy) 
of the ORI, granted to it by law, does not occur in isolation, but also 
in relation to and tension with other ethical organizations and entities 
with which it interacts. Likewise, the other organizations and entities, 
particularly IRBs but also journals, have powers that are magnified by 
the existence and actions of the ORI. Thus, Figure 2.1 is the beginning 
of a mapping of power dynamics and differentials of ethics in science. 
In this interplay of lines and fields of ethical force, power rests not only 
with the ORI but with all the other organizations and entities as well. 
No matter the source, that power is amplified and redistributed in a 
constant interplay that begins to belie any one-dimensional notion of 
ethics as a choice between right and wrong. What is being amplified and 
redistributed, however, is not only power for power’s sake, but power 
to accomplish work—the work of science, including authorship, even 
when the latter is under-recognized and its ethics may be obscured by 
the ORI’s definitions. But authorship and its ethics are essential to the 
whole modern scientific enterprise. And those ethics are often opposed.

Tensions Among Ethical Fields of Force

What we begin to see in the ethical relationship of organizations and 
entities is both the outer limits of the ORI’s influence, regulated by leg-
islation and self-definition, and how this influence extends well beyond 
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where it legally ends into the lines of force exerted by other institutions 
that control distribution and legitimacy in science. Furthermore, taken 
together, these lines of force are not only in relation but also in tension 
with each other, creating shifting shapes of influence at the local and in-
dividual levels, and beyond. What constitutes the ethical lines and fields 
of force, therefore, may be understood not only as spheres of power, 
but as tensions among ethics themselves. Table 2.2 illustrates the way 
authorship ethics (which includes scientific communication and publica-
tion ethics) can, in a limited two-dimensional way, be understood to be 
paired and in continuous conflict.

In fact, when we regard authorship and even writing in science as 
epistemic—as a way of discovering or making knowledge, rather than 
merely conveying it—another characteristic may be a non-bifurcation of 
moral conduct into the mutually exclusive categories of “true or false,” 
“accurate or inaccurate,” or “good or bad” (“bad” meaning morally 
bad behavior, not honestly inept, null, or erroneous research, following 
the distinction made by DHHS [2005, p. 28386]). Rather than mutually 
exclusive categories of ethics, ethical conflicts may appear to manifest 

Table 2.2  �Scientific Authorship: Sample Ethics in Continuous Tension

Authorship Ethic In Tension with Authorship Ethic

Collaboration ↔ Competition
Sharing ↔ Drive for originality
Fulfilling responsibilities ↔ Over-commitment
Order of authors ↔ Personal career/ambition
First author ↔ Et al.
Plagiarism ↔ Cultural Commons
Plagiarism ↔ Cultural norms
Proprietary ↔ Open source
Open access ↔ Profits
Ownership of information ↔ Freedom of speech
Sharing of data ↔ Need for secrecy
Social importance of 

science
↔ Period of research privacy

Objectivity in peer review ↔ Natural influence of one’s 
own research

Reporting errata ↔ Ethos of journal
Institutional investigation ↔ Institutional reputation/

federal funding
Peer review as gatekeeping ↔ Communication 

technologies’ speed
Peer review as gatekeeping ↔ Crowdsourcing involving 

audience
Maintaining professional 

ethos
↔ Public’s right/need to 

know
Formal science ↔ Public access
Publicly funded science ↔ Privately funded science
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themselves or be understood as continuous tensions between opposing 
but equally accepted and even central sets of conventions or values in au-
thorship ethics (e.g., sharing and competition, collaboration and credit).

In the equally linear terminology of classical rhetoric (Aristotle, 2007), 
what Table 2.2 shows are not sets of contradictory values (being vs. not 
being), but rather sets of contraries (being and nothingness)—opposites 
that are understood to exist in the same class of things (the national se-
curity need for secrecy and the public’s right to know). According to the 
topoi of “contradiction,” proving one of the choices correct means that 
the other choice is wrong (a thing cannot in the same time or place be 
and not be). But in the topoi of “contraries,” proving one of the choices 
is correct does not make the other choice wrong, since there may be 
other options in the same class (see Corbett, 1990, pp. 116–119).

Seeing authorship ethics as tensions within the lines and fields of eth-
ical force rather than as distinct categories—as contraries rather than 
contradictions—may begin to move us away from the more limited no-
tion of ethics as falsification, fabrication, and plagiarism, away from 
what might be regarded as a “false” epistemology (good/bad, accurate/
inaccurate) upon which FFP is currently based. Instead of distinct cat-
egories (collaboration vs. competition), imagine these ethical lines of 
tension playing out in fields of three or more dimensions. The world of 
scientific authorship is a complex place where ethics turn into and out 
of themselves, forever oscillating. Authorship ethics by their very nature 
may present epistemological problems of indeterminacy and power that 
require individual and social recognition, if not regulation. Exploration 
and discussion will probably show that ethics are not so easily divided 
or classified, but rather are in both the abstract and in action, always 
immanent and emerging within fields of force(s), to use posthumanistic 
language (Braidotti, 2013). The tension between two or more “right” 
choices, while not exclusive to science, is possibly a dimension of ethics 
in scientific authorship that makes the study of them important. The 
values of scientific authorship may be central to the discipline of science 
as a profession. These ethical tensions thus can be seen to be integral 
to scientific writing and research when the practice of science itself is 
understood as a rhetorical and social endeavor, and scientific writing 
understood as a professional act.

Conclusions: The Implications for ORI as (Non) Locus

As an institution, the ORI has a symbolic as well as an actual (indirect 
and direct) role in regulating scientific research. ORI’s responsibility is 
shared with other institutions in the Public Health Service (PHS), includ-
ing 10 funding agencies (ORI, 2016). But the influence of the ORI, as 
an overseer of all PHS research, extends beyond these agencies to other 
scientific organizations such as universities and entities such as journals. 
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Earlier we concluded that the ORI was a magnifier of the power of other 
organizations and entities. We also concluded that the power of the ORI 
is very much dependent at least in part on the network of other institu-
tions in which it is situated, through which it is constituted, and with 
which it interacts. The ORI would be a legal but seriously weakened 
organization without other ethical organizations and entities that com-
plement it. Likewise, without the ORI, the power of the other organi-
zations and entities in science would be seriously weakened: they would 
have nothing to point to in specific cases except ethical ideals, empirical 
facts, or reasoned dogma—no higher authority beyond science to which 
to appeal ethical problems.

It is in these relationships from which the lines and fields of ethical 
force emerge. In a sense, within this matrix, the ORI is decentered, and its 
power somewhat dispersed. So too are other organizations and entities, 
and even authors. However, because of the seeming adoption of FFP by 
nearly all organizations and entities in the network, the notion of author, 
and the role of authorship ethics, is diminished in science. Thus, in what 
we today would call “a belief in science,” what ORI says (or doesn’t say) 
about scientific authorship ethics not only establishes criteria for the va-
lidity of research, but also sets a standard for notions of authorship that 
ripple beyond science and throughout culture at large. By refraining from 
adding authorship ethics to its definition of research misconduct in science 
as FFP, the ORI continues the anti-rhetorical philosophy of Plato inher-
ited by empirical science (cf. Bacon, trans. 1620). It separates the human 
act of authoring from the act of knowledge-making, which is presented 
(in publication) as an objective process in which language and authors 
play no significant part because they are supposed to remain detached.

An examination of tensions that exist in and emerge from the lines 
and fields of ethical force belies a bifurcated view of knowledge and au-
thorship. In an expanded view of scientific authorship, one that would 
include falsification and fabrication (FF) as well as plagiarism (P), all 
science might be considered a process of authorship—of symbolization 
at every level of research, from “creating” and encoding substances in 
the lab, to organizing and arguing for the validity and significance of 
results to the field in papers and proposals and presentations. Even “raw 
data,” isolated in the lab or found in the world, are already symbolized 
and processed by minds, experiments, senses, and machines (Latour & 
Woolgar, 1986). It is also through these processes that the status of other 
results and arguments constantly shift (Latour, 1987).

Conceived in relation to lines and fields of ethical forces constantly 
shifting in tension, the concept of writing, and thus of authorship ethics, 
emerge as their own force and are empowered. Authorship ethics, which 
might first appear as dualistic choices controlled by different organizations 
and entities—including the ORI—may be more like multidimensional 
planes where ethical institutions and other elements move in wrought and 
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somewhat unstable planes. These planes, and the ethical tensions within 
them, reveal the higher function and value of scientific authorship. Sharing 
and competing, co-authoring and ordering, publishing and peer reviewing 
are not merely communication, but the activity of science itself.
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Science commercialization directly applies the latest findings from sci-
entific research into new products and services that are then advertised 
and sold in a capitalist market economy. Since the 1980s, science com-
mercialization has increasingly become a major goal of many scientific 
researchers, which corresponds with the rise of neoliberalism as an ex-
treme form of capitalism (Boggio, Ballabeni, & Hemenway, 2016; Hol-
loway, 2015). Notably, the social system of science commercialization 
is in opposition to the philosophical and ethical foundations of “open” 
science with the historical mission of pursuing scientific research as the 
general pursuit of knowledge and promoting the free information ex-
change for the improvement of society (David, 2005; Evans 2010). The 
contrast between scientific society and neoliberal science commercializa-
tion is evident in the observation by R. K. Merton, a prominent scholar 
of scientific society, who stated, “The pursuit of science is culturally 
defined as being primarily a disinterested search for truth and only sec-
ondarily, a means of earning a livelihood” (Merton 1957, 26). The pri-
oritization between truth and profit has direct implications for technical 
communication in the context of science commercialization. In the so-
cial system of science commercialization, information secrecy and selec-
tive communication of partial, even biased, data are common practice. 
Furthermore, the social system of science commercialization leads to a 
state of ignorance among individuals outside of a particular commercial 
organization due to only investigating topics that support commercial-
ization and selectively disclosing limited information about a scientific 
product (Evans, 2010; Fernandez Pinto, 2015). Generally speaking, or-
ganizations of science commercialization only provide information that 
positively supports a product (unless required by law or litigation to dis-
close additional information). Due to the secrecy and distortion (or bias) 
of technical communication in science commercialization, scholars are 
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concerned that future scientific progress will be impeded (David, 2005; 
Evans, 2010; McCain, 1991). 

Although concerns of information sharing in science commercializa-
tion have been raised, the fields of technical communication and sci-
ence and technology studies lack a detailed case study that illustrates 
the scope of the problem and begins to examine solutions. In this 
chapter, I explore the case of Treximet to illustrate how information is 
communicated to health care professionals and scientists in the context 
of pharmaceutical commercialization, a prominent form of neoliberal 
science commercialization. In this example, I find that the information 
revealed to these experts is not only selective but distorted to broaden 
the commercial market for a specific therapeutic drug treatment. This 
case study shows that information sharing in science commercialization 
is in direct contrast to the ethical foundations of information sharing 
in science and, moreover, echoes the ethical concern that the commer-
cializing of scientific advancements, particularly by the pharmaceutical 
industry, is motivated by the desire for excessive profit through exploit-
ative commodification rather than authentic human good (Angell, 2005; 
Avorn, 2003; Brody, 2014; Foucault, 2004; Hoedemaekers, 2001).

Information Sharing in Science Commercialization:  
The Case of Treximet

The case of Treximet versus Imitrex, two therapeutic drugs to treat 
migraine headaches researched and developed by the pharmaceutical 
company GlaxoSmithKline, illustrates the secretive, persuasive presen-
tation of study data that leads to a definitive and consistent scientific 
conclusion promoted essentially as propaganda in an authoritarian style. 
In science commercialization, commercial organizations forcefully pro-
mote a singular, definitive conclusion of the data that lacks the nuances 
and discourse space for productive scholarly debate that are characteris-
tic of research findings presented in scientific society. Such hallmarks of 
scientific commercialization are particularly concerning in the medical 
field because obfuscating detailed information that restricts or qualifies 
the appropriate use of a scientific product and deliberately misleading 
experts (specifically health care professional and scientists) in an overly 
false positive interpretation of scientific data leads to unnecessary pain 
and suffering by patients and impedes future research. More relevant 
to the discussion here, such information sharing practices of science 
commercialization violate the ethical foundation of information sharing 
in science and undermine future advancement. In analyzing this case, 
I examined the scientific data for Treximet provided by the commercial 
organization to technical audiences in the late 2000s when Treximet was 
launched in the U.S. market. This representative case is contextualized 
in the principles of scientific communication ethics, which provides a 
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broader perspective of the long-term detrimental impact of science com-
mercialization on science.

Business vs. Scientific Drivers

Science commercialization is not inherently contradictory to scientific 
ethics—quite contrary, often scientific research is prompted by a desire to 
improve the human condition and advance society (Gower, 1997). In par-
ticular, the underlying goal of scientific research is to apply new knowl-
edge to develop innovations that achieve such humanistic outcomes. Yet, 
many scientists believe the reality of commercializing science in neolib-
eralism society conflicts with pursuit of science for the public good (Hem-
mungs Wirten, 2015; Small & Mallon, 2007). In practice, meaningful 
innovation of scientific and technical products leading to actual advance-
ment is exceedingly rare; rather, the majority of new technical products, 
such as new pharmaceutical drugs, offer relatively little to no benefit or 
useful advantage over existing products (Angell, 2005; Goulding, 1983). 

In the case of Treximet, its story can be criticized from the begin-
ning. The timing of the initial market launch of Treximet, in 2008, when 
the new therapeutic drug was approved for the U.S. market to treat mi-
graine headaches, was suspicious. Although the timing is not conclu-
sive evidence in itself, this “scientific breakthrough” for the treatment 
of migraines coincided with the patent expiration of the company’s first 
therapeutic drug for migraine headaches, Imitrex (Mogull & Balzhiser, 
2015). A critic might interpret that such “serendipitous” circumstances 
indicate an economic or business motivation (drive) for the new ther-
apeutic drug rather than a scientific breakthrough that would lead to 
improved care for individuals. To clarify the situation, the drug formu-
lation of Imitrex tablets would no longer be protected from commer-
cial competition upon patent expiration, and other pharmaceutical drug 
companies could manufacture and sell the same chemical formulation as 
a generic drug. Because the patent-protected monopoly of Imitrex was 
expiring for GlaxoSmithKline, the company faced reduced profits due 
to competition from lower-priced, chemically equivalent therapeutics 
from generic drug manufacturers (Caves, Whinston, Hurwitz, Pakes, & 
Temin, 1991). Financially, GlaxoSmithKline would benefit by convert-
ing Imitrex consumers to Treximet, which was a new patent-protected 
therapeutic drug for migraine headaches that could be sold at a premium 
price, rather than lose a source of revenue to other companies manu-
facturing a cheaper, generic version of Imitrex. Such business strategy 
of shifting consumers to purchase new patent-protected products upon 
expiration of patent-protected monopolies of older products is common 
practice for pharmaceutical and medical products (Bouchard, 2012), and 
such a strategy was inferred from GlaxoSmithKline’s online, direct-to-
consumer marketing of Imitrex and Treximet (Mogull & Balzhiser, 2015). 
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Further evidence supporting the assumption that business, not science, 
was primarily driving the launch of Treximet was the scientific review 
classification by the drug reviewers at the U.S. Food and Drug Admin-
istration (FDA), which classified Treximet as “a drug that appears to 
have therapeutic qualities similar to those of an already marketed drug” 
(FDA, n.d.). This review classification is notable because Treximet was 
not considered by the scientific reviewers at the FDA to be a technologi-
cal breakthrough in the treatment of migraine headaches (for a review of 
the FDA drug classification system, see Sanborn, Goodwin, & Pessetto, 
1991). Therefore, the technical evaluation as well as the timing of the 
market launch support the conclusion that the motivation for the com-
mercialization of Treximet was primary a business-driven goal to gener-
ate profit rather than a scientifically driven goal to improve the treatment 
of migraines.

Scientific Evidence for Commercial Products

Despite business profit serving as the primary motivation for the com-
mercialization of Treximet, the scientific evidence still must adequately 
support the innovation. Yet, the stringency of the scientific evidence 
necessary for commercialization varies significantly by industry and 
country. In the governmentally regulated pharmaceutical industry in the 
U.S., the FDA requires that clinical trial data show that a new therapeu-
tic drug is more effective than a placebo for treating a defined medical 
condition. This relatively simple, but controversial, requirement means 
that new therapeutic drugs do not have to be compared to other drugs 
treating the same condition nor perform better than other drugs already 
available on the market (Angell, 2005). One caveat to this requirement is 
that pharmaceutical companies must provide the FDA with clinical trial 
data showing greater effectiveness of one therapeutic drug over another 
in order to make claims in the marketing literature of increased effective-
ness over the other drug. Such clinical trial data are provided to the FDA 
in the New Drug Application (NDA) as part of the approval review pro-
cess for a new therapeutic drug (Foote & Neumann, 2003). Specifically, 
the NDA statistical review, which may be accessed from the publically 
available FDA Drug Approval Database Drugs@FDA, provides the most 
technical data on the performance and safety of a new therapeutic drug 
such as Treximet.

Generally, access to the performance data of scientific products, in-
cluding pharmaceutical drugs, is highly limited and restricted because 
organizations develop and analyze products in secrecy and only provide 
access to the original data when required by law (as in the case of the 
NDA) or through litigation. Yet, in the NDA for Treximet (referred to 
as “Trexima” in the documentation), clinical trial data were provided 
for the new migraine therapeutic drug along with results from a placebo 
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and two other drugs: Imitrex (called “sumatriptan,” the company’s pre-
vious therapeutic drug) and naproxen, which is the chemical name for 
the over-the-counter medication “Aleve” (Trexima Statistical Review, 
2005). These three drugs and placebo were evaluated in the standard 
clinical study trial protocol for measuring the effectiveness of migraine 
relief in adults at two hours following ingestion. The comparison of 
Treximet to Imitrex and naproxen in clinical trials, which was required 
to support marketing claims, showed difference effectiveness between 
sexes. In two clinical trials (see Figure 3.1), more female participants 
reported pain relief from Treximet/Trexima (59% and 67%) than for 
Imitrex/sumatriptan (50% and 55%), naproxen/Aleve (43% and 44%), 
or placebo (29% and 29%). In contrast, more male participants reported 
pain relief from Imitrex/sumatriptan (55% and 61%) than from Treximet 
(46% and 51%), naproxen (46% and 47%), or placebo (21% and 23%).

The interpretation of the clinical trial data divided by sex is note-
worthy: Among the therapeutic drugs evaluated, Treximet was the most 
effective treatment of migraines in females. In contrast, Treximet was 
not the most effective treatment in males (Imitrex was more effective). 
In clinical practice, Treximet would likely be more effective than Imitrex 
for females and should be the first choice of therapeutic drugs for that 
group. In contrast, these data indicated that males would benefit from 
taking Imitrex/sumatriptan as a first choice of therapeutic drugs and 
that Treximet may be only marginally better than naproxen/Aleve in 
the population. As a second option for treatment, males might benefit 
more (considering both pain relief and expense) by trying the over-the-
counter drug naproxen before trying the more costly Treximet to treat 
migraines.

Since the clinical trial data align partially, but not entirely, with the 
business objectives, I explored the way this technical information was 
communicated to experts (health care professionals and scientists). In 

Figure 3.1  �Clinical trial data by sex from two independent studies (top and 
bottom) from the Treximet New Drug Application (NDA) that was 
submitted to the FDA (Trexima Statistical Review, 2005, p. 22).
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the analysis here, the two research questions that arose were: (1) how 
was the technical information represented and communicated to experts 
in the context of commercialization and (2) how would this communi-
cation be evaluated through the ethical lens of information sharing in 
scientific society?

Technical Communication to Health Care Professionals 

In the clinical study data, Treximet was more effective for migraine pain 
relief than the alternative therapeutics evaluated for females but not 
males. Despite the fact that the company GlaxoSmithKline had clinical 
trial data that Treximet had different effectiveness in different treatment 
groups (females and males), no difference between the sexes, and, in fact, 
no negative performance data, was provided in the Treximet package 
insert (the technical documentation for pharmaceutical drugs provided 
to health care professionals that summarized the relevant performance, 
prescribing, and risk information). Rather, in the company-written 
package insert, GlaxoSmithKline (2012) pooled the data from the clini-
cal trials that were previously separated by sex in the NDA submitted to 
the FDA. By pooling data into broader categories, the details of different 
effectiveness between different groups were sequestered, and Treximet 
appeared effective for “all participants” (see Table 3.1). In the pooled 
data presented in the package insert, Treximet appeared more effective 
for “all patients” (at 65% and 57%) than Imitrex/sumatriptan (55% and 
50%), naproxen [sodium] (44% and 43%), or placebo (28% and 29%). 
Pooling the data from females and males masked the lower effectiveness 
of Treximet in males when compared to the other therapeutic drugs be-
cause the total number of females in the clinical trials (n = 2,532 or 87%) 
greatly outnumbered the total number of males (n = 379 or 13%).

Table 3.1  �Clinical Trial Data Comparing Treximet to Two Other Therapeutic 
Drugs Imitrex/Sumatriptan and Aleve/Naproxen Sodium as Published 
in the Treximet Package Insert for Health Care Professionals

Treatment Study 1 Data  
(“All Patients”)

Study 2 Data  
(“All Patients”)

Treximet 65%
n = 364

57%
n = 362

Imitrex/sumatriptan 55%
n = 361

50%
n = 362

Naproxen sodium 44%
n = 356

43%
n = 364

Placebo 28%
n = 360

29%
n = 382

Adapted from GlaxoSmithKline (2012).
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In the package insert, the clinical trial data were presented through a 
rhetorically selected lens to deliberately mislead the audience—notably 
healthcare professionals—to a false interpretation that Treximet was 
more effective for “all patients” (exact phase used, which implied both 
sexes). Alternatively, a more detailed resolution of the data, which ap-
peared in the Treximet NDA (see Figure 3.1), would have led healthcare 
professionals to a different qualitative conclusion regarding the most 
effective therapeutic drug to prescribe for migraine headaches based 
on the sex of the patient. Further reinforcing the false interpretation 
by healthcare professionals was the “gender statement” in the Treximet 
package insert, which stated

In a pooled analysis of 5 pharmacokinetic studies, there was no 
effect of gender [emphasis added] on the systemic exposure of 
TREXIMET. In a study comparing the pharmacokinetics of su-
matriptan in females and males, no differences were observed 
between genders [emphasis added] for AUC, Cmax, Tmax, and T1⁄2.

(GlaxoSmithKline, 2012, p. 4)

Notably, this statement reported that “no effect of gender” was detected 
and “no differences were observed between genders” in the standard 
studies for systemic exposure of the drug in females and males.

A rhetorical analysis of the gender statement revealed a technically 
accurate yet misleading report to healthcare professionals, which was 
consistent with and reinforcing of the presentation of pooled clinical 
trial data in the package insert. Of particular note, the measures of sys-
temic exposure in the gender statement should not be conflated with 
effectiveness, which was measured in the clinical trial data. The simi-
lar terms, “exposure” and “effectiveness,” have a nuanced difference in 
meaning. Effectiveness is the measure that a therapeutic drug resolves a 
medical condition (such as a migraine headache). In contrast, exposure 
is the amount of the therapeutic drug that circulates within an indi-
vidual’s body. I do not intend to suggest that healthcare professionals 
do not understand the difference between these terms, but rather that 
in the context of skimming a technically dense document, healthcare 
professionals would focus on key summary statements that inform prac-
tice and not have time to critically evaluate each claim. In this case, the 
qualitative conclusions in the gender statement, “no effect of gender” 
and “no differences between genders,” along with the absence of any in-
formation or reference regarding the different effectiveness of Treximet 
between females and males (as shown in Figure 3.1), would lead health-
care professionals to a false overall conclusion that no difference be-
tween the sexes applies to all measures and features of Treximet. Here, 
the gender statement helps to mislead healthcare professionals to make 
a false interpretation that the biological activity of Treximet (at least 
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in the conventional assays) was identical between females and males. 
Moreover, the phrasing of the gender statement and lack of any reports 
of nonstandard investigations excludes the awareness of healthcare pro-
fessionals to any difference of Treximet between sexes whatsoever. 

Critically, the company’s motivation for such a positive gender state-
ment and absence of negative information needs examination. For this 
discussion, the important point is that the technical information to 
healthcare professionals is rhetorically constructed to support business 
goals rather than to assist healthcare professionals in providing the best 
treatment to patients. The presumed effect of this biased technical doc-
umentation is that health care professionals, believing that they have 
seen clinical trial data—and that data was presented objectively—will 
confidently prescribe the patent-protected, high-priced Treximet as 
the most effective option (the first-choice therapeutic drug) for “all pa-
tients” suffering from migraine headaches when compared to the generic 
Imitrex/sumatriptan or “over-the-counter,” non-prescription naproxen. 
Although Treximet does appear to be a valid first-choice therapeutic for 
female patients when compared to the other drugs, the implications for 
male patients are twofold: a less effectiveness treatment for migraine 
pain relief from Treximet coupled with an increased financial cost when 
compared to Imitrex/sumatriptan or naproxen.

In the case of Treximet, the distortion of technical data in the pack-
age insert increases the chance for ineffective treatment of males, which 
would result in increased pain, suffering, and expense for these patients. 
While a detailed analysis of the impact of ineffective treatment on pa-
tients is beyond the scope of this work, a few observations are worth not-
ing. First, commercialization of science leads to underserved treatment of 
a minority population, which may have unique needs different from the 
majority of the consumer market, and any population may comprise a 
minority group (even traditionally privileged groups). Such data illustrate 
that the best treatment for any minority population with different treat-
ment outcomes from the majority is subject to omission from technical 
documentation if such findings are contrary to the business drivers of 
the commercial sponsor. Second, patients who revisit their physicians 
because the initially prescribed Treximet did not provide sufficient pain 
relief would be prescribed the next-“best” alternative from the compa-
ny’s perspective. Interestingly, the effectiveness of these migraine treat-
ments in the clinical trial data presented in the prescribing information 
(see Table 3.1) also corresponds to product profit for the company (from 
most to least): first the patent-protected Treximet, second the Imitrex (or 
generic sumatriptan), and finally the over-the-counter naproxen.

The major point of this discussion is that the distortion of technical 
information in the package insert impairs the ability of physicians to 
properly initially prescribe therapeutic drugs for migraines as well as ad-
dress or comprehend inconsistent reports of treatment effects in patient 
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follow-up visits—specifically in regards to conflicting reports of effec-
tiveness from females and males. Initially, physicians are deliberately 
put into a state of ignorance to the different effectiveness of Treximet 
between females and males. Yet after a number of consistent reports 
from male patients, physicians may have a localized state of confusion 
in which an individual physician may internally question his or her clin-
ical observations with the previous paradigm of Treximet effectiveness 
for “all patients” as promoted by the company. Ultimately, a physician 
may gather sufficient personal clinical data to solidity a pattern in his or 
her own mind that substitutes for the package insert. Yet, such a state 
of clarity may be unlikely because many physicians would be unable to 
gather sufficient local evidence from enough patients to clearly show the 
effectiveness of Treximet in minority population. Even if such clarity 
was achieved by an individual physician, the scale of such knowledge 
would be miniscule in comparison to the company-sponsored paradigm.

In the Treximet case, the technical information provided in the pack-
age insert reinforces the argument that the pharmaceutical industry is 
focused nearly exclusively on commercialization and contradicts two 
major claims of the industry—the false narrative of interest in improving 
patient treatment and, particularly relevant to this analysis, that phar-
maceutical companies provide physician medical education rather than 
marketing (Angell, 2005). In science commercialization, the secrecy and 
distorted presentation of scientific data leads to an unusually consistent 
and definitive scientific conclusion that nearly exclusively supports the 
sales of the product. Treximet is a noteworthy case because the clini-
cal study data showed a difference in the effectiveness by sex—with an 
advantage of the therapeutic drug in females but not males. Thus even 
without data distortion, Treximet would remain a valid primary thera-
peutic option for females, who represent the majority of migraine head-
ache patients and therefore the largest market. Despite such a relatively 
large “honest” market potential, the distorted pooled clinical study data 
between sexes, which was the decision made by the company, maxi-
mized the size of the potential market and thus revenue.

Technical Communication to the Scientific Community

In science commercialization, commercial organizations have both the 
most detailed technical information about a technology as well as a 
vested interest in the commercial success of the product. This combina-
tion of knowledge and financial incentive for the direct application of 
scientific knowledge establishes the context for potential ethical conflict. 
In the context of science commercialization, the technology becomes 
the product rather than scientific knowledge, which, in contrast, is the 
product of scientific research (Knorr-Cetina, 1991; Latour & Woolgar, 
1986). Thus in science commercialization, technical communication to 
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the scientific community becomes a secondary priority that may be sub-
ject to obfuscation and distortion so that the information communicated 
outside of an organization aligns with the primary goal of selling prod-
uct or technology.

Considering the case of Treximet in the context of scientific soci-
ety, the scientific knowledge from the clinical study data may be used 
to advance the scientific understanding of the therapeutic drug and 
future treatments of migraine headaches. Complete, unbiased com-
munication of technical information is an essential foundation of the 
scientific method that connects the investigations of individual research 
groups into a larger community investigating a scientific topic or prob-
lem (Mogull, 2017; Polanyi, 1962). Through the scientific system of 
open communication, current researchers can build on the knowledge 
and experience of others so that a scientific puzzle or issue is further 
developed by many different teams over generations of researchers 
(Committee on Responsibilities of Authorship in the Biological Sci-
ences, 2003; Garfield, 1980; Montgomery, 1996; Polanyi, 1962; Wil-
son, 1998). The scientific method and formal communication process 
create a cycle that results in solving scientific puzzles at the fastest 
possible rate (for a key theoretical essay on the process of scientific 
problem solving, see Polanyi, 1962). In each iterative cycle of the sci-
entific method, findings from published research papers, or theories, 
lead to more advanced research questions, or hypotheses, which are 
subsequently investigated through the next turn of the cycle (American 
Psychological Association [APA], 2010; Clapham, 2005; Committee on 
Science, Engineering, and Public Policy, 2009; Knottnerus & Tugwell, 
2007; Mogull, 2017).

This practice of information sharing dates back to the foundations of 
modern scientific societies, such as the Royal Society of London, which 
is noteworthy for having established the principles of communication 
and scientific credit in the mid-1600s alongside publication of the first 
scientific journal, Philosophical Transaction (Bazerman, 2011). As es-
tablished by the Royal Society of London in the late 1600s, the first 
scientist or team to communicate information by publishing research 
findings in a peer-reviewed scientific journal (n.b., not necessarily the 
first to make a discovery) is credited with the discovery and thus reaps 
the rewards associated with such contribution to society (Committee 
on Science, Engineering, and Public Policy, 2009). Importantly, this 
350-year-old tradition of open information communication directly 
contributed to the prominence and advancement of Western scientific 
society—particularly when contrasted with other, more secretive soci-
eties (Wilson, 1998).

Due to the importance of technical communication in science, 
the journal article, or an original research article published in a peer-
reviewed scientific journal, is the primary product and currency of 
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science  (Knorr-Cetina, 1991; Latour & Woolgar, 1986). In contrast, 
scientific discoveries that are not communicated do not advance sci-
ence and thus do not confer value to the scientific society (APA, 2010; 
Clapham, 2005). The practices of information secrecy, which are com-
mon in science commercialization, do not confer value to the scientific 
society but do provide relatively short-term commercial value to organi-
zations. Due to the conflict between information sharing and necessary 
science commercialization, the formal system of patenting technology 
was designed to balance the needs of both society and corporations 
by protecting the commercial sale of a technology for a period of time 
while enabling and promoting full disclosure of scientific information 
(Hemmungs Wirten, 2015; Hoedemaekers, 2001). As illustrated in the 
Treximet case study, commercial organizations both exploit patent 
protection and use trade secrets to prevent full disclosure of scientific 
information. By leveraging both systems, commercial organizations 
maximize their commercial advantage from a patent-protected monop-
oly for the current technology and selective disclosure of the techni-
cal information for future market opportunities of newer technologies. 
Through these dual actions, such science commercialization organiza-
tions are parasites on the scientific community and publically funded 
research.

In the following discussion, I examine the clinical trial data for 
Treximet communicated by GlaxoSmithKline-sponsored researchers 
to the scientific community through a journal article published in the 
medical journal JAMA. Notably, the clinical trial data of Treximet were 
reported consistently to scientists and healthcare professionals, which 
lacks the resolution of effectiveness by sex that was originally reported 
to the FDA. In a scientific journal article, GlaxoSmithKline-sponsored 
researchers provided data for migraine headache relief at two hours post 
treatment for Treximet (sumatriptan-naproxen sodium), the two other 
therapeutic drugs Imitrex (sumatriptan) and naproxen sodium (Aleve), 
and placebo. The data provided to scientists (see Table 3.2) is identical to 
the merged sex data communicated to physicians in the Treximet pack-
age insert (see Table 3.1). In the data table from the JAMA journal article, 
the combined number of all participants reporting migraine headache 
relief at two hours for study 1 and 2 again leads to the conclusion that 
Treximet (sumatriptan-naproxen sodium) was more effective (at 65% 
and 57%) than Imitrex (sumatriptan) (55% and 50%), naproxen sodium 
(44% and 43%), or placebo (28% and 29%). Additionally, the authors 
used the statistical p value to reinforce the perception of reliability to the 
data provided, which does indicate that the merged data of both sexes 
were statistically significant for the entire population although p values 
do not provide any measure to whether the groups compared were eth-
ically selected. 
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Another point of interest that reinforces the use of scientific jour-
nal articles as commercialization marketing appears in the discussion 
section of the article. Interestingly, the authors of the Treximet jour-
nal article repeatedly used phrases such as, “The superior efficacy [em-
phasis added] of sumatriptan-naproxen sodium relative to sumatriptan 
monotherapy…” (Brandes et al., 2007, p. 1452). The authors’ unusually 
phrased definitive conclusion in the scientific journal article is more com-
monly observed in marketing communications rather than in scientific 
discourse, which traditionally phrases conclusions more cautiously and 
employs hedging statements to qualify such claims (Hyland, 1996). Fur-
thermore, the overly simplistic conclusion that Treximet is “superior” 
to the other therapeutic drugs for all patients lacks the intricacies and 
nuances, as well as the opposing views, that are hallmarks of science. In 
this case, presenting pooled data through a lens that distorts differences 
between females and males and implies a “superior” universal solution 
for both sexes conceals the important feature that the biochemical na-
ture of migraines might be different in females and males. Obfuscating 
this key difference impedes the scientific community’s comprehensive 
knowledge of migraines and may delay future discovery and commer-
cialization of more effective drug treatments for both sexes.

In science commercialization, commercial organizations tend to 
withhold key information and resources that would facilitate research 
from others outside of the organization in order to maintain a com-
petitive advantage (Campbell et al., 2002; Hilgartner & Brandt-Rauf, 
1994). When key pieces of information are withheld, such as in this 
example that females and males respond differently to the therapeutic 
drug Treximet, scientists outside the organization are unable to build 
effectively on previous work and therefore must spend time and re-
sources unnecessarily rediscovering previous findings (APA, 2010; 
Clapham, 2005; Knottnerus & Tugwell, 2007; Walport & Brest, 
2011). Such withholding (or omission) of relevant data is considered a 
form of scientific misconduct (Clapham, 2005; Committee on Science, 
Engineering, and Public Policy, 2009; Knottnerus & Tugwell, 2007; 
Martinson, Anderson, & de Vries, 2005; Vision, 2010). Yet, the with-
holding of medical research data, particularly publically funded re-
search data, has additional ethical implications due to the impediment 
of human care as well as the substantial public cost (both for treatment 
and further research) (Angell, 2005; Walport & Brest, 2011). Such is-
sues were partially addressed in an article also published in JAMA, in 
which the author Chalmers (1990) stated, “Failure to report results in 
sufficient detail” is a form of scientific misconduct that “may either 
lead patients to receive ineffective or dangerous forms of care or result 
in a delay in recognizing that other forms of care are beneficial” (pp. 
1405–1406). Particularly alarming is that researchers tend to withhold 
the most information in research areas that have the greatest impact 
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for human health (for example, cancer) (Piwowar, 2011) because such 
areas also provide the greatest commercialization opportunities.

Conclusions: Reflections and Responses

In the Treximet case, the lens through which the data are presented and 
the definitive, conclusive rhetoric establish a consistent, yet distorted, 
paradigm among experts (both health care professionals and scientists) 
that maximizes the commercial benefit to the pharmaceutical company. 
Such scientific paradigms thus stall scientific understanding of a topic 
for a period of time and delay future research innovation (Kuhn, 2012). 
Moreover, the misleading conclusion that Treximet is superior for both 
sexes becomes increasingly ingrained in a current paradigm as both 
groups of experts repeat the distorted conclusion. This singular mes-
sage of an authoritarian or propaganda nature is in contrast with the 
principles of scientific societies, which began and continue to function 
(partially) as free-thinking organizations outside of authoritarian con-
trol (Bazerman, 2011). Moreover, the authoritarian nature of science 
commercialization unifies a singular, definitive message, and the force 
and volume of this message by a company minimizes or even prevents 
the communication of dissenting viewpoints through legal action (such 
actions include confidentiality agreements, material transfer agreements, 
trade secrets protection, and potentially copyright protection) (Baycan & 
Stough, 2013; Caulfield, Harmon, & Joly, 2012; Durack, 2006; Evans, 
2010; Kaiser, 1996; Murray & Stern, 2007). In science commercializa-
tion, the major counterbalancing force to one message or paradigm pro-
moting a particular product is an opposing or competing product for 
the same economic market. However, such counterbalancing forces are 
restricted legally by patent protection of commercial scientific products, 
licensing, and even patent blocking, all of which prevent competition 
and eliminate the incentive for widespread communication of different 
messages. Notably, the economic resources that commercial institutions 
leverage to promote a singular message in science commercialization are 
in far excess of the relatively minor publicity of any potential dissenting 
voices that function within scientific society. Thus the only significant 
counterbalancing forces are other commercial organizations with equal 
resources who can send a counter message of equal coverage in various 
media—although presumably in an equally biased and distorted lens to 
promote their commercial product.

The scientific publishing process attempts to regulate ethical practice 
by limiting one’s ability to publish research and thus reap the benefit 
of publication (i.e., science currency). One longstanding requirement, 
for example, is that journal editors only consider a manuscript for peer 
review if the author(s) verify that accepted protocols for treatment of hu-
man and animal subjects were followed and the research methods were  
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approved by an ethics committee (International Committee of Medical 
Journal Editors [ICMJE], 2016). More recently, and in direct response to 
abuses by commercial organizations (such as in the Treximet example), 
many editors of peer-reviewed journals are requiring authors of journal 
articles to identify the original clinical trial design through preclinical 
trial registration in online databases such as clinicaltrials.gov (ICMJE, 
2016) and to commit to sharing data in database repositories following 
publication (BMJ, n.d.). Additionally, the U.S. Congress (Zarin, Tse, & 
Sheehan, 2015) and major grant-funding agencies such as the U.S. Na-
tional Institutes of Health and Wellcome Trust are requiring authors 
to register clinical trial design (Claufield et al., 2012). Such measures 
by these large organizations of substantial power are intended to 
counterbalance certain exploitation of biased and incomplete techni-
cal communication in science commercialization by commercial or-
ganizations. But such measures, while substantial and important in 
intent, are incomplete solutions. For example, in the case of Treximet, 
the clinical study was registered in  clinicaltrials.gov  and referenced 
in the JAMA journal article, but the details provided in clinicaltrials.
gov were not the same as what was provided in the NDA. The clinical 
study design provided by the pharmaceutical company in clinicaltri-
als.gov stated that both sexes (male and female) qualified for par-
ticipation (notably lacking any indication that the data for each sex 
would be independently analyzed). Furthermore, the Treximet clini-
cal trial registration was dated October 14, 2005, which was several 
months after the NDA statistical review was published, which was 
dated August 5, 2005, but well before publication of the journal arti-
cle in 2007. 

More on point, such online repositories are insufficient in isola-
tion to counterbalance omission and data distortion. In the case of 
Treximet, the original clinical trial data have been publically available 
from Drugs@FDA, a database hosted by the FDA. Yet, this data did not 
prevent or change publication of pooled data in either the package in-
sert or scientific journal article. While such public databases might—in 
theory—be used by careful scientific reviewers of package inserts at the 
FDA or by careful scientific journal editors or manuscript reviewers, 
access to the clinical trial data—as history has shown—is inadequate 
to counter the propaganda techniques in science commercialization. 
Rather, a more active role is required of the scientists and health care 
professionals.
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In late 2015, healthcare providers in northeastern Brazil discovered 
that cases of a rare condition that causes severe fetal brain abnormal-
ities had increased dramatically among newborns. This condition—
microcephaly—was believed to be associated with exposure to Zika, a 
mosquito-borne virus that can cause mild flu-like symptoms.

Transmitted by Aedes albopictus and Aedes aegypti (the latter be-
ing the same mosquito species that inundated port cities in the United 
States with yellow fever throughout the nineteenth century), Zika is not 
new. Indeed it was discovered in Uganda in the mid-twentieth century. 
Yet, the virus had previously failed to garner serious attention among 
researchers because its symptoms (if any) are generally minor (Maron, 
2016). However, in early 2016 as the outbreak escalated in Brazil, the 
Centers for Disease Control and Prevention (CDC) issued a travel advi-
sory for pregnant women to countries in the Western Hemisphere where 
cases had been identified (CDC, 2016a). By April, 346 “travel associ-
ated” cases had been confirmed in the continental United States (CDC, 
2016b) with that number expected to grow into the summer and early 
fall (Korte, 2016). Soon thereafter the agency confirmed the link between 
Zika and microcephaly (CDC, 2016c), adding that the virus might also 
be responsible for some serious neurological conditions in adults (Cha & 
Sun, 2016). As then CDC principal deputy director Dr. Anne Schuchat 
put it: “Everything we look at with this virus seems to be a bit scarier 
than we initially thought” (Korte, 2016, para. 2). As Zika’s “pandemic 
potential” (Lucey & Gostin, 2016, p. 865) grew, public health agencies 
and news organizations created thematic maps targeted to non-expert 
audiences that communicated visual risk information about the spread 
of the virus.

In this chapter, I use grounded theory to analyze a collection of these 
maps to theorize the creation of these scientific visuals during a specific 
type of crisis and emergency risk scenario: an emergent public health 
threat. Originally developed by Glaser and Strauss (1999), this approach 
is “a general methodology, a way of thinking about and conceptual-
izing data” (Strauss & Corbin, 1994, p. 275) that uses an inductive, 
iterative process. This process involves collecting data and then coding, 
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categorizing, and analyzing that data. Unlike many hypothesis-driven 
empirical methods, grounded theory “calls for a lack of preconceptions,” 
as Ross characterizes it (2013, p. 98; also citing Lewis & Whitely, 1992). 
This method is designed to lead to constructing a theory, which should 
explain all of the observed data, and can in turn be tested when new 
data are available. A grounded theory approach usually starts with data 
collection and/or a particular research question; a theory can then po-
tentially emerge through this “constant comparative method,” as Glaser 
and Strauss (1999) define it.

Grounded theory has gained substantial traction in the field of profes-
sional and technical communication (McNely, Spinuzzi, & Teston, 2015), 
and a number of studies that specifically focus on visual communication 
have employed this approach (e.g., Cooke, 2003; Portewig, 2008; Teston, 
2012). Further, research on public health threats has been conducted ret-
rospectively in the field—that is, after the immediate hazard has been 
resolved (e.g., see Ding, 2009, 2013; Welhausen, 2015a).

This chapter theorizes the data visualization strategies used to con-
struct visual risk communication targeted to public audiences in the 
early stages of a pandemic. More specifically, I use grounded theory 
to tease out trends and patterns in the ways that such information is 
conveyed. Graphics like figures, tables, and illustrations are fundamen-
tal to advancing arguments in scientific disciplines (Perini, 2005; see 
also Chapter 5). Further, research in technical and professional com-
munication has theorized the persuasiveness of scientific drawings and 
illustrations (Buehl, 2014; Reeves, 2011; Richards, 2009) and statisti-
cal graphics (Brasseur, 2004; Dragga & Voss, 2001; Kimball, 2006; 
Welhausen, 2015b). However, less is known about the design strategies 
used to communicate visual risk information during an epidemic’s early 
stages and the ways that these choices might shape risk perception.

Literature Review: Disease Maps and Visualizing 
Quantitative Risk Information

Thematic maps have long been created to document the spread of in-
fectious and communicable diseases. Today, public health researchers 
construct these visuals to advance a hypothesis about the spatial and 
temporal distribution of an outbreak (or potential outbreak) in order to 
better control its spread. Yet because disease maps are frequently com-
piled from large collections of data, they are often not seen as arguments 
themselves, but as objective scientific information that is simply ren-
dered into a visual form. Much like the process that Latour and Woolgar 
(2013) describe wherein scientific information becomes solidified into 
knowledge in laboratory-based research settings, data visualizations too 
quickly become disconnected from the individual records that comprise 
a particular data set.
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Data visualizations are not the data they represent. As Richards (2009) 
points out (drawing from Latour and also citing the influence of Gaston 
Bachelard on Latour’s argument): “Data can undergo dozens, hundreds, 
even thousands of reifications before they assume their final form in a 
published visual representation” (p. 186). The process of visualization 
renders abstract, aggregated information into a concrete representation 
that emphasizes certain features while also de-emphasizing others.

Quantitative information about the spread of Zika was disseminated 
to public audiences during 2016 primarily through thematic maps cre-
ated by public health agencies and news organizations (using data col-
lected by these agencies). Maps control geographic space in powerful 
ways (see Crampton, 2010; Harley, 2009; Pickles, 2004; Wood, 1992). 
Disease maps in particular invoke “metaphorical control” by dividing 
the space into “diseased and not diseased” areas, which often results in 
specific public health actions (see Welhausen, 2015b). For instance, in all 
likelihood the CDC used the quantitative information shown in many 
of the maps included in this chapter to assess Zika-associated risks for 
pregnant women. The agency then issued a travel advisory targeted to 
this audience for specific countries.

Maps are also commonly used to communicate visual risk informa-
tion to public audiences. Yet, while studies in risk communication have 
investigated how non-experts construct knowledge from many com-
monly used graphical genres (see reviews by Lipkus & Hollands, 1999; 
Ancker, Senathiraja, Kukafka, & Starren, 2006), less emphasis has been 
directed toward disease maps.

Methods

To explore the design choices that creators of data visualizations used 
to communicate visual risk information about the spread of Zika to 
non-experts, I posed the following research question: How is quantita-
tive information about risk visually communicated during an emergent 
public health threat? I then reviewed 32 thematic maps published be-
tween mid-January and mid-April of 2016 by the CDC, World Health 
Organization (WHO), and mainstream English-language news organiza-
tions such as The New York Times (see Table 4.1 for a list of the maps). 
In order to include a wide range of maps in this study, I conducted an 
online search using only the key word “Zika.” I reviewed the articles and 
reports that resulted from this search, and compiled a collection of data 
visualizations showing the current/potential spread of the virus. I did not 
include visualizations of conditions related to Zika like the microcephaly 
epidemic in northeastern Brazil. Of the maps in my sample, the first five 
listed in Table 4.1 were published directly on the CDC or WHO websites, 
respectively. The remaining were created using data from CDC, WHO, 
other public health agencies, or individual researchers.
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Grounded Theory Approach

Grounded theory methodology, Creswell (2014) explains, is generally 
characterized by the following: “generating categories of information 
(open coding), selecting one of the categories and positioning it within 
a theoretical model (axial coding) and then explicating a story from the 
interconnection of these categories (selective coding)” (p. 196). I con-
ducted the open coding phase by writing brief observations/descriptions 
of the maps I collected until I noticed preliminary patterns in the overall 
design. I formulated several broad categories including genre and color 
choice, which I integrated into my analysis as I continued to describe and 
categorize the visual features of the maps.

I moved into the second stage when I began to narrow and adapt these 
categories, going back to visuals I analyzed earlier and updating my ob-
servations. For instance, I quickly noticed that all of the graphics in my 
sample were maps. However, I initially kept the term genre as a pre-
liminary category. I later changed genre to perspective to organize my 
description of the geographic area shown in each map. I then further 
narrowed this category into global and continent, for example, which 
also continued to evolve into hemispheric because many maps show the 
entire (or nearly the entire) Western Hemisphere.

My last step was to connect the final categories I developed to an 
existing theoretical framework (as applicable) in order to generate a 
theory about the visual construction of these maps, which I describe 
in the Discussion. Throughout my process, I followed many of the key 
characteristics of a grounded theory approach described by Charmaz 
(2014, see p. 7; also citing Glaser, 1978; Glaser & Strauss, 1967; Strauss, 
1987) including “the constant comparison method” (see Glaser & 
Strauss, 1999) and reviewing relevant scholarship on risk communica-
tion theory after conducting my analysis.

In order to quantify visual trends and patterns in the maps I assem-
bled and analyzed, I developed the following final categories, which are 
explained in more detail in the remainder of this section: perspective 
(global, hemispheric, continental, country/national), color, high or low 
context, and design aesthetic.

Perspective refers to the geographic coverage of each map, which I 
classified as follows:

•	 Global: shows all of the continents or a clear majority of the 
continents.

•	 Hemispheric: shows the majority of the Western Hemisphere.
•	 Continental: shows an entire continent and/or portions of conti-

nents (e.g., South America) but not most of the Western Hemisphere.
•	 Country/national: shows an entire country or nation (e.g., the 

United States and its territories).
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Arguably all thematic maps use the perspective that Kimball (2006) has 
defined as an “aerial position of power” (p. 378), giving viewers an om-
niscient point of view over the space depicted. Yet the exact geographic 
area that a map shows is also significant, particularly in a disease map, 
because this coverage communicates the extent of the “diseased” and 
“non-diseased” space and consequently how serious the spread of the 
epidemic is (or may be). For instance, maps that show the entire globe 
signify to viewers that the risk is a worldwide threat, whereas maps that 
show a country signify that the risk is contained within that specific 
region.

Under the broad category of perspective, I also observed whether the 
map showed (1) the current and/or potential geographic range of the 
mosquitoes (Aedes aegypti and Aedes albopictus) that transmit the virus 
(e.g., mosquito-related), (2) geographic areas with current and/or past 
“active” virus transmission (e.g., Zika-related), and (3) the map’s primary 
rhetorical purpose—that is, whether it was designed to show temporal, 
spatial, and/or comparative relationships. Thematic maps always commu-
nicate spatial information, which is usually situated within a particular 
timeframe. Maps that show outbreaks of infectious disease also visually 
compare “diseased” and “non-diseased” space. Yet the ways that these 
relationships might be visually prioritized were worth noting because of 
the overall rhetorical effect on viewers. More specifically, I sought to de-
termine: is the most important feature of this map the spatial, temporal, 
or the comparative relationships? Are all three equally important? What 
relationships are emphasized by the creator’s design choices?

Color describes whether the map uses a warm color scheme such as 
red, orange, and/or yellow, or a cool color scheme such as green, blue, 
and/or purple. Many maps used blue to show the ocean, which I did not 
take into account when classifying the color scheme. Rather color spe-
cifically refers to the hue used to visualize information about the current 
or potential spread of Zika. I also coded the overall level of lightness, 
brightness, and saturation of the color’s hue—that is, if the color choices 
were bright and highly saturated, or muted, flat, or pastel.

We perceive warm colors as advancing or popping out towards us, 
whereas cool colors appear to recede away from us. This effect may 
also explain the metaphoric associations that we tend to assign to color 
choice. For instance, warm colors are often interpreted as urgent, seri-
ous, and attention-inducing. Red and orange in particular are commonly 
used in Western cultures to alert and warn readers, while cool colors 
usually elicit the opposite response. Amare and Manning (2013) have 
argued for a broader understanding of color that focuses on the overall 
emotional effect on viewers rather than narrowly focused, individual-
ized meanings that are often highly context-specific. Thus, whether a 
map uses warm or cool colors can profoundly affect how its visual risk 
information is perceived.
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Other visual characteristics such as the lightness/darkness, brightness, 
and saturation of a color’s hue can intensify the effect of color choice. 
For instance, in his work on social semiotics, Machin (2007) proposes 
that lightness, brightness, and saturation communicate the level of se-
riousness, intensity, and emotional weight of a color. According to his 
theoretical framework, darker and more saturated colors are perceived 
as more serious, emotional, and dramatic; light, bright, and flat colors 
are perceived in the opposite sense.

High or low context is a dimension of intercultural communication 
(Hall, 1976) that I have argued can also be applied to visual modes, 
specifically data visualizations of epidemic disease (Welhausen, 2015a). 
More to the point, I have proposed that these graphics are often high 
context because they frequently lack explicit explanatory information—
language-based or visual—that tells readers how to interpret the graphic. 
Indeed many creators of data visualizations today may expect that read-
ers will generally already have the requisite cultural knowledge to under-
stand the visual information conveyed because the conventions that these 
forms tend to use have long been established (see Kostelnick, 2004).

For this portion of my analysis, I classified each visual as high or low 
context to indicate the extent to which readers were expected to un-
derstand the map based on its visual features alone (perspective, use 
of labels, and color and shading, for instance). Unlike the previous 
two categories in my analysis—perspective and color—high and low 
are not absolute categories. Rather, visual communication (and indeed 
language-based communication) may have features of both depending 
upon the context. Further, images that I classified as low context may 
still have included limited explanatory information. However, in order 
to identify potential patterns, I classified visuals as low context if there 
was any textual and/or visual content in the article or report where the 
map was published beyond the basic features that are conventional to 
this genre that appeared to clarify what the map shows or otherwise 
explicitly explain the map. Explanatory information might also take the 
form of supplemental visuals included within the map itself or the article 
where the map was published like drawings or photographs (along with 
captions) that further elucidate some aspect of the map. In sum, I sought 
to determine: does the map stand alone? Or are readers being told how 
to interpret the map? I categorized a map as high context when readers 
were expected to infer meaning entirely from the visual representation.

Design Aesthetic: Finally, I categorized the overall design aesthetic of 
each map as clean or cluttered by critiquing its effectiveness. Here I used 
Williams’ (2014) well-known principles of design (based on Gestalt 
theory of perception): contrast, repetition, alignment, and proximity. 
I then combined my evaluation of each map using Williams’ categories 
with Kostelnick’s theoretical work on what he has described as a “mod-
ernist design aesthetic” (e.g., 1990, 1998, 2007). This particular style, 



Visualizing Science  91

Kostelnick (1998) explains, is characterized by “functional simplicity” 
and a “clean, minimalist” appearance (p. 476). Data visualizations, in 
particular, he argues achieve the “clarity” associated with a modernist 
design aesthetic by using “high-contrast displays guided by perceptual 
principles” (2007, p. 283).

Much like low or high context, whether a design looks clean or clut-
tered is much more fluid than my binary classification suggests. How-
ever, in order to quantify my findings, I used the following categories 
to evaluate the holistic effect of a map’s design scheme—that is, how its 
execution of Williams’ principles of design functions as a gestalt:

•	 Clean: strong execution of the principles in ways that align with a 
“modernist design aesthetic.” These maps tend to use a sans serif 
typeface, effective figure/ground contrast primary in terms of color 
choice, and strong proximity in terms of figure legends and labels.

•	 Cluttered: ineffective execution of one or more design principles in a 
way that negatively affects the overall design aesthetic. A map might 
fall into this classification if there was insufficient white space, if the 
designer included too much visual or textual information (too many 
labels, for instance), or if the design used a color scheme that created 
too much contrast or appeared visually jarring (as was the case for 
several maps that used warm, bright, saturated colors).

After completing my analysis I found that only contrast and proximity 
were applicable; I did not use alignment or repetition. Contrast emerged 
as the most important principle because all of the maps in my sample 
relied heavily on color to communicate information about visual risk. 
Proximity applied to maps that included labels for countries as well as 
multiple variables in the legend.

Results

I used the coding process I describe previously to identify and quan-
tify the visual trends and patterns described in this section. Next, I will 
discuss these findings using the categories I outlined previously in the 
Methods.

Perspective

The primary visual content of the maps I analyzed fell into one of two 
categories: (1) those that show the geographic distribution of the virus, 
that is, locations with past and/or current “active” Zika transmission 
(i.e., Zika transmission-related) and (2) those that show the current 
and/or potential geographic range of the mosquitoes (Aedes aegypti 
and Aedes albopictus) that transmit the disease (i.e., mosquito-related). 
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The majority—24 maps—showed the former, while eight showed the 
latter, and two maps (maps 18 and 32) showed both. The most com-
mon map types were those that showed a global (14) or a hemispheric 
(12) perspective, while five were national (United States), and only one 
was continental.

As previously stated, thematic maps show spatial relationships. 
Indeed each map in my analysis conveyed either Zika transmission-
related or mosquito-related visual information within a particular 
geographic space. I also coded whether each map communicated com-
parative relationships. Because the primary goal of these maps was 
to show either Zika transmission-related or mosquito-related visual 
information in contrast to unaffected geographic space, each map also 
compared space affected (or potentially affected) by the Zika virus to 
space not affected.

Finally, one might expect that all of the maps included in this anal-
ysis would also show temporal relationships because thematic maps 
show how select variable(s) occupy a defined geographic space at 
particular point(s) in time. Yet this was not the case. For instance, 
map 1 (see Figure 4.1) shows “reported active transmission” pre-
sumably on the date that the map was published; however, the ex-
act time frame is not clear. Of the 32 maps I analyzed, I categorized 
half as showing temporal relationships because the exact timeframe 
shown was conveyed. Of these, the overt purpose of several maps 

Figure 4.1  �Global map showing “reported active Zika transmission” (CDC, 
2016a). Color figure in plate section.
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(maps 7, 11, and 20, for example) was specifically to show how Zika 
has spread east since it was discovered.

Color

The majority of maps (19) used a warm color scheme, most frequently 
shades of orange and/or yellow (some maps used both). Six maps (maps 
5, 16, 18, 22, 24, 27) used bright, highly saturated shades of red. Eleven 
maps used cool colors with the majority of these using shades of blue 
and/or purple; three maps used shades of green (maps 16, 20, and 32). 
There was a balance between graphics that used bright, highly saturated 
colors and those that used muted or pastel shades. Two maps used both 
a warm and cool color scheme: map 18 and map 22 (see Figure 4.2). In 
these maps warm colors indicated high levels of risk (probability of the 
mosquitoes that spread the disease appearing in the region), while cool 
colors indicated low to minimal risk.

High Versus Low Context

I classified 13 graphics as high context and the remainder (19) as low 
context. Several of the maps also included embedded illustrations (maps 
13, 14, 15 and 32), which I classified as low context. High context 
graphics were more likely to be created directly by CDC and WHO 
(maps 1–5) and probably also used by expert audiences. For instance, 
map 5 (Figure 4.3 shown on next page) includes no explanatory infor-
mation. Low context graphics, conversely, were more likely to appear 
in publication venues targeted to non-expert readers (Huffington Post, 
CBS, ABC, and USA Today).

Figure 4.2  �“Global distribution of Aedes mosquitos” (Kraemer et al., 2015a). 
Color figure in plate section.
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Design Aesthetic

Finally, I categorized each map as clean or cluttered. As I forecast in the 
Methods, this criterion was somewhat difficult to apply because some of 
the visuals executed some of the principles of design more effectively than 
others. For instance, I classified map 21 as clean because the map used strong 
contrast and mostly good proximity with almost adequate white space. 
However, the detail of the Caribbean islands in the upper right-hand corner 
was cluttered because the designer attempted to label all of the islands.

Of the maps in my sample, I classified four as cluttered and the re-
mainder as clean. Interestingly, I noted that three of the four I classified 
as cluttered were created by CDC and WHO, respectively (maps 3, 4, 
and 5—see Figure 4.3). All of the maps I classified as cluttered used too 
much contrast primarily in terms of color (e.g., aesthetically this design 
choice was visually overwhelming) and/or insufficient white space. The 
maps I classified as clean consistently used strong figure/ground contrast 
(primarily in terms of color choices) and effective proximity (i.e., coun-
tries were labeled consistently and labels were grouped where necessary; 
many used a bold, sans serif typeface).

Figure 4.3  �“Countries and territories with autochthonous of Zika virus circula-
tion 2007–2016.” Color figure in plate section.

Source: Reprinted from Zika situation report. February 5, 2016. Neurological syndrome 
and congenital anomalies, WHO, 2016.
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Discussion: Toward a Theory of Visual Risk 
Communication in Crisis and Emergency Risk Scenarios

Risk Perception Theory and Hazard + Outrage

Since its origins in the 1980s, risk communication research has recog-
nized fundamental differences in the ways that experts and non-experts 
perceive risks. Experts tend to evaluate risk in terms of “qualitative and 
quantitative measures” (Dransch, Rotzoll & Poser, 2010, p. 296). Con-
versely, non-experts tend to consider what risk communication expert 
Peter Sandman (2014a) has described as hazard + outrage—that is, how 
dangerous the risk is likely to be as well as how much anxiety it invokes 
and not necessarily how likely it is that the hazard will occur.

Non-experts tend to assess risks in terms of characteristics like volun-
tariness, controllability, and familiarity that have been defined by risk 
perception theory (i.e., the psychometric paradigm; see Covello, Peters, 
Wojtecki, & Hyde, 2001, p. 385; Fischhoff, Slovic, Lichtenstein, Read, & 
Combs, 1978; Sandman, 1987; Slovic, 1987). From this perspective, 
risks that are seen as voluntary, controllable, and familiar—like driving 
a car, for example—are generally less threatening than those that are not 
well understood, associated with uncertain outcomes, and/or have high 
catastrophic potential. For instance, whenever we travel—regardless of 
the mode—we voluntarily assume risks. Yet because we believe we have 
more control when we drive and because driving is usually more famil-
iar, driving usually feels less “risky” than flying.

Media Coverage During Crisis and Emergency Risk 
Scenarios: Analysis of Study Results

Outbreaks of epidemic disease often constitute what Sandman (2014b) 
has described as a high hazard/high outrage (crisis and emergency risk 
communication) situation in which both perceived danger and anxiety 
are high. Such scenarios often warrant risk communication that “help(s) 
people bear their feelings (their outrage) and cope effectively with seri-
ous hazards” (Sandman, 2004, para. 2), provides timely, accurate, and 
action-oriented information (Reynolds, Seeger, & CDC, 2014), and rec-
ognizes what is not known, avoids making promises, and validates the 
public’s concerns (Sandman, 2004). Risk communication “should make 
the public aware of its vulnerability to a particular risk and inform it 
about the most effective protection measures” (Dransch et al., 2010).

Arguably, media coverage of Zika during the timeframe this study 
was conducted in 2016 adhered to these guidelines. For example, 
information about the virus’s spread (like the maps discussed in this 
chapter) was publicized after the threat was discovered (Pearson, 2016), 
and pregnant women were advised not to travel to affected countries 
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(LaMotte & Goldschmidt, 2016). Yet media coverage has also been 
shown to over-emphasize evolving public health threats like infectious 
and communicable disease with less attention directed toward “chronic 
risks” like not exercising and smoking (Bomlitz & Brezis, 2008, para. 1). 
Reporting in such scenarios has also been criticized for “emphasiz[ing] 
the more sensational aspects of a crisis” including “wrongdoing, blame, 
and danger” (Reynolds et al., 2014, p. 36). Indeed, this characterization 
may describe news organizations’ initial communication approach. As 
Ungar (1998) argues in his analysis of the 1995 Ebola outbreak, during a 
“hot crisis” reporting strategies tend to move from “alarming” to “reas-
suring” as concern and worry begins to increase among public audiences 
(p. 36). Ungar’s observations also align with Sandman’s (2014b) strategy 
of “precaution advocacy”—that is, “trying to arouse concern and mo-
tivate preparedness even though there’s nothing bad on the immediate 
horizon” (para. 8)—in the early stages of a potential pandemic.

The results of the study in this chapter suggest that visual communi-
cation too may follow a similar pattern. In my analysis below I complete 
the final stage of my grounded theory approach, linking the results 
I discussed in the previous section to several of the characteristics de-
fined by risk perception theory.

Perspective

The maps in this study situate the risk of Zika in space (and often 
time), allowing viewers to compare specific “diseased” and “non-
diseased” areas rather than the number of cases (bar charts) and/or 
the number of cases over time (line graphs). The geographic space 
shown in these maps (indeed in any disease map) conveys to viewers 
the current level of containment or lack thereof over the potential 
spread of the disease.

The maps in this study overwhelmingly depict Zika as a global and 
hemispheric level threat, which increases the perceived level of hazard. 
Most maps (24) also show areas of active transmission. Further, eight 
show the potential range of the mosquitos that transmit the disease, vi-
sually reinforcing lack of containment, control, and consequently uncer-
tainty, all of which usually increase risk perception.

Color

The maps in this study also tend to use warm (19) rather than cool 
colors (10), which convey urgency, alarm, and danger. Indeed the warm 
colors used in many of the maps combined with a global or hemispheric 
perspective (for instance, maps 3, 5, 7, 8) together visually signify that 
Zika is an urgent, global (or hemispheric)-level threat. Map 25 (see 
Figure 4.4), for instance, illustrates this effect.



Figure 4.4  �“Final destinations of travellers departing Brazil by potential for 
autochthonous Zika transmission.” Color figure in plate section.

Source: Reprinted from The Lancet, 387, Bogoch et al., “Anticipating the international 
spread of Zika virus from Brazil,” 335–336, Copyright (2016), with permission from 
Elsevier.
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Together, these design choices show lack of containment and control, 
reinforcing dread and catastrophic potential by visually escalating the 
perception of the threat. Muted warm colors, which are used in some of 
the maps (7 and 8, for example), can mitigate this message. However, 
the brighter and the more saturated the color, the more pronounced the 
effect as shown in Figure 4.3, for instance.

Low Context

Explanatory textual and visual information is included in most of the 
maps in this study to explain the risk more directly and explicitly. Pro-
viding this additional information can downplay an alarming visual 
message conveyed through perspective and color by promoting trust in 
institutions (the news organization that creates the maps and the public 
health agencies who collect the data) and understanding (by explaining 
the virus’s natural origin, for instance). However, much of this additional 
contextual information is language-based, and if viewers do not read the 
article, they may rely on the visual message alone to assess the threat. 
Further, if an article admonishes readers to not become alarmed, but the 
map communicates the opposite message (like Figures 4.3 and 4.4), the 
visual message may override the textual message.

Design Aesthetic 

The layout choices in most of the maps adhere to the visual conven-
tions of a clean design aesthetic, which simplifies, streamlines, and ab-
stracts the quantitative information shown. Clean design may promote 
understanding and trust in institutions, and may downplay uncertainty 
because the visual information promotes “clarity.” But a minimalist aes-
thetic may also visually reinforce that Zika is an urgent, global (or hemi-
spheric)-level threat because it may boost the credibility of the visual 
message. For instance, maps 9 and 12 have particularly strong aesthetic 
appeal. Map 9 uses shading to show the potential geographic range of 
Aedes aegypti. Areas in the mosquito’s range are a deep, light brick shade 
of red, which fades to a light greyish beige in areas where the mosquito 
is not present. Map 12 shows “risk of local Zika transmission” in matte 
orange; mountains along with other natural features look hand-drawn, 
emphasizing natural origin.

Conclusions: Visualizing a Pandemic

All of the design choices that I explore in this study—perspective, color, 
high/low context, design aesthetic—contribute to the ways that Zika 
risk is framed in these maps and subsequently perceived by viewers. Per-
spective and color may carry the most weight of the overall visual mes-
sage by establishing the geographic scope of the threat as well as whether 
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viewers should be alarmed (warm colors) or reassured (cool colors). Low 
context and a clean design aesthetic may then either reinforce or down-
play these dominant visual choices. A low-context textual message that 
overtly emphasizes alarm may visually bolster this message, while a 
clean design aesthetic may strengthen the credibility of the organization 
delivering the message.

Grounded theory has been met with a number of criticisms, which 
its creators have responded to (see Glaser & Strauss, 1999). I employ 
this inductive approach because it offers one strategy for lending insight 
into the visual reporting strategies used to communicate quantitative 
risk information about emergent public health threats like Zika. Such 
data are usually collected by public health agencies. However, they 
are often disseminated to public audiences through news coverage 
(Reynolds & Seeger, 2005), which profoundly shapes how viewers per-
ceive risks (Slovic, 1986). As mentioned, media coverage has been cri-
tiqued for gravitating toward sensationalism. Yet such criticisms also 
seem to assume that when outrage (anxiety) escalates to panic, as was 
the case in Europe and the United States when Ebola struck West Africa 
in 2014 (see Higgins, 2014), the media is primarily responsible.

However, not all infectious and communicable diseases are perceived 
as equally dangerous or threatening, which also shapes how risk mes-
sages about a particular disease are perceived. The 2014–2016 Ebola 
outbreak was the worst to date. But the virus did not pose a danger to 
people in the United States (Fox, 2016). In contrast, Zika continued to 
gain ground in 2016. As of late August 2016 the virus was widespread 
throughout the Western Hemisphere, with rapid transmission in Puerto 
Rico (CDC, 2016d) and locally acquired cases diagnosed in two Florida 
neighborhoods (CDC, 2016b). Yet Americans remained generally un-
concerned (Byrnes, 2016) by what then CDC Director Tom Frieden 
described as an “invisible crisis” (Fox, 2016, para. 7). This profound 
difference in the public response can be attributed, in part, to fundamen-
tal differences in the ways that Zika and Ebola align with many of the 
dimensions of risk perception theory.

Contracting either disease is involuntary (e.g., people do not agree to 
be exposed like they agree to travel-associated risks, for example), which 
is a factor that usually increases anxiety. But Zika may seem more fa-
miliar and controllable because mosquitoes are already common in the 
areas shown on the maps, and most people who live in these areas have 
been bitten by mosquitoes before with no severe adverse consequences. 
Further, they can also exert some control over exposure by engaging in 
preventative behaviors like using insect repellants.

Ebola, on the other hand, is not at all familiar. Consequently, expo-
sure is seen as much less controllable. Uncertainty may also be high 
for both diseases because the long-term effects are unknown. However, 
perhaps the most important difference is dread and catastrophic poten-
tial. Ebola causes severe symptoms and has around a 50% mortality 
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rate (WHO, 2016c). In sharp contrast, people with Zika often exhibit 
minor, if any, symptoms (CDC, 2016e). It is important to acknowledge 
that dread and catastrophic potential, however, are probably very high 
among pregnant women and those wanting to become pregnant who live 
in areas that could be exposed.

Ultimately, no risk communication strategy is neutral. Any visual or 
language-based choice that a risk communicator makes influences how 
non-experts will perceive the risk. But Ebola is intrinsically far more 
threatening than Zika. Therefore, many of the visual risk communica-
tion strategies that I identify in this study—maps that show a global or 
hemispheric perspective, warm colors, and clean design aesthetic—are 
likely to be perceived very differently for a disease like Ebola than a 
disease like Zika. Indeed, a similar visual communication strategy may 
have exacerbated the full-blown panic that ensued during the 2014–2016 
Ebola outbreak (Welhausen, 2015a).

Consequently, when risk communicators decide whether visual risk 
communication should seek to “alarm” or to “reassure,” they should also 
assess how the characteristics of the disease align with the dimensions 
of risk perception theory. More specifically, when possible, they should 
solicit information from the intended audience about how viewers may 
already perceive the risk. A visual risk communication strategy that does 
strongly reinforce lack of containment and controllability may be needed 
if the Zika outbreak worsens to persuade Americans to engage in behav-
iors that might reduce their risk, one of the key features of effective risk 
communication that Rohrmann (1992) identifies. However, should the 
risk change—for example, if cases of microcephaly begin to increase in the 
United States (escalating perceived dread and catastrophic potential)—
then risk communicators would want to modify their overall risk message 
to emphasize containment (and reassurance) to mitigate increasing panic. 
The heuristic that I develop in this chapter offers a framework that cre-
ators of visual risk communication can draw from in determining how 
to design visual risk communication in order to achieve these objectives.
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In American popular culture, the tree of life is not an uncommon met-
aphor: it is generally taken to signify the progress of life, sometimes 
with a religious or spiritual undertone. The concept takes on a narrower, 
though no less significant, meaning in biological sciences where Charles 
Darwin is credited as one of the first to apply “tree thinking” to natu-
ral studies. His 1859 On the Origin of Species contains elaborate trees 
(Figure 5.1) that explain how hypothetical species or varieties of species, 
over thousands of generations, diverge into different units of life or go 
extinct.

In modern biology, the term “tree of life” is still used, especially in pop-
ular communication (see Zimmer, 2016), though a more accurate term 
to refer to these visual representations is “phylogenetic diagrams.” Other 

5	 The Tree of Life in Popular 
Science
Assumptions, Accuracy, and 
Accessibility

Han Yu

Figure 5.1  �Charles Darwin’s tree of life in On the origin of species (Darwin, 
1859).
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related terms include “phylogeny,” “evolutionary tree,” and “cladogram.” 
These terms are sometimes used synonymously, sometimes with subtle 
differences and not always consistently (“Reading Trees,” 2016). In this 
chapter, “phylogenetic diagram” is used to encompass these variations.

Most succinctly, a phylogenetic diagram is “a diagram that depicts 
the lines of evolutionary descent of different species, organisms, or genes 
from a common ancestor” (Baum, 2008a, p. 190). Despite their long his-
tory, phylogenetic diagrams became an essential tool to modern biology 
only in the last 20 or so years (Baum, Smith, & Donovan, 2005; Catley, 
2006; Soltis & Soltis, 2003). By putting organisms into appropriate evo-
lutionary and genetic contexts, these diagrams provide scientists with 
valuable clues for targeted research. In the study of HIV/AIDS, for exam-
ple, they allow researchers to “identify the source of the virus,” “detect 
viral recombination,” and “track viral evolution” (Baum et al., 2005, 
p. 979). Moreover, by reconstructing the evolutionary history of genes, 
they allow researchers to understand changes, variations, and relation-
ships at the genetic level (Bluis & Shin, 2003; Soltis & Soltis, 2003).

From the standpoint of education and public communication, phylo-
genetic diagrams facilitate the understanding of evolution at and beyond 
the level of individual species. By revealing the evolutionary patterns of 
diverse organisms and situating that process in geologic time, they pres-
ent evolution not as a linear process but as a complex, branching event. 
In North America, where misconceptions about evolutionary mecha-
nisms abound and public acceptance of the common-descent principle of 
evolution is low, phylogenetic diagrams can be an especially useful tool 
for public communication (Baum et al., 2005; Gregory, 2008; Scott & 
Giusti, 2006).

Last and probably most importantly, phylogenetic diagrams promote 
the tree-thinking heuristic advocated by contemporary scientists, philos-
ophers, and educators (Baum et al., 2005; Gregory, 2008; O’Hara, 1988). 
This heuristic, enabled by billion-year-old historical as well as modern 
molecular evidence, allows humans to appreciate the mechanisms that 
created life on Earth, to realize the fragility of the planet’s biodiversity, 
and to nurture a responsible “stewardship ethic” for maintaining the 
planet’s environment and ecology (Catley, 2006).

Despite phylogenetic diagrams’ merits for public science communica-
tion, the vast majority of current studies, as detailed below, approach 
them from the standpoint of formal education and focus on biology text-
books and classroom learning. Very few (MacDonald & Wiley, 2012) 
explicitly examine phylogenetic diagrams as they are used in popular 
science communication. Given the diagrams’ ability to depict evolution 
(arguably one of the most important concepts in modern science) and to 
foster responsible ethics toward the world around us, it is important that 
we consider how phylogenetic diagrams are deployed in popular media 
and their potential effects.
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This is what this chapter intends to do. It examines the use of phy-
logenetic diagrams in U.S. popular science magazines, discusses the 
evolutionary mechanisms these diagrams portray, and considers their 
potential impact on publics’ uptake of evolution. Based on these find-
ings, the chapter also suggests heuristics on how to present phylogenetic 
diagrams in popular science communication.

Basics of Phylogenetic Diagrams

Figure 5.2 dissects a simple phylogenetic diagram. It features a common 
ancestral root from where related branches diverge. The direction from 
the root to branch tips indicates the historical order of branching events. 
All branches end in terminals, which represent taxa that co-exist at a 
given time; the taxa can be individual organisms, groups of organisms, 
or genetic materials. Because these entities co-exist, the branches all ter-
minate at the same height; extinct taxa, however, would terminate at a 
lower height. Related species or genes have recent common ancestors, 
which are signaled by nodes.

As a whole, phylogenetic diagrams portray evolutionary relationships 
through hierarchically nested units called clades. Within each clade are 
relatively closely related organisms that have split from a common ances-
tor/node and share derived characteristics (known as synapomorphies) 
(Baum et al., 2005; Gregory, 2008). For example, in Figure 5.2, B and 
C share a most recent node, node 1, and are more closely related to each 
other than they are to A or D. Thus, B, C, and node 1 constitute a clade. 
At the next level, B, C, and A are more closely related to each other than 
they are to D because they share the next most recent node, node 2. 
Thus, B, C, A, and node 2 constitute the next level of clade, with the 
B+C+node1 clade nesting within it.

Figure 5.2  �A simple phylogenetic diagram.
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Current Research on Phylogenetic Diagrams

In current research, scholars draw upon perceptual and cognitive theo-
ries (such as Gestalt principles and visual metaphors) and use controlled 
experiments and visual analyses to explore how phylogenetic diagrams 
are constructed, presented, perceived, and processed.

One prevailing finding of these studies is that phylogenetic diagrams 
are prone to misinterpretation (Baum, 2008a; Baum et al., 2005; 
Gregory, 2008; Halverson, 2010; Meisel, 2010; Novick & Catley, 2007). 
Contributing to this reality is these diagrams’ flexible (or one may say in-
consistent) visual representations. To start, a given phylogenetic diagram 
can assume a variety of shapes and orientations as long as it maintains 
the same topology (pattern of branching). For example, Figure 5.2 seen 
earlier is known as a ladder: it contains a continuous, diagonal main 
branch. Side branches then split off from this main branch. This same 
diagram can be presented in a number of alternative displays shown 
in Figure 5.3. Figures 5.3a and 5.3b are known as a tree display: they 
explicitly depict “stacked,” nested clades. The branches may be straight 
or curvy and extend vertically or horizontally. Figures 5.3c and 5.3d 
are, respectively, a radial and a circular display, formed by “bending” 
branches into spokes or curves. For readers who are not familiar with 
phylogenetic diagrams, it is counterintuitive to have to accept that these 
apparently dissimilar images all convey the same information.

Figure 5.3  �One same phylogenetic diagram can assume various shapes and 
orientations.
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Not only are the shape and orientation of a diagram irrelevant, branch 
lengths and specific node positions generally do not matter either as long 
as they give rise to the same branching pattern. The two diagrams in 
Figure 5.4 thus express the same information as those in Figures 5.2 and 
5.3. Then again, in some cases, branch lengths do matter and are em-
ployed to “depict either the amount of evolution occurring in a particu-
lar gene sequence or the estimated duration of branches” (Baum, 2008a, 
p. 190). This exception, however, may not be indicated in the diagram, 
and readers are expected to be able to discern it from “the context” of 
the diagrams (Baum, 2008a, p. 190).

Although Figures 5.2, 5.3, and 5.4 are informationally equivalent, 
they are not equally accessible from a perceptual and cognitive stand-
point. For example, Novick and Catley (2007) found that the ladder 
display is more likely to create misinterpretation than the tree display. 
In their study, students saw the continuous, diagonal main branch in 
the ladder as a single event—due to the influence of the Gestalt princi-
ple of continuation—when in fact, that branch is “segmented” by side 
branches and thus represents multiple branching events. As another ex-
ample, the circular display makes branches difficult to discern and com-
pare by curving them in different directions (Kjærgaard, 2011).

Even more frustrating is the finding that unclear or incorrect diagrams 
abound (Catley & Novick, 2008; MacDonald & Wiley, 2012). A com-
mon mistake, for example, is to attach taxa not only at the terminal 
but in the middle of a branch. This design, from a visual perspective, 
suggests that the middle organism had become or turned into the 
terminal organism over time. This reading reinforces a common mis-
conception about evolution known as anagenesis, which holds that as an 
old species undergoes change, it transforms into a new species; common-
sensical as it may sound, anagenesis is supported by little evidence and 
cannot explain the net increase of species over time (Novick, Shade, & 
Catley, 2010). Precisely because phylogenetic diagrams are supposed to 
provide evolutionary evidence, incorrect and unclear designs exacerbate 
misconceptions.

Figure 5.4  �Phylogenetic diagrams with varying branch lengths and node 
positions can convey the same information.
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In addition to studying how phylogenetic diagrams convey evolutionary 
evidence, current research considered the broader, social-cultural messages 
embedded in this visual artifact. For example, a bottom-to-top diagram 
whose branches do not end at the same level may trigger cognitive and met-
aphorical understanding of “up” as “more” and “better” while “down” as 
“less” and “worse” (Catley & Novick, 2008; Catley, Novick, & Shade, 
2010; Lakoff & Johnson, 2003; Tversky, 1997; Tversky, Kugelmass, & 
Winter, 1991). Such diagrams thus suggest a progressive, teleological 
understanding of evolution in which “primitive,” “lower,” and “simpler” 
organisms progress, purposefully and as if by design, into “advanced,” 
“higher,” and “complex” ones. Not infrequently, humans or some humans 
(often Caucasians) are suggested to be the endpoint of this progression 
(Scott, 2010; Scott & Giusti, 2006).

Horizontal diagrams are not immune to such readings. With 
Figure 5.3b, for example, terminal taxa are aligned vertically to the 
side. Therefore, the top-most branch may be equated to evolutionary 
superiority, while the lower branches represent different levels of prim-
itive states (Phillips, Novick, Catley, & Funk, 2010). A ladder display 
can be just as problematic. Because the English language is written and 
read from left to right, there is “a strong tendency by English speakers 
to portray temporal concepts from left to right” (Tversky et al., 1991, 
p. 529). This left-to-right habit, coupled with the “up-is-good-and-
down-is-bad” metaphor, means that the organism occupying the 
top-right terminal of a diagonal ladder may be seen as the evolutionary 
endpoint (Gregory, 2008).

Of course, none of these readings is correct. All extant organisms, 
having evolved from a common ancestor on independent paths, are 
similarly advanced by virtue of existing today. Even though some 
organisms may be more morphologically complex, they are equally 
distant in evolutionary time from that common ancestor (Baum, 2008b). 
Indeed, it is dubious whether a complex morphology is biologically 
superior; bacteria, despite their simple morphology, are far greater in 
number than any other species on Earth and are much more adaptable, 
diverse, and resilient (Gould, 1994; Zimmer, 2016). Still, a progressive 
reading of evolution persists in popular culture, especially when the 
evolution of human is concerned (Meisel, 2010; O’Hara, 1988; Scott, 
2010; Scott & Giusti, 2006). Such a reading is not only scientifically 
incorrect, it gives rise to an anthropocentric or Eurocentric worldview 
that underlies diverse modern problems from environmental degrada-
tion to racism.

Phylogenetic Diagrams in U.S. Popular  
Science Magazines

The above literature, insightful as it is, largely focuses on the use of phy-
logenetic diagrams in educational contexts: the visual examples being 
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discussed are sourced from textbooks, and the audiences being consid-
ered are students. In following such a research path, we miss the oppor-
tunity to examine how phylogenetic diagrams are presented to public 
audiences and whether and how these images may be revised to dispel 
misconceptions about evolution and cultivate a tree-thinking heuristic 
among the publics. The following study addresses this gap by examining 
the use of phylogenetic diagrams in U.S. popular science magazines.

Research Methods

Popular science magazines were chosen as the source for this study be-
cause these publications, compared with other popular media such as 
newspapers and general magazines, have more in-depth reports on scien-
tific topics and use more as well as more detailed visual representations. 
Pragmatically, digital archives of magazines retain full images and allow 
the kind of visual analysis pursued in this study, whereas newspaper 
archives often omit images (possibly to save space in order to archive 
larger numbers of issues). Four popular science magazines were used 
as data source: American Scientist (1913–present), Popular Science 
(1872–present), Science News (1922–present), and Scientific American 
(1845–present). These titles represent the most well-known popular 
science magazines in the U.S. and boast viewer bases in the millions 
(see, e.g., Scientific American media kit, 2016; Society for Science & the 
Public, 2016).

To locate phylogenetic diagrams from these publications, keywords 
(cladogram, evolutionary tree, family tree, phylogenetic tree, phyloge-
netic diagram, phylogeny, and tree of life) were searched for in respective 
magazine archives. These keywords had been generated by examining a 
small sample of articles from these magazines that contain phylogenetic 
diagrams as well as by drawing upon previous literature. All search re-
sults were reviewed, and articles that do not contain phylogenetic dia-
grams despite using the keywords were eliminated. This process resulted 
in 145 articles, which contained a total of 218 phylogenetic diagrams.

All diagrams were then coded in qualitative data analysis software 
NVivo. The coding scheme, developed based on Catley and Novick 
(2008) and MacDonald and Wiley (2012), is detailed in Table 5.1. The 
scheme focuses on the visual representations of the diagrams in order to 
explore their design implications and complications. Some of the coding 
categories, as noted in Table 5.1, may overlap.

Findings

Darwin’s tree of life appeared in the 1850s, and other well-known trees, 
notably those by German biologist Ernst Haeckel, followed shortly 
after. However, nineteenth-century U.S. popular science magazines 
published only a few phylogenetic diagrams (three in total). Even in the 
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early- to mid-twentieth century, there were relatively few of them: only 
31 were published from the 1900s to 1960s. It was only toward the 
end of the twentieth century and in the twenty-first century that phy-
logenetic diagrams became more popular: 118 were published from the 
1970s to 1990s, and in the first 15 years of the twenty-first century, 
66 were published. This growing trend corresponds to the scientific 
community’s recent emphasis on tree thinking.

Diagram Explanation

Although the phylogenetic diagrams found in this study almost always 
use captions, these captions are often limited to commenting on what 
is ostensibly seen in the diagram: for example, what organisms are de-
picted or which organisms appear related. There is, by contrast, very 
little explicit explanation on how a phylogenetic diagram is constructed 
or interpreted: for example, what do the nodes stand for, or what is the 
concept of nested relationship or clade? Of the 145 articles found, only 
25 contain any such explanations, most of which are provided through 
captions, and some are contained in the articles’ body content. A similar 
lack of phylogenetic diagram explanation was found in biology textbooks 
and museum displays (Catley & Novick, 2008; MacDonald & Wiley, 
2012). It seems, then, that the scientists and science communicators be-
hind these publications assume audiences, including public audiences, 
to already know about and can readily interpret phylogenetic diagrams. 
Or, as Welhausen (Chapter 4) would put it, readers are expected to be 
well versed in the context of these images. However, given the design 
complications and misinterpretations involved in phylogenetic diagrams, 
such assumptions seem ill founded.

The design of branch length is a case in point. As mentioned earlier, 
all branches in a phylogenetic diagram should end at the same height to 
depict co-existing organisms. Sometimes, however, a diagram may con-
tain extinct species, which would require branches to terminate earlier, 
or a diagram may demonstrate quantitative data such as the amount of 
genetic change, which would also result in branches of varying lengths. 
In this study, 27 such diagrams were found. Most of them (78%) do not 
acknowledge or explain their exceptional design, or the explanation may 
be obscure—as in “The horizontal component of separation represents 
evolutionary distance between organisms” (Kabnick & Peattie, 1991, 
p. 42). Because of this, it is difficult for readers to differentiate excep-
tional but correct diagram features from incorrect ones, which adds to 
the confusion in how these diagrams are constructed and interpreted.

As another example, branch thickness occasionally presents an issue. 
In phylogenetic diagrams, all branches should have the same width, but 
in this as well as other studies (Catley & Novick, 2008; MacDonald & 
Wiley, 2012), some diagrams feature branches of varying thickness. 
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Without explicit explanation, it is unclear whether this uncommon 
feature represents population size, number of species, geographical 
distribution, or other information (Catley & Novick, 2008).

Display Types

As noted in Table 5.1, five display types were coded in this study. Two 
of them are correct displays that observe phylogenetic principles: ladders 
and trees. The others (almost a ladder, almost a tree, and actual trees) 
fail one or more principles such as properly depicting nested relation-
ships, branching events, or extant organisms. Figure 5.5 summarizes the 
distribution of these displays. As it shows, trees are the most common 
choice (30%), while ladders come in last at 15%. This means that only 
45% of the phylogenetic diagrams found in this study are actually cor-
rect, while the majority (55%) are not.

Specifically, 39% of the diagrams are almost a tree or almost a lad-
der. These diagrams may have taxa in the middle of a branch, posi-
tion extant organisms at different levels, or have “side branches” that 
split off without forming nested relationships. In Catley and Novick’s 
(2008) words, these display types are especially insidious: looking very 
much like ladders or trees but violating certain rules, they reinforce 
deep-seated misconceptions about evolution. For example, 16% of the 
diagrams place taxa in the middle of a branch, which, as mentioned 
earlier, suggests evolution as anagenesis, a linear process of chimpanzees 
turning into humans (Shtulman, 2006).

The other incorrect display, actual trees, accounts for 16% of the total 
diagrams. Some of these are drawn realistically to resemble a real tree; 

Figure 5.5  �Display choices: A majority of the displays are incorrect.
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others are schematic renditions of a real tree. Frequently, these displays 
show “lesser” life forms (e.g., bacteria) at lower branches and “higher” 
life forms (e.g., animals) at higher branches. “These diagrams are the 
epitome of a teleological view of evolution; they overtly suggest the no-
tion of direction and progress” (Catley & Novick, 2008, p. 983). Despite 
evidence to the contrary, this progress-driven concept about evolution 
continues to be prevalent in popular belief (Catley & Novick, 2008; 
Scott, 2010), and the many actual tree displays in mainstream popular 
science magazines do nothing to deter it.

The finding that 55% of phylogenetic diagrams published by leading 
U.S. popular science magazines are incorrect is bleak, to say the least. 
Some readers may wonder if this is caused by earlier publications being 
less careful, but that is not the case: of the 66 diagrams published in the 
last 15 years, 46% are incorrect. Compared with biology textbooks, 
which have a 72% overall accuracy rate for phylogenetic diagrams 
(Catley & Novick, 2008), popular science magazines do much worse. 
If it is somewhat understandable that formal education materials are 
more vigorously vetted, it is deeply disappointing that popular science 
magazines, a medium for everyday citizens to gain exposure to sci-
ence, are not held to more stringent standards. Moreover, as Catley 
and Novick’s (2008) study shows, textbook quality is not consistent 
among school levels. While college textbooks’ phylogenetic diagrams 
are 65%–83% correct, middle school and high school textbooks fair 
much worse at 35%–53%, making them no better than popular science 
magazines. By contrast, professional journals are the least tolerant of 
erroneous displays (Catley & Novick, 2008). With these data, one is 
tempted to conclude that scientists and science communicators consider 
it more important to “get the science right” when the target audience 
is more scientifically informed, more educated, or at least promised to 
become more educated. The needs of the “lay” or “low-level” readers, 
by comparison, fell to the wayside.

These findings have serious implications when we consider that 
66% of the U.S. population does not have a bachelor’s degree (Na-
tional Center for Education Statistics, 2016; data reflect that of 
2014). In other words, there is a substantial number of people who 
would not benefit from the apparently more serious focus on evolu-
tionary science in college. For these American adults, their sources 
of scientific information are not rigorously peer reviewed journals or 
vetted textbooks but informal channels such as books, magazines, 
newspapers, TV, radio, the Internet (including online newspapers 
and magazines), and museums (Falk, Storksdieck, & Dierking, 2007; 
National Science Board, 2014). Ensuring correct visual representa-
tions in popular media should therefore be a priority for science 
communicators. This is especially so in the area of evolutionary sci-
ence, given the widespread misconceptions and mistrust of Darwin-
ian evolution in the U.S.
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Orientations

As noted in Table 5.1, seven diagram orientations were coded in this 
study: vertical (top to bottom and bottom to top), horizontal (left to right 
and right to left), diagonal (up to right and down to right), and radial 
and circular. Figure 5.6 summarizes the distribution of these orientations. 
As  the figure shows, by far the most common choice is the bottom-up 
orientation where the root of the tree is at the bottom and the branches 
extend upward. This finding is not surprising given our physical and 
cognitive familiarity with the vertical and especially the bottom-up orien-
tation: humans are vertically oriented, and most life forms grow upward 
(Tverskey, 1997). However, when used to graph evolution history, this 
orientation, as mentioned before, risks creating the visual metaphor of 
evolution as a progressive event from “lower” and “primitive” organisms 
to “better” and “advanced” ones. As a sharp contrast, the other vertical 
choice, the top-bottom orientation, is used by only seven diagrams. This 
is despite the fact that this latter choice is equally capable of depicting 
nested relationships and can probably better connote evolution as a process 
of “descending” rather than progressive enhancements.

The second leading orientation choice is the left-to-right orientation 
where the root is positioned to the left and branches extend toward right. 
This orientation results in vertically placed taxa labels and thus similarly 
risks the top branches being perceived as “superior.” At the same time, 

Figure 5.6  �Orientation choices: Orientations that encourage a progressive read-
ing of evolution dominate.
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this orientation has a particular advantage in accessibility. Recall that 
in a phylogenetic diagram, time is read in the direction from root to tip; 
therefore, in a left-to-right diagram, time proceeds from left to right. 
This sequence corresponds to English speakers’ tendency to conceive 
temporal events as happening from left to right (Tversky et al., 1991). 
Phylogenetic diagrams with other orientations disrupt this reading se-
quence and are more likely to lead to misinterpretation because readers 
may ignore the actual root-tip orientation and mistakenly perceive taxa 
on the left to happen before those on the right (Gregory, 2008).

The third leading orientation choice is the up-to-right orientation 
where the root is positioned at bottom left and a continuous main line 
extends toward top right. The prevalence of this choice is unfortunate 
from both a semiotic and an accessibility standpoint. Semiotically, an 
up-to-right ladder can signal evolution as progressive enhancements due 
to the combined effect of the left-to-right reading and “up-is-better” 
metaphor. From an accessibility standpoint, an up-to-right ladder is par-
ticularly difficult to comprehend. As Novick and Catley (2007) found, 
due to the influence of the Gestalt principle of continuation, students 
tend to incorrectly assume that the continuous main branch in the ladder 
is a single evolutionary event. Furthermore, because English readers are 
conditioned to read from left to right, they encounter the ladder’s nested 
relationships in a reverse order: the least related clades are encountered 
first (Novick, Stull, & Catley, 2012). Figure 5.7a demonstrates this pro-
cess. When reading this ladder from left to right, readers will first en-
counter C and A, even though A and B share a more recent ancestor and 
are more related.

The counterpart to this design, the down-to-right ladder (Figure 5.7b), 
presents a different story. Because of their left-to-right reading habit, 
English readers will process this ladder from top to bottom, which helps 
to discourage the “up-is-better” metaphor and a progressive reading of 
evolution. Moreover, when readers process these ladders from left to 
right, they generally encounter nested relationships in their right order 
(Novick et al., 2012). For example, with Figure 5.7b, readers will first 

Figure 5.7  �Up-to-right ladders are less accessible than down-to-right ladders.
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encounter A and B, which are more closely related. Proceeding from this 
first clade, they will encounter C, who shares a more distant common 
ancestor with A and B and is less related. In spite of these advantages, 
down-to-right ladders are rare in popular science magazines: only five 
were found in this study.

Altogether, diagram orientations that promote an incorrect, pro-
gressive reading of evolution dominated; those that discourage such 
a view numbered only in single digits. This is not to say that these 
other orientations are all necessarily superior, because multiple fac-
tors complicate the design of a phylogenetic diagram. For example, 
although circular diagrams can disrupt common orientation biases 
and discourage a hierarchical reading of evolution, they are difficult 
to access given their lack of an obvious orientation. Such diagrams 
may have a place in professional publications that need to fold the 
branches in order to efficiently present large amounts of information 
to an informed audience (see Figure 5.8), but in popular communica-
tion, they are more likely to overwhelm than inform. The same may be 
said of radial designs. Then again, these designs may be appropriate 
for public audiences if they are able to convey general impressions of 
data, such as the complex radial tree published in a recent New York 
Times article that reveals latest biodiversity findings (Zimmer, 2016). 
The tree contains many data points, terminologies, and technical de-
tails but also a visually obvious message: bacteria occupy much of 
Earth’s biodiversity, while humans and other “higher” lives fit on a 
small twig. That twig is positioned, most likely deliberately, at the 
bottom of the tree.

Figure 5.8  �Circular designs pack in an enormous, some may say excessive, 
amount of information (Segata & Huttenhower, 2011, p. 7). Color 
figure in plate section.
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Placement of Humans

Because the meaning of a phylogenetic diagram depends on its branch-
ing pattern, not the position of individual branches, one can usually 
rotate the branches of a given diagram without affecting its meaning. 
Figure 5.7, in demonstrating two orientations of a ladder, already shows 
this possibility. From Figure 5.7a to Figure 5.7b, branch C is flipped 
horizontally, but the two diagrams portray the same nested relationship: 
A and B form a more related clade, and then A, B, and C form the next 
clade. Similarly, Figure 5.9 shows how branches in a tree display can be 
rotated. From Figure 5.9a to Figure 5.9b, branches A and B are flipped, 
and then branch D is rotated from top to bottom. The two diagrams, 
however, still portray the same evolutionary relationship: A and B form 
a most closely related clade; A, B, and C form the next clade; and A, B, 
C, and D form the most distant clade.

Because branch positions are not fixed, which organism happens to 
occupy a top or a right-hand branch should be random. However, as 
Sandvik (2009) showed, such is not the case when the human species 
is graphed. In his study of phylogenetic diagrams in biology textbooks, 
Sandvik (2009) found that humans are consistently placed at the top-
right corner of the diagram, a position that represents the metaphorical 
height and endpoint of evolution, a position where nature seemed des-
tined to progress toward all along. This same tendency exists in popular 
science magazines, as shown by this study. Of the 54 diagrams found in 
this study that contain humans (Homo sapiens) or their recent Homo 
relatives (e.g., Homo erectus), 39% position the Homo species at the 
top-most branch or the top-right corner. Although 39% may not seem a 
majority, no other species portrayed in the many diagrams is consistently 
granted this visual prominence.

Some of these human-centered diagrams take on an incorrect display 
type (e.g., almost a tree), but others assume correct display types that 
observe phylogenetic principles (i.e., trees and ladders). These latter ones 
are especially problematic by being “technically correct.” In Sandvik’s 
(2009) words, it is “exactly because the graphical representation of the 
results is irrelevant to their correctness that scientists are entirely free to 
choose whatever … ordering of taxa they like” (p. 438). What became 

Figure 5.9  �Branches of a phylogenetic diagram can be rotated without changing 
its evolutionary relationship.
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promoted through this freedom is an anthropocentric worldview—a 
worldview that is apparently shared by many scientists, educators, and 
science communicators. As humans, we very genuinely believe in our 
own evolutionary superiority (how could it be otherwise for a highly in-
telligent and self-conscious species!), and wittingly or not, we are guided 
by that belief when describing the history of lives. As O’Hara (1992) put 
it, our “common membership in this [human] community blinds us to 
the effect our perspective has had on our representations of the past”; 
after all, “there are no coelacanths, no bird’s nest fungi, no vestimentif-
eran worms writing evolutionary history” (p. 144). If these organisms 
were to create phylogenetic diagrams, we could expect to be reminded 
of our own bias.

If our anthropocentric worldview is understandable, it is certainly not 
unproblematic. Even if the scientists and science communicators who 
created these diagrams understand that humans are not the height and 
endpoint of evolution, it is doubtful that public audiences will (see Phil-
lips et al., 2010). Even if the accompanying text correctly explains evolu-
tionary histories, the “graphs appeal to the optical memory” and tend to 
be remembered as they are (Sandvik, 2009, p. 438). Indeed, textual ex-
planation is a dubious point too. Although this study focuses on the vi-
sual representation of phylogenetic diagrams, it is worth noting that the 
magazine articles found in this study, including recent ones, frequently 
use words such as “primitive,” “advanced,” “lower,” and “higher” to 
describe species and taxa, even though terms such as “primitive” should 
only be used to describe characteristics, not species, while terms such as 
“lower” and “higher” should be abandoned altogether (O’Hara, 1992).

Labels and Legends

An almost mandatory component in phylogenetic diagrams is taxa 
labels—labels that explain what organisms or species are being graphed. 
Most often, the labels take the verbal format: for example, using the 
word “swordfish” at the tip of a corresponding branch to signal that 
organism. In addition or alternatively, visual labels are employed, for 
example, using an iconic image of a swordfish to represent that organ-
ism. Forty-four percent of the diagrams found in this study use such 
visual labels, some of which are specific (as in the swordfish example), 
and others are exemplary (as in using the image of a dog to represent 
“vertebrate”). From an accessibility standpoint, these visual labels have 
several advantages in popular science communication. First, they add vi-
sual interest and a sense of familiarity to a diagram that public audiences 
may find unfamiliar or uninviting. Even though the visual labels cannot, 
on their own, convey information about evolutionary relationships, they 
provide some entry points into that information. Second, visual labels 
help readers recognize, differentiate, or learn about unfamiliar taxa. 



The Tree of Life in Popular Science  125

Without an image, some readers may not know what a “colugos” is or 
what “Articulata” are. Even in cases where readers are already familiar 
with the taxa, visual labels allow at-a-glance recognition. From these 
perspectives, popular science magazines can benefit from using more vi-
sual labels for their phylogenetic diagrams. Certainly, as McDonald and 
Wiley (2012) cautioned, if readers rely on morphological appearance to 
infer biological relationships, visual taxa labels may create unintended 
confusion and allow readers to conflate physical similarity and evolu-
tionary relatedness. But then again, the opposite effect is also possible: 
By seeing how physically dissimilar organisms are related, readers may 
be guided to discard misconceptions about evolution and its mechanism.

Another label sometimes seen in phylogenetic diagrams pertains to 
synapomorphies. Placed on or beside appropriate branches, these labels 
highlight the morphological, molecular, or behavioral characteristics 
(the synapomorphies) inherited from a common ancestor and shared by 
a group of taxa, for example, the character of having an integrated ner-
vous system (Novick, Catley, & Funk, 2010). By distinguishing certain 
organisms from other potentially related organisms, synapomorphies 
are the basis to establish clades and nested hierarchical relationships. 
In this study, 18 diagrams (8%) were found to use such labels, which is 
even lower than McDonald and Wiley’s (2012) finding that only 20% 
of museum phylogenetic diagrams included synapomorphies. These 
findings point to a missed opportunity. As Novick, Catley, and Funk 
(2010) argued, integrating synapomorphies into phylogenetic diagrams 
can provide readers with relevant evidence for the common ancestry and 
evolutionary relationships being depicted. In addition, when used in lad-
der diagrams, these labels led to a significant improvement in students’ 
ability to process the graphed information, because the labels helped to 
visually break the continuous main line in the ladder and thus offset the 
influence of the Gestalt principle of continuation (Novick, Catley, & 
Funk, 2010). As a result, students saw the line not as one single evolu-
tionary event but the multiple events it represents.

A third possible label to add in phylogenetic diagrams is time. Based 
on previous research, misreading the direction of time is a common 
mistake in interpreting phylogenetic diagrams (Dodick & Aharonson, 
2009; Gregory, 2008; Meir, Perry, Herron, & Kingsolver, 2007). For 
example, due to the left-to-right reading habit, it is common for English 
readers to assume that time progresses from the left-most branch tip to 
the right-most branch tip or from the top-left tip to the root (Gregory, 
2008; Meir et al., 2007). Adding a temporal label to explicitly specify 
that time progresses from the root to branch tips can thus enhance the 
diagrams’ accessibility. 34% of the diagrams found in this study con-
tain time labels. Some of these labels take the form of time measured 
in “million years ago,” others are notations of geologic time divisions 
such as the Eocene period, and still others are arrows that indicate the 
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direction of time. 34%, however, is comparatively low. In McDonald 
and Wiley’s (2012) study of museum phylogenetic diagrams, 46% in-
cluded timelines; in Catley and Novick’s (2008) study of middle school, 
high school, and college biology textbooks, 42% phylogenetic diagrams 
contained some representation of time. These findings suggest another 
area where popular science magazines can stand to adjust their phyloge-
netic diagram designs.

Conclusions: Heuristics for Designing 
Phylogenetic Diagrams for Public Audiences

As Baum et al. (2005) advocated, phylogenetic diagrams are “the most 
direct representation of the principle of common ancestry—the very core 
of evolutionary theory—and thus they must find a more prominent place 
in the general public’s understanding of evolution” (p. 980). For phylo-
genetic diagrams to fulfill this role, their representation in popular me-
dia needs to be scientifically correct, cognitively accessible, and socially 
responsible. This, in turn, requires heuristics that scientists and science 
communicators can follow so as to make conscious design choices rather 
than follow their intuition of what looks appealing or seems natural. 
In Brumberger and Northcut’s (2013) words, we need explicit criteria 
rather than personal preferences. While a single study cannot hope to 
offer a complete set of such heuristics, the following represents some 
starting points.

First and foremost, scientists and science communicators must take 
public audiences’ information needs seriously and treat popular science 
visual representations not (or not merely) as a way to attract reader at-
tention but as meaningful scientific evidence that they are. In the case 
of phylogenetic diagrams, this means avoiding playful designs (such as 
using the image of a real tree) and syntactic decorations that result in 
erroneous or unclear diagrams. Given that not all scientists are neces-
sarily comfortable with phylogenetic diagrams (Baum, 2008a), reducing 
incorrect designs in popular media also requires scientists and science 
communicators to adopt a more rigorous approach to these visuals and 
to fully understand how they are to be constructed and interpreted.

Second, as shown in this chapter, phylogenetic diagrams can assume 
various alternative designs. This flexibility allows the diagram to ac-
commodate diverse evolutionary data that vary in volume, scope, fo-
cus, branching patterns, and supporting evidence. At the same time, this 
flexibility also results in design variations that make it more difficult 
for public audiences to learn to process the diagram. It also gives scien-
tists and science communicators a great degree of freedom that probably 
contributes to erroneous and unclear designs. While I do not suggest 
that popular science magazines be prescribed only certain phylogenetic 
designs, it is meaningful to consider which choices facilitate perceptual 
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and cognitive processing and may be more suitable for non-expert read-
ers. As this study shows, circular and radial designs are rare in popular 
science magazines, probably for good reasons. On the other hand, some 
designs that have been found difficult to interpret are commonly used. 
For example, ladder and almost-a-ladder displays account for 32% of 
the diagrams despite ladders being harder to process than trees due to 
the influence of the Gestalt principle of continuation (Novick & Catley, 
2007). If a ladder is to be used, the down-to-right orientation is recom-
mended (Novick et al., 2012), but the up-to-right orientation is currently 
prevalent in popular science magazines.

Third, scientists and science communicators should make fewer as-
sumptions about public audiences’ prior familiarity with phylogenetic 
diagrams and instead do more in providing explanations, labels, and 
general guidance. Descriptions of what a phylogenetic diagram is and 
what its key visual elements signify should be included whenever possi-
ble, preferably in the diagram caption. Assistive labels such as time and 
synapomorphies should be considered when adding them can facilitate 
information processing. “Exceptional” designs should be carefully ex-
plained, for example, when uneven branch lengths are used to represent 
an evolutionary scale.

Last, scientists and science communicators need to consider the se-
miotic impact of otherwise correct phylogenetic diagrams and, in par-
ticular, avoid anthropocentric designs. We can do so by purposefully 
and consciously taking the imaginary point of view of another taxon 
(O’Hara, 1992). This means, at a minimum, avoiding putting humans 
at the top or top-right corner of a diagram. More generally, it means 
using design choices that avoid a visual impression of any “superior” or-
ganism. For example, rather than “pruning” some branches (as if those 
organisms do not matter or do not exist) in order to focus on other 
organisms, an alternative way to highlight certain organisms is to use 
an inset, as is commonly done in maps (O’Hara, 1992). Or, we may 
rotate the branches of a diagram (while preserving its pattern) to create 
“balanced” images where branching events do not appear to visually 
“progress” in a linear fashion. Figure 5.10 demonstrates this possi-
bility. The diagram in Figure 5.10a has one continuous main branch 
(terminated in A) from which multiple other branches split. This “one-
sided” design creates the impression of A as an evolutionary height and 
endpoint. By rotating some of the branches, we can depict the same in-
formation in Figure 5.10b. In this diagram, splitting events are more 
evenly distributed, which encourages the visual impression of evolution 
as “copiously and luxuriantly branching bushes” (Gould, 1994, p. 91).

I hope more researchers will consider studying the use of phyloge-
netic diagrams in popular communication. Future studies can examine 
additional media examples to expand and modify current findings, or 
they can assess current heuristics by testing them with public audiences. 
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Without these efforts, phylogenetic diagrams will not be able to cultivate 
the kind of tree-thinking skills scholars and educators believe essential 
for us to understand, appreciate, and celebrate evolution.
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On Wednesday, May 6, 2015, the National Oceanic and Atmospheric 
Administration published a press release reporting that, for the first 
time since atmospheric carbon dioxide has been tracked, “The monthly 
global average concentration of this greenhouse gas surpassed 400 parts 
per million in March 2015” (NOAA, 2015). The press release quotes 
Pieter Tans, lead scientist for NOAA’s Global Greenhouse Gas Reference 
Network:

We first reported 400 ppm when all of our Arctic sites reached that 
value in the spring of 2012. In 2013 the record at NOAA’s Mauna 
Loa Observatory first crossed the 400 ppm threshold. Reaching 400 
parts per million as a global average is a significant milestone.

(NOAA, 2015)

The initial crossing of the threshold of 400 ppm in May 2013 prompted 
Bruno Latour (2014) to argue that the new problem in science studies 
was “how to understand the active role of human agency not only in the 
construction of facts, but also in the very existence of the phenomena 
those facts are trying to document” (p. 2). While the specific measure-
ment of 400 ppm is not new, the monthly global average concentration 
exceeding that number represents a significant threshold.

Like much contemporary science news, the crossing of the 400 ppm 
threshold was shared widely across social media platforms, particularly 
Twitter, where links to the press release were often accompanied by the 
hashtag #400ppm. To understand how social media’s affordances, such 
as hyperlinks and hashtags, relate to and shape scientific news, we con-
ducted a study of tweets that referred to this news of carbon dioxide’s 
400 ppm concentration. After building a dataset of all tweets from May 
2015 that used the #400ppm hashtag, we applied Latour’s actor-network 
theory to understand how hashtags and hyperlinks can function as both 
text and technology, thereby accelerating the spread of scientific news. 
We then analyzed how this scientific news coalesced around common 
topics and frames apparent in the dataset. Often, those broader ideas 
draw on elements of the original press release that kickstarted the shar-
ing of this scientific news.
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For example, several common frames among the tweets reveal a sense 
of urgency about climate change that mirrors the urgent, activist tone 
of the NOAA press release, relayed primarily through quotes attributed 
to Tans and other experts. Tans refers to “the fact that humans burn-
ing fossil fuels have caused global carbon dioxide concentrations to rise 
more than 120 parts per million since pre-industrial times” (NOAA, 
2015). The press release concludes by quoting the director of NOAA’s 
Global Monitoring Division, saying,

Elimination of about 80 percent of fossil fuel emissions would es-
sentially stop the rise in carbon dioxide in the atmosphere, but con-
centrations of carbon dioxide would not start decreasing until even 
further reductions are made and then it would only do so slowly.

(NOAA, 2015)

Typical of science reporting, the story frames the human aspect—the im-
plications and significance for people—and includes a few details about 
the methods the scientists used (air samples are collected in 40 remote 
sites across the globe). The press release also refers to the steady recent 
climb in atmospheric CO2 concentration and includes a data display as 
well as photos of the process of sample collection. The urgent tone helps 
to shape the measurement’s significance, and the usual buttons urging 
users to like, share, and tweet make this web-based article an event that 
can be shared across social media. Figure 6.1 shows a screenshot of the 
NOAA website with the sharing buttons prominently displayed between 
the press release headline and body.

Figure 6.1  �Screenshot of May 6, 2015 NOAA press release on official NOAA 
website (National Oceanic and Atmospheric Association, 2015). 
Color figure in plate section.
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To be clear, of course, the dramatic increase of atmospheric CO2 is 
significant whether shared on social media or not. But global warm-
ing, as a chronic, slow-moving catastrophe difficult to perceive on an 
individual scale, requires experts and communicators to find ways to 
invest particular numbers with news-worthy significance, in order to 
gain media attention. In essence, they need to create and argue for 
kairos, an appeal to timeliness, which “calls attention to the nature of 
discourse as event rather than object” (Miller, 1992). And certainly, 
this event, and NOAA’s press release, did inspire attention, includ-
ing articles in the Guardian and Mother Jones, both of which were 
also published on May 6, 2015. The Guardian article connected the 
CO2 readings to the Paris climate talks, and also mentions that this 
400ppm average “comes nearly three decades after what is considered 
the ‘safe’ level of 350ppm was passed” (Vaughan, 2015). Similarly, the 
Mother Jones (2015) article refers to 350 ppm as a goal set by activists 
including Bill McKibben, who argued that 350 ppm represented a “tip-
ping point,” after which various risks, including ocean acidification 
and unreliable monsoons, will increase. That article ends pessimisti-
cally with the simple statement, “We’re now at 400” (Oh, 2015). These 
two articles and the press release they are based on, all shared across 
social media, form part of the network that exemplifies how scientific 
information is picked up, circulated, disseminated, and discussed in 
our new media landscape.

In this study, we consider the circulation of the hashtag “#400ppm” 
on Twitter, which was used to mark the initial eventful moment in May 
2015, when NOAA’s press release kicked off a swell of discussion across 
social media among both scientists and non-scientists. Across Twitter 
in particular, climate scientists, science communicators, and members 
of the public discussed the news. Often, their tweeted reactions in-
cluded hyperlinks to the original press release, mainstream news stories 
about it, and other online media they deemed relevant. Our interest was 
sparked by the various ways that scientific information is accommo-
dated, distributed, and changed as users hyperlinked to it and shared 
their responses.

By observing and theorizing the movement and transformation of a 
single scientific news event through these networks, we hope to sug-
gest some ways that scientists and science communicators can use the 
networks’ affordances. As science communication continues to spread 
across new media platforms, science communicators should rise to the 
challenge that Latour identifies of explicating humans’ role in both 
the construction of phenomena and the construction of facts. In the 
case of the hashtag #400ppm, people communicating about science, 
both formally and informally, transformed a scientific measurement 
into an event. The event is initiated by the initial press release and 
continued by further stories based on that press release. On Twitter, 
the work of these texts is largely represented by and delegated to 
hyperlinks.
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We borrow Latour’s use of the term “delegate” here, which he defines 
as the act of shifting work from humans onto non-human technologies 
and objects, allowing humans to rely on technologies to do work, rather 
than having to do the work themselves. In the case of hyperlinks, they 
take on the work of transmitting the content of the texts they link to; the 
human Twitter user’s work is limited to clicking a share button or copy 
and pasting, saving them the effort of retyping or paraphrasing the texts 
their hyperlinks point to. Hyperlinks are thus just one element within a 
broader network of humans and non-humans, all working together to 
make this communication of scientific news on Twitter possible. Within 
Latour’s broader actor-network theory (ANT), each human and non-hu-
man connected to this network is an actant, a term that refers to both 
“individual human actors” and “non-human, non-individual entities” 
(Latour, 1996). This approach to hyperlinks as technological delegates 
suggests that hyperlinks and brief descriptions of them function as piv-
otal actors propelling the transmission of news about science events. In 
addition to examining the more traditional modes of the press release 
and news story, science communication researchers should attend to the 
technologies that allow their circulation through social media networks 
and actively work to shape those technologies.

Social Media Communication Research on Public 
Discourse and Environmental Communication

Social media platforms have been widely available for over 10 years, 
and communication research has responded in part by exploring how 
Facebook and other social media sites are used for advocacy and 
public discourse. Earlier studies (Bortree & Seltzer, 2009; Woolley, 
Limperos, & Oliver, 2010) considered how users and advocacy groups 
used Facebook, while more recent work considers how activists use Twit-
ter (Bowdon, 2014; Potts, 2014). Poell (2014) traces how social media 
are “shaped by interacting techno-cultural and political economic rela-
tions” (p. 717) through a hyperlink analysis. Langlois, Elmer, McKelvey, 
and Devereaux (2009) consider how social media platforms, Facebook 
in particular, “transform public discussion and regulate the coming into 
being of a public” by imposing specific conditions, possibilities, and lim-
itations of online use (p. 417). Many scholars of social media, including 
Potts (2014), Poell (2014), and Langlois et al. (2009), approach social 
media platforms as assemblages, arguing that content cannot be sepa-
rated from platforms, protocols, and networks.

Environmental issues, including climate change, have also been 
the focus of recent work on social media, including Environmental 
Communication’s 2015 special issue on Climate Change Communication 
and the Internet (Koteyko, Nerlich, & Hellsten, 2015). Segerberg and 
Bennett (2011) focused on climate change protests, arguing that social 



Tweeting the Anthropocene  135

media can play a role as organizing mechanisms or agents, and that these 
technologies may also reflect larger organizational schemes in a protest 
ecology (p. 212). Bennet and Segerberg (2012) also analyzed digitally 
networked actions such as the “Putting People First” movement, which 
aimed to mobilize the public against the social harms of unrestrained 
capitalism of the type that led to the 2008 economic meltdown. Bennet 
and Segerberg (2012) found that this movement succeeded in part by 
using “personal action frames,” such as “we are the 99%,” because such 
frames “are inclusive of different personal reasons for contesting a situ-
ation that needs to be changed” (p. 744). Katz-Kimchi and Manosevitch 
(2015) described a successful campaign undertaken by Greenpeace to 
use a Facebook campaign to encourage Facebook itself to convert to 
green energy. These studies show how activists can successfully use the 
affordances of social media to support their goals.

Although these studies show social media’s power to effect positive 
changes, other researchers note that social media can reveal, or even 
foster, a sense of passivity or helplessness, or even provide a venue for 
climate change denialism (Sharman, 2014). Newell and Dale (2015), de-
scribing a comprehensive and multi-faceted legislative and policy frame-
work to spur local climate innovation in British Columbia, observed only 
limited public engagement, which presents a significant barrier to devel-
oping inclusive solutions to the problem of climate change. Sharman’s 
(2014) study of the climate change denial blogosphere concluded that 
climate skeptic blogs offer an alternative site for audiences to access 
what they consider expert knowledge on the topic. Matthews (2015), 
in reviewing skeptical comments on climate change blogs, found that 
a significant motive for skepticism was the belief that warnings about 
climate change have been overstated; his findings corroborate other re-
search indicating that dire messaging about climate change may encour-
age skepticism (Feinberg & Willer, 2011). Thus, social media platforms 
can work against the goals of climate scientists, activists, and commu-
nicators, particularly if they fail to engage publics or are interpreted as 
being “alarmist.”

For many of these studies, researchers developed methods that in-
corporated content analysis and quantitative approaches. Veltri and 
Atanasova (2015) analyzed a data set of 60,000 tweets relating to cli-
mate change and identified four common themes: (1) calls for action 
and increasing awareness of climate change, (2) discussions about the 
consequences of climate change such as extreme weather and represen-
tations of a risk discourse, (3) policy debate about climate change and 
energy, and (4) local events associated with climate change (Veltri & 
Atanasova, 2015). While our study is not near the scale of Veltri and 
Atanasova’s, we used a type of content-based thematic analysis to sort 
the tweets into thematic categories, finding some overlap between our 
categories and those of Veltri and Atanasova (2015). These tweets, 
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whatever their category, are often legitimized by their inclusion of hy-
perlinks, which we describe as key technologies to which some of the 
tasks of science communication have been delegated.

Methodology

We analyzed a dataset of 122 tweets published in May 2015 that used 
the hashtag “#400ppm” to explore ways that users engage with event-
ful science news on Twitter. We begin by theorizing the work done by 
hyperlinks, drawing on Latour’s (1992) conceptualization of nonhuman 
technology as “delegates” taking on the work of human and other non-
human actors. This analysis allows us to approach hyperlinks as both 
discourse and technology, making meaning through the text and images 
they place in tweets but also enabling users to do connective work more 
easily through their affordances as technology. Other social media re-
searchers have drawn on Latour’s sociological theories. Potts (2009), for 
example, uses Latour’s articulation of actor network theory (ANT) as 
an approach to studying dynamic online communicative systems. ANT 
is an ontological approach to studying social and material relations 
that treats both humans and non-humans as agents within networks of 
people and things, all helping to collaboratively build reality and cre-
ate opportunities for action. Latour’s insistence on viewing non-human 
technologies as making vital contributions to communication networks 
of humans and texts provides a more comprehensive view of how com-
munication works in the spaces of social media. For traditional rhetor-
ical analysts, the temptation when studying text-based data is to stop 
with a text, focus on the details, and analyze each rhetorical move. But 
ANT reminds us to consider discursive movement—what happens as 
texts connect to each other and discourse is shared between actants, 
assembled ultimately into a network (Latour, 2005).

Latour’s actor-network theory allows us to account for the roles played 
by users, links, hashtags, and other actants in the effort to move infor-
mation through a larger network. However, we also want to account for 
the content of the language itself, to see how the various rhetorical strat-
egies played a role in shaping and moving a message. In other words, we 
want to account for hashtags, tweets, and links as pieces of discourse as 
well as actants. For this purpose, we turned to a concept from classical 
rhetorical theory: topoi, often translated as “commonplace,” defined as 
recurring lines of argument that circulate within particular exigencies 
(Ross, 2013). Rhetorical scholars such as Leff (1996) and Dyck (2002) 
show the role that topoi play in invention. Walsh (2010) argues that 
topoi are not static and context-free, instead asserting that “topoi are 
pervasive and dynamic cognitive strategies—linking people, texts, and 
experiences—that engage particular rhetorical situations” (p. 122). 
We’ve adapted the strategy from Walsh (2013) to identify recurrent to-
poi in the 122 tweets.
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Denise and another coder unfamiliar with our theoretical approach 
reviewed the full dataset of tweets and, based on those initial impres-
sions, individually identified prominent themes in the data (including the 
text of the tweets, the links, and the hashtags). Following comparison of 
their identified themes, the two coders agreed to categorize the tweets 
according to four topoi: “just the facts,” alarmism, “we must act now,” 
and human impacts. The coders performed separate content analysis to 
verify the identified topoi, categorizing each tweet into one or two to-
poi. (For one tweet, our second coder applied a third topos.) The first 
coding pass yielded interrater agreement of 74% for at least one of the 
topoi applied by each coder, with 90 of 122 tweets receiving at least one 
shared code. The most consistent agreement occurred on applying the 
topos of “just the facts,” while “human impacts” yielded the least agree-
ment. Following this, we discussed the remaining 32 tweets with our 
independent coder to arrive at consensus for these tweets; this resulted 
in interrater agreement of 85%, with 18 tweets still coded into different 
categories. In the results section below, we describe some of the differ-
ing interpretations of topoi that led to these remaining differences. We 
hope that transparency about these differences will offer deeper insight 
into the topoi under discussion, as well as highlight some of the specific 
challenges of coding tweets, whose brevity and referential nature can 
yield multiple interpretations. By layering this topical analysis on the 
Latourian analysis of the work done by the hyperlinks, we show how 
various recurring lines of argument circulate within the more complex 
assemblage comprised of tweeters, news stories, hashtags, hyperlinks, 
and facts about climate change. 	

Hyperlinks as Technological Delegates

One of the most striking features of the communication circulating 
within the May 2015 “#400ppm” dataset was the frequency with which 
tweets included links to news stories, many of which cited the NOAA 
press release. Table 6.1 shows the raw number and a percentage break-
down for total tweets in the dataset, the tweets that included hyperlinks, 
and the tweets with hyperlinks that originated from .gov URLs, sug-
gesting they linked to official reports about the atmospheric CO2 find-
ings. The non-governmental hyperlinks included 32 other news sources 
ranging from traditional news outlets such as the Guardian (Vaughan, 
2015), National Geographic (Howard, 2014), and the New York Post 
(Associated Press, 2015) to online only news publishers including 
Mother Jones (Oh, 2015), Politico (Restuccia, 2015), and Democracy 
Now (Democracy Now, 2015). Yet others link to sites with a focus on 
environmental, and often specifically climate-related, news and science, 
such as Carbon Brief (Pidcock, 2015) and Climate Central (Kahn, 2015).

The high percentage of tweets in the dataset that included hyperlinks 
shows that these links clearly functioned as key elements for consumers 

http://from.gov
http://from.gov
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and sharers of the news event in question. The relatively low percentage 
of tweets with .gov hyperlinks compared to the total hyperlinks count 
shows the important role played by other outlets picking up the news 
first released by a government agency. It is perhaps unsurprising that 
Twitter users would choose to share hyperlinks, as these sources may 
have been where they first encountered the news themselves, prompting 
them to propagate it. Additionally, we suggest that, in cases where users 
are sharing what they perceive as fact to be learned or acted on, the 
hyperlinks serve to validate users’ promotion of the #400ppm hashtag 
by lending it credibility as a reference to fact and, moreover, doing so 
by acting as a delegate for the work of science communication. In other 
words, the hyperlinks take on the work of providing access to scientific 
facts and producing news events, replacing the need for a science com-
municator, whether lay or professional, to do this work in the tweets 
themselves.

To explain this delegation function played by hyperlinks within the net-
work, we propose that they be understood as examples of Latour’s (1992) 
theorization of technology’s imbrication in “programs of action, sections 
of which are endowed to parts of humans, while other sections are en-
trusted to parts of nonhumans” (p. 254). Latour uses the example of a 
door-hinge taking on the work of enabling people to pass through walls 
while maintaining the wall’s ability to continue differentiating inside from 
outside. Without a door, passage through walls would require first break-
ing a hole in a wall and then rebuilding it. By contrast, the technology of 
the door-hinge creates the possibility of a passageway through the wall 
that can repeatedly be opened or closed as necessary. Thus, the work done 
by the door-hinge replaces the work that would be required to repeat-
edly break through and rebuild walls. Latour (1992) describes this shift of 
work as “delegation” or “translation,” which names the process by which 
“we have delegated (or translated or displaced or shifted down) to the 
hinge the work of reversibly solving the wall-hole dilemma” (p. 229). In 
this way, we make nonhumans responsible for handling work for us, often 
in ways that allow us to no longer even think about that work.

Table 6.1  �Total Count of Tweets and Tweets with Hyperlinks in the May 
2015 “#400ppm” Dataset

May 2015

Raw Count % of Total Dataset

Total tweets 122 100.0
Tweets w/hyperlinks 94 77.0
Tweets w/non-.gov hyperlinks 78 63.9
Tweets w/gov hyperlinks 16 13.1

http://with.gov
http://with.gov


Tweeting the Anthropocene  139

For Twitter users sharing the news about #400ppm, the hyperlinks 
function as a technology to which users delegate the work of explaining 
the scientific fact and its eventfulness. To understand the work of dele-
gation, Latour (1992) enjoins us to “simply imagine what other humans 
or other nonhumans would have to do were this character not present” 
(p. 229). If not for the hyperlink, the Twitter user would have to labori-
ously copy out or paraphrase the text of the press release or news story to 
share its content. In other words, the technology of the hyperlink allows 
communicators to delegate the work of repeating individual texts. In-
stead, these texts can circulate, not through actual physical motion—the 
1’s and 0’s encoding them never have to leave their original servers—but 
rather as a metaphorical circulation that is more accurately described 
as a process of growing their connections to an expanding network of 
tweets, users, other texts, and so on.

The hyperlink’s centrality to the internet’s ability to function as 
a network, rather than a series of siloed texts, is, of course, well-
documented. Often, this networking is conceived of as a way to con-
nect related texts, as in internet pioneer Doug Engelbart’s (1962) 
theorization of “‘associative linking’ possibilities, a notion that was 
to serve as the forerunner of hypertext and led three decades later to 
the World Wide Web” (Markoff, 2005 p. 48). Similarly, media schol-
ars Schneider and Foot (2004) conceive of the internet as made up of 
web spheres, which they describe “as not simply a collection of Web 
sites, but as a hyperlinked set of dynamically defined digital resources 
spanning multiple Web sites deemed relevant or related to a central 
theme or ‘object’” (p. 118). The hyperlink brings together otherwise 
scattered parts of the web. While this use as a textual marker of digital 
texts’ relevance to each other is certainly a key function of the hyper-
link, the hyperlink also functions as a critical technological delegate, 
allowing web users to do much more work with ease than they would 
without it. Thus, while Latour (1992) distinguishes between text 
and technology, the hyperlink troubles this distinction by being both 
discourse and technology. This insight recalls theorizations of com-
puter code that complicate treatments of it as mere text, despite be-
ing made up of orthographic marks; these include Mackenzie’s (2003) 
and Berry’s (2016) careful distinction between code as text and code 
as process. Twitter further muddies this distinction between text and 
hyperlink by affording users the ability to share story headlines and 
visuals within the tweet when they tweet out a hyperlink, as many of 
the users in our dataset did.

In a previous ANT study of social media, Potts (2009) highlights 
hyperlinks as just such key actants in the sharing and validation of 
information: “Links allowed information to travel throughout these net-
works, thus providing a sense of consistency when more than one actor 
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would refer to these links in communicating information to each other” 
(p. 294). Potts (2009) also notes that this centrality of hyperlinks illus-
trates participant behavior that escapes specific social media networks 
to draw connections beyond it:

Rarely sticking to one Web site, participants are actively moving 
among sites, gathering information and turning that information 
into knowledge as they share it with others. Presenting this kind of 
literate activity is something new, requiring a different lens through 
which to study these experiences.

(p. 284)

The technology of the hyperlink replaces human labor, but also makes 
methodological demands on us to take its work seriously.

Topoi Analysis of Tweet Dataset

We turned next to the specific topoi that users relied on when sharing 
hyperlinks and how these topoi relate to the texts that the hyper-
links, as delegated science communicators, work to relay. We identi-
fied four major topoi in our dataset. These four topoi can largely be 
classified according to Aristotle’s three types of discourse: political 
(or deliberative), which focuses on questions of policy and proposed 
future actions; legal (or forensic), which focuses on questions of guilt 
and innocence; and ceremonial (or epideictic), which focuses on ques-
tions of praise and blame (Aristotle & Kennedy, 2006). Gross (1994) 
suggests that traditional one-way science communication is epideictic 
in nature, in that it is designed to increase the audience’s apprecia-
tion for science. Gross (1994) also argues for the connection between 
ethical and political considerations: “As Aristotle saw, rhetorical ac-
tivity is also ethical and political activity: nothing significant can be 
advocated in the public forum that does not entail judgments of right 
and wrong” (p. 5). In particular, epideictic rhetoric, with its focus on 
ethics and shared values (Golden, Berquist, & Coleman, 1992), and 
deliberative rhetoric, with its focus on public action, at times overlap 
(Tillery, 2003). As Chapter 7 notes, it is possible to take up questions 
of policy without making authoritative arguments, but by engaging 
topoi, data, and moments of identification. In relation to the four 
topoi we describe below, the alarmist topos seems most often to be 
epideictic, characterized by self-blame, and the “we must act now” 
topos is most often deliberative, characterized by calls to action. But 
even in the coding, we found that these two topoi and functions often 
overlap. The following section is a description of the topoi, with con-
nections to some of the texts the hyperlinks functioned as summaries 
of and connections to.
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Topos #1: “Just the Facts”

The first major topos is a claim of factual reporting, summed up in a 
“just the facts” attitude and exemplified by a neutral statement that global 
monthly averages of CO2 have surpassed 400 ppm. Typically, these tweets 
rely on the linked stories to relate alarm or connect to other topoi. This 
category of neutrally sharing a fact was the largest (with both coders ap-
plying the topos to 63 out of 122 tweets), although many of those were 
categorized as using more than one topos. Several users presented a neutral 
fact in the tweet but embedded a more alarmist or activist claim within a 
hashtag, such as #oceanacidification, or more commonly (3 occurrences) 
#keepitintheground. For example, “Global #CO2 concentrations surpass 
#400 ppm for first time #oceanacidification” (Morgan, 2015) offers a neu-
tral statement (a “fact” in Latour’s sense) in the text of the tweet, but the 
hashtag #oceanacidification implies a causal link to concrete and serious 
environmental impacts. The tweets using the hashtag #keepitintheground 
allow that hashtag to work as an enthymeme, leaving readers to work out 
the implications regarding the harmful impacts of fossil fuels.

Several of these more “neutral” tweets also use understatement as a 
rhetorical device, including references to CO2 reaching “prehistoric” lev-
els, without comment on any implications. The inclusion of such adjec-
tival qualifications led to some disagreement between coders, raising the 
question of how to distinguish between tweets sharing facts which hap-
pen to be alarming to environmentally-concerned readers from tweets 
sharing facts already framed as alarming and tweets actively engaging 
the topos of alarmism. For example, one tweet sharing a story from 
salon.com reads, “For the first time in recorded history, CO2 levels av-
eraged above #400ppm for the entire month of March” (Earth Island 
Journal, 2015). While this could be read as a simple statement of fact, 
both coders categorized it as both “just the facts” and “alarmism,” as 
the phrase “for the first time in recorded history” highlights the un-
usual and alarming nature of this fact. This example demonstrates the 
difficulty of determining precisely what can be interpreted as “just the 
facts,” particularly when our rhetorical training prompts us to read for 
these kinds of rhetorical moves which frame facts in particular ways for 
particular purposes. For other tweets, though, the alarmism was clearly 
layered onto the facts, as when one tweet editorialized with a one-word 
interjection: “Yikes! The world’s carbon dioxide levels just hit a new 
milestone of #400ppm” (Amazon Aid, 2015). The category of alarmism 
is discussed in greater detail below.

Most of the tweets in the “just the facts” category, even when also 
fitting rhetorically into other categories, seem to participate in the goal 
seemingly established by the NOAA’s original press release: to transform 
this global average measurement from a fact into an event. Movement to-
wards alarmist, activist, or human-centric topoi often happened within 

http://salon.com
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the hashtags, suggesting that hashtags can be viewed as affordances, 
actants, and forms of argument.

Topos #2: Alarmism

The second most prominent category, with 24 out of 122 tweets catego-
rized as such by both coders, consists of expressions of alarm, the apoc-
alyptic, doomsday scenario that has recurred throughout environmental 
discourses for decades and is often criticized for fostering a defeatist 
response (Foust & O’Shannon Murphy, 2009). In many cases, that 
doomsday topos is enabled or invoked by the tweeted link’s headline or 
pull quote; five of the tweets in this category tweeted out a link to the 
Mother Jones article, with the headline referring to a “staggering new 
milestone.” That key phrase was repeated in the tweets. Other alarmist 
tweets included frequent references to the first time in one million years 
that atmospheric CO2 averaged 400 ppm, including one tweeted image 
of a Tyrannosaurus Rex dinosaur (4USolution, 2015). Alarmist hashtags 
included prompts to be alarmed because there is #notmuchtime and we 
are #screwed, as well as highly emotionally charged and apocalyptic 
phrases like #massextinction, #ecocide, and #fuckingsuicide. The level 
of alarm called for by these hashtags varies, with the extreme end of the 
spectrum suggesting that we are past the point of irretrievable damage.

Such a suggestion would seem to foreclose the possibilities of delibera-
tive rhetoric. It may be that these tweets are acting as epideictic rhetoric, 
seeking to form a network of contacts with similar values or assumptions. 
In this sense, alarmist environmental discourse may serve to establish 
values and beliefs, rather than to persuade, and such expressions play a 
role in fostering a community of actors. More pessimistically, we can see 
these expressions as symptomatic of the problem Latour (2014) describes:

I think that it is easy for us to agree that, in modernism, people are 
not equipped with the mental and emotional repertoire to deal with 
such a vast scale of events; that they have difficulty submitting to 
such a rapid acceleration for which, in addition, they are supposed 
to feel responsible while, in the meantime, this call for action has 
none of the traits of their older revolutionary dreams.

(p. 1)

Topos #3: “We Must Act Now”

The topic of activism as a response to the message of 400 ppm was also 
a common response, with 20 of the 122 tweets placed by both coders in 
this category (many cross-listed with “just the facts”). Unlike the alarm-
ist or just-the-facts tweets, this topos was more often expressed only 
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within hashtags. Along with #keepitintheground, other activist hashtags 
include #carbontax, #ParisClimate, #emissions or #ZeroEmissions, 
#divestment, or the less specific #StopThisRise. Like the activist hashtags 
described by Bennet and Segerberg (2012) such as “#wearethe99%,” 
these climate-related hashtags offer broad frames that can encompass 
a variety of messages and welcome broad perspectives. In conjunction 
with the #400ppm hashtag that provides the frame of this study, 
#keepitintheground, #divestment, and #ZeroEmissions offer concrete 
goals that groups and individuals can both promote through social me-
dia and work towards through deliberative, activist efforts.

By calling for specific actions, these hashtags also function as deliber-
ative rhetoric, making the political dimensions of the #400ppm event ex-
plicit. As such, hashtags invoking the “we must act now” topos connect 
this single climate change milestone to broader policy discourses that 
prompt us to treat such scientific events not just as isolated, apolitical 
facts, but as kairotic opportunities to advocate for individual and struc-
tural actions (also see Chapter 7). In their attention to specific actions, 
these hashtags distinguish themselves from alarmist ones which either 
suggest the time for action is past (such as #screwed) or allow that there 
may still be time for actions, but do not offer suggestions for what those 
might be (such as #notmuchtime). This distinction may matter especially 
to scientists and science communicators invested in encouraging support 
for pro-environmental action, given research showing that directing 
people’s attention to problem-solving can encourage environmentally 
beneficial behaviors (Homburg, Stolberg, & Wegner, 2007). Moreover, 
while social science research has shown mixed results to the fear appeals 
embedded in the alarmist topos, research suggests they can support crit-
ical decision making when used to show causal relationships between 
actions and environmental outcomes (Meijinders, Midden, & Wilke, 
2001). The “we must act now” topos could thus enable hashtags to both 
open deliberative debates about responding to climate change and to 
encourage efficacy and thoughtful responses to climate change events.

Topos #4: Human Impacts

Human Impacts was by far the smallest and most contentious cate-
gory of topoi, with one coder applying the topos to 18 tweets and one 
coder applying the topos to nine tweets during the first coding pass. 
Upon discussion, the reason for the disparity became apparent: while 
one interpreted human impacts to mean “human impacts on the climate 
causing climate change,” the other interpreted human impacts to mean 
“impacts climate change will have on humans.” These are very different 
topoi, with the former typically applying to epideictic tweets intending 
to lay blame on humans for the news of #400ppm, and the latter looking 
ahead to the future in a variety of ways.
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The tweets looking to future impacts on humans usually referred to 
extreme weather events such as hurricanes and cyclones, rather than to 
longer-term (and perhaps higher-impact) problems such as ocean level 
rising (one tweet referred to population displacement) or drought (no ref-
erences). This lack of emphasis on the human impacts of climate change 
in relation to the #400ppm hashtag was surprising, as the effects of cli-
mate change are likely to be severe on human health and infrastructure. 
However, this lack of emphasis in tweets and hashtags on human impacts 
was in keeping with most of the press releases and news stories whose 
links were tweeted, which generally did not emphasize the possible hu-
man impacts. The human impacts that were referred to included human 
populations (e.g., @NO_ACP’s tweet including the phrase “500,000 
population displacement”) or commonly known weather cycles (e.g., @
knollster’s tweet pointing out unusual weather: “Massive storm system 
in the Midwest, tropical cyclone developing in the Atlantic a month be-
fore hurricane season… #400ppm”). Certainly, though, human impacts 
could be inferred from some of the other hashtags coded as alarmist 
or “we must act now.” While the hashtag #screwed, for example, does 
not specify who is screwed, the suggestion that there will be dire conse-
quences to the #400ppm event raises the possibility that those dire con-
sequences will include dire impacts on humans. Again, the topoi in these 
tweets are open to interpretation depending on the views, values, and 
knowledge readers bring to them. This is not to suggest a porous topos 
such as “human impacts” cannot do valuable rhetorical work; rather, as 
with all communication, even topos-driven tweets are deeply contextual.

Conclusions

As we consider what these results might mean for science communica-
tors, it seems clear that press releases and news stories can be structured 
in ways to foster certain patterns of sharing on social media. Invoking 
certain topoi in their press releases and news stories—even less polit-
ical topoi such as human impacts—would give scientists and science 
communicators a grounding from which to develop usefully delibera-
tive and epideictic hashtags with which to publicize and circulate their 
hyperlinked writing, with the acknowledgement that these hashtags and 
grounding topoi are highly susceptible to variable interpretation in the 
compressed space of a tweet. Attention to the text and technology of 
the hashtag suggests it has the potential to encourage the circulation 
of information in ways that promote activism rather than despair. This 
robust circulation depends on hyperlinks, the technology underlying 
both hashtags’ and news stories’ ability to be shared. Despite being non-
human technologies, these hyperlinks are themselves important actors 
in the network of science communication, in both their facets, of text 
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and technology. Against efforts to cleanly distinguish among humans 
and nonhumans, Latour (1992) counters, “I see only actors—some hu-
man, some nonhuman, some skilled, some unskilled—that exchange 
their properties” (p. 235). Attending to all these actors in social media 
networks can help both scientists and science communicators leverage 
news stories and social media platforms to spread science facts as they 
become important events.
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This chapter examines the public side of science communication 
as it occurs in science museum exhibits, which remain some of the 
most popular and wide-reaching sites for scientific ideas to reach the 
public—95 million visits were made to science museums worldwide in 
2013 alone (Association of Science-Technology Centers, 2014). While 
exhibits in these institutions are still committed to the broad educational 
goals of science literacy and the public understanding of science, criti-
cism from scholars within Museum Studies, Rhetorical Studies, Cultural 
Studies, Science Studies, and Political Science have led exhibit designers 
to become in a sense self-aware. More sensitive to their power to consti-
tute kinds of publics, they are also more willing to embrace and assert 
their often implicit political dimension. For example, in her recent work 
on postmodern science exhibits, Fiona Cameron (2010b) argues for ex-
hibits where “audiences are conceived as assemblages, as unique, histor-
ical and historically contingent, rather than as a one-dimensional citizen 
and as an object of discipline” (p. 126). Consequently, for some exhibits 
it no longer suffices to expect that mere understanding will generate po-
litical change (e.g., that a public that understands how evolution works 
will champion it at their hometown school board meetings). This trend 
reflects the modern science museum’s concern with rhetorical agency, 
both its own and its visitors’.

The result is an ongoing dramatic refashioning of the museum as a form 
of public address. Visitors to museums now encounter exhibits quite dif-
ferent from those curated just a few decades ago. Gone are heavy-handed, 
authoritative exhibits. In their place museums have created exhibits that 
are more inclusive of other voices and that do not advance a single mes-
sage or unified narrative structure. Many of these are designed as so-
called free choice exhibits, where an open plan and lack of a guided route 
relaxes the curator’s authorial control even further by allowing visitors 
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the freedom to wander as they please. The ubiquity of inquiry-based, in-
teractive exhibits in these spaces grants visitors even more agency and 
autonomy over their own experiences. Not all modern science museums 
offer exhibits curated in these ways, but most do, if not in exhibits of their 
own design then through the traveling exhibits they rent.

This chapter examines the shifting landscape of informal science 
museum rhetoric through a pair of climate change exhibits I visited in 
London and Paris in 2012 while on a two-month tour through European 
science museums. These two large public exhibits—Atmosphere at 
London’s Science Museum and Ocean, Climate, and Us at Paris’s Cité des 
Sciences—stood out as significant because they represented major efforts 
in each city (perhaps each nation) to engage its citizens in climate science. 
They also stood out because, unlike exhibits on mathematical models or 
the most recent dinosaur discovery, they directly engaged climate change 
in a way that introduced its obvious and significant political and policy 
implications. After discovering each exhibit, I extensively documented it 
with recordings and photographs, each over multiple days, and then ana-
lyzed these documents in an effort to understand how their designs engage 
visitors as political agents in the world (my analysis was also informed 
by informal conversations with exhibit designers at each institution). By 
rhetorically reconstructing each exhibit’s organizational design and nar-
rative, I concluded that though they approached climate science from two 
distinctly different perspectives (atmosphere vs. ocean), they each pro-
gressed through the four stases: beginning with science literacy questions 
of fact and definition and moving to questions of value and policy.

While including questions of value and policy represents an important 
shift in science museum rhetoric, their mere presence is not sufficient 
to effectively empower audiences. As such, in the second half of this 
chapter I argue that it is how these questions are presented—how they 
allow visitors to constitute themselves—that is most significant. With 
climate change as a focal topic (also see Chapter 6), I will illustrate how 
exhibits that take up questions of value and policy might position visi-
tors as voters, deliberators, and cosmopolitical citizens. Exhibits do this 
not by making specific authoritative arguments themselves; instead, they 
present arguments, topoi, authorities, data, and moments of identifica-
tion that prepare visitors to meaningfully engage questions of value and 
policy outside the museum’s walls. In demonstrating this, I describe how 
modern science exhibits have begun to offer a distinct form of rhetorical 
education, one that empowers visitors to invent arguments (and indeed 
themselves) in ways that might transform their political agency.

Stasis Theory and Science Museum Communication

First established in Hermagoras’ Ad Herennium, stasis theory names 
an ancient rhetorical framework for inventing arguments in legal con-
texts. In that classic formation, stasis theory describes four questions, 
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each pinpointing where issues remain unsettled in a controversy. For 
Hermagoras, those four questions are fact (did something happen and 
what was it?), definition (what was the nature of the act?), quality or 
value (what are the aggravating circumstances?), and jurisdiction/action 
(is this the correct venue to try this act and what should be done?) 
(Kennedy, 1963). Take the case of a stolen car: following its original for-
mation, prosecutors must first determine if the car is missing (did some-
thing happen) and who took it. Second, if the car is indeed missing, they 
must next establish if it was stolen or was simply borrowed, a question 
of definition. Next, if the car was indeed stolen without permission, the 
defendant might debate the quality of that definition by agreeing that she 
stole the car but that it was needed to rush the president to the hospital 
(a fact which might exonerate the act). Finally, the ultimate verdict might 
hinge on whether the defendant had been read her Miranda rights.

Widely adapted and developed over its long history by rhetoricians 
and scholars from Cicero and Quintilian to Toulmin (1958), Turner 
(1991), and others, stasis theory in its modern form has become a 
broader, more flexible, and more useful framework for inventing and 
analyzing texts (including visual texts) across any rhetorical situation. 
Particularly relevant here are the ways in which stasis theory has been 
theorized within scientific contexts by Prelli (1989), Gross (2004), 
Fahnestock and Secor (1988), and Northcut (2007). However, my focus 
here on how science gets accommodated to the public will retain a con-
ventional application of Hermagoras’ basic theory, because as I will 
show, it is that earlier theory that better explains my observations. Still, 
two important amendments must be added. First, because jurisdictional 
questions are irrelevant in many public scientific controversial contexts, 
Fahnestock and Secor (1983) revise the fourth stasis into a question of 
policy, a generalized concern with what should be done. This move en-
larges stasis theory’s range of application without radically revising its 
basic structure. Second, Fahnestock and Secor (1985) have added a fifth 
stasis to recognize that in extra-legal contexts, the question of cause 
is another sticking point (indeed, insanity defenses also raise causal 
issues). This additional stasis question—the question of cause (why did 
the act happen?)—is particularly relevant in scientific contexts where 
facts are explained, not simply established. Thus, in public deliberations 
over climate change, for example, the modern stasis questions might 
look like this:

FACT:  Is the climate changing and how do scientists know?
DEFINITION:  What kind of change is it? By what measure?
CAUSE:  Why is the climate changing? Is it a natural cycle or because of 

human causes?
QUALITY:  How do we evaluate it? Is it the necessary result of progress or 

detrimental to our future security?
PROCEDURE/POLICY:  What, if anything, should we do and who should do it?
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As a tool for invention, the full set of stasis questions allows rhetors to 
gain a more abstract sense of where arguments can be sourced, how they 
might be developed, and how they should be interpreted. As Fahnestock 
and Secor (1988) state: “The stases tell a writer ‘where to think,’ not 
‘what to think’” (429).

The value of stasis theory as a tool for invention comes from two char-
acteristics identified by Fahnestock and Secor (1985). First, the ques-
tions are recursive: raising questions at one stasis can reintroduce or 
reshape questions at other stases. For example, how we settle the causal 
question has important ramifications for how the definitional question 
shows up, and which values are established inevitably shape the range of 
policy options. This feature makes stasis theory flexible, responsive, and 
adaptable to the complexity of modern argument situations where infor-
mation and values shift over time. Second, stasis theory is hierarchical 
without being necessarily linear:

Questions of fact or conjecture in the first stasis are prior to those 
of definition in the second; definitions in turn must be established 
before quality [or value] is debated; and finally all three must be an-
swered or assumed before an action can be recommended or taken 
in a specific case.

(Fahnestock & Secor, 1983, p. 139)

While nothing requires the questions to be taken up in order or indeed 
to be taken up together, this hierarchy often acts as a “natural pull” for 
both those inventing arguments and those encountering them. Because 
of this “natural pull,” rhetors who work through the stasis questions 
often generate a matching organizational strategy—texts, speeches, even 
exhibits that move stepwise up the stasis ladder. A similar natural pull 
exists for audiences—learning about facts often leads to questions of 
evaluation and action. As Fahnestock (1986) writes,

Even if the scientific report were translated from insiders’ to outsid-
ers’ language with minimum amount of distortion and no attempt 
to provide an epideictic exigence for the report, the public as readers 
would move the information themselves into the higher stases and 
ask, ‘Why is this happening? Is this good news or bad news? What 
should we do about it?’

(p. 292)

For example, the natural pull shows up when the fact of sea level rise 
immediately leads to negative evaluations and questions about what to 
do to prevent it. Thus, stasis theory provides a structured framework for 
thoughtfully and recursively exploring how topics and arguments might 
be presented to best clarify or convince.
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But stasis theory is not just a useful tool for inventing political and 
scientific arguments. As Fahnestock and Secor (1988) demonstrate, it is 
also a powerful analytic tool for understanding how rhetors constitute 
audiences within a specific rhetorical situation. The initial clue to this 
potential lies in stasis theory’s hierarchical character: identifying which 
stasis questions exhibits deployed illuminates how they position audiences 
as pedagogical, political, and/or civic agents. For example, if the conver-
sation begins with questions of policy (e.g., What should we do about 
climate change?), then one has assumed the audience already agrees that 
climate change is real, that it’s human caused, and that it’s bad. Contrarily, 
to never raise the value or policy questions positions visitors pedagogi-
cally. Alternatively, to leap from facts to action implies that values and 
definitions can be taken for granted. In these cases, the speaker, writer, 
or designer assumes certain characteristics about its audience—that they 
all share certain values, that they already understand certain facts, or that 
they are ready and willing to change behavior.

This insight into the relationship between which stasis questions are 
deployed and how audiences are constituted allows us to understand 
how the museum has altered the way it positions the public. Prior to 
becoming deeply concerned with the public, science and natural history 
museums engaged their audiences in stases aimed at developing scientific 
knowledge. Thus, questions of fact, definition, and cause were central. 
This kind of environment aligns with a classicist museum: “object-
drenched spaces whose installations have intentionally omitted explana-
tory labels that might help most mere mortals” (Gurian, 2010).

When the modern science and natural history museum embraced 
its public educational role, the emphasis on questions of facts, defini-
tion, and cause remained the same, but these were now connected to a 
sense of general civic engagement where the knowledge of those facts, 
definitions, and causes would by some route generate a civic public. 
The museum displayed authoritative scientific information to visitors 
who might then make more informed personal and political decisions, 
enthusiastically support scientific research, or become scientists them-
selves. But in their modernist form, museums rarely made this link 
explicit; rather, an informed, scientifically literate public was to simply 
act differently. In this sense, the absence of the upper stases of value 
and policy indicates that visitors’ political and civic agency was not 
fully engaged inside the museum. Essentially, visitors were expected to 
move from authoritatively established starting points to questions of 
value and policy when they encountered them in their own individual 
contexts.

The failures of this approach in modern science museums have been 
well documented, and they might best be summarized in two ways. The 
first criticism comes from Tony Bennett’s “exhibitionary complex”—the 
now canonical application of Foucault to the museum environment that 



154  Gregory Schneider-Bateman

demonstrated how public institutions disciplined populations through 
an insidious pedagogical ideology of pedagogy (Bennett, 1995; see also 
Bennett, 2015; Hetherington, 2015; Greenhill, 1992). Thus, remaining 
within the lower stases of fact, definition, and cause does not eliminate 
the political; it simply hides it behind the guise of scientific objectivity. 
Chakrabarty (2002) provides the second criticism by outlining the deep 
problems with pedagogic models of citizenship that require audiences 
to first be educated before they can be taken seriously as citizens. For 
Chakrabarty, the public arrives already politicized, and to ignore this 
fact means museums fail to engage a meaningful sense of visitor agency. 
Where Bennett’s application of Foucault demonstrates that the museum 
was inherently politicized and disciplinary, Chakrabarty does the same 
for visitors.

One of the museum’s responses to these criticisms was to reinvigo-
rate the visitor’s position in the museum. Viewed from within stasis 
theory, the general approach was to revise which stases show up by 
first rethinking the lower stases and second by adding in the upper 
stases. Following John Durant (1994), museums aimed to help visitors 
understand how science really worked, which went beyond facts, defi-
nitions, and some inaccurate plastic version of the scientific method. 
In this way, questions of fact, definition, and cause became in a sense 
reflexive, and the civic-minded visitor wasn’t meant to just understand 
scientific knowledge but to understand how that knowledge was con-
structed in the first place. While an improvement on the old science 
literacy model, this Public Understanding of Research (PUR) model 
nevertheless still focused on the oversimplified facts/action stasis 
structure, where facts now were about science itself and the political/
policy step again remained implicit.

The second way museums respond to criticisms has been to explicitly 
introduce questions of value and policy. Thus today museum exhibits 
on controversial topics like climate change, evolution, and race directly 
take up the political. As Mike Hulme (2015) argues, “museums need 
to be more political and less scientific” (p. 14). Because facts about 
the climate or claims about scientific consensus alone won’t solve 
climate change, museums can’t limit themselves to simply displaying 
climate science (p. 12). Topics relevant to public issues must be dis-
played for disagreement. And yet as Rutherford’s (2011) analysis of 
green governmentality at the American Museum of Natural History 
convincingly documents, the problem of power persists even in cases 
where visitors are openly and explicitly engaged in value and policy 
questions. For Rutherford, a shift from questions of fact to questions of 
value and policy may not be enough if the museum retains its authorial 
control over those questions—if, essentially, they use them to tell a sin-
gle story. Thus, it is not simply which stasis questions show up, it’s how 
they show up that matters.
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Museum Agency and Shifting the Power of Invention

Because the simple addition of questions of value and policy does not 
inherently resolve the critique of museum power, the science museum’s 
rhetorical form needs to be reconsidered. Recent work by Fiona Cameron 
(2010c) and other museum scholars provides a route to articulate the 
ways in which stasis theory might be used to reframe science museum 
communication. Relying on a broad array of social theorists, includ-
ing Latour, Beck, Urry, Baumann, and Deleuze and Guattari, Cameron 
has worked to establish a foundation for postmodern exhibits, which 
she terms liquid museums. Responding to the Cartesian, classicist mu-
seum characterized by certain knowledge, subject/object dichotomies, 
the absence of controversy, politically passive visitors, and centralized 
authority, Cameron’s postmodern liquid museum offers another model: 
one that embraces uncertainty, presents controversy, offers multiple 
perspectives, serves as a site for peer review, functions as a node within 
larger digital, cultural and transnational networks, transparently ex-
presses ideological and political commitments, and promotes individ-
uals’ self-understanding. In short, the postmodern museum does not 
discipline populations, it presents information in such a way to allow 
them to actively construct themselves and their beliefs and actions. In 
this model, visitors aren’t constructed as simple rational citizens. Instead, 
“audiences are conceived as assemblages, as unique, [and] historical and 
historically contingent” (Cameron, 2010b, p. 126).

By embracing the uncertainty and complexity of questions of value and 
policy as well as the political controversies that attend them, Cameron’s 
liquid museum re-situates the visitor as a subject able to act creatively. In 
other words, the museum can no longer be viewed simply as disciplining 
the visitor in one single way or from one particular angle. And it can’t 
even be seen as disciplining them in multiple ways or from multiple an-
gles. The fact that the museum is (or can become) a liquid institution 
means that discourses come from anywhere, and most importantly from 
museum visitors. It means, essentially, that the museum gives up control 
in order to move audiences from “being objects of intervention to being 
subjects for action” (Cameron, 2011, p. 91). Instead of the kinds of disci-
plinary power identified by Tony Bennett, Cameron’s “institutions need 
to assist the ‘self-interested’ visitor in forming, planning, and designing 
themselves as individuals on their own terms” (2010a, p. 69).

The argument for the liquid, postmodern museum does not just have 
a theoretical foundation, however. Cameron also grounds it in empiri-
cal audience surveys that show how audiences now bring a completely 
different set of expectations to the museum. While visitors still want to 
learn something, they are much more likely to demand that the museum 
treat them seriously as self-inventing human beings. Visitors want to be 
treated as intelligent individuals who can make sense of information on 
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their own. As such, visitors request things like more points of view, less 
certainty, and a wider array of cultural voices. And this doesn’t simply 
mean they want to encounter the more human questions of value and 
policy; they also want exhibits to represent the deeper complexity in the 
questions of fact and definition that are too often treated purely educa-
tionally, as certain knowledge to be transferred.

The result of Cameron’s theoretical and empirical arguments is noth-
ing less than the recreation of the museum as a new ontological as-
semblage, a self-designing and self-organizing entity that continuously 
refashions itself by displaying controversial topics; engaging with risk 
conflicts; framing topics far into the future; embracing deep uncertainty, 
complexity, and nonlinearity; incorporating transnational and cosmopo-
litical perspectives; and integrating post-humanism. This refashioning 
gains clarity through the lens of stasis theory by illustrating how the 
museum might deploy its inventional power. In other words, the route 
through the political critique of the science museum cannot simply mean 
museums invent exhibits that present answers to questions of value and 
policy. As Hulme (2015) argues, “The purpose of museums is not to get 
everyone thinking the same thing about climate change” (14). Instead 
those questions should be used to encourage people to “disagree about 
climate change” and to “allow people for whom the idea of climate 
change provokes different stories of meaning—different visions of a 
good and desirable future—to listen and to learn from each other” (14). 
Truly embracing stasis as a tool for invention in controversial exhibits 
would help to accomplish this, for the visitor would be invited to in-
vent (and invent themselves) alongside and within the science museum 
(Cameron, 2011, p. 100). Doing so means the museum can truly “assist 
the ‘self-interested’ visitor in forming, planning, and designing them-
selves as individuals on their own terms” (Cameron, 2010a, p. 69). In the 
end, the burden must be shared. After all, exhibits must be invented by 
institutions. But how those exhibits open up and deploy their stasis ques-
tions can dramatically alter the kinds of agencies visitors can embrace.

The Possibilities of Rhetorical Agency in Climate Change 
Exhibits

In an effort to illustrate how this might be achieved through science 
museum exhibit communication, in the next section I analyze how two 
climate change exhibits deploy stasis questions and how that deployment 
might point a way towards renewing visitor agency.

Deliberating the Atmosphere at London’s Science Museum

The first climate change exhibit takes us across the Atlantic to 
London’s Science Museum and its large, immersive experience titled  
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Atmosphere: Exploring Climate Science. The visual shift is dramatic 
when moving from traditional text-heavy, highly organized exhibits to 
Atmosphere’s dark, open, ethereal, immersive, and highly interactive ex-
hibit. Curved glass is lit blue across the ceiling, grey panels and objects 
are lit brightly from below, digital kiosks glow throughout the space, the 
floor is a mosaic of projected digital images that change and shift, and 
people are everywhere staring at screens, pushing buttons, and running 
around. Upon entering it seems as if no immediately obvious pathway 
presents itself, though one becomes clear if we attend to the exhibit’s 
broader thematic structure. Emphasizing the lack of a specific path is 
the first installation, which is a large multi-person interactive experience 
where visitors attempt to allocate resources to save different London 
neighborhoods from the Thames River that is flooding due to climate 
change. Instead of introducing visitors to scientific principles of the 
greenhouse effect or even introducing them to the atmosphere, visitors 
are thrust into an engaging experience where they must respond to the 
hypothetical results of climate change. In interactive terms, Atmosphere 
somewhat inverts the read-text-then-interact structure found in more 
traditional exhibits.

A rationale for beginning with this interactive element rather than 
starting with, say, a more natural choice like the exhibit’s section on the 
carbon cycle can be found in the exhibit team’s planning documents. 
One of the most striking planning documents the exhibitors shared 
with me was the audience research that led them to choose Atmosphere 
as their title for the climate change gallery. TWResearch, the team 
that conducted the study, evaluated multiple titles: Climate Change, 
A Climate of Change; Our Changing Climate; Climate Science; Our 
Planet, Our Challenge; Our Changing World; Atmosphere; and 
Changing Our World. These titles were assessed based on how well 
they appealed to the target audiences and whether they were informa-
tive. Each was also evaluated for gallery expectations, tone of voice, 
and fit with Science Museum. What the TWResearch (2010) found was 
that “in terms of titles, the phrase ‘climate change’ drives a fatigued re-
sponse” (p. 6). “Atmosphere,” on the other hand, they concluded “am-
biguous but with an element of intrigue” that seemed “appealing and 
motivating” (p. 18). It allowed for multiple interpretations (with the 
worry that it could be misleading) and implied “a sense of scale, won-
der, marvel [and is] interactive, engaging, interesting” (p. 18). In their 
conclusions, TWResearch suggested Atmosphere as the first choice but 
noted that it would need a “more informative strapline,” which the 
museum took to heart by adding “Exploring Climate Science” to the 
exhibit’s final title that embraced other title elements the research team 
suggested (p. 21).

Just like the decision to lead with the Thames River interactive, the 
title Atmosphere works, partly, as an appealing enticement, less staid 
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and authoritative and more vague and exciting. Even though “climate 
science” is retained in the exhibit’s subtitle, the gallery is often re-
ferred to as the “Atmosphere Gallery,” a choice that seems consistent 
with the aim of enticing visitors and moving away from aspects that 
might engender a fatigued response. It is also a conclusion that mu-
seums in the United States might take to heart. In the past few years, 
the most prominent exhibits on climate change have all offered titles 
that would, if TWResearch’s work applied to US audiences, engen-
der a tired response. For example, Climate Change: The Threat to 
Life and a New Energy Future at the American Museum of Natural 
History (on display 2008–2009); Climate Change in Our World at 
the Smithsonian (on display 2009–2010); Climate Change at The Field 
Museum (on display summer 2012); and Climate Change: Our Global 
Experiment at the Harvard Museum of Natural History (ongoing). 
Atmosphere, then, is not simply or only or at least not at first glance 
primarily about climate science.

Before arriving at the final culminating experience, visitors to 
Atmosphere must first traverse exhibit elements that cover the tradi-
tional ground of facts and definitions. As discussed above, while there is 
no clear order to the structure of the gallery, the exhibit’s five major the-
matic sections can be linked into a kind of logical order. These sections 
are as follows, with the order of the first three largely interchangeable, 
and the last two clearly building from the historical and current knowl-
edge gained in the first three.

•	 Exploring the carbon cycle: Science can show us carbon’s global 
pathways and how we’re causing them to change.

•	 Exploring Earth’s energy balance: Science can show us how green-
house gases work and why they really matter.

•	 Exploring the climate system: Science can show us how the climate 
works and what causes it to change.

•	 Exploring what might happen: Science can track what’s already 
changing and help us imagine the future.

•	 Exploring our future choices: Science and technology are already 
helping…what are our options for tomorrow?

In practice, the order is not set in the Atmosphere gallery, and visitors 
can wander from installation to installation as they please, especially 
since the always popular interactive elements aren’t free at exactly the 
moment they want to play with them. This results in much moving back 
and forth. This sense of visitor freedom (what the museum world terms 
free-choice) allows visitors a much richer sense of agency and is a good 
example of the ways in which museums are trying to reduce the strong 
authoritative feel and structure for which museums have often been 
criticized.
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While each of the five main thematic sections covers different con-
tent, each area includes similar elements: interactive games, objects, his-
torical anecdotes, and detailed explanations. For example, in the fifth 
section “Exploring our future choices,” visitors play with an interactive 
game that asks them to play act as a reporter gathering information for 
news stories about alternative energies like solar, wind, and hydroelectric 
power. They also click and choose their way through a digital interactive 
element that allows them to follow threads of information about geo-
engineering the climate that ask “big questions” about strategies for CO2 
reduction and solar reflection. These interactive features are accompa-
nied by real objects and their stories. Again, visitors are encouraged to 
click through a digital component to learn more about each thing. The 
objects here include energy harvesting concrete slabs, carbon collectors, 
artificial trees, plastic solar cells, hybrid cars, and high efficiency solar 
cells. The interactive, object-based, and digital information development 
of this theme is symmetrical with the exhibit’s other themes. Atmo-
sphere’s five thematic sections aim to establish the fact and definition 
stasis upon which an informed public can engage questions of policy.

The larger policy questions are hinted at in the thematic section on 
“Exploring our future choices…,” but they are taken up in earnest after 
visitors have made their way through the immersive, interactive exhibit 
space. At this point, visitors are offered seats in front of computer ter-
minals where they can tap through four questions about what should be 
done about climate change:

•	 Should we engineer the climate?
•	 Is money better spent cutting emissions now or adapting to impacts 

later?
•	 Is it an individual’s responsibility to curb greenhouse gasses?
•	 Should rich countries give away low-carbon technologies?

As should be evident, questions prompting yes/no answers seem appro-
priate in museum contexts. However, rather than positioning visitors to 
vote up or down on them, the exhibit recognizes that these questions 
do not have easy answers and instead presents five positions on each 
question. For example, to the question that asks, “Is money better spent 
cutting emissions now or adapting to impacts later?” the exhibit offers 
three “now” arguments:

•	 It’s unfair to leave the problem to future generations. Let’s take re-
sponsibility for the problem we created.

•	 It’ll be cheaper to tackle the problem now than to wait and deal with 
it in the future.

•	 If we don’t tackle emissions now, climate change could be so devas-
tating that we’re unable to respond in the future.
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The side that answers “later” offers two arguments:

•	 Human ingenuity always manages to cope. Let’s adapt to the impacts 
in the future when technology is more advanced.

•	 The economy is continually growing. Let’s tackle emissions when we 
have more money.

While these positions might seem a bit facile at first glance, they do 
present some basic frameworks for answering the question: appeals to 
fairness, economics, uncertainty about the future, and faith in technology. 
Distilling these responses down to their essential frameworks captures 
the common stasis points around which most policy questions are con-
tested. In short, these answers provide a set of topoi—they are what we 
would hope science communication students might invent if they were to 
give an essay topic like “Should we engineer the climate?” And, what’s 
more, if the visitor taps on one of the arguments, they get a short video 
interview of a London citizen from the street making a more personal, 
developed case.

Together the quick answers and the brief videos offer a range of re-
sponses around each major policy question, wherein both sides of an 
argument are, in some measure of balance, presented for the visitor to 
understand. The goal here can’t be to come away with a specific, knock 
down argument for why we should act now or wait. So instead of un-
derstanding a policy choice and asking visitors to choose, the museum is 
presenting a problematic, and it presents it in such a way that visitors are 
offered competing commonplace arguments but not actively convinced 
of one or the other. It asks them, essentially, to understand and appre-
ciate the contingency and rhetoricity of each viewpoint rather than pick 
a side or check a box. Thus, visitors are encouraged to become familiar 
with a range of arguments, an approach that addresses them rhetorically 
and provides the topoi as resources for visitors to understand and per-
haps employ when arguing these questions outside the museum.

As a result, Atmosphere positions visitors not as voters but as de-
liberators and prepares them to participate in public discussions. The 
difference between treating visitors as deciders on policy and visitors 
empowered to deliberate on policy might seem slight, but there are some 
important differences. As deliberators, visitors are expected to partic-
ipate and engage in ongoing debates, not to simply decide one way or 
another. This embraces a vision of citizenship that accords real agency in 
the real world. Positioning visitors as deliberators rather than voters also 
implies that climate change policies are complex and that a simple “yes” 
or “no” vote oversimplifies and would curtail discussions that require 
much public debate. This choice to leave open the large policy questions 
and not ask visitors to employ or exhaust their civic mindedness in the 
exhibit itself orients them to the future, to contexts and conversations 
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outside the space and time of the exhibit. This future-orientation is 
hinted at in the exhibit’s opening panel, which seeks to “inspire hun-
dreds of thousands of visitors” and states, “Working together, we can 
push ideas further and find solutions faster.” Whether this happens re-
mains an open question and one that exhibit evaluators will continue to 
explore. Nevertheless, Atmosphere imagines a deliberative (not simply a 
voting) public and clearly frames future visitor action on climate change 
policy in a way that shows them where to think, not what to think, 
thereby empowering and encouraging them to find a voice.

Identifying with Oceanic Peoples  
at Paris’s Cité des Sciences

Ocean, The Climate, and Us, the French counterpart to Atmosphere, 
shares many attributes with its British cousin. Like Atmosphere, Ocean 
is titled and sub-titled in such a way that its focus on climate change 
does not hit the visitor square in the face. Visitors can be enticed to visit 
the gallery because they might hope to learn something about the ocean 
(and indeed they will). Also like Atmosphere, Ocean is an immersive 
experience, dark and blue, watery, and filled with sound. On the other 
hand, Ocean is a more organized and directive space, with a set of three 
progressive units that visitors are directed through. Across its first two 
units Ocean is a highly interactive exhibit, but it falls short of the game-
filled, digital interactive environment found in Atmosphere. The exhib-
it’s culminating experience, however, offers an intriguingly emotional 
experience that addresses visitors as if they were someone else, as if they 
occupied a different subject position. As I will show, positioning the 
public as someone other than who they are has important implications 
for how they respond in the exhibit and how they think about future 
action.

Ocean is organized in three units, which, unsurprisingly, can be seen 
to reflect the stasis order displayed in Atmosphere. The first two sec-
tions, titled “How does the ocean influence the climate?” and “How is 
the ocean changing today?” respectively, set out to address how ques-
tions that establish the fact and definition stasis questions. In the first of 
these, visitors learn about the role played by things like ocean currents, 
salinity, wind, temperature, plankton, and El Nino/Nina. This section 
also includes contents that deal with the historical display of climate 
change metrics to show that it is human caused and not a result of in-
creased solar energy or volcanoes. A similar exhibit element exists in 
Atmosphere as well.

The exhibit’s second section shifts from processes and mechanisms 
to effects, ongoing changes, and the methods by which scientists 
study the ocean today. This section includes objects for measuring the 
ocean (e.g., ocean buoys and probes), computer kiosks that display 
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up-to-the-minute data on ocean temperature, and sections on ocean 
diversity and the food chain, ocean acidification, and overfishing. To-
gether, these two sections build on and document the claim that opens 
the exhibit’s introductory panel: “It’s a fact, climate change due to human 
activities is under way.” This strong assertion also frames the question 
asked by the exhibit’s final thematic component: “How can we adapt 
to change?” These two sentences reflect the inevitability of Ocean: the 
effects of climate change cannot be mitigated. While potentially discour-
aging, during my interview curator Marie-Christine Hergault indicated 
that the final section was meant to end the exhibit on a positive note: the 
ocean will change in ways we might regret, but we will be able to adapt. 
The final section prepares the visitor for this eventuality.

Through six videos that represent six different geographical regions af-
fected by the changing ocean, Ocean’s final section asserts that, “Nation 
states will have to adapt and the world must work together to implement 
two complementary strategies: cut greenhouse emissions and adapt to 
inevitable changes.” The six videos focus more on adaptation than pre-
vention in the Maldives, the Mediterranean, the Arctic, the Netherlands, 
Bangladesh, and Senegal. After reading a brief introductory panel that 
outlines what’s at stake for the region, visitors enter a small room where 
they sit for a five to six minute video where a representative from the 
country/geographical region discusses the problem and their adaptive 
strategies. These videos are well produced, and the speakers are pro-
fessional actors. After watching the video, visitors move on to the next 
geographical region, and after the final installation they exit the exhibit.

Two things are striking about this description of Ocean’s culminat-
ing experience. First, the civic dimension is not as clear as it was in 
the Atmosphere galleries. We might ask: Aren’t these videos merely 
informative? How do these videos position visitors for the future? 
Second, the level of physical interaction is low compared to Atmosphere. 
Instead of voting by pressing buttons (highly active) or tapping through 
questions/answers that interest them (choice, self-directed learning), vis-
itors here simply sit and passively watch a video. Nevertheless, the ways 
in which these videos interpellate or position visitors as subjects has im-
portant ramifications for them as world citizens.

How are they positioned? Ironically, visitors in this exhibit are posi-
tioned other than they are. The mode of address changes. The “you” or 
“we” of other exhibits is no longer inclusive of the visitor qua visitor. 
Instead of a public visitor who needs to understand climate science so 
that she can make choices as a citizen, here she is instead addressed as 
an interested, engaged expert. A couple of examples will illuminate the 
significance of this shift. In the Mediterranean example, an introductory 
panel describes the challenges of the region and ends with a question 
“Will we be able to take the necessary sustainable measures?” Here, 
the “we” is inclusive of the visitor qua visitor and positions her with the 
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responsibility and agency to make future choices. This positioning shifts 
dramatically when the visitor sits down to watch the video and is imme-
diately greeted as “Dear sir” by the “deputy mayor in charge of town 
planning.” As you listen, it becomes clear that you are being addressed 
as an architect or landowner who has applied to build a housing com-
plex on the coast. The video diary is the deputy mayor’s opportunity to 
reject your application and provide a detailed rationale. In making his 
case, the mayor describes the low lying geography, points to the way 
climate change exacerbates this problem, explains that the sea is already 
a problem, and provides historical examples and cites experts. Besides 
building a strong case against your application, the mayor also addresses 
you honestly and respectfully. He says, “If the coast was deserted, [then 
the cyclical ten year storms] wouldn’t raise any major problems and we 
could just adopt a ‘laisser-faire’ [sic] approach. But that isn’t the case. 
And you are well placed to know it.” Here the “you” is both you and not 
you. This mode of address occurs again at the end of the video: “I hope 
you have found my explanation convincing. In any case, I suggest we 
meet up to discuss a solution for your housing estate. In fact, wouldn’t 
it be better to build it inland rather than by the sea?” In the role of the 
housing builder, you are addressed respectfully, as a rational, knowl-
edgeable actor who understands the climate and empathizes with the 
geographical context.

In the case of Bangladesh, the visitor is addressed as “Dear profes-
sor,” an opening that is used in other videos as well. Here the posi-
tion of the speaker is unclear, but she begins with a rhetorical question 
that seems to repeat a question that the professor must have asked: “So, 
how could my country, Bangladesh, adapt to the transformations due 
to climate change?” Other scenarios might explain this introduction, 
but it is quickly clear that you—the professor—have some knowledge 
of Bangladesh and seek the narrator’s expert opinion. Not only is she 
responding to you as an expert, but she also recognizes that “the profes-
sor” has a degree of knowledge about the context of which she speaks. 
For example, before telling an historical anecdote she says, “Maybe you 
remember. …” and later she says, “As you know” with regard to the 
fact that climate change has reduced the number of seasons from six to 
three. Along the way, the speaker provides examples of the challenges 
and opportunities for Bangladesh. Near the end she again seems to use 
an asked question as a transition, “What will my country look like in 
40 years’ time?” Her answer—the culture will adapt its lifestyle and 
international solidarity will allow for infrastructural developments—is 
“the fruit of her imagination.” These are her hopes for the future, and 
the burden is on her people and the international community.

Both of these examples help to capture what occurs when the visitor 
sits down and attends to each of the six videos. In each case, the visitor 
is addressed by the person on the screen not as a visitor but as someone 



164  Gregory Schneider-Bateman

who she is not. Importantly, that person is intimately aware of the local 
context discussed on screen (coastal Mediterranean, Bangladesh vil-
lages, etc.), and so the visitor is accordingly addressed as if they also 
know these things. Beyond knowledge is something much more import-
ant: interest, empathy, and engagement. The videos address visitors as 
subjects who identify with and care about the people and cultures on the 
screen. Even if the visitor does not know where the Maldives is, the video 
assumes she remains deeply concerned. In short, through this contrived 
shift in audience positions, the exhibit assumes not only that visitors 
want to hear this information but that they are already on board with 
the climate science and that they empathize with the population. The 
appeals and examples the exhibit selected have been deliberately, pur-
posefully, and powerfully tailored. In other words, instead of addressing 
a general, hard-to-pin-down visitor, the culminating experience places 
visitors within a specific conversation where they are addressed by a 
person they “know” and respect and who can address their individual 
concerns.

Because the videos address a singular, individual audience with a set 
of predefined and specified interests and responses, the videos build in 
values, knowledge, and emotions that would not be guaranteed to exist 
in every visitor who attends the video. This interpellation cultivates a dif-
ferent kind of rhetorical response in visitors, who, after all, are not pri-
marily professors or building moguls trying to get approval to construct 
a housing complex. The videos ask the visitor to identify not only with 
the speaker on the screen but also to identify as the expert the speaker 
addresses. As such, the visitor is encouraged to emotionally respond, to 
act and think as if she were the person being addressed. The question of 
whether or not this works remains to be seen. What is evident, however, 
is that the visuals in this portion of the exhibit employ what Charles 
Hill (2004) terms “vivid information” to increase the videos’ rhetorical 
presence. The degree to which visitors embrace or resist this rhetoric 
will mean a different kind of emotional response to the video on display. 
Even though that emotional response is part of a particularly passive 
experience (simply watching a video), it emerges through a high level of 
emotional identification, a deeper level of interaction than is typically 
meant by the museum community’s use of the term. In the end, the ef-
fect of emotionally embracing the interested, empathic, engaged, curi-
ous subject position is to cultivate and experience those values as one’s 
own. Thus, the civic potential of these videos is not located in specific 
interactive exhibit elements asking visitors to vote or deliberate. Instead, 
Ocean’s culminating experience, if embraced by the visitor, plays the 
traditional epideictic role of establishing and reinforcing cultural val-
ues that serve as the basis of future action. By letting visitors identify 
as someone who believes in climate change, appreciates its effects on 
the ocean, empathizes with a wide range of peoples and cultures, and, 
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finally, actively seeks adaptation strategies, Ocean cultivates a public 
that not only understands climate change but also knows what it feels 
like to choose to adapt to its inevitable and already ongoing effects.

Conclusions

The two exhibits I’ve discussed here follow the same stasis order: estab-
lish knowledge on questions of fact and definition about climate change, 
demonstrate that those facts indicate human caused warming, and en-
gage the policy question. In short, they all move from fact to policy, 
which simply points up the utility and power of stasis as a means of 
explaining the organization of certain argument types. Where these ex-
hibits differ is in the ways they position visitors and the kinds of publics 
they call into being. The question is, now that visitors know, what will 
they do, and in what capacity will they do it? As voters? As deliberators? 
As world citizens empathizing with the plight of others? Questions about 
the kind of public we want to create or imagine (and how we want the 
public to imagine itself) are critical for shifting the public debate on 
climate change.

Neither of these exhibits fails. They both generate public understand-
ing, establish the authority of science (sometimes in rather sophisticated 
ways), and encourage visitors to think about the future. Yet a common 
rhetorical vision for moving someone from understanding facts to taking 
action starts with identification, moves to deliberation, and culminates 
in decision. To emphasize the final step without respect for the first two, 
as many climate change exhibits do, is partly a result of the urgency of 
climate change; we must make choices now. However, it’s also a result 
of a narrow rhetorical application of stasis theory. What is so powerful 
about Atmosphere’s open-ended policy questions and Ocean’s epideic-
tic appeal for identification is that they call into being publics with a 
broader sense of agency. In Atmosphere, visitor agency is deliberative: by 
establishing facts and definitions the prepares visitors to meaningfully 
voice their opinions. In Ocean, visitor agency emerges through cultural 
identification: it cultivates the foundational values by which a public be-
comes receptive to arguments about facts, definition, value, and policy. 
This analysis illuminates the utility of stasis theory as a powerful and 
popular exhibit organizing structure that builds from facts to civic en-
gagement. What Atmosphere and Ocean indicate is that if we want to 
call into being an empathic, deliberative public, then it is profitable to 
position visitors in ways that ask them to do more than simply under-
stand and vote.

In the end, some modern science museums, specifically those that ex-
hibit topics relevant to public policy in the public sphere, have begun 
to move visitors up the chain of stases. When done well, these exhibits 
include moments where the uncertainty inherent in policy questions is 
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left wide open and where visitors are granted a renewed political agency 
to truly engage with those questions both inside and outside the exhibit. 
As a result, these exhibits provide a kind of rhetorical education. This 
rhetorical education takes two forms. First, it highlights the rhetorical 
nature of questions of value and policy. By opening up and not closing 
down these questions, the exhibit reinforces for the visitor the contin-
gency of future decisions. Second, by presenting policy questions in an 
honest way, the exhibit provides not one position but many positions on 
how to think about what humans might do. In presenting these posi-
tions, the museum addresses visitors as creative, politically vibrant indi-
viduals who might encounter these policy questions outside the museum 
walls. Thus they cultivate not an understanding of facts or definitions 
or even specific correct policy choices, but an appreciation of the variety 
of arguments and positions surrounding a policy, many of which might 
serve as topoi and talking points to be presented or countered. In this 
sense, by embracing the rhetorical core of policy questions and offer-
ing up a few of the rhetorical resources for engaging those questions as 
available means of persuasion, the museum has begun to embrace and 
reallocate the inventional burden in a way that truly contributes to the 
visitor’s rhetorical education.
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Increasingly, scientists are turning to writing workshops to develop their 
communication skills as a complement to their training as researchers. 
They recognize the need to communicate with fellow scientists in precise 
technical language and with non-scientists in clear, jargon-free prose. 
Yet as one writing consultant observes, “educators don’t have a real con-
sensus about how—or even what—scientists should be learning in order 
to become better communicators” (Ossola, 2014). The teaching of scien-
tific writing remains underdeveloped, which presents opportunities for 
teachers and scholars who work with scientific discourse.

Successful pedagogical interventions in science and writing look be-
yond a single course to issues of sustainability in the face of growing 
demand and the need to think vertically in a developmental arc from 
science novice to science professional. Such programmatic concerns 
must be situated within institutional and disciplinary spaces that are 
best described through an ecological framework. To articulate such a 
framework here, we adapt the concept of a “transect” to characterize 
the various intersections of science and writing in university and profes-
sional curricula and thereby estimate the health of pedagogical “species” 
occupying specific curricular niches in diverse programmatic terrain. By 
transecting, or hiking through, habitats from first-year composition to 
postdoctoral education in which science and writing instruction are col-
located, we approach writing programs as ecosystems, identify oppor-
tunities for developing sustainable curricula, and describe strategies for 
cultivating cultures of writing that engage scientific discourse.

Transecting the Terrain of Science and Writing: 
Metaphor, Method, and Motives

Transects are data collection techniques used to sample populations. Sci-
entists plot a course through a specific terrain, walk through that terrain, 
and collect data about species along the way. The collected data can serve 
as an index of the overall population. Typically, transects are executed 
on humble scales. For example, a researcher might count the number of 
trees within ten meters along a five-kilometer line extending through a 
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forest. When transects are scaled up, they become “megatransects.” For 
example, a 2005 study reported on a series of megatransects through 
which scientists counted baobab trees in all the major geological regions 
of Benin (Assogbadjo, Sinsin, Codjia, & Van Damme, 2005).

Scientists conduct transects and megatransects to advance new 
knowledge claims. The baobab study revealed new information about 
how pulp, seed, and kernel production vary depending on climate, soil 
chemistry, and soil type. However, ecologists also conduct transects for 
other purposes. In 1999, conservation biologist Michael Fay embarked 
on a thousand-mile hike across central Africa. The purpose of “The 
Megatransect” was to collect information about the environment. Science 
writer David Quammen described the process for National Geographic:

[Fay’s] immediate goal is to collect a huge body of diverse but inter-
meshed information about the biological richness of the ecosystems 
he’ll walk through and about the degree of human presence and 
human impact. He’ll gather field notes on the abundance of elephant 
dung, leopard tracks, chimpanzee nests, and magisterial old-growth 
trees. He’ll make recordings of birdsong for later identification by 
experts. He’ll store away precise longitude-latitude readings (auto-
matically, every 20 seconds throughout the walking day) with his 
Garmin GPS unit and the antenna duct-taped into his hat. He’ll de-
tect gorillas by smell and by the stems of freshly chewed Haumania 
danckelmaniana, a tangly monocot plant they munch like celery. 
Eventually he will systematize those data into an informational re-
source unlike any ever before assembled on such a scale—with the 
ultimate goal of seeing that resource used wisely by the managers 
and the politicians who will decide the fate of African landscapes. 

(Quammen, 2000)

Ultimately, Fay’s work had programmatic implications. As a direct re-
sult of the data Fay collected on his Megatransect (and the publicity it 
garnered), the nation of Gabon created thirteen new national parks to 
preserve precious habitat.

 In this chapter, we mimic Fay’s project by collecting course descrip-
tions, grant awards, textbooks, and scholarship related to science edu-
cation and composition studies. Like the trees, chewed leaves, and dung 
tracked by Fay, these signs of curricular life provide a snapshot of science 
and writing from first-year composition to professional training. By un-
derstanding the factors that allow particular interventions to succeed or 
fail, we are better equipped to administer at a programmatic level the 
intersection of science and writing. Indeed, understanding the threads 
connecting science and writing requires attending to both global concep-
tual considerations, such as the theories that guide our teaching, and lo-
cal material concerns, in particular, what is possible in a given context.
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 The need to map a theoretical construct for science-and-writing peda-
gogy is evident when we consider practices in the disciplinary formation 
of science professionals and writing pedagogies. Lerner (2009) analyzed 
a century of writing-to-learn approaches in science laboratory curric-
ula and argues that these “school-based” (p. 52) approaches to writing 
are reductive and discourage students from developing the argumenta-
tion skills required for professional work. Lerner sees these failures as 
opportunities for science and writing educators to rethink their shared 
objectives and pedagogical investments. For Lerner, “crises” (p. 49) in 
science and writing pedagogy involve challenges to achieve “authentic-
ity” in learning experiences (p. 51). In ecological terms, Lerner’s concern 
for authentic writing in science is one of sustainability in the resources 
required to provide “meaningful tasks” (p. 49). Lerner’s critique recog-
nizes that the ecologies of school and professional domains are distinct; 
however, they must be brought into reasonable alignment if students are 
to navigate successfully from one domain to the other.

In this context, what does it mean to transect? As teachers and pro-
gram administrators engaged with scientific discourse, we were familiar 
with the terrain in which science and writing interact. To better know 
that terrain, however, we needed to transect it and collect additional 
data. Of course, our transect was not a GPS-supported march through 
uncharted territory. Rather, we observed and coded a large sample of ev-
idence of science-and-writing instruction collected over years developing 
courses and programs.

Various disciplines generate data about science-and-writing instruc-
tion. Teacher-scholars of rhetoric, composition, and technical commu-
nication are interested in the challenges of teaching scientific discourses, 
but so are applied linguists, science education researchers, and research-
ers in scientific fields. Educators across these disciplines develop courses 
tailored to specific institutional demands (see Table 8.1). Courses in 
“science writing,” “scientific writing,” “writing in the sciences,” and 
“writing about science” appear in the undergraduate and graduate 
catalogs of English and writing-studies departments as well as the cata-
logs for science departments (also see Chapter 11, this volume). Yet even 
courses that share the same name will have different missions depending 
on their institutional mandates and student populations. For example, a 
course called “scientific writing” looks very different when designed as 
an intermediate-level writing course, a professional writing requirement, 
an elective for a graduate-level certificate, a requirement for a medical 
school curriculum, or a Massive Open Online Course (MOOC).

Traditional and online courses are not the only signs of diverse 
scholarly and pedagogical activity surrounding science and writing. 
Scholarship on science and writing pedagogy is found in journals from 
rhetoric, composition, technical communication, science education, 
and scientific fields (see Table 8.2). Moreover, grant funding from the 
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Table 8.2  �Selected Scholarly Articles and Books Describing Curricular 
Initiatives, Sorted by Curricular Level

Title (Author, Year) Field of Publication Curricular Level

Composition and the rhetoric 
of science: Engaging 
the dominant discourse 
(Zerbe, 2007)

Rhetoric and 
composition

First-year 
undergraduate 

“Primary science 
communication in the 
first-year writing course” 
(Moscovitz & Kellogg, 
2005)

Rhetoric and 
composition

First-year 
undergraduate 

“Teaching scientific writing: 
A model for integrating 
research, writing & critical 
thinking” (Krest & Carle, 
1999)

Science education First-year 
undergraduate

“Scientific writing: A 
humanistic and scientific 
course for science 
undergraduates” (Carlisle & 
Kinsinger, 1977)

Science education Lower-level 
undergraduate 

“A chemist’s view of writing, 
reading and thinking across 
the curriculum” (Powell, 
1985)

Rhetoric and 
composition

Lower-level 
undergraduate 

“From concept to application: 
Student narratives of 
problem-solving as a basis 
for writing assignments 
in science classes” (Rich, 
Miller & DeTora, 2011)

Rhetoric and 
composition

Lower-level 
undergraduate 

“Writing-to-teach: A new 
pedagogical approach to 
elicit explanative writing 
from undergraduate 
chemistry students” 
(Vaźquez et al., 2012)

Science education Lower-level 
undergraduate

“Writing-to-learn in 
undergraduate science 
education: A community-
based, conceptually driven 
approach” (Reynolds, 
Thaiss, Katkin, & 
Thompson, Jr, 2012)

Science education Undergraduate 
science courses

Learning to communicate in 
science and engineering: 
Case studies from MIT 
(Poe, Lerner & Craig, 2010) 

Technical 
communication

Upper-level 
undergraduate

(Continued)



178  Jonathan Buehl and William T. FitzGerald

Title (Author, Year) Field of Publication Curricular Level

“More than a picture: Helping 
undergraduates learn to 
communicate through 
scientific images” (Watson 
& Lom, 2008)

Science education Upper-level 
undergraduate

“Writing science” (Hamilton, 
1978)

Rhetoric and 
composition

Upper-level 
undergraduate

“Engaging biology 
undergraduates in the 
scientific process through 
writing a theoretical 
research proposal” 
(Stanford & Duwel, 2013)

Science education Upper-level 
undergraduate

“Client-based writing about 
science: Immersing science 
students in real writing 
contexts” (Kiefer & Leff, 
2008)

Rhetoric and 
composition

Upper-Level 
Undergraduate

“The use of cognitive and 
social apprenticeship to 
teach a disciplinary genre: 
Initiation of graduate 
students into NIH grant 
writing” (Ding, 2008)

Technical 
communication

Graduate

“Camping in the disciplines: 
assessing the effect of 
writing camps on graduate 
student writers” (Busl, 
Donnelly, & Capdevielle, 
2015) 

Rhetoric and 
composition

Graduate 

“Developing an English for 
academic purposes course 
for l2 graduate students 
in the sciences” (Douglas, 
2015) 

Rhetoric and 
composition

Graduate 

“Revitalizing instruction in 
scientific genres: Connecting 
knowledge production with 
writing to learn in science” 
(Keys, 1999)

Science education Not specified

National Science Foundation (NSF) has supported a range of science 
and writing related projects, from the creation of a graduate-level sci-
entific writing program and the development of technologies to support 
lab-report writing to the creation of case-study collections for teaching 
about science writing in the public sphere (see Table 8.3). The exis-
tence and considerable size of these grants demonstrates opportunities 
for scholars of rhetoric, composition, and technical communication. 
The diversity of student needs and pedagogical approaches  is  further 
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Table 8.3  �Selected Projects on Science-and-Writing Instruction Funded by the 
National Science Foundation

Project Title Institution Award 
Amount

Project Description 
(Excerpted from Award 
Abstracts)

Science writing 
and rhetorical 
training: a 
new model 
for developing 
graduate science 
writers

University of 
Rhode Island

$499,977 “The primary goal of this 
program is to work with 
graduate students and 
faculty to implement a new 
cross-disciplinary model 
of science communication 
training that integrates 
diverse types of science 
writing and communication 
from the beginning of 
and throughout graduate 
students' scientific training. 
A key to the training model 
offered is grounding in 
rhetoric, the academic 
discipline devoted to 
the persuasive power of 
language that includes 
studies of argument, 
public discourse, and civic 
engagement.”

LabWrite: A 
national web-
based initiative 
to use the 
lab report to 
improve the 
way students 
write, visualize, 
and understand 
science

North Carolina 
State 
University

$489,159 “Our first goal is to revise 
and disseminate for 
national use our online 
prototype …. LabWrite, 
a series of instructional 
and faculty development 
modules, encourages and 
enhances use of the lab 
report so that students 
and instructors can 
take advantage of the 
opportunities it offers 
to develop and expand 
students' scientific literacy. 
Our second goal is to 
build an instructional 
infrastructure for 
improving the teaching and 
learning experience of the 
laboratory nationwide.”

Implementing the 
science writing 
heuristic: An 
advanced 
POGIL 
workshop

Iowa State 
University

$499,990 “Materials developed in 
this proposal allow 
instructors to implement an 
advanced guided-inquiry 
teaching technique in their 
laboratories that is

(Continued)
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Project Title Institution Award 
Amount

Project Description 
(Excerpted from Award 
Abstracts)

supplemented by reflective 
writing. The existing 
infrastructure of POGIL is 
used as administrative hub 
for advertising workshops, 
enrolling participants, 
production of resources, 
and recruitment of future 
workshop leaders from 
participants who show an 
ability to implement the 
SWH (Science Writing 
Heuristic).”

An intelligent 
ecosystem for 
science writing 
instruction

University of 
Pittsburgh

$44,009 “Teachers, employers, and 
college faculty lament 
the inability of many 
high school graduates to 
write clearly. This deficit 
in writing is due in part 
because teachers do not 
have the time to provide 
appropriate, timely 
feedback to students on 
their writing. This project 
would help teachers help 
students achieve these skills 
through automating an 
effective feedback process, 
in ways that are customized 
to particular disciplines 
and local classroom needs, 
particularly in high needs 
districts.”

Cases for teaching 
responsible 
communication 
of science

Iowa State 
University

$254,157 “The project draws on 
ten important instances 
of public science 
communication across 
five natural science and 
engineering disciplines, 
examining the ethical 
principles at work in 
communicating scientific 
knowledge to a non-
expert audience, and using 
these cases to train young 
scientists to achieve the 
broader impacts society 
rightfully expects.”
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Table 8.4  �List of Textbooks and Guides on Scientific Writing and Science 
Writing

Title (Author, Year) Target Readers

Science and society - A Longman topics 
reader (Grinnell, 2006)

First-year students

A short guide to writing about biology, 9e 
(Pechenik, 2015)

Undergraduate biology majors

Write like a chemist: A guide and resource 
(Robinson, Stoller, Costanza-Robinson, & 
Jones, 2008)

Undergraduate chemistry 
majors

The MIT guide to science and engineering 
communication, 2e (Paradis & 
Zimmerman, 2002)

Undergraduate science and 
engineering students

Writing in the sciences, 3e (Penrose & Katz, 
2010)

Undergraduate science majors

A field guide for science writers, 2e  
(Blum, Knudson, & Henig, 2006)

Aspiring science journalists

The science writers’ handbook: Everything 
you need to pitch, publish, and prosper in 
the digital age (Hayden & Nijhuis, 2013)

Aspiring science journalists

Science research writing for non-native 
speakers of English (Glasman-Deal, 2009)

Graduate students and 
research scientists

How to write and publish a scientific 
paper, 8e (Day & Gastel, 2016)

Graduate students and 
research scientists

Scientific writing and communication: 
Papers, proposals, and presentations, 2e 
(Hofmann, 2013)

Graduate students and 
research scientists

demonstrated by the range of textbooks and guidebooks on science 
and writing, from “science and society” readers appropriate for a 
first-year composition course to specialized textbooks for graduate 
students who learned English as a second language (see Table 8.4). 
Diverse engagements with scientific discourse are further reflected in 
Table 8.5, which lists various graduate and undergraduate programs 
in science communication. Although the science journalism strain of 
science writing seems more likely to be taught at the graduate level, 
new programs, such as Stanford’s Science Communication Notation, 
demonstrate that writing about science and scientific writing can both 
be formally valued through undergraduate programming.

A variety of workshops and “boot camps” from university research 
centers, writing centers, and even for-profit companies are offered 
(see Table 8.6). Some workshops focus on starting or finishing a dis-
sertation or other research project; others help researchers explain their 
ideas to the public (see also Chapter 9). Regardless of their aims, these 
intensive professional development opportunities demonstrate the on-
going need for writing instruction for graduate students and working 
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Table 8.5  �List of Undergraduate and Graduate Programs in Scientific Writing and 
Science Writing, Sorted by Curricular Level

Program Institution Level Description Excerpted from 
Promotional Material

Notation in 
science 
communication

Stanford 
University

Undergraduate “The Notation in Science 
Communication (NSC) 
provides undergraduates 
with a new opportunity 
to develop their ability to 
communicate technical 
information to a variety 
of audiences. Through 
a combination of 
coursework, advising 
and reflection, selected 
students can earn a 
special designation on 
their official transcripts 
that indicates their 
advanced work in 
science communication.” 
(Stanford University, 2017)

Professional 
science and 
technology 
writing 
certificate

Washington 
State 
University

Undergraduate “WSU’s online undergraduate 
Professional Science 
and Technology Writing 
Certificate gives students 
the ability to bridge the 
gap between the work 
of scientists and how the 
public understands that 
work.” (Washington State 
University, 2017)

SciWrite University 
of Rhode 
Island

Graduate “SciWrite (Science Writing 
and Rhetorical Training) 
serves cohorts of Graduate 
Students and Faculty 
Fellows and Mentors 
and the wider university 
community through 
workshops, courses, 
and internships that 
emphasize academic and 
non-academic writing.” 
(University of Rhode 
Island, 2017)

Science Writing 
(MS)

Massachusetts 
Institute of 
Technology 

Graduate “A program for English and 
science majors, freelance 
writers or journalists 
seeking a specialty, working 
scientists, and others in 
which to learn
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the art and discipline 
of science writing. 
An opportunity to 
contribute to public 
understanding of science, 
medicine, engineering, 
and technology.” 
(Massachusetts Institute of 
Technology, 2017)

Certificate and 
MA in science 
writing

The Johns 
Hopkins 
University

Graduate “The online / low-residency 
Science Writing Program at 
Johns Hopkins University 
strives to guide the next 
generation of writers and 
editors who will help us 
learn how increasingly 
complex science, medicine 
and technology affect our 
lives.” (Johns Hopkins 
University, 2017)

Table 8.6  �Professional Development Workshops Sponsored by Universities, 
Nonprofit Groups, and For-profit Organizations

Workshop Title Sponsoring 
Organization

Organization 
Type

Description

Distilling your 
message

Alan Alda 
Center for 
Communicating 
Science / SUNY 
Stony Brook

University 
center

“This interactive session 
introduces participants 
to general principles 
in how to craft short, 
clear, conversational 
statements, intelligible 
to non-scientists, about 
what you do and why it 
matters.” (University of 
Maryland, 2016)

Kenyon institute 
in biomedical 
and scientific 
writing

Kenyon Institute University 
center

“Think of it as a three-day 
boot camp in effective 
scientific writing, with 
seasoned scientists as 
your teachers, your 
own project as a focus, 
and an emphasis on 
results. The goal: a 
publishable research 
paper, a fundable grant 
proposal, compelling 
technical writing.” 
(Kenyon Institute, 2017)

(Continued)
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Workshop Title Sponsoring 
Organization

Organization 
Type

Description

Mellon-
Wisconsin 
dissertation 
writing camp

University of 
Wisconsin- 
Madison 
(Writing Center 
and Graduate 
School) / Mellon 
Foundation

University 
center

“The dissertation writing 
camps focus on three 
core components: 
1. They provide 
participants with 
intensive, focused 
time to write in a 
supportive atmosphere 
amid other writers, 2. 
… participants have 
multiple opportunities 
to discuss their work, 
[and] 3. … camps 
offer brief daily 
writing exercises and 
workshops on topics 
such as setting realistic 
goals, managing one’s 
time, organizing a 
major project, obtaining 
useful feedback, and 
staying motivated.” 
(University of Wisconsin-
Madison, 2017)

Skills & careers 
in science 
writing

Science in Society /  
Northwestern 
University

University 
center

“This free skills 
development course 
is designed to help 
Northwestern 
PhD trainees write 
clearly and speak 
confidently about 
their own research…” 
(Northwestern 
University, 2017)

Communicating 
science 
workshops

AAAS Center 
for Public 
Engagement 
with Science & 
Technology

Nonprofit 
organization

“AAAS Communicating 
Science workshops … 
are specifically designed 
to address the needs of 
scientists and engineers 
to communicate 
scientific or technical 
information in a 
variety of public 
and professional 
interactions, such as 
media interviews, 
writing grant proposals, 
discussing ideas with 
students, testifying
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before Congress, or 
participating in public 
forums.” (American 
Association for the 
Advancement of 
Science, 2017)

Scientific writing 
retreat

Cold Spring 
Harbor 
Laboratory

Nonprofit 
organization

“The CSHL Scientific 
Writing Retreat 
is designed for 
postdoctoral fellows 
and junior faculty in 
all areas of biology 
who are actively 
working on professional 
pieces of writing 
such as manuscripts, 
grant proposals, 
job applications, or 
research/teaching/
personal statements.” 
(Cold Spring Harbor, 
2017)

Scientific writing BioScience Writers For-profit 
company

“Our scientific writing 
workshops will 
improve your ability 
to prepare your 
research manuscripts 
for publication in top 
international journals. 
Workshop participants 
learn the critical 
components of a clearly 
written manuscript and 
how to structure each 
manuscript section.” 
(Bioscience Writers, 
2017)

scientists. Indeed, such workshops are perhaps the most efficient and 
cost effective way for a writing program administrator to draw attention 
to scientific writing at his or her institution.

Finally, a number of technologies have been developed to help 
students and scientists write or learn to write more effectively 
(see Table 8.7). These include digital heuristics for writing laboratory 
reports, platforms for managing classroom peer review, and tools for 
manuscript preparation and collaboration. Some of these tools, like 
Manuscript Architect, are no longer available, suggesting that they did 
not fill their intended niches. However, the efficacy of other tools, such 
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Table 8.7  �List of Technological Tools for Teaching (and Working on) Scientific 
Genres

Program Sponsoring 
Institution

Program Purpose Description

Calibrated 
peer 
review

Department of 
Chemistry and 
Biochemistry, 
UCLA

Help instructors 
incorporate 
writing 
assignments into 
science classes 
by shifting 
assessment to a 
facilitated peer 
review system

“Calibrated peer review 
(CPR) is a web-based, 
instructional tool 
that enables frequent 
writing assignments 
in any discipline, with 
any class size, even 
in large classes with 
limited instructional 
resources. In fact, 
CPR can reduce the 
time an instructor 
now spends reading 
and assessing student 
writing.” (Calibrated 
Peer Review, 2017)

LabWrite Department of 
English, North 
Carolina State 
University

Help students 
manage the 
process of 
writing lab 
reports

“LabWrite is an online 
resource designed to 
help students take full 
advantage of one of 
the most important 
activities for learning 
in the sciences—
writing good lab 
reports. But LabWrite 
is not just about 
writing lab reports. 
It shapes the entire 
lab experience as a 
learning experience 
by structuring 
each lab into four 
stages that provide 
the foundation 
for the students’ 
website: PreLab, 
InLab, PostLab, and 
LabCheck.”(Carter 
et al., 2004)

Manuscript 
architect 
(inactive)

Center for 
Excellence 
in Surgical 
Outcomes, 
Duke 
University 
Medical 
Center

Help scientists 
manage 
collaborative 
writing

“This application had 
as its main objective 
the separation of 
the multiple tasks 
associated with 
scientific writing into 
smaller components. It 
was also aimed
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at providing a 
mechanism where 
sections of the 
manuscript  
(text blocks) could be 
assigned to different 
specialists.” (Pietrobon 
et al., 2005)

Scientific 
Writing 
AssistaNt 
(SWAN)

School of 
Computing, 
University 
of Eastern 
Finland

Help scientists 
evaluate the 
effectiveness of 
writing

“Scientific Writing 
AssistaNt (SWAN) 
is a rule-based, 
computer-assisted 
tool that combines 
text quality metrics 
and natural language 
processing. SWAN 
provides feedback 
on the parts of a 
scientific paper 
that create the first 
impressions: the title, 
abstract, introduction, 
conclusions, and the 
structure (headings 
and subheadings)

SWAN does not give 
overall grading for 
a paper. Instead, 
SWAN points out 
problems at the 
local level, as well as 
assesses text fluidity 
(both automatic 
and manual options 
are available) and 
cohesion. The newest 
SWAN versions 
also contain metrics 
for assessing the 
relationships between 
visuals (figures and 
tables) in a paper.” 
(Turunen, 2013)

as LabWrite and Calibrated Peer Review (CPR), has been documented 
through scholarship; Google Scholar searches for these programs return 
126 and 812 citations, respectively. Each of these tools demonstrates 
specific points of tension requiring some kind of intervention. That is, 
the work each technology attempts to do demonstrates a perceived need: 
LabWrite can be used to teach process, Manuscript Architect can help 
to teach teamwork, CPR facilitates peer review, and all can be used as 
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part of instruction in scientific argumentation. The development of these 
tools indicates a desire to find efficiencies and economies of scale in writ-
ing instruction.

After collecting the data represented in Tables 2 through 7, we at-
tempted to categorize them within the ecological frame suggested by the 
megatransect. We cannot claim empirical precision or statistical validity 
for our findings; the tables list only representatives of each collected sign 
of science-and-writing instruction. However, this accumulated data can 
be categorized into a useful framework for thinking about where and 
how and why teachers and program administrators might engage scien-
tific discourse in their work. The next section presents our categories for 
habitats (curricular niches within distinct programmatic terrain) and spe-
cies (curricular and co-curricular programs that occupy specific niches). 

From Transect to Catalog: Pedagogical Species Adapted 
to Curricular Niches in Programmatic Terrain

Our metaphorical megatransect allowed us to consider diverse signs of ped-
agogical life by establishing analogs between the physical space traversed 
in an ecological transect and the conceptual space of science-and-writing 
pedagogy. Table 8.8 maps these analogs using the terms terrain, niche, and 
species, and each term is explained in the sections that follow.

Table 8.8  �Transecting Science and Writing: A Map of the Metaphor

Term The Natural World Teaching Science and Writing

Transect Traveling through a physical 
terrain in a systematic way 
and recording data about the 
terrain and the species that 
occupy it 

Reviewing various sources that 
describe teaching science 
and writing in a systematic 
way and recording data 
about how and why people 
teach scientific discourses

Terrain Physical environments defined by 
their topography, geology, and 
climate

Programmatic spaces defined 
by the experience of their 
students

Niches Localized areas within a terrain 
in which species have adapted 
(or are adapting) to the 
features of the terrain and the 
presence of other species

Curricular areas that shape 
and are shaped by the goals 
of programs, students, 
institutional stakeholders, 
and external interests

Species Plants and animals adapted (or 
adapting) to the niches they 
occupy

Specific sites of writing 
instruction that involve 
some engagement with 
scientific discourse

Specific sites of science 
instruction that involve 
some engagement with 
writing
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Programmatic Terrain

 After transecting the ecosystem of science-and-writing pedagogy, we 
decided to segment the pedagogical terrain into legible zones according 
to the experience level of the intended audience. Basing terrain types on 
the experience level of students (undergraduate, graduate, etc.) might 
seem obvious, but this is not the only possible scheme. We could de-
fine terrain by field (rhetoric, professional writing, etc.), which was the 
approach used by Zerbe (2007) in Composition and the Rhetoric of 
Science. His exploration of “the place of scientific discourse in rhetoric 
and composition” (Zerbe, p. 50, emphasis added) divides the terrain into 
seven tracts: composition readers, composition courses, ecocomposition, 
writing across the curriculum, rhetoric of science, medical rhetoric, and 
technical communication. Although these divisions are useful for Zerbe’s 
project to connect composition studies with the rhetoric of science, they 
have limitations for thinking about science-and-writing pedagogy more 
expansively (see Sullivan, 2008). Our programmatic terrain includes 
(1) the first-year experience, (2) post-first-year-experience undergradu-
ate education, (3) graduate education, and (4) post-graduate and profes-
sional training. Co-curricular interventions (such as formal or informal 
instruction through a writing center) and independent interventions 
(such as fee-for-service workshops and tutoring) can apply to any of 
these terrains. Within each are distinct niches occupied by pedagogical 
species adapted (or not) to the needs, resources, and constraints of par-
ticular programs.

Curricular Niches

Within each programmatic terrain, we identified four curricular niches 
in which scientific discourse and writing instruction occupy the same 
space: (1) writing about the discourses of science, (2) science in writing, 
(3) writing to learn science, and (4) writing science. These categories 
extend various grammatical arrangements that have been invoked 
previously to describe courses collocating science and writing. For ex-
ample, Hamilton (1978) described how he settled on a course titled 
“Writing Science” after considering and discarding the less force-
ful “science writing,” “scientific writing” (which suggested, for him, 
a scientific process of writing), “writing in the sciences” (which sug-
gested a readings course), “writing for the sciences” (English courses 
in the service of science departments), and “writing from the sciences” 
(science journalism). Hamilton’s terms do not quite match current con-
ceptions of the available range of courses and approaches, and part of 
this has to do with how the various science-and-writing phrases are 
parsed by different people (also see editors’ introduction “Science and 
Communication: High Stakes, Great Responsibility”). For example, 
Hamilton objected to “writing in the sciences” because it “implies a 
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reading  course that analyzes matter already written” (32). We do not 
agree, and presumably neither do Penrose and Katz; their Writing in the 
Sciences: Exploring the Conventions of Scientific Discourse (now in its 
third edition) does not have the limitations Hamilton suggests come with 
that title. Similarly “science writing” in many contexts is synonymous 
with science journalism rather than the writing involved in conducting 
and reporting on scientific work, though some programs use that phrase 
to describe disciplinary writing. The larger point is that for any label 
of a science-and-writing collocation, the grammar matters—at least to 
some stakeholders. Thus, we added language to clearly differentiate our 
categories: (1) writing about the discourses of science, (2) science in writ-
ing, (3) writing to learn science, and (4) writing science. The first two 
categories align with teaching the rhetoric of science and science journal-
ism, respectively; the latter two align with the respective goals of writing 
across the curriculum (WAC) and writing in the disciplines (WID) mod-
els. Table 8.9 demonstrates the utility of this taxonomy by applying it to 
the programmatic terrain of the first-year experience.

Within this terrain and depending on its purpose, a first-year course 
could engage scientific discourse through reading, writing, writing 
about, and/or rhetorical analysis of scientific discourse. These categories 
apply equally well to other terrains. Table 8.9 further suggests that any 
course or intervention may be considered a species suited (or ill-suited) 
to its particular niche. In the next section, we discuss specific examples 
of species that needed to adapt as we reimagined them for new curricular 
niches in different programmatic spaces.

Table 8.9  �An Example of Pedagogical Speciation across the Terrain of 
First-Year Experience

Terrain Niche Sample Species

First-year 
experience

Writing about the 
discourses of 
science

A first-year seminar on the rhetoric of 
science (e.g., Fox et al., 2013)

First-year 
experience

Science in writing A first-year composition course that 
trains students to read and write about 
scientific discourse (e.g., Moskovitz & 
Kellogg, 2005)

First-year 
experience

Writing to learn 
science

An introductory science course requiring 
writing either about the scientific 
research of others or about the results 
of planned labs (e.g., Krest & Carle, 
1999)

First-year 
experience

Writing science A first-year course (in science or 
composition) that requires students 
to design a study and write about the 
results (e.g., Zerbe, 2007, pp. 169–180)
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Pedagogical Species

A curricular niche must be filled with particular species—courses or 
other interventions. Here, we illustrate the process of pedagogical specia-
tion by tracing how we, as two instructors, engaged scientific discourse 
in writing classes ranging from first-year composition to workplace 
training for pharmaceutical scientists. In doing so, we demonstrate how 
understanding scientific discourse can help an instructor to adapt exist-
ing courses for new audiences and to develop new courses at all levels.

One particular species involved a “mutation” of an undergraduate 
service course for the University of Maryland’s (UMD) Professional 
Writing Program. Since 1980, all UMD students have been required to 
complete an upper-level English course in professional writing. Courses 
fulfilling the requirement initially included only Advanced Composition 
and Technical Writing, but later they were expanded to include Business 
Writing, Legal Writing, and Medical Writing. In 2004, a new wave of 
speciation introduced many new courses, including Writing about Eco-
nomics, Writing for the Arts, and Science Writing. An offshoot of Tech-
nical Writing, Science Writing was designed by us to meet the needs 
of aspiring science professionals. Using Penrose and Katz’s Writing in 
the Sciences (2004), the course took a rhetorical approach to scientific 
genres, with students analyzing research reports and writing review ar-
ticles in addition to writing personal statements for graduate school and 
accommodations of scientific research for non-experts. Pilot sections 
were well received, and the course continues to be taught. However, 
when we each migrated the course to other settings, it soon became clear 
how much local ecologies affected course design.

When William took the course to a regional campus of the state uni-
versity, an institution also strong in the sciences, the course did not easily 
take root, probably because it did not exist within an established pro-
gram in which students were required to take a course suitable to their 
career interests. As a result, the course drew a different set of students 
across the humanities and the sciences. Over two iterations, the course 
shifted toward a focus on popularizing scientific information to a range 
of public audiences as opposed to engaging with the professional dis-
courses of science for undergraduates on a path to graduate school.

Similarly, when Jonathan considered teaching writing about science 
in a new context, Ohio State University (OSU), he had to reimagine the 
UMD course. The curricular niche his new course could occupy—a spe-
cial topics course in professional communication—had few institutional 
mandates and thus would enroll English majors, Professional Writing 
minors, and students from all over campus. The resulting new species 
and its assignment sequence are described in detail in “Style and the 
Professional Writing Curriculum: Teaching Stylistic Fluency through 
Science Writing” (Buehl, 2013). That chapter’s title alone alludes to a 
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major adaptation. Whereas the UMD course was focused on the profes-
sional genres of science, the main learning outcome of the OSU course 
was tied to a transferable understanding of style. Regardless of their sci-
entific expertise or major, students could develop their stylistic ranges by 
reading and writing about scientific discourse. A similar rationale sup-
ports situating “writing about science” within first-year composition, as 
Moskovitz and Kellogg (2005) have demonstrated.

Among the points of entry to science and writing in university cul-
ture are learning communities that establish cohorts of students formed 
around particular interests. In the late 1990s, William participated in 
one such community—Science, Technology, and Society. In this in-
stance, a section of first-year composition was linked to other entry-level 
courses and was expected to feature reading and writing assignments 
centered on science and technology. With a background in math educa-
tion and coursework in the rhetoric of science, William was well suited 
to this task. However, some composition programs might have few 
instructors prepared to help students engage the discourses of science 
and technology. For that matter, first-year students expressing interest 
in STEM fields are typically unprepared to wrestle with the language 
of science. Thus, any program-wide initiative to incorporate scientific 
discourse into first-year writing might require cultivating the expertise 
of program faculty through training or other professional development.

The concept of pedagogical species extends to activities beyond 
coursework. Although students engage with the intersection of science 
and writing in introductory science courses, typically in laboratory-based 
writing assignments (see Chapter 12), a growing emphasis on experien-
tial learning and undergraduate research marks the development of aspir-
ing science professionals. Students learn to “write science” not in formal 
classwork but through practices of mentoring that let students conduct 
collaborative or independent research later presented in conferences and 
in papers in peer-reviewed journals. William has seen firsthand the cru-
cial role of mentoring in the work of a colleague in computer science who 
has guided several generations of students through pathways that lead to 
top-tier graduate programs. In this labor-intensive process, students learn 
to write in authentic genres while jumpstarting their scientific careers.

Finally, we turn to the challenges and opportunities of pedagog-
ical species at graduate and postgraduate levels. When Jonathan was 
teaching Science Writing at UMD, he also consulted with a pharma-
ceutical company. Its managers wanted a course on report writing for 
their bench scientists who needed to reconsider how they wrote reports 
for a business development context. The six-day course that Jonathan 
created looked nothing like his undergraduate course. Each training 
session filled an entire day with no mandated readings or homework 
assignments. Nevertheless, the course drew from common principles 
regarding scientific genres and styles. Most recently, Jonathan planned 
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“boot camp” style trainings for postdocs, graduate students, and junior 
faculty similar to those represented in Table 8.6. Clearly, scientists at ev-
ery level need help to write effectively and efficiently, and writing faculty 
can help to fill that niche through coursework, service, or fee-for-service 
models.

This brief review of pedagogical species illustrates the diverse terrain 
in which an instructor can operate, if properly trained. Fortunate in our 
training in the rhetoric of science and in professional writing, we did not 
experience the confidence gap that others without that training may face 
in teaching scientific discourse. Nevertheless, if any of these species dis-
cussed were to be scaled up, robust professional development would be 
needed. The remainder of this chapter outlines types of training useful 
for such purposes.

From Transect to Training: Fostering Rhetorical 
Engagement with Scientific Discourse

Although transects are ecological research methods, their results can be 
used to promote policy change. We thus pivot from description to ad-
dress matters of sustainability and development. How can an adminis-
trator develop robust and respectable programs that can engage and help 
others to engage scientific discourses? If hiring instructors well-versed 
in scientific communication is not an option, how can one train peo-
ple with a firm rhetorical foundation to understand, edit, and comment 
upon scientific discourses? The remainder of this chapter outlines topics 
and tools that a program administrator might use to develop training 
modules for students, instructors, and colleagues to help them better 
understand the rhetoric of scientific discourse, the particular genres of 
scientific communication, and the style of scientific writing.

 The Rhetorical Nature of Science

Though some might disagree with the claim that science is rhetorical 
“without remainder” (Gross, 1990, p. 33), few scientists or scholars 
of science studies would dispute the fact that science relies on persua-
sion through formal argument. Scientific knowledge depends on the 
rhetorical conventions of scientific communities as much as it depends 
on the material machinery of scientific work. Numerous case studies 
demonstrate this point, including that of Marshall and Warren, whose 
Nobel-prize-winning research on stomach ulcers was initially rejected 
because its arguments were not persuasively presented (Penrose & 
Katz, 2010). This case, described in Penrose and Katz’s Writing in the 
Sciences, can be joined with others to demonstrate the rhetorical work of 
constructing scientific knowledge. Students (or instructors) might read 
Prelli’s “Rhetorical Construction of Scientific Ethos” (1997) and then 
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watch the archived NASA press conference on GFAJ-1, a bacteria spe-
cies that allegedly synthesized arsenic into its biomolecules. The press 
conference itself, the controversy over the research, and the formal and 
informal documents through which the research was challenged provide 
a robust case for discussing standards of argument, the peer-review pro-
cess, and the rhetorical construction of scientific credibility. (See Buehl 
[2016] for additional details about this case.)

 The Special Moves of Scientific Genres and Genres 
Accommodating Scientific Discourse

Scientific genres are shaped by the material and rhetorical needs of scien-
tists (Bazerman, 1988; Gross, Harmon, & Reidy, 2002). The discursive 
products of scientists are also raw material for science communicators 
who popularize research for non-expert publics (Fahnestock, 1986). 
Instructors must therefore understand three scientific genres: research 
articles, proposals, and accommodations of primary research. Their sig-
nificant variations require that instructors and students take a rhetorical 
approach to reading, analyzing, and producing them.

The research article is the most studied scientific genre because it is vi-
tal for scientific work, but also because its history, structure, and purpose 
provide fertile ground for developing theories of genre (see Chapter 1). 
The challenge for an instructor is to communicate that knowledge con-
cisely in ways that move a trainee away from cookie-cutter approaches 
and toward a rhetorical understanding that connects micro-level ele-
ments of scientific discourse to the larger goals of scientific argumen-
tation. At a minimum, one must understand how scientists establish 
exigency, how and why they qualify the certainty of claims, and how 
visuals participate in scientific arguments. These topics are summa-
rized well by the chapter on research reports in Writing in the Sciences 
(Penrose & Katz, 2010), and O’Connor and Holmquist’s “Algorithm for 
Writing a Scientific Manuscript” (2009) describes a process for moving 
from visualized data to rhetorically situated claims.

Like the research article, the proposal varies across disciplines and 
contexts. In “Proposal Writing from Three Perspectives,” Northcut, 
Crow, and Mormile (2009) describe genre differences between proposals 
for business and nonprofit development and proposals by scientists and 
engineers. The piece can spark discussion of working within and across 
disciplinary lines. To further demonstrate how scientific proposals are 
read and rated, one can show clips from “NIH Peer Review Revealed” of 
a mock review panel session after introducing trainees to the rhetoric of 
science. Trainers can pause the video after particular statements to have 
trainees explain what’s happening using their new rhetorical vocabulary. 
In one scene, for example, a proposal reviewer questions the ethos of an 
inexperienced investigator, but her concerns are addressed by another 
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reviewer who points to evidence demonstrating how that inexperience 
is balanced by the involvement of experienced mentors on the project. 
Such an example can help trainees to imagine how sophisticated readers 
respond to scientific claims.

A range of genres accommodate research to non-specialist audiences. 
The domain of science journalists and public information officers, these 
genres include vehicles for describing results to a broad audience of sci-
ence professionals reading outside their fields and even more accessible 
texts that accommodate these findings for untrained readers. From the 
“science news” sections of journals and newspapers to “gee whiz” mag-
azine articles, university publications, and YouTube videos, there is an 
abundance of examples for students to discuss and imitate. However, 
they need strategies for adapting scientific discourse into engaging educa-
tional and entertaining forms. More than thirty years after publication, 
Fahnestock (1986) is still relevant and eminently teachable to adults, as 
argued by Gigante (Chapter 9). The frameworks of Aristotelian genre, 
stasis theory, and Latour and Woolgar’s taxonomy of certainty are clear 
and useful tools for both analysis and planning. Indeed, one can find 
any science news article that references a scientific research article, put 
the two pieces side by side, and demonstrate the genre shift from fact-
making to celebratory prose, the shift in stasis from fact to value, and 
the ways hedged statements in primary research shift to highly certain 
or radically speculative claims in the accommodation piece. By augment-
ing Fahnestock’s toolkit with discussions of audience-appropriate defini-
tions, metaphor, narrative, and multimodal composing, instructors can 
prepare science writers and aspiring scientists to communicate complex 
topics to non-expert audiences (see Chapter 10).

 Reading and Writing Scientific Style

Critiques of scientific discourse often identify jargon as the main dif-
ficulty for non-expert readers. However, technical terminology is nec-
essary for experts communicating with other experts and is but one of 
many features that can be used well or poorly in scientific contexts. Like 
all styles, scientific styles are collections of choices regarding words, 
grammar, sentence structure, and passage construction. To help others 
understand these choices, we suggest discussing major concepts from 
two compatible readings: Halliday’s “Some Grammatical Problems with 
Scientific English” (1993) and Gopen and Swan’s “The Science of Scien-
tific Writing” (1990).

The problems that Halliday discusses are stylistic features we can teach 
people to identify and deploy. Novice readers struggle with word-level 
choices typical of scientific texts, such as working with interlocking defi-
nitions (needing to know one term to understand another), taxonomies 
(needing to understand implicit categories), and special expressions 
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(needing to know grammatical constructions unique to a specific field). 
However, these features are only problems when they are poorly man-
aged for a specific audience. Consider this passage, the first paragraph of 
an article in Marine Ecology Progress Series:

How settlement-stage coral reef fishes navigate from the plankton to 
suitable reef habitats is poorly understood, although we know that 
some larvae are capable of locating and returning to their natal reefs 
(Jones et al. 1999, Swearer et al. 1999). Many potential navigation cues 
exist (see reviews in Montgomery et al. 2001, Kingsford et al. 2002, 
and Myrberg & Fuiman 2002), but evidence to date supports only 2: 
chemicals and sounds. While chemical signals can influence settlement 
of reef fishes at small (10s to 100s of metres) spatial scales (Sweatman 
1988, Danilowicz 1996, Arvedlund et al. 1999), they are only available 
downstream of reefs and in areas of high current flow, so may only be 
of value to larvae that are strong swimmers (Armsworth 2000).

 (Simpson et al., 2004, p. 263)

This passage is entirely appropriate for the intended reader of marine 
ecologists who know about the life cycles of reef fish. However, this pas-
sage would not be effective for a broader scientific readership. Thus, when 
writing about similar research for the multidisciplinary journal Science, 
the same authors provided additional description to help readers navigate 
the interlocking definitions and technical taxonomies of marine ecology:

Most reef populations are replenished with recruits that settle out 
from an initially pelagic existence. The larvae of nearly all coral reef 
fish develop at sea for weeks to months before settling back to reefs 
as juveniles. Although larvae have the potential to disperse great 
distances, recent studies show a substantial portion recruit back to 
their natal reefs (1, 2). Larvae are not passively dispersed but develop 
a high level of swimming competence (3). How they use these capa-
bilities to influence their dispersal is an open question. We show here 
that recruits respond actively to reef sounds, potentially providing a 
valuable management tool for the future.

(Simpson et al, 2005, p. 221)

Still written for scientists, this passage unpacks many assumptions of 
the first sentence of the more technical piece. Similarly, when the same 
research was accommodated for non-expert readers of The New York 
Times, technical terms (such as “natal reefs”) and special expressions 
(such as “recruit back”) were replaced with more accessible language 
that nonetheless introduces key concepts:

After they hatch on a reef, most fish larvae live a peripatetic ex-
istence, floating with currents for weeks. Studies show that many 
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juvenile fish can and do go home again when they settle down. 
“So the question has been what they were doing to detect their reef,” 
Dr. Simpson said.

He and his colleagues focused on the possibility of sound as a cue 
because “coral reefs make an enormous amount of noise,” he said. 
“And fish have good hearing.”

(Fountain, 2005)

Comparing such examples of successful audience accommodation with 
passages that do a poor job managing terminology can emphasize 
the importance of audience appropriate descriptions, definitions, and 
explanations.

Like his terms for word-level problems, Halliday’s terms for sentence-
level issues are equally useful for helping novices understand, write, 
and edit scientific prose. These terms include “lexical density” (a high 
ratio of content words to particles), “syntactic ambiguity” (noun and 
modifier piles create potentially polysemous phrasing), “grammatical 
metaphor” (for example, actions expressed as nouns instead of verbs), 
and “semantic discontinuity” (leaps in logic). Each of these features 
can be managed effectively by applying the advice from the second sug-
gested reading: Gopen and Swan’s “The Science of Scientific Writing” 
(1990). This text operationalizes for scientific contexts the major 
principles of Joseph Williams’ “Little Red Schoolhouse” tradition of 
cognitive stylistics. The authors convincingly show how principles 
of emphasis position, given-to-new and topic-to-comment sentences, 
subject-verb connection, and sentence-level agency can be taught with-
out asking scientists to write in a non-scientific dialect. Once equipped 
with a vocabulary for characterizing scientific style, instructors and 
students should be able to identify effective and less effective instances. 
Ultimately, they should be able to comment on and produce scientific 
passages effectively.

If a curricular niche requires accommodating technical material for 
non-technical contexts, one can do so by leveraging expertise of techni-
cal styles. Jonathan’s “Writing about Science” course transitions from 
scientific discourse addressed to other science professionals to writing 
about science in “plain language” for public audiences and less-expert 
stakeholders (Buehl, 2013). To help students perform this new style well, 
he contrasts key differences between the ideal features of scientific and 
plain styles. For example, a statement such as, “Sufficient preparation 
is required for effective achievement of difficult tasks,” can be used to 
remind students of common features of technical scientific prose: nomi-
nalized actions (grammatical metaphor), passive constructions, etc. Such 
sentences can then be contrasted with plain language revisions empha-
sizing agency through concrete subjects and active verb constructions; 
for example, “We must train students to complete difficult tasks well.” 
Although his course moves from the technical to the plain style, one 
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might also move in the other direction, teaching plain style first and 
building on students’ knowledge of style to approach the specific de-
mands of technical styles.

Conclusions: Tending the Ecosystem

The field of technical and scientific communication should obviously 
continue to pay attention to how scientific discourse is taught and 
learned, in the same way that rangers and wardens tend to the species 
and terrain of parks and wildlife sanctuaries. Science is more than a field 
of study; it is a broad culture, and it changes constantly. That dynamism 
is reflected within and acts upon the texts its members produce. Rec-
ognizing the moves, styles, genres, and evolution of scientific discourse 
is easier when guided by a knowledgeable instructor who is familiar 
with scientific methods, including the methods of knowledge generation 
and legitimation. Sophisticated scientific literacies can be incorporated 
into curricula—starting with K-12 education, at every level of higher 
education, and beyond—as we attempt to nurture lifelong learners. By 
training graduate students, instructors, and fellow faculty members to 
work with scientific discourse, program administrators can better po-
sition their programs to serve their communities and to expand their 
programmatic boundaries productively and sustainably. By regularly 
transecting this programmatic terrain, scholars and administrators of 
technical communication can identify and engage new opportunities to 
demonstrate the value of our discipline.
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The Alan Alda Center for Science Communication at Stony Brook 
University is one of many new resources for improving the communi-
cation of science to non-expert public audiences. Alda’s Center is con-
cerned with serving society through the improvement of scientists’ 
communication skills with acting lessons and other non-traditional 
methods (Alda, n.d.). In addition to innovative and unconventional re-
sources like Alda’s, more traditional resources—handbooks on scientific 
communication—have begun circulating online relatively recently. Two 
eBooks in particular have been sent to me by colleagues in the sciences 
who had heard that professors at other universities were using them in 
their graduate courses: English Communication for Scientists (2014), 
published by Nature and written by Jean-Luc Doumont, an engineer 
with a PhD in physics, and Communicating Science (2014), published 
by Rogue and written by Roy Jensen, an author of chemistry textbooks. 
Although they have differing approaches, both handbooks share the 
overarching purpose of helping scientists become more “effective” com-
municators. However, these books are both lacking a rich, rhetorical 
approach to scientific communication, which makes them insufficient 
for preparing students to communicate for various audiences, purposes, 
and situations.

What I am suggesting is not so much that these two handbooks 
are representative of the kind of communication instruction taking 
place in scientific communities or graduate programs, but that they 
have the potential, with their broad circulation as eBooks, to set the 
standards for scientific communication. This chapter proposes a set of 
learning outcomes for a course in science communication and advo-
cates for taking a rhetorical approach to reach those objectives—an 
approach that aligns with scholarship that merges the rhetoric of sci-
ence with composition theory and communication. Despite the fact 
that there are different schools of thought about what future scien-
tists need to know in order to communicate effectively, a rhetorical 
approach is necessary for students to learn to be both effective and 
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civically-engaged communicators. In the Journal of General Educa-
tion, Jeanne Fahnestock (2013) addresses common misunderstandings 
of rhetoric and clarifies the role that the rhetorical arts play, not only 
in higher education but also in civic matters. Securing cooperation, 
which is achieved through the art of persuasion, is, as Fahnestock puts 
it, “a necessary component of a successful polity” (p. 14). Thus, the 
inclusion of rhetorical training in science education can assist future 
scientists in understanding their role in society and in developing facil-
ity in communicating their work to the citizens (with varying levels of 
interest) who are inevitably affected by scientific research.

Before I delve into the central concepts of the course, I should note 
that I do not offer assessment criteria or results. Rather, the aim of 
this chapter is to propose a curriculum that is concerned with im-
proving the communication of science to non-expert publics as well 
as assisting future scientists with their career objectives. The set of 
learning outcomes proposed in this chapter is geared toward not only 
improving the status of scientific research and development but also 
furthering the aims of a democratic civil society. In order to serve both 
scientific communities and society, the curriculum for an advanced 
science communication course, which ought to be transparent to 
students, incorporates three pairs of opposing or contrary concepts: 
historical/current discourse, internal/external science communication, 
and analysis/production of discourse. In what follows, I will briefly 
characterize the approaches to science communication taken in the 
two eBooks to distinguish them from the learning outcomes for my 
course. I will then explain the integration of the three contrary con-
cepts into the curriculum to make a case for the centrality of rhetoric 
in the training of future scientists.

Course Foundations and Objectives

Universities are responsible for providing their students with the tools 
they need in order to be successful in their future careers; where the 
sciences are concerned, the ability to communicate—both within 
the scientific community and externally, with public audiences—is a 
necessary skill. In the principal article on internal and external scien-
tific communication, “Accommodating Science” (1986), Fahnestock 
expresses the necessity of students learning how to address both expert 
and non-expert audiences in the same course: “only in such a course,” 
she argues, “will [students] experience the problems, moral as well as 
technical, of accommodating information for different genres, audi-
ences, and purposes” (p. 348). Now thirty years later, the type of course 
proposed by Fahnestock remains obscure (see Chapters 8 and 10, for 
such a course design).
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Also integral to a rhetorically-based science communication course is 
Susanna Priest’s (2013) contention regarding what nonscientist publics 
need to know about science in “Critical Science Literacy.” Priest’s argu-
ment that nonscientist publics have a right to know “how things work” in 
the sciences—e.g., how new knowledge is agreed upon, how experiments 
are done, how scientists communicate with each other—aligns with the 
notion that transparency in science communication can contribute to 
a more democratic society (Priest, 2013, pp. 138–139). The concept of 
“critical science literacy” is in contradistinction to current, but outdated, 
beliefs in the scientific community that non-expert publics would support 
scientific research if they only had more factual knowledge of science.

Bombarding nonscientist publics with facts about science is not helpful 
to the scientific community, nor is it helpful to society. Critical science 
literacy, according to Priest, would enable citizens to discern between 
trustworthy and untrustworthy information so as to make informed 
decisions about scientific issues. In a response to Priest’s article, I have 
argued that science students in addition to nonscientist publics ought to 
be trained to be “critically literate” in science—meaning that they, too, 
need to understand how science works (Gigante, 2014).

A rhetorically-grounded science pedagogy and Priest’s notion of 
critical science literacy are mutually supportive: it is rhetorical train-
ing that can sensitize students to different audiences and expose them 
to the moral concerns that arise in various situations. Rhetoric deals 
with case-specific analysis, and, as Fahnestock (2013) notes, it “always 
stresses the accommodation of an argument to a particular audience at a 
particular time and under a particular set of circumstances” (p. 22). The 
science communication course presented in this chapter asks students to 
become rhetoricians of science as well as science communicators.

I administered a survey on scientific communication to science 
graduate students at my university—a large, Midwest public research 
institution. Specializing in biological sciences, geological sciences, or 
physics, 25 students responded to the survey. Of those 25 students, the 
majority (92%) indicated that they had never taken a class that is com-
pletely dedicated to writing in the sciences (See Figure 9.1).

In accordance with the lack of discipline-specific writing instruction, 
the results also point to a lack of rhetorical awareness about the scien-
tific enterprise—that is, how arguments are constructed and how new 
knowledge is formed: some students (40%) were ambivalent about or 
outright disagreed with the statement that scientists make persuasive 
arguments to advance new knowledge (See Figure 9.2).

Because I teach an undergraduate science writing and communica-
tion course and am in the process of developing a graduate version of 
the course, my colleagues in the sciences drew my attention to the two 
eBooks mentioned in the introduction to this chapter. They thought 



Figure 9.2  �Less than half (40%) of students polled believe that scientists make 
persuasive arguments. Many students polled (32%) believe that sci-
entists do not make persuasive arguments, and many others (28%) 
were ambivalent.

Figure 9.1  �The majority of students polled have never taken a graduate science 
writing course.
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that I might be able to use them as required reading in my classes. The 
eBooks seem to be geared toward non-native speakers of English, but 
they also market themselves toward scientists and students who want 
to learn to communicate more effectively, especially graduate students. 
Although the books attempt to make discourse conventions accessible 
to students, they are less than suitable for teaching scientists how to be 
effective communicators for a few reasons.

First of all, like Alda’s Center for Science Communication, these 
eBooks claim to have the objective of teaching scientists how to com-
municate more effectively to public audiences as well as to other sci-
entists; in reality, however, neither eBook treats communication with 
non-specialist publics with as much depth as they do communication 
with expert audiences. Second, the handbooks offer a cursory overview 
of communication—for example, Doumont offers only two possible 
tools for communicating with non-specialist audiences: analogies and 
visualizations. Jensen, on the other hand, seems completely unaware of 
the fields of communication and rhetoric, as he conceives of the “Fun-
damentals of Communication” (the subject of the first chapter) as style, 
tone, and grammar (Jensen, 2014, p. 10, 13). Finally, although Doumont 
seems to be at least somewhat aware of rhetorical principles, like audi-
ence and purpose, neither author provides a resource with insights into 
both analyzing and constructing scientific arguments.

In other words, the training provided by these resources is missing a 
dimension that is explicitly rhetorical. Resources like Doumont’s and 
Jensen’s science communication eBooks are simple, concise, and per-
haps easy to implement in pedagogical settings, but their objectives are 
insular—to serve the scientific community—and their methods are to 
present cursory overviews of communicative techniques rather than an 
in-depth awareness of how scientific communication works and whose 
interests are at stake.

Scientists cannot merely “translate” scientific information for “the 
public” (Jenson, 2014, p. 204); rather, future scientists should be held 
accountable for engaging with societal values to further the aims of a 
democratic civil society. As the title of this chapter indicates, rhetoric is 
essential to teaching current and future scientists how to communicate. 
Rhetorical training enables students to both analyze and produce dis-
course tailored to specific contexts, audiences, and purposes. Moreover, 
rhetorical training encourages students to consider their responsibilities 
to communicate science to non-specialist publics in a way that is respect-
ful and mindful of the fact that science is socially situated, as opposed to 
existing above societal concerns (see, e.g., Perrault, 2013; Priest, 2013; 
Chapter 3; Chapter 11).

Pedagogically speaking, students most likely need to read and analyze 
several examples of communication, effective and ineffective, in a 
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particular disciplinary genre before they practice producing discourse in 
that genre. Rhetoricians and scholars of scientific discourse have writ-
ten extensively on the ways in which scientific communities negotiate 
knowledge formation (e.g., Bazerman, 1988; Gross, 1990; Prelli, 1989). 
Scholars have also explored and explained the intricacies of scientific 
argumentation, style, and structure (e.g., Fahnestock, 1999; Gross, 
1990; Halliday & Martin, 1993), and have studied the issues that arise 
when science enters the public sphere (e.g., Harris, 1997; Myers, 2003; 
Paul, Charney, & Kendall, 2001). Another growing body of scholarship 
merges the rhetoric of science with writing pedagogy. Many of these 
pedagogically based articles emerge from or seek to complicate a move-
ment in composition studies referred to as “writing to learn” (e.g., Ba-
zerman, 1989; Carter, Ferzli, & Wiebe, 2007; Keys, 1999; Moskovitz & 
Kellogg, 2005; Zerbe, 2007), which holds that the writing process is a 
means of engendering critical thinking in a discipline. Taking that idea 
a step further, Carter et al. (2007) use theories of “situated learning,” 
which posit that “by participating in the ways of doing that define a 
community, a newcomer learns its ways of knowing” (p. 284). Sharing 
the results of their interviews with students who were assigned a signifi-
cant written task in their science courses, Carter et al. argue that writing 
assists science majors in joining the scientific community. In line with 
the scholarship mentioned here, the poll I conducted at my university 
showed that our graduate students want to learn to communicate more 
effectively (See Figure 9.3).

The idea that the act of writing in a field’s professional genres is a 
means of socializing students into a discipline is significant to science 

Figure 9.3  �Most students agreed that a science writing and communication 
course would be beneficial to them.
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communication efforts. Scholars of writing and rhetoric have noted that 
professors—not just science professors—have been initiated or social-
ized into their discourse communities without necessarily being mindful 
of the ways in which arguments are structured, meaning is negotiated, 
and knowledge is formed (see Bazerman & Paradis, 1991; Duff, 2010). 
The initiation process is likely to render discourse conventions all but 
invisible, then, to young scholars and majors advancing in the field. In-
deed, this “taken-for-granted knowledge” (Priest, 2013, p. 144) needs to 
shift to the forefront of future scientists’ communicative practices.

Beyond discipline-specific knowledge, students should learn about the 
cultural viewpoints ingrained in the way in which science is communi-
cated. In the landmark essay, “Contesting the Objectivist Paradigm,” 
Brasseur (1993) advocates for a curriculum that makes transparent the 
fact that:

…while traditional discourse models in technical and professional 
writing may contribute to successful communication within an or-
ganization, they may also promote enculturation to a kind of com-
munication which diminishes peoples’ voices, disinherits them from 
power and, thereby, limits the capacity to affect change.

(p. 115)

Ultimately, Brasseur argues, students should be given opportunities 
“both to critique problematic communication models and contribute 
their own visions to a redefinition of the discourse” (p. 120). Surely, stu-
dents would not be presented with this opportunity by reading eBooks 
such as Jensen’s or Doumont’s mentioned above.

Rather, a more nuanced rhetorical approach will make persuasive 
communicative choices transparent to novices and grant them access to 
the discourse community (Carter et al., 2007; Duff, 2010). The first step 
is to assist students in becoming more aware of their disciplinary con-
ventions. Beyond that, students learn to apply discourse conventions, 
bearing in mind context, purpose, and audience. The learning objectives 
that I am proposing for a communication-intensive course are for stu-
dents to:

1	 	 Demonstrate an ability to rhetorically analyze various genres of sci-
entific discourse.

2	 	 Understand how communicating science impacts and is impacted by 
political, social, cultural, economic and ethical concerns.

3	 	 Produce original projects that reflect knowledge of the fields of sci-
ence communication and the rhetoric of science.

4	 	 Effectively accommodate research interests for both expert and 
non-expert audiences through various modes of communication 
(e.g., written, visual, digital).
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In order to accomplish the proposed objectives, I advance a pedagogy 
based in contrary concepts—assisting students with communicating 
science both internally and externally, developing facility in both anal-
ysis and production, and gaining knowledge of historical and current 
scientific discourse. Regarding the first pair of concepts, students learn 
how to communicate for both expert and non-expert audiences in the 
same course, and they learn how to communicate in different genres for 
different purposes, bearing in mind the ethical factors involved in each 
unique situation (Fahnestock, 1986, p. 348). Second, these objectives 
stress the necessity of rhetorical analysis to the successful production of 
discourse. In other words, students must learn how to analyze discourse 
in whatever genre they are attempting to reproduce prior to beginning 
the composition process (Carter et al., 2007; Fahnestock, 1986; Keys, 
1999). Lastly, and toward that end, students can learn about the evolu-
tion of scientific communication to better understand the conventions 
authorized by the scientific enterprise today. Purposefully structuring 
the course around these contrary concepts allows students to under-
stand the complex relationships between scientific communities and 
non-expert publics and can better prepare students to be engaged in 
civic matters than a course that only focuses on one or two of these 
components.

A Pedagogy Based in Contrary Concepts

I have argued elsewhere for the inclusion of rhetoric in undergraduate 
science curricula (Gigante, 2014) and the rationale for taking a rhetor-
ical approach: to encourage students to engage deeply with scientific 
argument structures and to critically analyze the conventions that are 
in place. Like undergraduate science majors, graduate science students 
can benefit from a rhetorically-based communication course that not 
only makes disciplinary conventions transparent but also emphasizes the 
fact that science is a socially-situated, human endeavor that is not above 
persuasion and argumentation. Based on the results of the survey that 
I administered, some graduate students are under the impression that 
science is above societal concerns and is not subject to human biases 
(See Figure 9.4).

A pedagogy based in contrary concepts can help change these per-
spectives. This pedagogy emerged out of my experiences teaching an 
undergraduate science communication course, which I created after 
I talked to my colleagues in the sciences about their students’ research 
and writing abilities. For example, they noted that students lack con-
fidence when searching for and analyzing information, synthesizing 
their research findings in their own reports, and setting up their own 
hypotheses. Unlike undergraduate science majors, who are still learning 
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how to navigate academic life, graduate students obviously require an 
elevated set of expectations. However, the science faculty at my uni-
versity have indicated that graduate students are as in need of training 
in communication as undergraduates. A textbook that is appropriate 
for both advanced undergraduates and graduate students is Penrose 
and Katz’s Writing in the Sciences (2010). One of the most helpful as-
pects of their book is the inclusion of several sample papers, reprinted 
from reputable scientific journals, which elucidate the major concepts 
presented in earlier chapters. Penrose and Katz’s book is also flexible 
enough to accommodate my curriculum, as I could use their chapters 
out of their intended order without disorienting my students. Although 
I did not construct the course with a pedagogy based in contrary con-
cepts in mind, I realized that that underlying framework was, in part, 
what made the course successful.

The notion of a pedagogy based in contraries dates back to Quintil-
ian, who was known for his pedagogy of controversia, which required 
students to be able to speak on multiple aspects or “sides” of an issue 
(see Mendelson, 2001). Whereas Quintilian’s pedagogy concerned 
contraries pertaining to the subject matter of argumentation, here I am 
suggesting a macro-version of the concept, pertaining to the structure 
of the course as a whole. Below, the contrary concepts are elaborated, 
beginning with historical/current binary, which merits consideration be-
cause it provides a foundation for the other pairs of concepts: internal/
external communications and analysis/production of discourse.

Figure 9.4  �Approximately half of the students polled (52%) do not believe in the 
notion of objectivity, but many students (28%) believe that scientific 
research is objective, and many others (20%) were ambivalent.
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Historical/Current Scientific Discourse

Beginning the course with a brief unit on the history of science is useful 
for a couple of reasons. First, most students have received only a cursory 
overview of the history of science and have not been required to read his-
torical scientific papers. According to historians of science Bowler and 
Morus (2005), students’ knowledge about the history of science is gen-
erally limited to important figures (e.g., Galileo and Newton) and their 
astonishing discoveries. Science textbooks tend not to do justice to the 
complexities of scientific history, especially with respect to the myth of 
the “ah-hah!” moment of epiphany or discovery: “All too often, it turns 
out that the conventional stories are vastly oversimplified—they are 
myths that ‘tidy up’ the messy process of controversy surrounding any 
new innovation” (Bowler & Morus, 2005, p. 2). Although it is nearly 
impossible to do justice to this messy process in a brief historical unit, 
it is, at the very least, possible to lend depth to students’ understanding 
of the evolution of science in society over time. For example, both pro-
ducers of and audiences for scientific discourse were much different in 
the seventeenth through the nineteenth centuries, prior to the birth of 
mass-market publications and the democratization of education.

The second reason that a historical unit is helpful is that it sheds light 
on how discursive conventions have changed drastically between the 
seventeenth century and the present time. One could certainly make the 
argument that the course should begin the history unit much earlier. In 
particular, I began in the seventeenth century because that is when the 
Philosophical Transactions of the Royal Society of London came into 
existence, the first major scientific journal, which gave my students a 
clear indication of what scientific writing was like at that time. Discus-
sions of historical scientific papers and practices naturally facilitate a 
comparison/contrast scenario with modern discursive practices, making 
this unit an effective set-up for later discussions that address such con-
cepts as audiences for scientific communication, production technolo-
gies, organizational conventions, and language and style. Students can 
work their way through seventeenth-century articles from the Philo-
sophical Transactions of the Royal Society of London and identify all of 
the ways in which these articles differ from current scientific papers. An 
excellent model for this comparison/contrast process appears in Gross, 
Harmon, and Reidy’s Communicating Science (2002), which students 
can read alongside the primary texts.

The explicit contrast between historical and current science communi-
cation gives students a vocabulary for talking about discourse conventions 
and for discussing the changes in audiences for scientific communication 
that have occurred since the seventeenth century. The contrast allows 
instructors to complicate the notion of the “gap” between science and 
society that is so often lamented today, as students engage with subjects 
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such as scientific specialization, the democratization of education, and 
technological advancements, all of which contributed to the “gap.”

Internal/External Science Communication

The second pair of concepts that gives structure to the course pertains to 
the types of communication science students must learn to do in order to 
be successful in their future careers—that is, they must learn to commu-
nicate with other scientists using internal rhetorics of science (Ceccarelli, 
2004) as well as with broader, non-specialist publics using external 
rhetorics of science (Ceccarelli, 2004). Although this dichotomy could 
be seen as reductive (for example, it excludes mixed audiences, such as 
those for grant proposals, which generally require writing for both spe-
cialist scientists and non-specialist scientists), it is useful nonetheless for 
helping students to conceive of distinctive audiences and purposes for 
communicating science. Regarding “internal” communication, students 
can be introduced to rhetorical studies, broadly, and to the rhetoric of 
science more specifically. The notion that scientists make arguments—
and, in fact, are particularly good at making arguments—struck my un-
dergraduate students as surprising, as most of them had assumed that 
science is “objective.” A significant number of the graduate science stu-
dents that I polled believe the notion that science is free from human 
error and bias (See Figure 9.4). A helpful introductory reading is Randy 
Allen Harris’s introduction to Landmark Essays in the Rhetoric of Sci-
ence (1997), which tactfully debunks the notion of objectivity without 
maligning the scientific enterprise.

Regarding “external” communication, students will have already 
been primed to discuss concepts of audience and discourse conventions 
from the historical unit, so they can begin to differentiate between the 
types of communication in which they will engage. Students learn about 
the dramatic changes in purpose and mode of address when there is 
a change in audience for scientific information. Fahnestock’s “Accom-
modating Science” (1986) can be assigned reading at this point in the 
course to emphasize the importance of being able to write for a scien-
tific audience as well as for an audience of non-experts. To facilitate the 
process of writing for different audiences in the same course, students 
can use their own research topics in their specific fields of study to write 
a literature review, and then they can transform the information in the 
literature review into a brief accommodation. Their accommodations 
could take the form of an article suitable for publication in a newspaper 
or a popular magazine, a video, a blog, a website, or a podcast.

Projects that cross boundaries between experts and non-experts can 
help students navigate the ethical issues that arise in various situations 
as well as navigate different genres; even at the graduate level, stu-
dents may not be fully aware of the extent to which communication is 
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context-dependent. If students only learned about internal science com-
munication, they would be in a position to view science as operating in a 
vacuum, as opposed to being socially-situated. Likewise, if students only 
learned about how to communicate with non-expert publics, they would 
be at a disadvantage because they would be missing a necessary compo-
nent: namely, learning how to communicate their research in a way that 
makes them credible to their peers. Having exposure to different types 
of science communication in the same course prepares students to be 
“critically literate” scientists first, who can then learn to communicate 
with broader, non-specialist publics.

Analysis/Production of Discourse

The last binary that is essential to this course fulfilling its objectives 
is particularly dependent upon rhetorical training. As rhetoricians and 
compositionists have argued, students must first practice analyzing ex-
amples of texts before attempting to produce texts, if they are to be-
come successful rhetors (Carter et al., 2007; Fahnestock, 1986; Keys, 
1999; Chapter 13). Their arguments date back to the ancient rhetorical 
tradition—for example, the progymnasmata were exercises that stu-
dents had to complete prior to speaking out in real-world situations. Put 
into the context of an advanced undergraduate or graduate-level course, 
students must first learn to seek out the motivations for science com-
munication and the accepted methods of persuasion in their discourse 
community. To do this, students analyze scientific papers, learning their 
constituent parts. In addition to identifying the arguments of other sci-
entists and the ways in which those arguments are deployed, students 
can also become more aware of stylistic qualities of scientific writing.

The major objective of analysis is to help students understand the ar-
gumentative and stylistic hallmarks of scientific discourse that have a 
tendency to make scientific writing esoteric to audiences outside of that 
area of expertise—including other scientists who specialize in different 
subfields. Simply having access to the knowledge of what makes scientific 
writing esoteric can be empowering to students. Linguists Halliday and 
Martin’s work on scientific style can assist in exploring such concepts 
as the use of nominalization to make concepts concrete and give them 
fact-like status, hedging to strategically fit experiments into the domi-
nant paradigm, and passive construction to remove the human element 
from the research project. John Swales’ (1990) Create a Research Space 
(CARS) model illuminates the argumentative moves that scientists make 
in introductory sections of articles to reference previous work, identify 
gaps in that work, and establish relevance for the new research.

After students gain confidence rhetorically analyzing scientific discourse, 
they can apply their knowledge to the production of their own projects in 
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scientific genres. Completing a literature review, for example, is well-suited 
to this curriculum because it can be done without setting up an experiment 
and collecting data. Rather, students become knowledgeable about a par-
ticular topic of interest, collect primary literature on that topic, and write a 
review of the relevant, current literature that would be useful both for their 
own future pursuits and for other scientists in their subfield. To demon-
strate to students that writing is a process, the assignment can be broken 
down into its constituent parts such that students are required to submit 
an annotated bibliography and a rough draft prior to submitting a finished 
version of the literature review. Separating the project into different stages 
provides the instructor with an opportunity to meet with students one-on-
one to discuss their individual concerns about writing.

With an understanding of the conventions of scientific argumentation, 
students can then move back into the analytical process to assess the 
changes that occur when scientific information moves out of the scien-
tific community and into the public sphere. For the project requiring 
an accommodation of their findings for non-expert publics, students 
collect examples of accommodations in whatever field they are working 
in and can take note of the difficulties and pitfalls of the accommoda-
tion process so that they are inspired to take on the responsibility of 
communicating their own research in an engaging, but still accurate, 
way. Prior to producing accommodations, students should become fa-
miliar with the scholarship on science communication and the debates 
therein. For example, different approaches to science communication 
have been less successful, such as the “deficit” model, which presumes 
a one-way flow of information from experts to non-expert publics and 
fails to consider non-experts’ values. There is a complicated and ongo-
ing shift from a model called “Public Understanding of Science” to one 
called “Public Engagement with Science” (see Davies, 2013). The former 
presumes, like the deficit model, that the public is knowledge-deficient 
and would support scientific research with a better understanding of 
scientific facts, whereas the latter actively engages public opinion and 
values in conversations about science. Priest’s “Critical Science Literacy” 
represents the most current model, and a similar model is represented in 
Perrault’s Communicating Popular Science (2013). In this connection, 
continuous discussion about the ethics of communicating science to non-
expert publics is essential during this part of the course (e.g., Goodwin & 
Dahlstrom, 2014; Goodwin, Dahlstrom, & Priest, 2013). Students can 
evaluate several examples of communication, particularly on controver-
sial issues, to learn about how these cases have been handled and to 
debate how they might have been more effectively addressed (Goodwin, 
Dahlstrom, Kemis, Wolf, & Hutchison, 2014). After analyzing several 
examples of accommodations on their topics and becoming familiar 
with science communication models, students can then create their own 
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accommodations, which, as I mentioned in the previous section, can be 
produced in genres as disparate as magazine articles, videos, or podcasts.

Conclusions

In this chapter, I have proposed objectives and outlined a curriculum 
for a science communication course that would be suitable for graduate 
students and advanced undergraduates. For students to be both effective 
and civically-engaged communicators, they should rhetorically analyze 
scientific discourse and accommodations; produce examples of scientific 
communication for different audiences and purposes; and determine 
how science communication and scientific communication impact and 
are impacted by political, social, cultural, economic, and ethical pres-
sures. In order to accomplish these aims, the curriculum can implement 
the three pairs of contrary concepts elaborated above: historical/current 
scientific discourse, internal/external scientific communication, and 
analysis/production of discourse.

There are some limitations to proposing a curriculum of this na-
ture. Rhetoricians of science are in relatively short supply, and gradu-
ate programs in rhetoric cannot be found at every university. Because 
the course requires students to produce several written assignments, 
it would not be possible to run it as a large lecture or workshop, as 
the instructor would not be able to give students one-on-one attention 
(or provide substantive feedback on their projects). Courses like the one 
I am proposing do exist, but they often go unpublicized; as Ceccarelli 
(2013) has noted, “barriers to publication of pedagogical reflections 
are high in the academy” (n.p.). The purpose of this chapter is not 
to be overly prescriptive about assignments and lectures, but rather 
to encourage more scholarly discussion about the best possible ways 
of teaching future scientists how to be effective and civically-engaged 
communicators.

Whether or not consensus is reached among rhetoric and communi-
cation scholars regarding how a science communication course should 
be taught, what is of utmost importance is to acknowledge that eBooks 
such as Jensen’s and Doumont’s exist to be used in lieu of a more nu-
anced and thorough approach. Despite their claims to teach students 
how to communicate more effectively, these handbooks are not de-
signed to immerse students in writing in the sciences—they would not 
provide students with a foundation in the ways in which knowledge is 
produced and circulated. Likewise, such quick-fix handbooks certainly 
could not do justice to the type of socially- and culturally-aware cur-
riculum for which Brasseur (1993) has advocated. Only a curriculum 
that is rooted in the rhetorical tradition can provide future scientists 
with the necessary foundation to become responsible and civically- 
engaged communicators both within and beyond their professional 
communities.
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Although contemporary scientists are becoming better public commu-
nicators, professional academic genres like the research article remain 
difficult for non-expert audiences to grasp and use for important work 
in everyday living and policy-making. Good science writing takes those 
non-expert audiences into account, even in the context of a journal ar-
ticle or an academic conference. Indeed, scholarly articles that writing 
experts and scientists hold up as exemplary writing often come from top-
tier, generalist journals such as Science and Nature, whose audiences are 
broad and disciplinarily diverse (Schimel, 2012). That writing for wider 
accessibility is commonly seen as better writing is no surprise—such 
writing’s arguments and stories are more explicitly tied to bigger-picture 
impacts. We propose the advanced science writing classroom as one 
ideal context where we can address the problem of the public/expert 
audience divide by asking students to see professional science writing in 
the same ecology as the public communication of science. We begin our 
chapter by briefly reviewing the current literature related to defining the 
boundaries of science communication and training scientists to write 
in professional contexts. Next, we describe our recent experiences in 
designing several upper-level undergraduate and graduate courses spe-
cifically for emerging professional scientists and discuss detailed exam-
ples of assignments. Our example assignments include drafting research 
questions, writing literature reviews, and designing conference posters—
three genres we see as prime places for rhetorically-minded interventions 
into the conventions of professional science communication. We include 
student-produced examples of and excerpts from each of these assign-
ments in order to demonstrate how our approach informed the writing 
process and shaped submitted artifacts. In the final section, we reflect on 
our assignments and course constructs as we imagine a robust pedagogy 
of advanced professional science communication for the future, a peda-
gogy structured to produce rhetorically aware scientists with broad, not 
binary, conceptions of their professional contexts.
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The Expert/Public Divide as an Impediment 
in Science Communication

A recently published NSF-funded report calls for enhanced training 
for advanced science students so that they are prepared to communi-
cate persuasively and in narrative form to a range of constituencies, in-
cluding policy makers, business people, and the public, in order to gain 
support and resources (Neely, Goldman, Smith, Baron, & Sunu, 2014). 
Such reports and similar scholarship readily acknowledge the rhetorical 
aspects of science communication when focused toward non-peer audi-
ences. For example, Downs (2014) provides a detailed analysis of how to 
use narrative strategies to help public audiences grasp relevant scientific 
information; her study focuses on the use of narrative to “reduce adoles-
cents’ risky sexual behavior” (p. 13632). Other scholars note the scarcity 
of positions in some areas of science and encourage graduate students to 
learn to communicate with the public to obtain positions outside of aca-
demia (Guannel, Bruno, Grand, Lee, & Day-Miller, 2014). Kuehne et al. 
(2014) detail the societal benefits of providing science graduate students 
with practice in writing for a range of external audiences (see also 
Chapter 11 that focuses on civic science).

Despite a proliferation of new media and potential new audiences, 
the structure of scholarship by scientists for other scientists in terms 
of genre conventions and methods of argumentation has not moved far 
beyond Swales (1990). As other chapters included in this volume have 
noted (see especially Chapter 8), scientists continue to struggle to re-
spond to complex rhetorical situations. The IMRAD model that tends 
to dominate scientific publications reinforces the idea that the scientists’ 
data serve to carry the persuasive load, downplaying the importance of 
analyzing audiences’ needs and consciously crafting arguments for com-
munication with peers. Intriguingly, Sollaci and Pereira (2004) highlight 
the IMRAD structure’s facilitation of “modular reading” (p. 366), al-
lowing readers to seek particular information in designated sections and 
avoid processing the argument that authors present. IMRAD and related 
writing conventions, if they are taught as one-size-fits-all prescriptive 
containers for science’s products, implicitly uphold positivistic views of 
the scientific endeavor and elide the messy complications of science as a 
social construct.

Difficulties in reconsidering the approach to genres used in peer com-
munications stem partly from the view that the term “science communi-
cation” connotes communicative work that Fahnestock (1986) famously 
coined “accommodation,” i.e. the re-interpretation of material by ex-
perts for non-expert audiences or publics. The rhetorical concerns for 
external audiences are not foregrounded in peer communications. In 
fact, in programs designed to teach writing for science peers, students 
learn that their scientific ideas outrank their writing abilities. As Ding 
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(2008) explains to the graduate students when instructing them about 
applying for NIH grants, the evaluators do not score the quality of the 
writing in assessing the applications (current guidelines omit this crite-
rion, see NIH, 2016). She argues, “writing seems to function more as 
a tool to convey ideas and to inform and persuade the audience than as a 
component to be evaluated and scored” (Ding, 2008, p. 35).

Internalizing peer-to-peer science communication as a specialized 
discourse separate from and inherently inaccessible to public audiences 
perpetuates difficulties in scientists’ communications with external au-
diences. Recent considerations of science’s relationship(s) with news 
media, especially, have uncovered problems like weight-of-evidence 
misrepresentation, or the tendency of media to represent two sides of 
a politicized issue (like climate change) as equal when in fact one side 
has much more scientific support (Kortencamp & Basten, 2015). Man-
ufactured controversy is a related practice that creates an argument 
where there is none to produce rhetorical exigence (Ceccarelli, 2011). 
These problems persist because they are reproduced by the communica-
tive habits and assumptions of expertise. The very meaning of technical 
terms often becomes a point of controversy; “stem cell” (Leydesdorff & 
Hellsten, 2005), “climate change” (Nisbet, 2009), and “tipping point” 
(Russill & Nyssa, 2009) are examples of terms that have been used for 
different rhetorical purposes and with alternate semantic outcomes in 
the ostensibly separate spheres of research science, applied science, pop-
ular press, and policy-making. Terms taken up by the popular imagi-
nary become meaningful as analogies, applied to entirely different fields, 
and/or associated with partisan politics and are thus divested of clear 
technical meaning. Scientists often (understandably) describe these di-
visive linguistic-discursive phenomena as frustrating. They feel unable 
to educate the public and/or deem them as being too science-illiterate to 
understand (Besley & Tanner, 2011; Horst, 2013). Such attitudes con-
tribute to the deficit model of science communication that scholars have 
problematized for the past decade (Besley & Tanner, 2011; Miller, 2001; 
Sturgis & Allum, 2004).

One potential solution to these communication problems is to avoid 
reifying the divide between science and publics in the first place, which 
necessitates an intentional inclusion of peer-to-peer communication un-
der the disciplinary umbrella of science communication. Some of the 
most compelling arguments for such a turn come from the scientific dis-
ciplines. In a 2001 essay in Conservation Biology, Robertson and Hull 
(2001) exhort researchers to incorporate the principles of public ecology 
into their research and writing from the outset:

[A]ll the people who produce, review, and apply conservation re-
search should evaluate the success of their knowledge according to its 
ability to influence conservation decisions. In addition to possessing 
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conventional “scientific” attributes such as validity, generalizability, 
and precision, conservation knowledge must also possess qualities 
that make it effective in the political arena of decision making.

(p. 970)

A more recent study in the field of science communication entreats sci-
entists to be aware of how their speech and social interaction affect the 
quality of the communication and the attitudes of their listeners:

Research may reveal how dialogue should be conducted in order to 
get these questions on the table, and how the cultural context can be 
conducive for having such dialogue. Experts-in-training who have 
not yet completely internalized the discursive patterns and profes-
sional identities that help reproduce the hegemony of technical-
scientific expertise may be of crucial importance here.

(Mogendorff, te Molder, van Woerkum, &  
Gremmen 2016, p. 47, emphasis ours) 

In other words, scientists’ approaches to peer communications affect how 
they engage publics, and instigating changes in communication practices 
may be best done among burgeoning scientists. One obvious place to 
intervene in the cycle of internal/external viewpoint (re)production is in 
the professional and/or academic science writing classroom. On our own 
campus and at other universities across the country, teachers of writing 
are working with teachers of science to imagine interdisciplinary peda-
gogies (see especially Saitta, Zemliansky, & Turner, 2015) in the form 
of writing across the curriculum (WAC) initiatives and service courses.

Scholars in writing studies, including rhetoric, composition, technical 
communication, and professional writing, have been studying and pro-
viding instruction in science writing for almost a century. Most notably, 
Penrose and Katz’s (1998) textbook, Writing in the Sciences, now in 
its third edition, is designed for science writing in academic contexts, 
focuses on research genres, and applies rhetorical perspectives to import-
ant but challenging genres like the grant proposal. Penrose and Katz’s 
work was groundbreaking because explicit instruction in this kind of 
writing in upper-level science curricula was rare in the late 1990s. Since 
then, service courses like those we describe here have become more com-
mon and have served as models for our efforts.

Institutional Contexts: New Courses, New Audiences

Our department has historically offered one science writing course at the 
undergraduate level. The course was designed for and taken by English 
majors in the Professional Writing track and intentionally covered a 
broad range of science-related literacy practices. In response to current 
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trends in the field and demand on our campus (specifically, requests from 
professors of environmental sciences and chemistry), we have expanded 
our science writing offerings to include upper-level undergraduate and 
graduate courses that focus on writing in professional science fields: an 
undergraduate writing course required of all environmental science ma-
jors, an online writing course for graduate students and professional 
scientists, and a graduate-level writing course in the environmental sci-
ences that serves as a research writing workshop.

Although designing the courses was exciting, we knew that we could 
not approach courses like these—service courses by definition—without 
very careful, critical attention to learning objectives. By designing 
courses for specific majors, ostensibly to prepare them for certain fields, 
we could easily fall into the trap of prescribing disciplinary writing and 
thus help to re-create the very silos that we problematize at the out-
set of this chapter. As the long and controversial history of the field of 
composition shows, service courses present a double danger, potentially 
undermining our own disciplinary expertise as scholars of language and 
robbing our students of agency and voice within the academy (see, for 
example, Crowley, 1995).

We responded to these important pedagogical and ethical concerns in 
multiple ways. First, at the logistical level, we refused to limit seats in 
our service courses to only the science majors and professional scientists 
they were designed to serve. This choice addressed several departmental 
and pedagogical needs; we wanted to continue to serve our own majors, 
draw as many student instructional hours as possible, and encourage a 
diverse range of perspectives in every class. We knew that limiting the 
class to the service of one scientific field would automatically delimit the 
territory of expertise to one discipline, which is exactly what we want to 
argue that professional science writing pedagogy should strive to avoid. 
There were immediate and interesting results from keeping the courses 
relatively open: biology, business, coastal policy, communications, and 
physics majors enrolled in the new courses without prompting.

Second, at the level of course materials, we designed our assignments 
as learning experiences to promote rhetorical awareness rather than 
experiences in discipline-specific training (see also Chapter 9). Although 
we encouraged students to use the courses and assignments to enhance 
their professional development, the true content of each course (and our 
expertise) are rhetoric and writing. As such, each class’s disciplinary 
profile is different, emergent, and exploratory. Students’ interests guide 
and produce class content. For example, the course materials for our 
upper-level undergraduate course include a science writing textbook that 
serves as a rhetoric and a bibliography of examples compiled by students. 
The bibliography’s contents are compared, categorized (as secondary 
and primary research, for instance), and returned to as context-specific 
exemplars throughout the semester.
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Third, we used discipline-specific examples as samples to critique and 
re-imagine, rather than to uncritically emulate. Student-found exem-
plars, including the articles in the class bibliography above, are not taken 
unquestioned as standard, but seen as single instantiations of genres, pro-
duced by the social contexts to which they respond (see Miller, 1984). 
Although critique and revision of published science may at first sound 
slightly antagonistic to the goals of our colleagues in the scientific dis-
ciplines who asked us to contribute to their curricula, in fact they are in 
keeping with their expressed desire for science majors to become better 
writers. When we met to imagine the courses, the science professors ex-
pressed general dissatisfaction with students’ written work, but also with 
the professional written products of peers in their field—especially articles 
and conference posters. Our science-minded colleagues’ characterization 
of communication problems in their own discourse communities made 
our desire for rhetorical and critical approaches a refreshingly easy sell.

Despite being asked by our colleagues to aid their students to improve 
their science communication abilities, we are aware that we approach 
this endeavor as non-scientists whose ethos can be called into question, 
particularly when we are advocating critical departures from the genres 
central to the students’ and their instructors’ disciplines. As Harwood 
and Hadley (2004) note, advising students to question and deviate from 
the norms of their respective disciplines puts them at risk; they can be 
subject to critique and earn lower grades from their disciplinary fac-
ulty. As a result, we decided that departures should be presented in that 
context; students should be aware that all rhetorical choices come with 
certain risks. For example, using the passive voice, common in some 
science disciplines, may help the writer conform to norms but may result 
in their ideas being expressed less clearly and succinctly. Students should 
be empowered to understand that there are rhetorical choices to be made 
and, likewise, consequences for all choices.

To further situate our rhetorical expertise, particularly in the online 
graduate course, we located instructional materials by scientists that 
advocated rethinking scientific communication in ways that aligned 
with our values. Instructional texts by Meredith (2010) and Schimel 
(2012), both scientists, bring such insider perspectives. For example, 
in a chapter about communicating research results to peers, Mere-
dith (2010) encourages the use of “thrifty” versus “expensive” words 
to convey complex ideas more clearly, directly, and efficiently (p. 72). 
He also stresses the importance of lively prose and active voice for all 
genres of writing. Similarly, Schimel’s (2012) entire approach to peer-
directed writing centers on crafting compelling narratives as vehicles 
for memorable communication. Drawing upon these arguments from 
science experts helps to situate the rhetorically-oriented arguments that 
we make, especially when they conflict with guidelines that students 
have previously encountered.
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Interventions: Pilot Assignments

The three example assignments that we describe here focus on tradi-
tionally “internal” scientific genres, but we re-vision them to highlight 
nuanced audience awareness and rhetorical engagement. Two main 
metaphors for written discourse in context—the narrative and the 
conversation—guide our treatment of these genres and encourage stu-
dents to focus on rhetorical goals. These metaphors are well tested in 
the context of academic writing instruction and writing in the disci-
plines. Narrative is a common prescription for public-facing science 
communication and is exhorted as a tool for making technical expertise 
more palatable for non-experts (Dahlstrom & Ho, 2012; Downs, 2014). 
Encouraging a focus on narrative in peer-to-peer writing could be a step 
towards more public-friendly professional science communication. The 
narrative metaphor—the idea of “letting the data tell a story” or “find-
ing the story in the data”—is already salient in the professional science 
communities our writing courses are designed to serve, especially the 
environmental and biological sciences. In fact, when students in our un-
dergraduate pilot course interviewed researchers in their respective fields 
about their approaches to the writing process, more than one researcher 
described writing as storytelling. Our students’ findings fit well with 
the chosen text for the 300-level undergraduate course, Schimel’s (2012) 
Writing science: How to write papers that get cited and proposals that 
get funded, which highlights storytelling as an academic author’s pri-
mary mode. Schimel’s attention to connecting research to audiences and 
stakeholders beyond one lab, question, and/or discipline (a feature he 
calls a story’s “stickiness”) is also in keeping with our goal of increased 
rhetorical awareness.

In addition to the Schimel text, we added additional reading material 
from the fields of education and rhetoric and composition. Specifically, 
we introduced students to Montuori’s (2005) consideration of the liter-
ature review as a creative means of engaging in dialogue and Swales’s 
(1990) “Creating a Research Space (CARS)” model from his influential 
genre analysis of research articles. Both of these texts forward a conver-
sational model for disciplinary discourse that finds its most famous roots 
in Burke’s parlor. More recently, Graff, Birkenstein, and Durst (2006) 
have articulated the conversation metaphor very effectively for the com-
position classroom in their rhetoric, They Say/I Say. It is fitting that we 
add a conversational model (from rhetoric) to the narrative one (from 
science) since we are asking students to expand the parlor, to imagine 
more and various interlocutors. Such a task requires us to go “back to 
basics” with the elements of convincing argument.

The three example assignments that we discuss below come from a set 
of semester-long projects that require students to choose a topic, develop 
a research question, and produce an article-length paper that includes a 
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brief literature review as well as a conference poster that highlights key 
findings. We received authorial consent to include the examples in the 
discussion below in order to represent students’ voices and illustrate the 
efficacy of our approach. A student in Maddalena’s ENG 315: Writing 
in the Academic Sciences course from Fall 2015 agreed that comments 
from her informal course evaluation be included without her name. Stu-
dents in Reilly’s ENG 551: Professional Science Writing course from 
Spring 2016 provided written permission to quote from their literature 
reviews. A group of students in Maddalena’s ENG 315: Writing in the 
Academic Sciences course from Fall 2015 provided written permission 
to include their poster. At their request, we have removed students’ 
names to preserve anonymity. Finally, Kelsey Potlock, an honors student 
who graduated in Spring 2016, provided written permission to include 
a draft of her honors project poster that was critiqued by Maddalena’s 
ENG 315: Writing in the Academic Sciences course from Spring 2016. 
She indicated that she wished to keep her name on the draft.

The Research Question: Method Design as Writing Task

Research questions can ultimately determine the precision, pertinence, 
and knowledge-making power of an empirical project. In science texts, 
research question development is rarely framed explicitly as a writ-
ing task (this differs greatly from approaches in rhetoric and compo-
sition; see for example Miller-Cochran & Rodrigo, 2013). Moreover, 
in science curricula, research questions are folded into considerations 
of method. Given that students in the sciences learn methodology and 
corresponding methods in labs, courses, and in the field through what 
Ding (2008) terms as a process of social apprenticeship (p. 8), direct 
instruction in how to draft, revise, and incorporate research questions 
into their writing process is not guaranteed in a scientist’s education. 
From the professional science writing teacher’s perspective, however, re-
search question writing is embedded in the larger task of writing and 
revising method; method design is exceptionally well-supported in a 
rhetoric and composition-style pedagogy, as it focuses on process and 
allows for iterative revision. Though Schimel’s (2012) science writing 
text does not address research questions explicitly, it proposes a heuristic 
for research narratives to be S.imple, U.nexpected, C.oncrete, C.redible, 
E.motional, S.tories (SUCCES) (p. 17). For the purpose of teaching the 
research question as writing, we take the first three items—simplicity, 
unexpectedness, and concreteness—as criteria. Specifically, we maintain 
that “simple, unexpected, concrete” research questions make it possible 
for “credible, emotional [scientific] stories” to be written.

The first two of these criteria are often surprising to students and require 
unpacking. Science is technical—how can it be simple? Science is circum-
scribed by clear, strict, knowledge-oriented, conventional practices—how 
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can it be unexpected? The intentionally rhetorical perspective of a writ-
ing class provides an excellent opportunity to consider these questions, 
as they are issues of context and audience. Simplicity functions in two 
ways: (1) to make the epistemological goals of the project clear to both 
expert and non-expert audiences, and (2) to make the implications of 
the project’s findings navigable and applicable, often in various contexts. 
Unexpectedness is similarly complex, as it operates in both epistemic 
and rhetorical paradigms: (1) epistemically, it sets up the study to make 
“new” knowledge, giving the research disciplinary traction, and (2) rhe-
torically, it maximizes the effect of kairos and makes for an engaging, 
exciting read. The third criterion, concreteness, is the research question’s 
link to the more material and pragmatic aspects of method, and we high-
light that link by focusing on another writing task: operationalization by 
way of term definition. Research questions need to be clearly addressed 
by the method; specifically, each conceptual term must have a mea-
sureable, perceptible corollary. This instrumental connection is literally 
made by writing. Defining terms is of supreme importance to a scientist’s 
knowledge-making work.

To show how the research question writing process works in our pro-
fessional science writing classroom, we will include one set of research 
question draft plus research question revisions here and describe the 
epistemic and rhetorical reasons for the revisions in terms of our course’s 
approach. The research questions initiated for this project focused on 
subjects about which the students, regardless of background, could con-
duct primary research; as a result they are not grounded in experimen-
tal science. Learning the process of research question development was 
paramount here.

Draft 1 of student research questions:

1	 	 Do students use cell phones in socially acceptable ways?
2	 	 Is cell phone use good or bad for students?

The group revisited this first iteration of their research questions after 
(1) receiving peer response and (2) amassing a preliminary list of sources 
for their literature review. Both of these key steps gave them new insights 
and helped to produce a more focused and interesting set of questions 
when they revised. From peer review, they learned that the term “so-
cially acceptable” was much too complex (i.e. not S.imple) and would 
require too much work to operationalize via a method, especially since 
the question’s context was much too vague (i.e. not C.oncrete). Likewise, 
the second question lacked any concrete context, and the terms “good” 
and “bad” would likely need too much work to make simple and con-
crete, as well.

But the group’s first look at current literature about college student cell 
phone use, which they gathered in preparation for the literature review 
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assignment, gave them a layer of knowledge that enabled them to hone 
their questions in even more sophisticated ways. First of all, they realized 
that their original questions were not U.nexpected at all. In fact, the 
broad topics of the social perceptions of cell use and the technology’s 
benefits versus harms were well-trodden territory. Their questions, then, 
did not set up any potential for (epistemically) new or (rhetorically) inter-
esting knowledge making. If the group wanted to keep their topic, they 
would need to adjust the focus of their questions to produce something 
that would be new to the social science and exciting and compelling for 
all audiences. As they discussed their sources for the literature review, the 
group noticed that, although student behaviors and attitudes were often 
the subject of surveys’ inquiry, few if any seemed to get at what students 
deemed “acceptable” in their own micro-level cultures. The fact that the 
study was restricted to their own campus, they then realized, could lend 
itself to an U.nexpected consideration of a given campus’s student culture 
being only one instantiation of what is socially acceptable. A concession 
to limitation, then, could invite further research and conversation—other 
studies on other campuses. The revised research questions (included be-
low) manifest this new orientation by adding the concrete context of our 
campus as well as the sophisticated twist of asking about students’ atti-
tudes rather than their behaviors in comparison to external norms. The 
group also added a third question to address a trend they saw in their 
sources. The bolded terms are terms that the group knew they would 
need to operationalize as they drafted their method.

Students’ revised research questions:

1	 	 When is it acceptable to students on UNCW’s campus to use a cell 
phone?

2	 	 Do UNCW students find cell phone use disruptive or beneficial?
3	 	 Do UNCW students prefer to text or call people, and why?

The research questions’ iterative, constitutive relationship with the de-
velopment of literature reviews seems relatively obvious. But the depth 
of students’ simple, preliminary consideration of current literature and 
recognition of how their studies would contribute to a conversation was 
frankly revelatory to us in terms of claiming a “value added” from our 
course. During an informal evaluation of the first student group, one 
environmental science major mentioned that our attention to drafting 
research questions had directly benefitted her in the next semester’s 
methods course:

Being able to draft research questions and see exactly how they were 
used to inform the methods section of a paper allowed me to have 
better insight into every future scholarly article I read for research. 
Learning how to draft the actual questions in [this] course … gave 
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me an advantage in the methods course because that knowledge [of 
research question’s relationship to method] was there already.

(Personal communication, 22 Jun. 2016)

Responses like these are rewarding and promising.

The Literature Review: Practicing Creative Inquiry and 
Dialogue

Typically, literature reviews are perceived and taught as surveys of pub-
lished scholarship that represent the significant ideas from the research 
under consideration accurately, systematically, and thoroughly. As ex-
emplified by the approach discussed in Cooper (1982), the methods for 
selecting the scholarship to include and the representation of the ideas 
from that scholarship should hold up under scrutiny as objective and 
systematic. The writer searches for texts that will be perceived as most 
relevant in the eyes of the reader, generally the instructor, and represents 
or, as Montuori (2005) notes, reproduces the ideas from the surveyed 
scholarship faithfully and succinctly. Strikingly, even recent scholarship 
centers on helping students to systematically survey and coherently rep-
resent the extant scholarship (Luederitz et al., 2016); little is said about 
empowering students to insert their voices into their analyses. For exam-
ple, although Luederitz et al. (2016) present their approach to literature 
reviews as empowering to student researchers, they continue to privilege 
systematic process over innovation and critique: “ensuring that the liter-
ature is being reviewed in a consistent, coherent, and reproducible man-
ner” (p. 234). While some instructors ask students to make comparisons 
between the scholars’ perspectives or include a summary paragraph that 
supports or critiques some of the ideas that they encountered, there is 
little room in this reproductive model for students to have agency, own 
how their perspectives shape their choices of scholarship, dialogue with 
the ideas they encounter, and engage in self-discovery.

Frustrated with the formulaic texts that we received based on the re-
productive model of the literature review, we sought an alternate ap-
proach to the genre that empowered students to personally connect 
with the scholarship in their fields, engage in self-discovery through 
interrogating the work of others, and construct texts that are lively, 
interesting, and pleasurable to read by audiences of peers. Montuori’s 
(2005) approach, emphasizing creative inquiry and dialogue, provides 
this generative alternative; as he explains, revising the genre to require 
innovative response instead of mimesis aids students to see the scholars 
whose work they survey as part of a “living community with a history, 
motivations, passions, conflicts, alliances, errors, dead ends, and cre-
ative outbursts” (p. 375). Students can thus identify with the scholars 
and see themselves as potentially contributing to and even shaping the 
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discussion: “in the context of creative inquiry, we are actively participat-
ing in the community; we are in the discourse and engaging in inquiry in 
that context” (Montuori, 2005, p. 377).

In the guidelines for the assignment, we emphasized creativity, dia-
logue, and synthesis. We read and discussed Montuori’s article, and stu-
dents developed research questions related to disciplinary conversations. 
We also read sample literature reviews by students from previous classes 
and examined them for evidence of creativity and synthesis through 
posting responses to the online course discussion board dedicated to 
the topic. Finally, we encouraged students to insert themselves into their 
reviews through their language choices by using personal pronouns and 
active voice, if possible. As noted previously, prompting students to de-
part from the perceived dominant discourse of their fields by employing 
personal pronouns in their academic writing is a powerful intervention; 
even if in the end the students return to traditional norms, they do so 
knowing that they are making a conscious choice and that alternatives 
exist (Harwood & Hadley, 2004, p. 372).

Student responses to this revised assignment have been extremely pos-
itive; formulaic reviews are now a minority of the submissions that we 
receive. Since initiating this approach, the majority of the students’ liter-
ature reviews demonstrate that they are truly grappling with the ideas in 
their sources, developing their own taxonomies to categorize and ana-
lyze their sources’ ideas and arguments, and participating in the key dis-
cussions in their disciplines. For example, in a review that discusses the 
uses for knockout mutants, Lauren Scheetz explains, “While conducting 
my survey, I attempted to search for organisms occupying low and high 
order positions,” which clearly asserts her agency in deciding that her 
analysis needs to survey a particular range of organisms used in these 
processes. Similarly, Hayley Grabner, who focused on how to cultivate 
marine citizenship in populations, locates what is for her the center of 
any debate surrounding this issue:

The debate, also discussed later, occurs when scholars deliberate 
the prevailing mechanisms and barriers to inciting the desired in-
dividual action, as well as the types of future policies they suggest. 
I suspect that these question[s] persist because cultivating a sense of 
marine citizenship is—now, more than ever—of particular interest 
to environmentalists, community leaders, and graduate students like 
myself.

In both examples, the students direct the survey of scholarship to suit 
their needs; they are not being dragged along by the weight of the ap-
proaches that have preceded them. Molly Gabler not only surveys a 
range of sources relevant to her research, she also categorizes them by 
the methodologies that they employ: “Currently, there are many methods 
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used to address the area of N2-related DCS [decompression sickness] in 
the mandibular fats of odontocetes. These methods include biochemical, 
anatomical, behavioral and modeling techniques.” Creating taxonomies 
and organizing the discussions of sources around them leads to increased 
synthesis in these literature reviews as students then discuss related 
sources in tandem and avoid summarizing each text consecutively.

Additionally, students make novel connections between sources, 
employ metaphor and other figurative language, and make astute criti-
cal comments about their sources. Grabner, for instance, remarks that 
“unique and important concepts percolated to the surface.” Scheetz 
makes this imagistic comparison in a discussion of knockout mutants: 
“‘intrinsic resistome,’ a map of natural resistance to treatments.” Gabler 
critiques an assumption that she repeatedly encounters in the literature 
that underpins the models used to support the conclusions of other 
scholars:

All of these models consider blood, brain and muscle to be fast 
tissues and fat to be slow. I fully support using models to predict 
certain animals that may be at risk for DCS; however, fat is consid-
ered a ‘slow’ tissue based on the low solubility values derived from 
experiments using plant lipid (e.g., olive oil).

Juli Hood also provides an insightful critique of the data provided by 
her sources: “Some of the studies reviewed gave vague information 
regarding sample collection (4), exact ages of patients (4), and unclear 
results and conclusions (5)…”. Surprisingly, some students analyzed 
both the content and form of their sources; for instance, Grabner ex-
plains that

[a]lthough not all articles were reporting on an original study, those 
that did typically used a familiar IMRaD format: starting with an 
introduction and following with methods, results and a discussion. 
In doing so, each study drawn upon in this review proposed a hy-
pothesis and then used survey research and subsequent quantitative 
analysis to evaluate their findings.

Furthermore, students were not afraid to include some sources asserting 
unique or even radical positions because our assignment guidelines encour-
aged them to look for and evaluate alternative approaches. For instance, 
Gabler emphasizes the importance of recent developments in her field:

However, there is recent data suggesting that nitrogen solubility in 
the mandibular fats of these animals is even higher than the blubber 
(Lonati et al., 2015). Integrating these values into the models should 
be the next step in assessing DCS risk in these animals.
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She confidently aligns herself with this sort of innovative approach.
Finally, because the assignment instructions highlight the importance 

of the students’ voices in their reviews, more students used personal 
pronouns and active voice, as shown in the quotations above, making 
their reviews more lively, and, as a result, more enjoyable to read. For 
example, Hood asserts:

Several studies reviewed used semi-automated instrumentation (1, 3, 
7) while others used visual interpretation (2, 6, 7). Based on my 
work with diagnostic test strips, slight variations in visually read 
results can occur between operators and the interpretation of color 
is subjective.

The students’ engagement with the ideas in their sources, as exempli-
fied in the excerpts included here, shaped their research papers, the next 
assignment in our graduate courses. Because students were encouraged 
to consider what the scholarship of others has revealed to them about 
their positions, they transitioned more easily to writing their research 
papers and used portions of their literature reviews to propel their writ-
ing forward.

The Conference Poster: Solving an Audience Problem

Posters were included as a top priority on a list of genres that advanced 
undergraduate and graduate students should be prepared to produce in 
a science writing course. According to our teaching collaborators in the 
environmental sciences, the scientific community recognizes that the 
poster as a genre has a communicative problem: too often, they just 
don’t work. Presenters patch together an abstract, a few figures, and 
implications, and any sense of argument or story is lost in a perceived 
need to cover all of the science. Words like “awful,” “ugly,” “embarrass-
ing,” and “unreadable” were used to describe professionally-produced 
conference posters in our brainstorming meetings. We suspected that 
the problem might, again, be directly linked to issues of context, partic-
ularly audience. Though research projects themselves are often narrow 
and specialized, poster sessions are huge, festivalesque contexts; scien-
tists stand in a large hall full of peers and strangers. The audience is 
suddenly broader and less well known. The professional conference is a 
context that necessarily requires communicators to reject the false bina-
ries of internal/external and expert/public. Making a poster, for many, 
means reaching beyond the scientific skill set into the intimidating fields 
of document design, graphic design, and public speaking.

Our pilot assignment, therefore, required that students first collect 
examples of conference posters and critique them before making their 
own, explicitly asking them to improve the genre through their own 
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contributions to it. In addition to the rhetorical perspectives we had been 
developing throughout the semester, we added a brief introduction to the 
most basic of document design principles to give them a starting point 
for critiquing poster layout. The collected examples and ad-hoc genre 
analysis produced two types of information for students to consider as 
they began their own designs: (1) a set of professional conventions, or 
expectations, that students knew they had to take seriously before decid-
ing to ignore or reject and (2) a set of critiques of both individual poster 
design and those same community conventions to serve as a rationale for 
how they would tackle the poster problem and propose to improve the 
genre from the inside. Their attitudes towards community conventions 
was informed, of course, by their experience with the literature review 
and our own explicit problematization of the conventions of professional 
science communication.

The students’ solutions to the poster problem varied. Some designs 
diverged more radically from convention than others. There was a gen-
eral agreement among students and across classes, however, that nei-
ther narrative nor conversation models for good science writing were 
served by the typical conference poster and that any nuanced sense of 
audience was altogether lacking. The typical poster was much too busy, 
incorporated too much text, and basically tried to do the same work 
as an article, but in a different (and inappropriate) context. Some basic 
conventions that students discovered in their samples included an echo 
of the trifold science fair poster in the form of three or four columns, 
maintenance of the IMRAD structure on the poster in the form of head-
ings, prominent graphic representations of funding sources (i.e. NSF) 
and institutional affiliations, and data presented in the form of figures 
almost exclusively. Most students agreed that poster designers needed to 
choose a less complicated communicative goal for their posters than for 
their articles. They chose to focus on research context (in terms of public 
stakeholders), findings, and implications for that same public context. 
This observation was interesting to us, of course, since we had been try-
ing to get students to include non-expert readers as part of their audience 
from the outset.

The two student examples we include below chose to preserve and/
or challenge conference poster conventions in different ways. The group 
who designed Figure 10.1 took a conservative approach, upholding most 
genre conventions (but we should note that their document design is 
superior to many examples). The conventions they chose to resist were 
well considered. First, they rejected the three-column layout in order to 
highlight their context (Introduction) and results. They also decided 
to include a figure of their full survey instrument in their Method section 
to let the audience see more quickly and clearly what they did. The most 
interesting aspect of this poster, however, is something we would call 
a failure in design that resulted from our own exhortations to resist 
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convention. Class discussion about how to represent context without de-
pending on too much text led to a suggestion that context be represented 
visually, in the form of a picture. This group liked that idea, and they 
tried it by including a beautiful picture of the pier that was featured in 
their study. But in trying to preserve other genre conventions and main-
tain the neat, clean balance of their layout, they mislabeled the image as 
data by including it in the “Data and Results” section. Such issues are 
testament to the difficulty of designing a document that observes con-
vention while also trying to innovate.

The next example, produced for one of our classes and later incor-
porated into an honors project, is a more radical divergence from a 
conventional conference poster. Kelsey Potlock took her fellow students’ 
proposal to let images take the place of text to heart and let an image 
(literally the location and local context for the study) serve as the back-
drop for the poster. Photos also “tell” the viewer about the various con-
servation methods being tested by the study. The most radical decision 
that Potlock made, however, was to forego presenting the actual results 
or data on the poster. Her explanation for this decision was that an 

Figure 10.1  �Student-produced poster for Writing in the Academic Sciences: 
A more conservative approach. Color figure in plate section.
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expert audience would be more interested in the location and historical 
context of the interventions being tested and would ask about results 
if necessary. The most important takeaway for non-expert audiences 
would be the mechanics of the technologies. Though this draft of the 
poster has a few design issues, we think she balanced the consideration 
of such diverse audience needs very well (Figure 10.2).

The conference poster project is a natural extension of the critical 
perspectives that students developed through writing the literature re-
view. The literature review as a genre is not as readily accessible as the 
conference poster—new scholars need to be told, via Montuori (2005), 
about problems with conventional approaches. In contrast, conference 
poster samples are evidently problematic to students, and because of our 
gradual building of a critical perspective in this course, students come to 
the project doubly ready to employ their new skills. Conference posters 
are also excellent sites to foreground complex audiences for science.

Conclusions: Future Directions

The professional science writing courses and assignments described here 
are still quite new, and we do not yet have full impressions or data to 

Figure 10.2  �Student-produced poster for Writing in the Academic Sciences: A more  
radical divergence from convention. Color figure in plate section.
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speak to their effects on students’ responses to academic and profes-
sional writing contexts after leaving our classrooms. Our year-long ex-
periences of partnering with colleagues in the sciences and designing 
and teaching these courses have left us with clear directions for further 
experimentation locally and beyond. Our findings and our future goals 
may have interesting implications for the larger disciplinary landscape 
of science communication.

On a local level, we want our classes to serve more students and de-
partments in the sciences while simultaneously growing and deepening 
our own department’s identity on campus, demonstrating the central 
function of rhetoric in effective science communication. Our working 
partnerships with environmental sciences and chemistry will continue, 
but we are actively seeking interest and partnerships in other disci-
plines. In fact, in early 2017, our department received approval for a new 
post-baccalaureate certificate in science and medical writing. Through 
this endeavor, we plan to partner with the health sciences, a growing area 
on our campus. Another way to showcase the deliverables of our courses 
and increase their impact is to find platforms through which to promote 
and publish student work. From the first cohort of students, two from the 
undergraduate course have gone on to explicitly incorporate professional 
science communication elements in honors capstone projects.

In a larger context, we want to emphasize three important ideas that 
we argue should be paramount in discussions of science communica-
tion for students and professionals alike: (1) crafting narratives about 
scientific discovery for clarity, readability, and enjoyment is equally im-
portant for peer audiences; (2) genre conventions need to flex to serve 
rhetorical ends; and (3) models should be seen as starting places, import-
ant for critique as well as understanding genre expectations.

Rethinking the expert/public audience binary and broadening notions 
of science communication are in line with other important developments 
in science and technology taking place worldwide. Most notably, the 
written genres and contexts of science are escaping the borders of tradi-
tional institutions, implying that the scientist of the future will require 
a more nuanced perspective about expertise. What Kelly (2014) calls 
“parascientific genres”—blogs, crowdsourced data production, public 
crowdsourced funding proposals (i.e. Kickstarter), and citizen science 
projects—are becoming required communicative tools in the postmod-
ern scientist’s belt. Scientific content is also fast becoming a tradable cur-
rency on social media; the further content is removed from the original 
researcher, the more likely that layers of accommodation will shift the 
focus and even warp the message, as in a game of telephone. Our inte-
grative approach to science communication responds to such evolving 
pathways for the dissemination of information by preparing students 
and professional scientists for a reality in which the distinctions between 
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internal and external audiences, scientists and non-scientists, public and 
private, and a myriad of other established boundaries are blurred and 
even erased.
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As this collection shows, scientific communication has been somewhat 
neglected within the field of technical and scientific communication. 
Further, there is evidence of a disconnect between theories and practices 
of working scientific communicators and what happens in our classrooms. 
There is growing emphasis among practitioners of scientific communica-
tion on the application of civic science (see Chapters 1, 6, and 7) but little 
coordinated effort to reflect this emphasis in our classroom practices. 
This chapter seeks to fill that gap by offering rhetorical approaches to 
scientific communication pedagogy. Our approach is explicitly cultur-
ally inflected; we often use civic science as a way of conceptualizing 
the cultural implications of scientific communication for students. This 
introduces complexities both because culture is an intellectually chal-
lenging subject to teach and also because one of us (Carleigh) was faced 
with undertaking this already challenging task in a virtual classroom. 
Thus, we seek to answer a two-part question in this chapter: What are 
some best approaches to teaching scientific communication, and what 
are the affordances and challenges of teaching scientific communication 
in online versus face-to-face contexts?

In trying to answer the two-part question above, we recognize 
that “best” will mean productive and useful but also flexible and 
permeable—we seek to offer ideas, not to standardize or stabilize ap-
proaches to teaching science communication. We recognize that many 
universities do not offer this specific course and that student popula-
tions differ; however, our hope is that we can offer approaches here that 
others might adapt or draw inspiration from to suit their own needs. In 
addition, with the proliferation of online course offerings, this chapter 
provides a rare example of how to implement a historically face-to-face 
curriculum in an online space.

We base our reflections and suggestions on our work teaching English 
3820: Scientific Writing at East Carolina University (ECU). We have 
taught this course a combined total of six times, two sections of which 
were co-taught and one of which was online. This was the first time 
English 3820 had been offered online at our university. Working under 
IRB approval, we share some of the insights from students in the course, 
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using pseudonyms and omitting identifying information. To accomplish 
this work, this chapter begins by explaining the context of the course; 
next, we offer an overview of the course design, including specific details 
of the assignments we used. We make the following pedagogical recom-
mendations: (1) use the concept of civic science, (2) incorporate group 
interaction, (3) include specific terminology and examples, and (4) make 
it personal. Finally, we offer more specific recommendations for incor-
porating these recommendations in distance education (DE) classrooms 
before offering suggestions for future work.

As numerous scholar-teachers have established (Arola, Shepherd, & 
Ball, 2014; Eldred & Toner, 2003; Kalmbach, 1997; Selfe, 2003; Wysocki, 
Johnson-Eilola, Selfe, & Sirc, 2004), digital delivery affects the content 
of a course; thus, the online format meant that Carleigh had to transfer 
our rhetorical pedagogy (with its attendant foci on social responsibility, 
belief systems, and reflection) to a digital learning environment where 
collaborative, reflective spaces look different than they do during face-
to-face interaction.

In teaching all of these classes, we purposely introduced “failures of 
science orthodoxy” (for example, the reclassification of Pluto), break-
downs of scientific ethics (for example, the Tuskegee experiment), and 
schisms between public and scientific communities (for example, the 
thoroughly disproved autism-vaccine link) in order to get students to 
interrogate the specifics of established practices in scientific writing as 
well as the social and individual contexts that surround them. It was 
our hope that focusing on this particular kind of critical thinking skill 
would better prepare students to participate conscientiously in scientific 
practice in the future. As an example, pre-medical students sometimes 
arrive in our classrooms believing their future patients bear the respon-
sibility for looking up risks involved in medical practice; such students 
are therefore resistant to exercises in communicating those risks and 
generally unfamiliar with creating genres that would allow them to do 
so effectively. These students are used to looking up information them-
selves and often have not yet interrogated how such information comes 
to be so readily available to them or what barriers might prevent others 
from accessing and understanding it. These expectations illustrate one 
of the ways that rhetorical education can demonstrate its importance 
for science students. Likewise, the rhetorical pedagogy detailed in this 
chapter offers some ways in which we can encourage students to think 
of their roles as scientists and as communicators as mutually inclusive.

Contexts of ENGL 3820: Scientific Writing

Scientific communication courses have followed some of the same pat-
terns as technical communication courses. Namely, scientific communi-
cation courses are often service courses, and they tend to be pragmatically 
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focused in that they are designed to increase job prospects and perfor-
mance for students. We recognize the importance of service courses 
(and their connections to interdisciplinary teaching and scholarship), and 
we believe culture and rhetorical studies to be a foundation for scientific 
communication both in pursuit of pragmatic goals and in broader theo-
retical contexts.

Several scholars have offered writings useful in understanding the 
larger context of scientific writing and thus of our course (Garfield, 
2002; Gibson, 1982; Longo, 2000; Penrose & Katz, 2010; Rossiter, 
1986). However, we wish to begin our discussion with Francis Bacon’s 
approach, which “reformulated scientific knowledge as contingent, 
rather than being absolute” (Longo, 2000, p. 49). Bacon did not have 
the last word on the subject, though, as science communicators after 
him (notably Thomas Henry Huxley) continued to claim that “pure” 
science should be “unconcerned with [and] … not responsible for social 
outcomes” (Longo, 2000, p. 57). Despite the claims of Huxley and oth-
ers who share his views, more recent scholarship (Feyerabend, 1987) and 
the modern rise of civic science demonstrate increasing traction for the 
idea of science as socially mediated. Further, the largest science funding 
agency in the nation—the U.S. government—has long been persuaded 
that science is connected to social outcomes (Abbott et al., 2014). These 
interactions shed light on a longstanding (and continual) “tension be-
tween private and public science” (Longo, 2000, p. 29). This ongoing 
debate regarding attention to social and cultural concerns of the public 
in the history of scientific communication is a major element informing 
our pedagogical approach to the subject.

At least some learning goals for scientific communication courses 
should be based in the intersection between this uncertainty regarding 
the place of public concern in scientific practice and the rich history of 
social advocacy in technical communication and technical communica-
tion pedagogy. As one productive example, scholars such as Gurak and 
Bayer (1994) emphasize the influence that feminist approaches to tech-
nical communication can have on science and technology fields. Segal’s 
(1995) work, likewise, is suggestive that fostering classroom space in 
which students are able to critically evaluate genre conventions and 
norms of writing in their fields better prepares them to work in a vari-
ety of scientific fields. Also essential to these courses is the idea, prom-
inent in technical communication scholarship, that critical awareness 
of the rhetorical foundations and social implications attendant to both 
technical action (in this case, practicing science) and technical writing 
can improve students’ abilities to engage successfully in both processes 
(Durack, 1997; Haslanger, 2002; Jung, 2007).

Despite this attention, scientific communication is often subsumed un-
der the umbrella of technical communication. According to the program 
list published by the Council for Programs in Technical and Scientific 
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Communication (2011), only five out of 82 institutions offer programs 
that explicitly name science or scientific communication as a focus (see 
Table 11.1).

Our institution is not one of the above five, but we do take up the sci-
ence-as-culture question extensively in English 3820: Scientific Writing. 
ECU, a large public Higher Research Activity doctoral university in Green-
ville, NC (The Carnegie Classification of Institutions of Higher Education, 
2015), has offered some version of English 3820 for nearly 50 years. This 
is an important and unusual history, made all the more significant because 
of our university’s position as the nation’s largest producer of medical pro-
fessionals who practice in underserved areas. In our local context, English 
3820 was distinct from other technical, business, and professional writ-
ing classes from the beginning because of its directed service to medical 
pre-professionals, and it has remained distinct primarily because of the 
disciplinary orientation of students who continue to enroll. For more on 
the historical situation of this course, see Combs, Frost, and Eble (2015).

Table 11.1  �Programs with Focus on Science/Scientific Writing/Communication

Institution Title of Program(s)

Ferris State University BS in technical and professional communication 
with a concentration in science and medical 
writing

James Madison University 
(Institute of Technical and 
Scientific Communication)

•	 BA in technical and scientific communication 
with concentrations in online publication, 
publications management, or technical and 
scientific communication in the public sector

•	 BS in technical and scientific communication 
with concentrations in online publication, 
publications management, or technical and 
scientific communication in the public sector

•	 MS in technical and scientific 
communication

•	 MA in technical and scientific 
communication

Michigan Technological 
University

BA in scientific & technical communication

North Carolina State 
University

English minor in technical and scientific 
communication 

University of Minnesota, 
Twin Cities

•	 BS in scientific and technical communication
•	 Graduate minor in rhetoric and scientific 

and technical communication
•	 MS in scientific and technical 

communication
•	 MA in rhetoric and scientific and technical 

communication
•	 PhD in rhetoric and scientific and technical 

communication
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The current undergraduate catalog charges English 3820 with provid-
ing students with “practice in assimilation and written presentation of 
scientific information.” The course offers humanities training to STEM 
majors (primarily biology and chemistry, but also geography, sociology, 
and a smattering of others) in order to prepare them for public commu-
nication scenarios. English 3820 is a writing intensive (WI) course that 
contributes to a 12-hour WI requirement for all students; most students 
who enroll are biology students with intentions of going into medicine 
or dentistry because the course is also one element of the research skills 
requirement for their majors. The inclusion of this rhetoric-based writ-
ing course as a mandatory part of the biology major comes as a result 
of the pre-professional medical programs here recognizing that in order 
to communicate with a diversity of patients, medical professionals pro-
duced by ECU must have practice in writing and communication.

Demographically, about half of the students who enroll in English 3820 
are female and one-third identify as minority, as compared to the university’s 
makeup of about 60% female students and 20% minority students (Combs 
et al., 2015). In this sense, English 3820 is actually more reflective of re-
gional demographics—we draw from a rural region with an ethnically 
diverse population—than is the university population at large.

Despite intense demand for English 3820 and the presence of vibrant 
online curricula in our department, English 3820 had never been offered 
as an online course prior to 2015. We offered this course online for the 
first time in summer 2015. Student responses to the F2F courses that 
we have been involved in have been overwhelmingly positive, whereas 
students in these new DE sections reported significantly less overall 
satisfaction with the course as a whole as well as their own learning 
throughout. Part of our current work (and part of the exigence for this 
chapter) is to reflect on the DE experience and theorize ways to improve 
student learning in that context.

Course Design

The students who enroll in English 3820 are bright and engaged, but 
they have had little experience or training in translating their (newly 
earned) STEM expertise in ways that will allow them to communicate 
it productively with potential audiences outside their field. Thus, the 
learning goals for this course were developed primarily to meet students 
at their current level of competency, which allows them to communi-
cate well with other scientists, and to help prepare them for careers in 
which they will need to communicate about scientific principles with 
non-expert audiences. One way that we respond to this public responsi-
bility is by focusing English 3820 on civic science and the development 
of transformative leadership abilities. Civic science is “scientific inquiry 
that offers opportunities for participants to develop their capacity to 
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work across differences, create common resources, and build a demo-
cratic way of life” (Abbott et al.). In other words, it is science done in 
a participatory way, with accountability to the public. We also asked 
students to think about the role of leadership (Astin & Astin, 2006) in 
performing civic science. Given our situation at a public institution, this 
kind of engagement is essential.

With these values in mind, we complemented the five process- and 
genre-based learning outcomes that are standard to our university 
writing-intensive courses with three additional outcomes that were de-
veloped for this course (see list below and Table 11.2). Through a com-
bination of student-centered, writing-enhanced, civic science-oriented, 
and leadership-informed principles, we developed an effective and useful 
pedagogy for teaching scientific communication. This pedagogy is not 
without flaws, and for that reason we offer an extended reflection below 
on the affordances and challenges of this approach so that other teachers 
of scientific communication might benefit from our experiences.

Assignments and Implementation

In designing and implementing this course, we placed a tremendous amount 
of value on class discussion, relying on only short periods of lecture or pre-
sentation in order to encourage student interaction. We also made group 
work a priority along with peer review, emphasizing the need for instruc-
tors and students to learn from each other as we progress through complex 
scientific and rhetorical topics. As such, students were always practicing 
process-based writing strategies, engaging in collaborative learning, and 
developing more nuanced understandings of the rhetorical situations they 
were being called upon to address. We found that this kind of engage-
ment better prepared students to think through the demands of any given 
writing situation and respond flexibly, avoiding the somewhat prescriptive 
genre-based approach that we were concerned might narrow their under-
standings of what it means to be a scientific writer.

The major writing assignments in our course focused on three specif-
ically designed learning outcomes:

•	 Learning Outcome 1: Consider the situated nature of particular 
contexts of scientific writing and produce actual examples of scien-
tific writing for various purposes.

•	 Learning Outcome 2: Examine theories, methodologies, and ideolo-
gies that undergird scientific writing with an eye to perfecting both 
critique and imitation of scientific styles.

•	 Learning Outcome 3: Theorize a variety of reasons, using rhetor-
ical language, for why a responsibility to the public is important 
for working scientists and medical professionals in order for their 
writing practice to be useful and effective.
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Table 11.2  �Course Assignments

Learning outcome 1 Personal statement
A personal statement regarding students’ career goals 

(i.e., for medical or dental school, job, graduate 
school, or internship applications).

Learning outcome 1 Teaching and learning science
A collaboratively produced, curriculum-driven 

website. Students were divided into groups based on 
the stated needs of a local client.

Learning outcome 1 Writing for specified publics
A project that communicated a scientific message 

of students’ choice to an audience for whom 
their message would be significant by using an 
appropriate medium.

Learning outcome 2 Journal project
Feedback in a cohesive, persuasive letter to authors 

of manuscripts for an issue of the journal 
Communication Design Quarterly that focused on 
health and medical rhetorics. 

Learning outcome 2 Artifact analysis
A rhetorical analysis of a scientific “artifact” 

discussing how the artifact conveys information to 
its intended audience.

Learning outcome 3 Debate
A scripted debate among 4 to 5 students on the 

various perspectives surrounding an issue of 
contention among scientists and/or other interested 
publics.

Learning outcome 3 Exams
Midterm:  An in-class examination designed to test a 

student’s ability to understand and apply rhetorical 
principles used in scientific communication.

Final Exam:  A multi-option take-home exam. 
Options included a “scavenger hunt” related 
to course concepts in practice, designing an 
examination for future students, creating a website 
to communicate a scientific concept with a specific 
target audience, or completing a mock interview. 
Exam options were designed collaboratively with 
students. 

Learning outcome 3 Extra credit
A reflective cover letter about the course as well as 

future applications of material; OR a Public Service 
Announcement regarding course content and 
expectations.

Learning outcome 3 Writing portfolio
A revised project of the student’s choice from the 

semester along with a reflection on that project and 
its future applications.
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We utilized several assignments for each learning outcome (see Table 11.2) 
and made sure to distribute the assignments evenly among the specified 
course outcomes so as to place equal weight on each goal.

In our experience, this structure has been very successful. Students 
typically report a great deal of satisfaction with the course and we have 
been satisfied with each class’s ability to achieve the course goals by the 
end of the semester. While students often find the assignments them-
selves to be challenging and unusual, we have found that this kind of 
adjustment to their expectations of what the class will be like gives them 
a more complete understanding of what it means to be a scientific writer 
by the end of the semester.

Pedagogical Recommendations

In the following sections, we offer suggestions for course concepts and 
structural elements that, based on our reflections and observations, were 
beneficial to our teaching of scientific writing. Namely, we suggest that 
scientific writing instructors use the concept of civic science to encour-
age students to think about scientific writing from various perspectives, 
incorporate group interaction to help students learn from each other, 
rely on specific terminology and examples when dealing with complex 
rhetorical concepts, and encourage students to engage with their writ-
ing as individuals rather than exclusively as scientists. Our observations 
and suggestions are local, couched in the circumstances surrounding our 
particular courses and students, including both traditional and online 
courses. However, if used well, they can be instructive in a variety of 
contexts. As such, the following discussion also attempts to bridge the 
pedagogical gap between traditional and online classrooms to offer pro-
ductive suggestions for both. We first discuss what each of these recom-
mendations might look like in a traditional classroom, and we then offer 
suggestions for implementing them in digital learning environments.

Recommendation 1: Use the Concept of Civic Science

Emphasizing civic science not only encourages students to actively think 
about ethics and the social repercussions of scientific writing, it also 
provides them with an inroad for comparing and contrasting the ap-
plication of rhetorical principles in writing done for various publics, 
both scientific and nonscientific. Such an awareness encourages them to 
think through the whys and hows of common scientific writing practices 
by emphasizing the connection between form and function in writing. 
Through this process they begin to bridge the gap between civic, indus-
trial, and academic careers in science fields.

Many students enter into the class with the expectation that much of 
the course time will be spent learning the nuances of advanced scientific 
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publication. As such, it can be difficult to help them find value in projects 
that ask them to communicate with public audiences. To prepare students 
for this kind of work, we introduced the concept of civic science early as a 
part of class readings and discussion. In our experience, students engaged 
well with the idea in theory, but they were resistant to feeling an obliga-
tion to public audiences, particularly in relation to their own research 
projects. Given our position at a public university and her experience in 
previous semesters, Erin wanted to provide students some frameworks 
for thinking about responsibility to the public as well as some examples 
of how this might happen. An understanding of science as symbiotic and 
community oriented, i.e. “I am a scientist because I want to help people,” 
allows students to adjust to the dissonance they experience in a writing 
class when compared to their more clinical scientific courses, which often 
focus on a more isolated view of scientific practice. We addressed this by 
incorporating discussion questions inquiring about the purpose of “sci-
ence” and the motivations that frame students’ interest in particular proj-
ects. In response, students in our classes have been nearly unanimous in 
the understanding that science exists “to help people,” especially through 
discovery and understanding. From this point, discussions with us and 
with their classmates allowed students to bridge the gap between “helping 
people” and “public action” with regard to communication. The teaching 
and learning of science and the writing for specified publics assignments 
allowed students to practice putting these principles into action while 
also making apparent the value that their work has outside laboratory or 
academic contexts. The debate assignment required a similar rhetorical 
move by asking students to take on the perspective of a particular group 
with a vested interest in the topic and craft an argument based on the 
particular concerns of that group.

As an example of this practice, during one F2F class most students 
took a very firm stance on the subject of climate change and were ini-
tially appalled that policies could be in place that tolerate practices that 
have a negative impact on the planet’s climate. Accepting, then, that 
these negative effects were a valid concern, the class constructed a sce-
nario revolving around a factory with practices that violate environmen-
tal ethics codes. When asked to represent the view of factory employees 
whose job is the only means of supporting their families, several students 
crafted eloquent and persuasive arguments claiming that financial sta-
bility for their families took precedence over the likelihood of climate 
change in the future. The conversation then centered around how the 
class, acting as climatologists at this point, might work to persuade com-
munity members that they should take the steps supported by clima-
tology research while taking into account their financial and personal 
concerns. Through this kind of discussion and others like it, students 
began to draw clear connections between their actions as science writers 
and the broader ramifications of those actions in various communities.
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Recommendation 2: Incorporate Group Interaction

We recommend that both traditional and online scientific writing 
courses place significant emphasis on group work and collaborative 
writing, as well as collaborative interactions such as peer review and 
communication with stakeholders who are not members of the class (e.g. 
clients in service-learning projects, local reporters, members of paral-
lel course sections or members of topically-related classes, and scien-
tists and specialists who work with the public via social media; also see 
Chapter 13). We have found this to be useful not only because it helps 
students to engage with multiple perspectives throughout the course but 
also because it more closely represents the writing scenarios that these 
students will participate in later in their careers, which they often have 
limited opportunity to practice ahead of time (See Chapter 2’s treatment 
of authorship practices in scientific communication). For example, in 
the teaching and learning science assignment, students adapted curricula 
from various fourth and fifth grade science textbooks to create a website 
that would suit the needs of a local elementary school. Specifically, the 
site was intended to be a supplementary source that would engage the 
elementary school students with scientific topics to keep them interested 
and help them master the required concepts. When working directly 
with the needs of this particular elementary school, which has a number 
of English as a Second Language students as well as community ties to 
our university, students had to find ways to not only communicate the 
information in a way that would be age-appropriate, but also to appeal 
to this particular group of users. As such, they had to collaborate both 
within the class and outside to negotiate the presentation of their content 
in a way that would meet the needs of the school.

Through discussions in which students often embodied their roles as 
individuals, community members, and scientists simultaneously, stu-
dents in the traditional classes were able to remind each other of the 
real-world implications of scientific actions and, therefore, the interplay 
between scientific practice and nonexpert audiences on an ongoing ba-
sis. This kind of discussion allowed them to give productive feedback 
to each other as they worked on assignments. We believe that students 
in the traditional classes reported a great deal of benefit from these 
projects in part because the format of the course facilitated student 
cross-talk.

A key element in this kind of diversified communication strategy is 
an understanding that all writing, even scientific writing, is value-laden. 
As such, it was essential for students to interrogate their understanding 
of objectivity and understand that a variety of perspectives/approaches 
can be equally valid. In this context, we found it especially useful during 
our co-teaching semester for students to see two different instructors 
using different teaching styles, both to positive effect. By witnessing our 
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interactions, students were able to complicate their understanding of 
teaching as an objective imparting of fact-based knowledge and see our 
value judgements come into play. The interdisciplinary worldviews of 
both student and instructor participants in the class helped to demon-
strate the importance of multiple perspectives, further reinforcing the 
importance of audience awareness and rhetorical training in scientific 
communication. We believe similar (and perhaps even more productive) 
results could be achieved through various kinds of co-teaching—pairing 
a rhetoric instructor with a biology instructor, for example, or a science-
writing specialist with a research-productive geneticist—so long as the 
co-teachers have sufficiently diverse approaches.

While this dynamic was a guiding force throughout our co-taught 
semester, it was important to us to find ways both to allow students to 
engage in this kind of interplay themselves and to incorporate assign-
ments in future classes that would allow students to witness this type of 
interaction when the added benefit of co-instruction was not available. 
The debate assignment accomplished this goal by encouraging students 
to analyze the ways in which their positionality might influence their 
communicative practices with various audiences both inside and outside 
scientific communities. In order to successfully fulfill the terms of the 
debate assignment, students had to show an advanced understanding of 
their scientific topic as well as the ability to articulate relevant points of 
that topic to various interest groups and effectively communicate con-
cerns of and to those groups. As such, students were able to demonstrate 
rhetorical dexterity by understanding and re-aligning their perspectives 
to suit a variety of audiences in a given situation.

Recommendation 3: Include Specific  
Terminology and Examples

Students in our courses had a great deal of experience learning through 
cross-disciplinary naming and identification. They have spent years com-
mitting scientific terminology to memory and are often used to course 
structures that rely on vocabulary as a foundation for understanding 
connections between concepts. In our experience, they tend to be com-
fortable approaching rhetoric through a similar process—by identifying 
key terms representing metalinguistic and rhetorical concepts (process, 
appeals, audience, etc.) and then applying those terms together to act 
as a formula for communication (we wouldn’t call this a fundamental 
characteristic of the minds of science students, but we do think this is 
the kind of practice that they have with “doing school.”). As such, con-
tinually returning to the names of rhetorical terminology across proj-
ects helps students to engage reflectively with these concepts in order to 
better apply them in their own frameworks. At the same time, engaging 
specific terminology from students’ home disciplines helps them to see 
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how this process works similarly across academic contexts. Formulas 
only work when they contain discrete representations; so, too, with the 
communicative formulas these students create. Encouraging students 
to develop precise understandings of elements of rhetorical situations 
such as audience (e.g. fourth-graders and their parents rather than “the 
public”) and to alter their definitions of those elements appropriately 
helps them to develop a more practical understanding of the application 
of rhetorical ideas.

To begin this process, we introduced the canons and modes of rhet-
oric to help students develop a common language for talking about the 
issues that they were encountering in scientific communication. Having 
been used to a very fluid “humanities”-like approach to teaching rheto-
ric, it was strange to Carleigh to observe students taking a formulaic and 
methodical approach to implementing rhetorical principles once they 
were introduced. While jarring to her, it seems like their more linear, 
question-based approach (for every assignment: “Who is the audience? 
Why am I writing this? What is my message?”) made students much 
more rhetorically aware and helped them to consistently apply the prin-
ciples more so than other classes she had taught. These questions and 
the understanding that students gained from them likewise provided a 
reference point for students working on projects throughout the course 
as well as a means of productive critique in peer review of later projects.

In keeping with this approach of terminology and process elements 
functioning as course content, we chose to incorporate formal exam-
inations in our course structure. This was a new experience for Erin, 
who had never given tests in this course when teaching it before. We did 
this for three main reasons: (1) to help ensure students were doing the 
reading and learning to use the appropriate terms for the concepts we 
were talking about; (2) the population in these classes are more com-
fortable with tests than papers, and we wanted to be responsive to their 
experiences and also to value more than just a single learning style; and 
(3) despite anti-test sentiment (justifiably resulting from the governmen-
tal handling of K-12 benchmarking) in academia/education right now, 
we believe that a well-written and appropriate test can still be a valuable 
measure of and incentive for learning. We did our best to design the 
tests, which included multiple choice, true/false, short answer, and short 
essay questions, in ways that would both feel comfortable and familiar 
to students who are used to being evaluated in this format and also allow 
them to demonstrate the process-oriented skills that are central to the 
course. This meant that in addition to fundamental vocabulary and re-
call questions, we also included questions that asked students to identify 
concepts at play in specific scenarios and then alter those concepts to suit 
a different purpose. For example, one short essay question offered an 
explanation of a chemical reaction that was originally written for college 
students. To respond to this question, students were asked to identify the 
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audience and purpose based on textual cues and then offer the original 
author advice on how to change the passage to make it useful for an 
audience of fourth graders.

Recommendation 4: Make It Personal

Drawing on the concept of civic science, we found a great deal of value in 
encouraging students to consider their perspectives as individuals rather 
than simply as scientists. This allowed them to engage more produc-
tively with the concept of bias in scientific research as well as increase 
productivity when working with a variety of collaborators and audi-
ences. Such practices were evident in the personal statement assignment, 
which when completed at the beginning of the course and processed 
through peer review allowed students (and the instructor) to get to know 
each other better and reference personal and research interests of others 
throughout the semester.

Part of our work in this course is to encourage students to question 
their understanding of objectivity (and therefore inherent “logic” or 
“correctness”) in the hard sciences to better prepare them to commu-
nicate effectively with different kinds of audiences and to interrogate 
the factors that might hinder that communication. One way we tried 
to get at the idea that scientific “truth” depends upon perspective and 
interpretation was by introducing the personal—in this case, the per-
sonal statement—as an important element of scientific writing. In class 
discussion we introduced this concept by first interrogating the concept 
of “objectivity.” Many students entered our classes with the understand-
ing that objectivity is a state of mind that frees a researcher from bias; 
however, during our discussions, we characterized objectivity as a style 
of writing reflected in scientific papers that contributes to the ethos of 
the author, implying that she did not intentionally or carelessly skew the 
results or representation of her research. We simultaneously stressed the 
impossibility of removing oneself entirely from the research process, em-
phasizing the influence that personal and field-wide paradigms have on 
any scientist’s research question, methods, and conclusions.

While we expected students to be at least somewhat resistant to these 
ideas, given the emphasis placed on objectivity in their home disciplines, 
they generally were not—at least not overtly. They seemed eager to 
engage with the social construction of expectations both in scientific 
writing and in research methods. However, students in each class did 
struggle with the leap between understanding the concept of objectivity 
defined as such on an intellectual level and applying it to the “logical” 
link between research methods and analysis. Students had trouble with 
the idea that analysis itself even takes place, using the term in closer 
alignment with “observation” than anything else—that is, scientific 
conclusions are true (“logical”) because they can see them, not because 
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they are applying an interpretive lens. This disconnect was an area we 
worked on constantly throughout all classes.

Because re-evaluating objectivity is one of the toughest concepts we 
took on, we felt that it was useful to align it with a very pragmatic per-
sonal statement assignment; most students in this course are headed for 
some kind of graduate school and thus are very pleased with the oppor-
tunity to work on a document that will help them during the application 
process. To be successful in the personal statement, students must use 
their existing knowledge of their discipline to help them recognize the 
belief systems that shape the kind of writing that discipline values. Like-
wise, in order to discuss their experiences and goals in the way that a 
personal statement requires, they must identify the ideas and beliefs that 
overlap, conflict, and guide them as they operate in different (but porous) 
communities as scientists, individuals, and in their other identities. For 
example, we have helped more than one pre-dental student refine a per-
sonal statement about the personal and professional ramifications of 
having a nice smile—these students recognized the multiple but overlap-
ping communities affected by a person’s smile/appearance and discussed 
ways to navigate these communities. In articulating these underlying ide-
ologies, students practiced recognizing the ways in which their various 
identities shape their scientific practice. As science students writing for 
science teachers, these students had already received years of training 
in following methodical and logic-based patterns to communicate with 
audiences who have also been disciplined into those same logical pat-
terns. Expanding upon this training in the personal statement helped to 
prepare them for projects in which they would examine the ways belief 
systems differ from person to person to improve communication across 
various social and professional positionalities.

Adapting Recommendations for DE Classrooms

Recommendation 1: Incorporating Civic  
Science in DE Classrooms

In the online course, it was much more difficult for the connections be-
tween scientific practice and civic responsibility to become apparent. We 
suspect that, because the course was organized into weekly units, the 
topics from each unit were less likely to carry over from week to week 
in the discussion boards than they were in traditional classroom discus-
sion. In the construction of this course, Carleigh was very resistant to the 
inclusion of much lecture material, having seen how F2F students in tra-
ditional classes developed nuanced understandings of significance by in-
teracting with each other. However, in the future, we would recommend 
introducing specific scenarios in an online lecture mode and modeling 
the value of civic science for scientists as well as the other interactants, 
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making sure to emphasize the connections between scientific writing 
practices that have been discussed previously and how those practices 
connect with our understanding of civic responsibility. For example, DE 
students might first move through a module that utilizes video of the 
instructor talking about the Tuskegee experiment, followed by refer-
ences to historical and modern documentation about similar transgres-
sions and subsequently developed ethical guidelines (e.g. the Belmont 
Report, specific institutional IRB guidelines and the formation of their 
committees). From that point, students could discuss the implications of 
two to three other scenarios in a more concrete way that allows them 
to put the concept into practice rather than developing hypothetical sce-
narios on their own and trying to postulate through discussion boards.

Recommendation 2: Incorporating Group  
Work in DE Classrooms

Group interaction is particularly important in online iterations of the 
class. While both students and instructors may be more resistant to 
the idea of group projects due to time and geographic constraints, it is 
the kind of interpersonal interaction facilitated by group projects, as 
well as peer reviews and discussions, that is most limited by DE course 
structures that rely solely on repository tools (we used Blackboard, 
but anecdotally the same is true of Moodle and Wordpress courses as 
well). These interactions are necessary to help students to complicate 
their identity as scientists to include roles as educators and community 
members, but they are difficult, if not impossible, to achieve through 
traditional discussion boards or blog posts. We encourage instructors 
to implement synchronous meeting/collaborative tools such as facilitat-
ing Google Hangouts, Skype sessions, or Saba meetings in order to get 
class members talking more interactively. As we discuss below, we found 
the lack of synchronous learning space to be a challenge. However, we 
also recognize that asynchronous coursework has many affordances for 
students. Part of the reason our institution produces so many physicians 
working in underserved areas is that those physicians start out as stu-
dents from rural and economically depressed communities; these stu-
dents often work full time and thus the affordances of an asynchronous 
online course are important in our educational context. We therefore 
found it necessary to explore options other than synchronous discussion.

Careful incorporation of social media platforms and other online 
community-based resources (e.g. Twitter, Facebook, Today’s Meet, 
Instagram, or participation in massive open online courses (MOOCs)) 
could be one option. Social media tools can be used to sponsor 
conversations that blur the line between synchronous and asynchronous 
communication while also allowing for smooth incorporation of re-
sources and access to larger/public conversations.
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Recommendation 3: Incorporating Specific  
Terminology in DE Classrooms

As part of incorporating specific terminology in teaching scientific com-
munication, we demonstrated to students that the discipline of rhetoric 
has specialized terms just like biology and that writing about science in-
volved particular mechanics. This means students were learning both a 
new set of terminologies as well as learning about the rhetorical function 
of technical language. This multi-layered learning process was, unsur-
prisingly, more difficult to manage in online contexts.

For example, we began a co-taught traditional class by having students 
do actual work in a science writing discipline—students got hands-on 
experience editing articles that were forthcoming in a special issue of 
Communication Design Quarterly focused on health and medical rhet-
orics (Meloncon & Frost, 2015). This assignment gave students practice 
in dealing with a lengthy manuscript, familiarized students with the for-
mat, and introduced students to science writing as a discipline beyond 
their individual specialties. These articles were not necessarily in their 
specialties, so they had to play the role of the nonexpert reader. Thus, 
we immediately got students focused on the mechanics of writing as a 
process before moving back to larger-picture disciplinary conversations.

To parallel this kind of learning in a DE class, we recommend having 
students complete reviews of pre-selected published scientific articles. To 
replicate the group dynamic described above, students might complete 
(draft) reviews of these articles individually but then also read and com-
ment on each other’s reviews. This approach can help students to consider 
the situated nature of particular contexts of scientific writing while also 
giving them practice in identifying and analyzing theories, methodologies, 
and ideologies that undergird scientific communication more generally.

Recommendation 4: Making DE Classrooms Personal

As previously discussed, we recognize the value of the personal state-
ment assignment and recommend its inclusion early in the semester re-
gardless of the course format. However, in DE classes it is difficult for 
the characterization of each student that is present in these documents to 
remain intact throughout the course, particularly because students will 
only read each other’s statements closely if they are involved directly in 
peer review. Even in this case, it is unlikely that the knowledge gained 
about their classmates would carry through subsequent weeks. As such, 
in online iterations of the course, we advise the creation of student pro-
files displaying their personal and research interests as well as images 
and other interactive content. This allows the digital space to embody 
the personal as well as the course work so that students might see con-
nections between the two.
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To help carry these concepts through the course, we also suggest as-
signing students (or allowing students to assign themselves) particular 
roles to fulfill in class discussion from week to week, thereby encourag-
ing them to embody their roles as scientists on some occasions but other 
roles at other times. During the DE course, Carleigh felt that the discus-
sion board method of interaction limited the ability of the class to engage 
with social topics. The removal of the interactions from a physical space 
made it more comfortable for students to see themselves exclusively in 
their role as a scientist (rather than acknowledging social positioning 
in terms of gender and race, for example, which would be more visible 
in a physical classroom). Carleigh concluded that the online experience 
lacked the opportunity for students to have live discussions and work 
through advanced concepts, like the community-based discussion of 
climate change referenced above, and to consider multiple perspectives 
in writing projects. Encouraging students to speak from different per-
spectives through various modes of communication would allow for the 
representation of different interest groups and, hopefully, help to avoid 
the mono-lined discussion boards that hindered this particular DE class.

Conclusions: Directions for the Future

Based on the experiences described above, we argue strongly for a rhetor-
ical approach to scientific communication pedagogy that takes position-
ality, social science, and culture into account and focuses on the needs 
of students. To offer some evidence of the efficacy of such an approach, 
we give below specific examples of students’ intellectual inquiry based 
around one particular assignment. At the end of our semester of 
co-teaching, we assigned students a debate project in which they worked 
in groups to present multiple sides of a controversial public science issue. 
During this project we saw concrete evidence not only of students using 
rhetorical principles to think about science, but of them doing so in inter-
disciplinary and contextually relevant ways. Some examples:

•	 In response to a debate about vaccinations, Justin asked, “Is it fair 
to tell people what scientific studies they should believe?” While 
students in the class generally agreed that a long-discredited study 
linking autism and vaccinations (Deer, 2004) was unethical and 
false, they nevertheless had a lively discussion about the rights of the 
public in defining for themselves which scientific studies are useful.

•	 Leslie stretched across disciplines to ask, “How would a tort 
case [about vaccinations] find patient zero?” She wanted to know 
the processes by which a “patient zero” might be identified, and she 
also wanted to know what rhetorical moves a civil lawsuit might 
make in establishing this.
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•	 In a debate about radio-frequency identification (RFID) chipping of 
adults, students asked for more specification about the legal, ethi-
cal, and social boundaries of this proposed practice. Amanda asked, 
“Is this debate about mandatory chipping or voluntary? And, what 
about the tension between consent issues and lowering crime rates?” 
and Elizabeth asked, “Who’s in charge of this? The government, or 
some organization? What [organization] regulates?” Students were 
as concerned with the cultural situation and implications of such a 
practice as they were with the science of the chip itself.

To conclude, we employed a pedagogical approach that encouraged stu-
dents to develop a critical awareness of their own belief systems and those 
of others, as well as an understanding of how those belief systems influ-
ence communication practices. A quotation from one of Carleigh’s online 
students who came to understand science as culture demonstrates the 
importance of such pedagogical approaches to scientific communication:

I had to rethink a few of the opinions I had formed before hearing 
other views on topics such as the Scientific Method and bias in sci-
ence. For example, I have never thought of objectivity as being a 
writing style. … I believe that this will allow me to be more honest 
in my work and allow my research to be taken more seriously.

This student’s understanding of objectivity as enculturated will have, as 
she points out, both theoretical and practical effects on her future work. 
We believe the recommendations we offer above may help move more 
students toward this understanding and the benefits it offers. We hope 
that in the future, instructors of scientific communication might examine, 
implement, revise, and critique the recommendations we offer. We know 
that not all experiences will parallel our own, and only by assembling a 
body of knowledge around the teaching of scientific communication can 
we, as a field, begin to address the unique needs of students in this area.
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Despite the importance and prevalence of the writing scientists do, often 
science courses lack writing instruction and instructors lack training in 
writing pedagogy. When science-and-writing courses are offered, they 
take on many forms depending on their departmental, institutional, 
and instructional contexts (see Chapter 8). Undergraduate students may 
take writing courses as part of their general education requirements, 
but these courses often fail to cover primary scientific communication 
(Moskovitz & Kellogg, 2005) and prepare students for the writing as-
signed in their other major courses (Kutney, 2008). Technical and sci-
entific communication courses may be offered by writing programs or 
English departments (see Chapter 11 for such a course). While these 
courses enable students to practice scientific writing, they often exist 
apart from the required program of study for science majors. Writing 
across the curriculum (WAC) and writing in the disciplines (WID) pro-
grams attempt to insert necessary writing instruction into undergradu-
ate science courses by integrating technical and scientific communication 
curricula into content-driven courses. Research on the effectiveness of 
these initiatives attests to their success at introducing students to scien-
tific writing (Brownell, Price, & Steinman, 2013; Holstein, Steinmetz, 
& Miles, 2015; Paszkowski & Haag, 2008), engaging students more 
fully in course material (Moskovitz & Kellogg, 2011; Chapter 13), and 
encouraging writing as a process (Lee, Woods, & Tonissen, 2011). Our 
study focuses on specific aspects of writing-intensive science curricula 
and their pedagogical foundations and reports our strategy for profes-
sionalizing science lab instructors so that they are prepared to provide 
effective instruction in scientific communication.

Feedback is a hallmark of writing instruction for the positive impact 
it has on student learning (Mory, 1992). As a written discourse, feed-
back can take the form of instructor commentary, peer review, and self-
assessment. Our goal with this research was to develop a methodology for 
improving feedback training for instructors; as a result, both peer review 
and student self-assessment are beyond the scope of the current study.
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In this chapter, we focus specifically on the comments and marks 
composed by graduate instructors in response to student writing. In the 
literature, feedback concerned with addressing sentence-level writing 
issues and correcting errors is characterized as local, micro, and lower-
order; feedback concerned with targeting larger, more abstract matters, 
such as the organization of the text or the writer’s sense of purpose 
and audience, is characterized as global, macro, and higher-order. His-
torically, writing studies research has found instructors primarily use 
feedback for justifying grades on finished pieces of writing (Connors & 
Lunsford, 1993). In courses across the disciplines and upper-division 
science courses, instructors tend to focus their feedback on lower-order 
concerns, rather than attend to higher-order issues relevant to scientific 
communication (Stern & Solomon, 2006; Szymanski, 2014). Such re-
search calls for training instructors to be aware of what they are doing 
when they assign and respond to student writing (Connors & Lunsford, 
1993; Szymanski, 2014). Other feedback research considers the perceived 
helpfulness of written commentary to identify best practices for writing 
instructors and peer reviewers and describe characteristics of effective 
feedback (Blair, Curtis, Goodwin, & Shields, 2013; Cho, Schunn, & 
Charney, 2006; Patchan, Charney, & Schunn, 2009). Scholars also in-
vestigate feedback as an ongoing dialogue between student and teacher 
that extends across drafts and assignments and supports writing as an 
ongoing process (Barker & Pinard, 2014; Scott, 2014; Sommers, 2006). 
This diverse and growing body of research presents a strong, if underuti-
lized, foundation for training writing instructors in the sciences.

In contrast, relatively little has been written about feedback practices in 
introductory science courses (Morgan, Fraga, & Macauley, 2011). More-
over, we found no study to date that has examined the kind, extent, and 
goals of the pedagogical training discipline-specific instructors receive to 
prepare them to provide feedback to student writers. Thus we know little 
about how feedback works in introductory science courses and how to pre-
pare instructors to engage in effective feedback practices to improve stu-
dents’ understanding of and engagement in scientific communication. Yet 
the need for such training is acknowledged in the literature. Elton (2010) 
argues that feedback may be unclear and vague because instructors are 
not taught how to respond to student writing and because a discipline’s 
writing conventions tend to be viewed as implicit knowledge and therefore 
unable to be taught (see also Chapter 9). Sadler (2010) found feedback to be 
largely ineffective even when instructors provide substantial commentary 
to students unless students are taught to understand feedback and to use it 
to improve their writing. This research calls for pedagogical training that 
focuses on feedback as a method for teaching writing in the disciplines. 
More research on feedback practices and feedback training may encourage 
programs to develop writing-intensive opportunities for students in the sci-
ences and better support instructors who teach scientific communication.
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Specifically, this chapter reports a training program designed for 
graduate students who teach writing-intensive introductory biology lab 
courses. A variety of timely and regular interventions in the feedback 
process yielded a series of snapshots of how feedback works in pedagogy 
and practice to teach scientific communication. This study not only inves-
tigates the relationship between feedback strategies and their perceived 
effectiveness, but also evaluates a pedagogical training model designed 
to prepare instructors to provide feedback that will help students learn 
the conventions and principles of scientific discourse, understand course 
content, and improve writing skills.

Institutional Context

The training program and study discussed in this chapter took place at 
a public land-grant institution. At this university, students who enroll in 
introductory biology lecture courses must also enroll in writing-intensive 
biology labs, which are taught by graduate lab assistants (GLAs) in 
the sciences and supported by the university’s Writing Intensive Pro-
gram (WIP), a writing-in-the-disciplines initiative that trains graduate 
students to serve as writing coaches. The graduate students teaching 
these courses are often unaccustomed to writing pedagogy and strug-
gle to articulate effective writing feedback to guide the development of 
their students. To address this challenge, all GLAs who teach writing-
intensive labs are required to take a one-credit writing-in-the-disciplines 
pedagogy seminar (Writing Intensive Program Pedagogy [WIPP] 7001), 
which is offered by WIP every fall and spring. The course meets for 50 
minutes each week for 15 weeks and addresses a broad range of top-
ics in addition to its focus on feedback strategies, including writing-to-
learn, classroom assessment techniques, and professionalism. Because 
the GLAs regularly provide feedback to students on a number of writing 
assignments throughout the semester, responding to student writing is 
the cornerstone of the pedagogical training they receive.

We initiated this project when we redesigned WIPP 7001 in the sum-
mer of 2015 in preparation for assuming instructional responsibilities 
for the course in the fall. This co-instructional design and co-teaching 
environment enabled us to combine one instructor’s expertise and expe-
rience in writing pedagogy with the other instructor’s expertise and ex-
perience in scientific communication and teaching introductory science. 
The feedback strategy workshops and the associated research project 
were the product of this collaboration, developed with the goal of strate-
gically improving our approach to teaching response to student writing. 
By considering the perceived helpfulness of feedback composed by GLAs 
from multiple perspectives—self, students, and peers—our goal at the 
outset was to gain insight into the effectiveness and utility of the strate-
gies we taught. In fall 2015, we introduced and conducted four feedback 
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strategy workshops in two sections of WIPP 7001, which served a total 
of 27 GLAs.

Feedback Strategy Workshops

Feedback strategy workshops involved the presentation of a new feed-
back strategy, followed by peer review of written comments on recently 
assigned student work. As well, GLAs were expected to bring a self-
assessment of their feedback to the workshop. During peer review ses-
sions, GLAs discussed the best ways to use the new strategy presented 
in the workshop and reflected on how previous strategies had impacted 
their teaching experience. GLAs seemed to enjoy these sessions and learn 
from their peers’ teaching experiences and suggestions.

We designed the workshop schedule based on a number of key con-
siderations (see Table 12.1). We selected strategies that supported 
WIP’s mission to teach writing as a process; a mode of learning; and 
a discipline-specific way of creating, sharing, and vetting knowledge. 
We also selected these particular strategies because they were practical, 
and we predicted that the GLAs would be able to readily learn, adopt, 
and use them, especially within the structure of their lab courses. For 
example, we introduced feedback as dialogue around the time GLAs 
began conducting conferences with students. Further, we kept in mind 
the progression of writing assignments from low-stakes tasks to high-
stakes projects to ensure that the strategies we discussed could be used 
on a variety of assignments. Finally, we sequenced the workshops so 
the strategies would increase in complexity and build upon each other 
throughout the semester. While the strategies themselves are not new 
or innovative, particularly for writing teachers, their application in a 
training regimen for GLAs who are brand new to writing pedagogy is 
game-changing. That is, these practices help GLAs approach the task of 
responding to student writing with purpose and focus and understand 
feedback as a teaching tool.

Table 12.1  �Description of Each of the Four “Feedback Strategy Workshops” 
Presented to the GLAs during the WIPP 7001 Course

Feedback Strategy Workshop Key Concepts

Workshop 1: The compliment 
sandwich

Praise – critique – praise

Workshop 2: Feedback as 
dialogue 

Conversational moves, questions, conferences, 
cover letters, and revision plans

Workshop 3: Formative vs. 
summative feedback

Emphasis on guidance for improvement vs. 
grade justification

Workshop 4: Macro vs. micro 
comments

Emphasis on conventions and communicative 
strategies vs. sentence-level errors
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Workshop 1: The Compliment Sandwich

We began the semester with the “compliment sandwich” method to give 
GLAs a structured strategy that emphasizes the value of praise over criti-
cism. Research shows that students perceive praise to be helpful, yet grad-
uate students tend to include more criticism in their written comments 
(Cho et al., 2006). The “sandwich” comprises three total statements: a 
compliment or encouraging message, a comment that directs the student 
toward improvement, and another compliment to offer further encourage-
ment. This strategy—much like the peer and public feedback associated 
with the Wikipedia writing assignment discussed by Carmichael & Klock 
in the next chapter—motivates students to pay attention to feedback and 
positively disposes them toward the process of providing and receiving 
feedback. As well, the compliment sandwich offers a simple heuristic that 
GLAs with no prior teaching experience could begin using immediately.

To further support this strategy, we emphasized that less is more. 
Overloading student writing with comments and marks makes it hard 
for students to know what to focus on in revision or for their next 
writing assignment. Since too much feedback can overwhelm students 
(Walvoord & Anderson, 1998; White, 2007), the compliment sandwich 
reminds GLAs to limit the number of comments they write.

Workshop 2: Feedback as Dialogue

For the second workshop, we presented the concept of “feedback as dia-
logue.” We wanted to introduce GLAs to a process-oriented approach to 
feedback, as too often in higher education, feedback transmits informa-
tion in one direction, from instructor to student (Nicol & Macfarlane-
Dick, 2006). To this end, we emphasized composing feedback as 
questions that asked students to think through issues on their own. We 
also encouraged in-class dialogues and conferences about written feed-
back, as well as opportunities for students to respond to or reflect on 
the feedback they received. As one example, we presented a cover letter 
assignment as a formal practice GLAs could employ to require students 
to participate in a conversation about their writing. For this assignment, 
students share responses to feedback with their instructors the same way 
that scientists respond to reviewers and editors after they submit articles 
to be considered for publication. Our emphasis on dialogical methods 
encouraged GLAs to see feedback as an ongoing discourse that extends 
beyond written remarks composed on a single, isolated draft.

Workshop 3: Formative vs. Summative Feedback

During Workshop 3, we discussed the value of formative feedback to 
help students understand and engage in writing as a process. Formative 
comments provide guidance in the midst of the writing process to 
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facilitate revision, learning, idea development, and improvement mov-
ing forward (McGarrell & Verbeem, 2007). Summative comments, on 
the other hand, address a finished piece of writing and provide an 
evaluation of the final product’s quality. We stressed the importance of 
formative remarks to encourage students to rethink their ideas, re-see 
their writing, and discover opportunities to build their writing skills 
over time, as opposed to isolated commentary applicable only to a 
single assignment. Simple suggestions like “Titles of scientific articles 
should be formal and informative but just like in other writing, catch 
readers’ attention” and “Results sections should always be written in 
past tense” give students information pertinent to all science writing 
experiences. Beyond directive feedback on scientific writing conven-
tions, many GLAs also used formative feedback to instruct students 
on the scientific process (e.g., “Your question was clear but more 
details are needed on your experimental design. Remember, the read-
ers should be able to replicate your experiment based on details you 
provide here.”).

Workshop 4: Macro vs. Micro Comments

We saved the most challenging strategy for the final workshop. Under-
standing macro and micro comments became especially important for 
GLAs when providing feedback on drafts of high-stakes writing proj-
ects, as many GLAs were starting to do 10 weeks into the semester. 
We described macro comments to GLAs as remarks that address global 
concerns with a text (e.g., comments that suggest ways to improve the 
organization of a scientific article or ask the writer to further introduce 
and more clearly explain research goals). We defined micro comments as 
references to local, or sentence-level, concerns (e.g., comments or marks 
that highlight punctuation errors, citation issues, awkward phrases, 
word choice, and grammar/spelling issues).

In our experiences with a writing-in-the-disciplines initiative, in-
structors in all disciplines regularly express frustration that students 
ignore their comments and fail to revise. While this frustration may 
indicate a number of complex situations, students may ignore feed-
back from their instructors because they are inundated with a barrage 
of written comments. In addition, “red pen shock” flattens any hierar-
chy among comments and marks, so students ultimately see problems 
with sentence structure, grammar, content, and scientific writing on 
the same level. If students attend to feedback, they typically edit lin-
early and locally, fixing all the “micro” issues, while larger problems 
go unacknowledged, unquestioned, and unrevised. For example, if 
an instructor leaves a comment asking for more evidence to support 
a hypothesis along with marginal remarks throughout the text such 
as “citation here” and “fix citation format,” the student may feel 
that the evidence comment has been addressed when they add and 
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edit citations. In this scenario, the student may consider citing back-
ground research appropriately and supporting a hypothesis as one 
and the same.

To reduce the risk of misleading or confusing students, we recom-
mended that GLAs read student work without a pen in hand. We hoped 
this suggestion would help them avoid the temptation to compose micro 
comments throughout the text. In addition, we outlined a simple three-
step process to further nudge GLAs toward leaving macro comments: 
(1) read the entire text, (2) identify the three to five most important areas 
of concern or suggestions for improvement, and (3) compose a final or 
attached note that points out what the student does well and what the 
student needs to work on. This process, we stressed, can require less 
time, as it guides GLAs to compose a limited number of high priority 
comments that encourage growth and development, rather than mark-up 
the paper line by line and comment on everything. We reminded GLAs 
that their job was to coach students on their writing, not copy-edit their 
prose.

Assessment of GLA Training

Our goal with this study was to assess whether the time spent rehears-
ing the above feedback strategies translated into helping GLAs provide 
effective feedback and, in turn, helping undergraduates improve their 
scientific communication skills and build scientific knowledge over time. 
As a result, we developed a loop among instructional training, best 
practices in response to student writing, the perceived effectiveness of 
feedback in practice, and feedback research.

The training took place in the WIPP 7001 course and feedback work-
shops outlined above (see Table 12.1). The research component of this 
loop involved surveys completed by GLAs and their undergraduate 
students on the perceived effectiveness of the feedback generated by 
GLAs, as well as compilation and analysis of the feedback itself. We 
chose to study perceived helpfulness in order to compare perceptions 
from students evaluating the feedback they received, GLAs reflecting 
on the feedback they composed, and GLAs assessing the feedback of 
their peers. Over the course of the semester, we cycled through four 
iterations of GLA self-assessment, feedback workshop, feedback peer 
review, and student survey. The recursive nature of this model enabled 
the GLAs to incorporate new strategies into their approach to feedback 
over time. After the semester, we looked at the comments GLAs com-
posed in response to student writing to assess strategy use. Together, 
the surveys and the feedback itself provided data for us to evaluate the 
effectiveness of our feedback training sessions and assess GLAs’ abil-
ities to learn and put into practice the strategies presented during the 
feedback workshops.
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Survey Methodology

We developed three IRB-approved surveys to evaluate the perceived 
effectiveness of feedback on student writing. GLAs completed the 
self-assessment survey prior to participating in each of the four feed-
back workshops. During the workshops, GLAs completed peer review 
surveys. Undergraduate students were asked to complete the student sur-
vey four times during the semester after they received feedback on their 
writing assignments. Data from these surveys were then compiled and 
compared across groups.

The surveys were structured to provide quantitative and qualitative 
data. Quantitative data were received for each of five mirrored state-
ments in the form of one to five scores (1-Strongly Disagree to 5-Strongly 
Agree) by all groups (students, GLAs, and peers) (see Table 12.2). 
Students and GLAs were also asked to provide written commentary in 
response to the statement, “Please provide any thoughts or other com-
ments about the feedback given/received.” GLAs during the peer review 
workshops were asked additional questions (Table 12.3) to provide fur-
ther perspective to their fellow graduate students. These qualitative data 
were compiled and used in conjunction with final reflections submitted 
by GLAs at the end of the semester.

This study was designed in accordance with human subject ethical 
research practices and was reviewed and approved by the University of 
Georgia Institutional Review Board and Independent Ethics Commit-
tee. All groups involved were invited to participate in the study, and 
participation was voluntary. Those involved had the purpose, study de-
sign, projected outcomes, and benefits explained verbally and/or in writ-
ing by the researchers prior to the start of the study. All persons who 
elected to participate signed a consent form in which the details of the 
study were explained. Finally, student texts reviewed in the peer sessions 
were made anonymous by removing all names associated with the work, 
and any names referred to in this chapter were changed to maintain 
confidentiality.

Results and Discussion

Graduate Lab Assistants’ Perceptions of Feedback

GLAs consistently scored themselves highly on all survey statements 
throughout the course, though responses were higher on some state-
ments than others (see Table 12.4). One-way ANOVA results showed 
that GLAs scored significantly higher on the statements “I gave useful 
feedback on the current assignment” and “My students can apply this 
feedback to future assignments” than the three following statements: 
“The feedback I gave on this assignment will help my students improve 
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their understanding of scientific concepts and ideas,” “The feedback 
I gave on this assignment will help my students improve their science 
writing skills,” and “My feedback skills are improving due to the 
feedback strategies I’ve learned and incorporated into my teaching” 
(p < 0.05, F = 6.83, JMP version 13.0.0).

While the averages of the latter three were all above 3.8, a signifi-
cantly higher response for the first two survey statements indicates a 
difference in perception of feedback between more immediate benefits 

Table 12.2  �Quantitative Data from Mirrored Survey Statements Modified 
for GLAs, Peer GLAs, and Undergraduate Students. Scored on 
1-Strongly Disagree, 2-Disagree, 3-Neither Agree Nor Disagree, 
4-Agree, 5-Strongly Agree

 GLA Self-
Assessment Survey 
Statements

GLA Peer-
Assessment Survey 
Statements

Undergraduate 
Student Survey 
Statements

Statement 1 I gave useful 
feedback on 
the current 
assignment.

The instructor gave 
useful feedback 
on the current 
assignment.

I received useful 
feedback on 
the current 
assignment.

Statement 2 My students 
can apply 
this feedback 
to future 
assignments.

Their students 
can apply this 
feedback to future 
assignments.

I believe I can apply 
this feedback 
to future 
assignments.

Statement 3 The feedback I 
gave on this 
assignment will 
help my students 
improve their 
understanding of 
scientific concepts 
and ideas.

The feedback 
they gave on 
this assignment 
will help 
their students 
improve their 
understanding of 
scientific concepts 
and ideas.

The feedback I 
received on 
this assignment 
will help me 
improve my 
understanding of 
scientific concepts 
and ideas.

Statement 4 The feedback I 
gave on this 
assignment will 
help my students 
improve their 
science writing 
skills.

The feedback 
they gave on 
this assignment 
will help their 
students improve 
their science 
writing skills.

The feedback I 
received on this 
assignment will 
help me improve 
my science 
writing skills.

Statement 5 My feedback 
skills are 
improving due 
to the feedback 
strategies I’ve 
learned and 
incorporated into 
my teaching.

My (reviewer) 
feedback skills 
are improving due 
to the strategies 
I’ve learned 
from my peer 
teachers through 
discussion and 
peer-review.
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and impact on broader writing concepts and scientific knowledge. This 
difference suggests GLAs were more confident in the short-term bene-
fits of their feedback as opposed to long-term outcomes. This is likely an 
indirect reflection of GLA confidence. GLAs may feel more comfortable 
leaving feedback about the content covered and writing assigned in their 
own class, while they may feel less confident using feedback as a tool to 
teach science and scientific communication more generally. A number 
of factors could account for this distinction, including GLAs’ academic 
status as apprentice scholars and a lack of familiarity with the content 
and writing assignments of other courses.

Table 12.3  �Additional Qualitative Questions for GLAs Participating in Peer 
Review of Their Fellow GLAs’ Feedback to (Anonymous) Students

 Additional GLA Peer-Assessment Written Survey Questions

Question 1 Can you see evidence of WIP principles – where/why not?
Question 2 Read as a student – are the comments clear? Do you know 

what you need to do to improve?
Question 3 Read as an instructor – can students apply this feedback to 

future assignments? Is this helping their understanding of 
scientific concepts? Etc.

Question 4 Please provide any other comments.

Table 12.4  �Overall Survey Results from all Groups with Standard Deviation 
and Sample Size (N) Per Response. Statements Specific to Each 
Group Surveyed can be Seen in Table 12.2

 Mean Survey 
Score

St. Dev. N

Statement 1
Instructor gives 

useful feedback.

GLA 4.19 ±0.54 74
Student 4.25 ±1.09 221
Peer 4.34 ±0.80 65

Statement 2
Students can apply 

feedback.

GLA 4.34 ±0.69 74
Student 4.20 ±1.12 221
Peer 4.15 ±0.87 65

Statement 3
Feedback helps 

students learn 
science.

GLA 3.91 ±0.64 74
Student 4.00 ±1.20 221
Peer 4.00 ±0.85 65

Statement 4
Feedback helps 

students learn 
scientific 
communication.

GLA 3.85 ±0.84 74
Student 4.11 ±1.16 221
Peer 4.02 ±0.94 65

Statement 5
Feedback skills are 

improving.

GLA 3.85 ±0.81 74
Peer 4.02 ±0.90 64
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When considering scores over the course of the four workshops, we 
had anticipated either an increase in scores to reflect GLAs’ increasing 
confidence in their feedback as they developed their skills and knowledge 
or a decrease in scores to reveal increasing uncertainty as new knowl-
edge broadened their horizons. Contrary to our expectations, GLAs did 
not significantly change their overall scores on any individual question 
as the semester progressed. Consistent high scores could indicate the 
value of regular and timely feedback workshops to prepare GLAs for the 
student writing they were responding to, such that GLAs maintained a 
high level of confidence in their ability to provide feedback. Indeed, in 
casual conversations and in-class discussions, GLAs demonstrated greater 
awareness of effective responding practices as the semester progressed. 
Some GLAs informally reflected that material presented in our training 
course opened their eyes to the complexities of pedagogy generally and re-
sponding to student writing specifically. The fact that these opinions were 
shared with us informally but not reflected in our survey data highlights 
the simplicity of the survey tool and the inadequacy of perceived helpful-
ness to show the development of teaching philosophies and practices over 
time. Regardless, other patterns did emerge from the use of survey data.

Graduate Lab Assistant vs. Peer Perceptions of Feedback

One of the goals of our study was to give GLAs tools through the feedback 
workshops that they could practice and further explore within peer groups. 
Average scores for all quantitative statements on the peer review survey 
were above four, making “strongly agree” and “agree” the most common 
responses; thus, peers generally found their fellow GLAs to be utilizing 
feedback strategies we discussed and composing clear comments focused 
on helping students improve their writing and learn course material. GLAs 
also responded highly (Average 4.02) to the statement, “My (reviewer) feed-
back skills are improving due to the feedback strategies I’ve learned from 
my peer teachers through discussion and peer-review,” indicating that they 
valued the peer-review model implemented in our class.

When commenting on each other’s feedback in the qualitative portion 
of the peer review survey, GLAs complimented their fellow instructors 
and reflected on what they learned from each other. For example,

[She] is a genius! Reading her feedback is always helpful to give me 
new ideas and perspectives for my own responses to students.

I really liked … that you told them why you gave them the com-
ments you gave. This gives me ideas on how I can improve as a sci-
ence writer specifically.

By participating in feedback peer review, GLAs were exposed to feed-
back in practice, which helped reinforce the strategies we presented in 
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workshops and motivate GLAs to continue developing their comment-
ing practices.

As well, peer survey results indicated that GLAs found evidence of 
peers employing feedback strategies covered in workshops when re-
sponding to student writing. A GLA remarked about a peer’s formative, 
future-oriented comments, “Solid feedback. The students should be able 
to incorporate this in their lab reports/future writing.” Another GLA 
pointed out how a peer used questions to dialogue with a student and 
encourage active learning: “Comments always in the form of a ques-
tion that led the student to think more about the assignment. They will 
probably need to go back and look things up in a textbook—helping to 
further their knowledge.” In the following comment, a GLA discussed 
a peer’s use of praise: “Anna utilized the [compliment] sandwich tech-
nique. She was not overly critical and provided informative feedback.”

GLAs also regularly reflected on what their peers’ feedback means for 
students and their writing and learning processes. For instance,

Many students will appreciate the feedback. Some students may not 
read the comments because they are in depth. However, more feed-
back is better than little. Her students will benefit from her advice.

I feel that the TA devotes a large amount of time to grading each 
assignment, which is something that I would like if I was a student 
in his class.

These remarks—which highlight the potential for students to appreci-
ate, like, and learn from feedback—suggest that GLAs believed feedback 
could positively contribute to student learning.

At the same time, GLAs pointed out opportunities for their peers to im-
prove their feedback—both in terms of practices utilized and content. In 
providing constructive criticism to their peers, GLAs hedged with words 
like “maybe,” “guess,” and “perhaps.” This pattern could be evidence of 
hesitancy on behalf of GLAs or an attempt to provide facilitative, rather 
than directive, feedback to their peers. Instead of identifying a precise 
solution to a problem they saw in the comments, GLAs preferred to pose 
suggestions to improve feedback practices and enhance response content:

I guess providing a rubric would have provided guidance to the stu-
dents. The goals of the task may have been too non-specific.

Maybe could improve feedback that improves [students’] under-
standing of scientific concepts, like the proper way to record units?

I think you could ask more big picture questions to get [students] 
to think more about topics (“formative”).

Maybe explain why [students] need to further describe data, etc.
“A little revision” is a vague directive. Also, saying things “sciency” 

may not mean something to a non-major.
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The above comments reinforced for us the value of the peer review ses-
sions as opportunities for GLAs to practice identifying feedback prac-
tices in context and see comments as both a form of discourse and an 
instructional space.

Graduate Teaching Assistant vs. Student  
Perceptions of Feedback

Finally, the primary objective of this study was to examine the relationship 
between GLA perceptions and their students’ perceptions of feedback on 
writing. Interestingly, students scored their instructors significantly higher 
than GLAs scored themselves in all categories (ANOVA, p < 0.05, F = 2.39) 
except statement 2, “I believe I can apply this feedback to future assign-
ments” in which they scored 0.14 lower but not significantly (see Table 12.4). 
These results suggest that despite the struggles graduate students face when 
giving helpful feedback and the tendency graduate students have to be more 
critical in their commentary (Cho et al., 2006), their students responded 
positively to it. Positive student response was also evident in the comments 
students shared about the feedback they received:

My GLA very specifically pointed out what I did well and what 
I needed to improve upon and how.

My feedback was very thorough and easy to understand. I com-
pletely agreed with all my TA's comments and since this was my first 
assignment, I know what to improve upon next time.

Extremely helpful information. I plan to incorporate this feedback 
into my future assignments.

For other students, however, feedback was not as helpful or instructive. 
As the comments below illustrate, students recognize the potential to 
learn from the feedback they receive, and, just as importantly, they see 
a lack of constructive feedback as counterproductive to their learning:

He didn’t have any critiques of what I wrote, just said it was correct. 
So there isn’t much to learn from his feedback.

Only received 4/5 points on assignment with no other feedback 
other than “looks good.” I wish I knew what I could improve on.

Because students participating in the study completed surveys on 
a voluntary basis, we acknowledge that biases likely exist. Student 
participants were either positive about or unsatisfied with their GLAs 
and the feedback they received. Few students with moderate opinions 
participated in the study. Thus, while our results do not offer a full spec-
trum of student perceptions, we are reporting the range of responses we 
received. We noted that regardless of the negative reviews, students were 
more positive in their responses than the GLAs were.
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Qualitative Results and the Use of WIP Principles

Throughout the feedback given to students by GLAs and in their stu-
dents’ responses to it, we found evidence of GLAs incorporating the 
principles presented in the feedback workshops into their teaching.

Workshop 1: The Compliment Sandwich

The compliment sandwich strategy introduced in our initial feed-
back workshop was adapted and used frequently in GLA feedback on 
a variety of assignments and throughout the semester. The following 
feedback examples from GLAs to biology students demonstrate effective 
implementation:

Very good! Love the way you presented your points. You might want 
to elaborate on the social classes idea to provide a better context for 
your evidence. I also like the idea of including subjects from differ-
ent age groups as it will provide more conclusive results.

I like the question, but I think it needs a bit more before it would 
be biologically testable, right? Try to drill down to really get a test-
able question that still relates to the sessile nature of Scenedesmus. 
I also like the way you made the link between zooplankton preda-
tion and phytoplankton life history strategies! Great work.

Many GLAs commented in their surveys that they found the compliment 
sandwich technique enabled them to establish expectations at the begin-
ning of the semester and build rapport with students through feedback 
as the semester progressed. For example, a GLA reflected, “I believe 
that, by giving this kind of feedback on a minimal assignment, students 
will be more conscious that I will thoroughly inspect every writing 
activity.” Other GLAs found it hard to find a balance between giving 
thorough feedback and managing their time. As one GLA commented, 
“Potentially my feedback is too extensive and takes me too long to be 
practical.” But the time invested in this strategy seemed to be well spent, 
according to its positive reception among students:

Really good about noting the strengths and weaknesses and provid-
ing helpful ways to improve.

Very thorough feedback with reasoning behind the positives and 
negatives of my work. Much appreciated!

I did not expect any feedback [on a short assignment] but was 
surprised to receive it. My GLA gave positive feedback regarding my 
assignment too!

Our results from GLA and student comments on this strategy support 
prior research suggesting that students appreciate positive reinforcement 
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(Patchan et al., 2009) and that instructors believe such commentary to 
be helpful for student writers (Connors & Lunsford, 1993; Hyland & 
Hyland, 2001).

Workshop 2: Feedback as Dialogue

While we presented a variety of implicit and explicit methods for achiev-
ing a dialogical approach to feedback, questioning was the only method 
discussed in the surveys and evident in GLA comments (See Workshop 2: 
Feedback as Dialogue above). No mention of other dialogic strategies 
may be indicative of the survey statements and prompts used to elicit 
comments from GLAs. Specifically, the surveys did not ask about verbal 
interactions, nor did they inquire into the use of feedback response as-
signments, such as the cover letter. Still, a few students commented on 
the use of in-class discussions to bolster their understanding of the feed-
back they received. On student reflected, “He gave helpful feedback, and 
in class made sure we understood what we were asking and that it had 
an abiotic and biotic element that were measurable.” We see remarks like 
this one as evidence that these verbal conversations were taking place 
to clarify or further emphasize points expressed and material covered 
in written feedback. Similarly, a GLA used feedback as a conversation 
starter: “Really think about how/if you want to put your shortcomings 
in so blatantly. What do they add to your argument? What do they make 
your reader think about your conclusions? Let’s talk about it next class!”

As well, several GLAs highlighted the effective use of questions by 
their peers:

Made strong comments with questions following to help students 
think through their writing.

Asked questions, didn’t just leave comments like “incorrect.”
[The GLA] wrote directed questions that can lead the students to 

analyze what they did wrong and come up w[ith] what they need to 
do to fix it.

Finally, we saw many instances of GLAs incorporating questions into 
their feedback statements to encourage students to continue thinking 
through scientific concepts as well as the effective written expression of 
scientific material. For instance,

In other words, why [is] knowing about vascular efficiency of Coleus 
relevant?

Are you saying because termites have high B-12 concentration 
they might react similarly to 5hr. Energy? Not quite clear about 
what you are trying to say … 

So what does this tell us about how well the starch is working?
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These results suggest that GLAs readily adopted and recognized the value 
of inquiry-based feedback to prompt students to think more carefully 
about concepts and how they explain those concepts in writing. At the 
same time, however, we did not see evidence of GLAs using questions to 
encourage students to think more about scientific communication con-
ventions or writing more generally. Thus GLAs seemed far more likely 
to use questions to create a dialogue with students about what they 
were writing, rather than about how they were engaging in scientific 
communication.

Workshop 3: Formative vs. Summative Feedback

Providing formative rather than summative feedback was easily ac-
cepted by GLAs in theory but proved more difficult to implement cor-
rectly. GLAs recognized the importance of orienting feedback toward 
process-related considerations to enable “students to think about how 
they are structuring and presenting their data and then connect it to the 
larger concepts they are learning and testing,” as one GLA commented. 
Out of all the feedback strategies, students responded most often and 
most favorably to comments that offered formative assessment:

Extremely helpful information. I plan to incorporate this feedback 
into my future assignments.

I love getting feedback on my assignments because it helps me to 
improve my future assignments before handing them in.

Some of the comments I use for my other classes as well and they 
helped a lot! Thanks!

Such comments highlight the value of formative feedback with a global 
focus to encourage students to see scientific writing as a skill they need to 
continually develop over time, rather than a series of assignment-specific 
requirements, which is often the overarching message of summative 
feedback.

Workshop 4: Macro vs. Micro Comments

Our emphasis on using macro comments rather than micro comments 
was the most memorable and thoroughly discussed of the strategies by 
the GLAs, both positively and negatively. Predictably, this concept was 
met with some contempt. Many GLAs argued that micro comments were 
necessary, as they believed (and most likely had been taught themselves) 
that submitted work should be error-free and mistakes were highly un-
professional. While we endorsed the desire for clean prose, we stressed 
that correcting students’ sentences does not help students learn to correct 
their own errors, and micro comments can encourage students to elide the 
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difference between correct writing and effective scientific communica-
tion. Still, many GLAs commented that they “stand by micro-comments, 
it is essential in science,” despite our presentation of the literature on the 
subject. Others tried their best to implement macro comments. One GLA 
remarked, “it was hard, but I made an effort not to comment on any 
grammar or language issues so that they could focus on the important 
stuff.” Another GLA referred students to the lab manual so they could 
improve their citations. Still other GLAs made a point to only comment 
on micro issues if the larger concepts had been addressed. For instance, 
one GLA wrote, “I tried to provide comments about content and concepts 
first before providing any feedback on their essay structure or grammar.” 
Students commented on the use of this strategy by pointing out feedback 
focused on global issues and feedback connected to higher-order think-
ing. One student commented, “I was able to better organize my article 
because of the feedback,” and another reflected, “He made some com-
ments that I think will aid my critical thinking for the next assignment.” 
Such remarks show students engaging meaningfully with feedback that 
asks them to think deeply when writing and revising.

Conclusions

After compiling and analyzing survey data and feedback, we noted the 
limitations and affordances of our methodology. The four iterations of 
the surveys presented four distinct snapshots of feedback training and 
practice but did not demonstrate any trends or trajectories as the semes-
ter progressed to chart pedagogical development. That is, the surveys 
provided us with a series of evaluations of specific feedback on specific 
assignments at specific moments in the semester. At the same time, we 
found the survey methodology to be a compelling teaching tool, as it 
offered us a way to hold GLAs accountable for their training. The GLAs 
knew they would be evaluated by themselves, their peers, and their stu-
dents, and this knowledge motivated GLAs to implement the strategies 
we covered in class and work hard to compose effective, meaningful 
feedback. In addition, we saw the survey instrument as a way to in-
crease investment in feedback training and practice. Specifically, the self-
assessment survey guided GLAs through a reflective analysis of their 
feedback strategies, which in turn helped direct their attention to the 
purpose of feedback: to help students build capacity in scientific knowl-
edge and writing. Further, the survey instrument also cultivated GLAs’ 
confidence in their teaching ability. By engaging in peer review and re-
ceiving feedback on their practices, GLAs were able to experience ped-
agogy much like their students were experiencing writing: as skills and 
knowledge applied in the ongoing pursuit of certain goals. The support 
and praise they received from their peers especially helped them see re-
sponse to student writing as something they could do well.
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We have been pleased with the success of this project, which trained 
GLAs to provide better feedback and documented the high level of per-
ceived helpfulness of that feedback by their students. A future study 
could analyze the feedback GLAs are actually composing and attempt 
to measure gains in student writing and learning as a result of that feed-
back. Another future investigation could extend the existing literature 
on peer feedback (Cho et al., 2006; Patchan et al., 2009; Topping, 1998) 
and consider methods for training students to respond effectively to their 
peers’ written work. Such research is necessary to continue exploring 
feedback in the sciences as a diverse metadiscourse and identify discon-
nects among pedagogy research, training, and practice.

Recommendations for Instructors and Program 
Administrators

Scientists must write to publish their research and, especially in the dig-
ital age, connect to the public. Therefore, training for science students 
needs to include opportunities for them to learn, practice, and engage 
in scientific communication. For those opportunities to be successful, 
training for those who teach undergraduate science students needs to 
highlight the importance of effective feedback. The positive response 
from GLAs involved in our research validates extensive feedback train-
ing; we saw increased confidence in our GLAs, who paid more attention 
to their feedback and likely increased their motivation to respond in-
tentionally and thoughtfully to their students’ writing. From these out-
comes, we recommend the following practices for integrating writing 
and pedagogical training into other science programs and departments:

1		  Train graduate and faculty instructors through coursework, pro-
fessional development initiatives, and/or mandatory workshops 
focused on discipline-specific writing pedagogy.

2		  Combine pedagogical training with professional development to 
increase incentive and motivation to participate in writing-related 
training.

3		  Assess effectiveness of training and participants’ accountability for 
training through tools like surveys, peer review, evaluations, and/or 
reflection.

4		  Assess the perceived effectiveness of the written feedback students 
receive through surveys.
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Many people today consult Wikipedia to get answers to questions like 
these:

•	 How is the flu spread?
•	 Why is the sky blue?
•	 What is climate change?

Wikipedia, the digital encyclopedia, has approximately 15 billion 
page views a month (Anderson, Hitlin, & Atkinson, 2016; “Report 
Card,” n.d.) and is a platform where editors worldwide collaborate to 
improve content on topics, including the questions above. For students, 
Wikipedia presents opportunities to collaborate with global editors, en-
gage in discussion about topic presentation, and develop effective sci-
ence communication skills. In this chapter, we provide an overview of 
Wikipedia to introduce the platform, outline ways students can contrib-
ute to the creation of articles, illustrate scaffolding of Wikipedia-based 
assignments, share faculty and student examples to highlight benefits 
and challenges of working with Wikipedia, and offer tips for students 
and teachers.

Wikipedia is a repository of increasingly reliable information, pri-
marily due to implementation of strict guidelines for contributors. The 
Centers for Disease Control and Prevention monitor Wikipedia access 
logs to gauge interest in communicable diseases and forecast potential 
outbreaks (Generous, Fairchild, Deshpande, Del Valle, & Priedhorsky, 
2014), and medical professionals consult Wikipedia articles for reference 
about particular diagnoses (Haigh, 2011; Heilman, 2011; Purdy, Thoma, 
Bednarczyk, Migneault, & Sherbino, 2015). This online, open-access 
encyclopedia bridges the knowledge gap between scientists and the pub-
lic by providing science information in a comprehensible, neutral format 
(“Citing sources on Wikipedia,” n.d.). Millions of editors contribute to 
Wikipedia, making scientific information broadly available to anyone 
with Internet access (Salvaggio, 2016c). Through its straightforward, 
user-friendly platform, Wikipedia increases public familiarity with sci-
ence content and the scientific process (Horrigan, 2006; Moy, Locke, 
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Coppola, & McNeil, 2010). Wikipedia is a unique source of information 
not only for the public, but also for students learning to communicate 
scientific information.

Wikipedia supports science communication in several ways. It helps 
readers comprehend information and contributors clarify the meaning and 
implications of scientific knowledge. It provides an easily accessible source 
to research scientific topics and participate in the investigative process. By 
doing so, Wikipedia increases the general public’s awareness, interest, and 
involvement in science (Burns, O’Connor, & Stocklmayer, 2003). Wikipe-
dia depends on writers and editors who employ the standards of effective 
scientific communication. University students are well-suited to create and 
improve the quality of Wikipedia, expanding access to scientific content 
while developing their own communication skills. Since 2014, 645 stu-
dents in 32 courses at Louisiana State University (LSU) have edited 912 
articles and created 90 new articles on Wikipedia. Collectively, these ar-
ticles have received over 32.7 million views (“Campaign: Louisiana State 
University,” n.d.). Since 2010, 22,000 students in classrooms throughout 
the United States have contributed to ~35,000 Wikipedia articles (“How do 
you measure the difference that open knowledge makes?” 2015); these num-
bers continue to grow (Dewey, 2016). Students contributing to Wikipedia 
disseminate course content and share knowledge beyond their academic set-
tings. By delving into scientific topics and publishing information through 
Wikipedia, students both learn and teach.

In this chapter, we apply the methodology of practitioner inquiry 
(Liggett, Jordon, & Price, 2011). Practitioner inquiry values the experien-
tial knowledge of practitioners who use reflexive research and dialectical 
means to investigate and validate new knowledge. A reflexive practitioner 
critiques through encounters with others, including related literature and 
observation (Qualley, 1997). We apply practitioner inquiry to class ob-
servations and student samples from several semesters at LSU, showing 
how students can develop skills in science communication by contributing 
to Wikipedia. We share feedback from faculty and students who have 
participated in Wikipedia-based assignments (first names or pseudonyms 
were used when referencing course work, with permission of students and 
faculty). We share examples of assignments demonstrating how students 
develop an appreciation for and understanding of the sciences, develop 
self-confidence by participating in scientific conversations, and engage 
global audiences through Wikipedia content creation and collaboration.

The Wikipedia Platform

One daunting aspect for students (and perhaps teachers) who use Wikipedia 
is in the initial stage, familiarizing themselves with the Wikipedia inter-
face. Wiki Ed is a non-profit organization that provides tutorials for pro-
fessors and students to help increase their confidence in contributing to 
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Wikipedia. Wiki Ed aims to improve student learning in higher education 
by partnering with instructors, supporting student-driven Wikipedia con-
tributions that enrich course learning objectives and content access (Wiki 
Education Foundation homepage, n.d.). Eileen, a student in the course Nat-
ural Disturbances and Society at LSU said,

As I was beginning the assignment, I was far more than appre-
hensive. The editing tools on Wikipedia look a far cry from user 
friendly… [T]he workshops and online training were useful and nec-
essary. These are certainly two or three hours that are necessary for 
becoming familiar with and mastering the editing process.

Providing an introduction to the Wikipedia platform, including the 
guidelines for Wikipedia use and publication, is a key step in helping stu-
dent contributors. The guidelines are centered on Wikipedia’s three core 
content policies: contributions must have a neutral point of view, be sup-
ported by verifiable sources, and include no original research (“Core con-
tent policies,” n.d.). Design and layout consistency permits edits to any 
page, further facilitating Wikipedia’s concept of open, crowd-sourced 
knowledge generation. Article pages, found in the Wikipedia mainspace, 
contain neutral, topic-specific information. Well-written article pages, 
devoted to notable topics, are focused, organized, and verifiable, and 
include appropriate graphics. Article pages are organized by a set of tabs, 
including Talk, outlined in the Anatomy of Wikipedia section.

The Talk page is an integral component of Wikipedia where students 
can collaborate with each other, as well as other editors, to discuss top-
ics, offer advice, and resolve disagreements. Students new to Wikipedia 
can examine Talk pages on articles of interest to see how these on-
line conversations help to shape or modify existing articles (Jenkins, 
Purushotma, Weigel, Clinton, & Robison, 2009). For example, editors 
may discuss page content or reference suggestions. Comments, ques-
tions, or ideas added to Talk pages require editors to “sign” their posts 
with four tildes (~), leaving a Username and timestamp. This exchange 
is recorded on the Talk page, providing students with artifacts of inter-
actions and documenting differences and consensus in knowledge con-
struction. Evaluating Talk pages allows students to develop a sense for 
specific guidelines on Wikipedia and gain experience in “netiquette” to 
be effective contributors (Brailes, Koskinas, Dafermos, & Alexia, 2015).

Summary and additional information about the Wikipedia platform, 
including descriptions of key features such as the Sandbox or Stubs, can 
be found in the list below.

Anatomy of Wikipedia

The anatomy of Wikipedia is symmetric, allowing for ease in contribu-
tion and discussion. Key terms used on the platform are defined below.
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Article pages: Article pages are found in the Wikipedia mainspace. 
Well-written article pages, devoted to notable topics, are focused, orga-
nized, and verifiable; written in a neutral style; and include appropriate 
graphics.

Edit: The Edit tab enables an editor to add and modify content in 
Wikipedia. It allows the editor to input information similarly to word 
processing software. Editors concisely note contributions in an Edit 
Summary, where each addition is recorded lending to transparency. The 
Edit Source tab is another option for editing, allowing for edits to be 
made in wikicode. Editors will find access to formatting options such as 
bold, italics, and a citation wizard in both the Edit and Edit Source tabs.

Read: The Read tab provides a view of the article in its current state. 
Consumers of Wikipedia articles typically see this view.

Sandbox: Every Wikipedia User has a Sandbox in which to draft and 
organize contributions and test code. The Sandbox has fewer restric-
tions compared to the live article pages, though civility is still required 
because the contents can be viewed by anyone on Wikipedia. The Sand-
box also has an associated Talk page, a useful space for providing peer 
and instructor feedback and critique before content goes live in the 
mainspace of Wikipedia.

Stub: A Stub is a short, undeveloped article on a notable topic that 
does not provide adequate coverage. Stubs are pages that students may 
choose to modify or enhance for a course assignment.

Talk pages: Talk pages are where Wikipedia editors discuss topics. 
Talk pages are associated with each Wikipedia Article, User, and User 
Sandbox pages where conversations between editors occur. Comments, 
questions, or ideas added to Talk pages require editors to “sign” their 
posts, leaving a Username and timestamp.

User pages: User pages provide space to organize new content and 
facilitate interaction with other editors. User pages have an associated 
Talk page where editors can converse about edits, ask questions, provide 
resources, resolve conflicts, and praise each other’s work.

View history: The View history tab allows a user or editor to review 
the development of any Wikipedia page. This tab is particularly useful to 
examine how an article has evolved with updated information, research, 
etc. From this tab, page statistics can also be accessed, providing addi-
tional information about interest in the topic.

Wikipedia-Based Assignments

Wikipedia-based assignments range from making small edits, such as 
copyediting a series of science-related topics, adding citations, or in-
serting internal links to existing Wikipedia pages, to more substantial 
contributions, such as adding paragraphs of information to existing 
pages, updating content to convey research developments, creating new 
article pages, or adding visuals or audio. In this chapter, we offer three 
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assignments used over multiple semesters at LSU that showcase the im-
portant role Wikipedia can play in science communication and illustrate 
the benefits to students. These assignments include exploring referencing 
and plagiarism in Wikipedia articles, contributing content, and critiqu-
ing content. These assignments can stand alone or, if assigned over the 
course of a semester, provide scaffolding for a major project. Such as-
signments familiarize students with how to contribute to Wikipedia as 
they build scientific knowledge. The assignments were designed to aid 
students in developing the following skills:

•	 Assessing accuracy of content
•	 Identifying needs of a target audience
•	 Using online technology and netiquette
•	 Applying and developing information literacy in the sciences
•	 Understanding science concepts
•	 Integrating information from various courses and sources
•	 Evaluating neutrality in resources and writing styles
•	 Generating, revising, and editing written communication
•	 Collaborating effectively with peers and editors

For each assignment, we briefly describe its objectives, include student 
examples, and indicate the benefits to students. The main course used to 
illustrate Wikipedia assignments is Natural Disturbances and Society, 
a science course for non-science majors taught at LSU by Dr. Becky 
Carmichael. The course is designed to introduce the principles of dis-
turbance ecology, explore how natural disturbances shape ecosystems, 
examine ways humans affect and are affected by disturbance events, and 
introduce scientific methodology and principles. During the course, stu-
dents selected several Wikipedia articles about natural disturbances or 
natural disasters, evaluated the articles’ current state, edited the articles 
to improve clarity, and revised their contributions based on feedback 
from their peers, instructor, and global Wikipedia editors. Additional 
LSU courses that employed Wikipedia assignments are discussed to em-
phasize skills developed or show other assignment options.

Assignment 1: Exploring Existing Wikipedia Articles  
for Referencing and Plagiarism

Students new to science are often unfamiliar with how to find and cite 
peer-reviewed resources. Contributing to Wikipedia can help them 
develop these skills. Ideally, every sentence in Wikipedia should be ver-
ifiable and referenced (“Citing sources on Wikipedia,” n.d.). Because 
such documentation is missing from many Wikipedia pages, students 
have several opportunities to identify statements needing verification. 
Through the processes of statement verification, students gain skills 
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using tools such as Google Scholar or Web of Science. They also learn 
how to discern the differences among “gray” literature, peer-reviewed 
scientific articles, tertiary references, and online sources. Along with 
differentiating the value of sources, students can gauge the neutrality of 
information, sorting verifiable data from unsupported opinions.

In the course Natural Disturbances and Society, students are tasked 
to locate resources related to a chosen disturbance event. However, 
students have difficulty determining whether sources are appropriate 
and struggle to retain meaning of content without directly copying the 
original text. For example, one student located information on a recent 
hurricane event from an online source, but inserted the content almost 
verbatim without attributing text to the original author. Other students 
had difficulty ascertaining reliable content, selecting blog posts or adver-
tisers over peer-reviewed scientific journals or reputable news agencies 
as references.

Challenges faced by students necessitate “just-in-time” instruction 
on reference reliability, content incorporation, and rules regarding pla-
giarism (including Wikipedia standards). In the Natural Disturbances 
course, students are provided with criteria for evaluating reliable sources. 
Students then assess the reliability of several sources, comparing popular 
news media outlets (BBC News, NPR), governmental agencies (National 
Aeronautics and Space Administration (NASA), National Oceanic and 
Atmospheric Administration (NOAA)), organizations (Greenpeace, Red 
Cross), and scientific journals (Nature, Science). Discussions typically 
center around accuracy of content, biases and neutrality, motive for pub-
lication, and intended audience. In one lesson, students ranked example 
sources from most to least reliable to gain an appreciation for source bias 
and reliability. Students also compared content among these sources, 
exploring how information was presented to different audiences. Next, 
students learn how to locate reliable scientific references. Many times, 
searches for scientific literature begin on Google, but during this in-class 
exercise, the search was expanded to library databases, such as Web of 
Science. With these resources at hand, students reviewed Wikipedia’s 
criteria for paraphrasing, identifying what is considered ideal incorpora-
tion of new information, when to use direct quotation, and how to use 
appropriate citation metrics (“Citing sources on Wikipedia,” n.d.). Such 
exercises initiate discussion on the ways publication guidelines differ 
across journals and disciplines.

After developing new skills for assessing source reliability, students 
assess a Wikipedia article for existing statements requiring citation. In 
a recent semester, students copied statements into a Google search and 
attempted to locate an original reference. Many students discovered that 
content on Wikipedia was repeatedly plagiarized. As a class, students 
scrutinized the existing pages, discussing how to paraphrase statements 
under Wikipedia guidelines. Every Wikipedia User has a Sandbox in 
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which to draft and organize contributions and test code. When plagia-
rism or close paraphrasing was located, students drafted revisions in 
their Sandboxes and noted changes they made on the article’s Talk page 
(see Anatomy of Wikipedia). The following revision example from the 
article “Pine processionary” (2016) is the work of Connor, who cor-
rected plagiarized statements from the source, www.impactproject.eu. 
In the revised statement, Connor identified alternative ways to commu-
nicate information from this source.

Before: “The typical cylindrical egg masses range in length from 
4 to 5 cm.”

After: “The eggs of the Moth are laid in cylindrical bodies ranging 
from 4 cm to 5 cm in length.”

Connor’s revision conforms to Wikipedia guidelines for paraphras-
ing and use of quotations. Contributors to Wikipedia are encouraged 
to summarize an original author’s work, limiting direct quotations to 
short statements. In the revision, Connor synthesized the necessary 
components and summarized the ideas in his own words, demonstrat-
ing his understanding of the original content and methods for removing 
plagiarism.

Understanding where to locate sources and how to evaluate informa-
tion are integral components of building literacy in a field. Relevant, 
reliable sources are required to support statements and build arguments. 
Wikipedia assignments challenge students to locate appropriate scien-
tific articles they can use to cite new content and translate ideas for the 
broader Wikipedia audience. Dr. Cameron Thrash at LSU, who uses 
Wikipedia for his course Prokaryotic Diversity, found,

The primary challenge [for students contributing to Wikipedia] is 
identifying all the relevant information. This is the process I most 
want them to experience…because that’s what we do as scientists 
both in writing papers to report our results, but also in creating 
background for our grant proposals.

Colleen, a student in Dr. Thrash’s course, said that she doubted her abil-
ity to read scientific papers and apply their content to Wikipedia:

I not only had to read the papers but read them quickly and un-
derstand what the researchers were trying to communicate. How-
ever, the more papers I read the better I was able to understand 
them and recognize key information. … A large part of the pro-
cess was absorbing the information from the scientific papers, 
then figuring out how to report [it] … with proper citations to 
avoid plagiarism.

http://www.impactproject.eu
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Wikipedia assignments require students to develop literacy in different 
styles and genres of scientific communication and help them to increase 
confidence in reading and translating scientific information. As another 
student explains, “I can use this in the future … now I know how to find 
scientific sources through Wikipedia and check for validity and also be 
involved in the scientific community.”

Assignment 2: Contributing to Wikipedia

Contributing to Wikipedia provides an opportunity for students to 
improve their writing skills. Writing engages students in the construc-
tion of coherent content through critical analysis of information and is 
one of the best ways to learn new material (Barkley, Cross, & Major, 
2005). Purposeful writing assignments require that students conduct 
research to expand their knowledge and information literacy and 
develop an understanding of how experts in the discipline construct 
content and share it with an audience (Bean, 2011). When contribut-
ing to Wikipedia, students must consider course content, connect new 
information to familiar understanding, and evaluate novel ideas in the 
context of foundational disciplinary concepts. Traditionally, students 
have worked toward these goals through term papers and lab reports. 
By reframing the class term paper using Wikipedia contributions, stu-
dents expand learning, evaluate what information to share, and engage 
in a global exchange of knowledge, informing a massive audience on 
specialized topics (Salvaggio, 2016b). The following three examples 
show how an assignment can be designed to involve different levels of 
content creation by students.

Small Contribution

Students in Natural Disturbances and Society are tasked to contrib-
ute content to a series of disturbance articles on Wikipedia based on 
research in primary literature. These small contributions consist of a 
few sentences that connect the science or mechanisms of how a distur-
bance occurred to a specific incidence and build available information 
on the disturbance type. Connor, the student quoted above, added the 
following excerpt to the article “Pine processionary” (2016). The con-
tribution provides Wikipedia readers with details on the disturbance 
caused by pine processionary caterpillars, filling content gaps and sup-
porting the information with citations from peer-reviewed scientific 
journal articles.

The pine processionary caterpillar is responsible for most of the 
defoliation of southern Europe (Li, Daudin, Piou, Robinet, & 
Jactel, 2015). Although pines are most susceptible to the caterpillar, 
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other trees such as larches are also vulnerable. The caterpillars can 
completely defoliate trees if large quantities are present.

(Forestry Commission, 2017)

Another Natural Disturbances and Society student examined the article 
“2013 Colorado floods” (2013) and identified ways to expand knowledge 
of the event. The student noticed the article was missing information related 
to the United States federal government shutdown and its implications on 
relief efforts, a topic that had been discussed in class. The student added the 
following excerpt connecting content from the course with this event:

… The [United States federal government] shutdown compromise 
signed on October 17, 2013 includes funding for Colorado relief ef-
forts, specifically referencing Rep. Gardener’s bill H.R. 3174; 113th 
Congress. The cap typically set at $100 million has been raised to 
$450 million in light of Colorado’s current conditions. It is not un-
common for this cap to be raised for disaster struck areas such as 
those states hit by Hurricane Sandy or Hurricane Katrina.

In this excerpt, the student identifies omitted details and provides con-
text for a reader to better grasp what occurred during the event. Further, 
the student recognizes the need to include a hazardous impact section 
describing the potential disruption to clean water due to flooding.

Structures located in high risk flood zones were soon inundated. 
Sewage treatment plants affected by the flood waters released 
20 million gallons of raw sewage as well as 150–270 million gallons 
of partially treated sewage, as estimated by the State health depart-
ment. What resulted was higher levels of E. coli, some as high as 
472–911 colonies per millimeter of water (126 colonies per millime-
ter of water is considered unsafe) (Denver Post, 2013). The Colorado 
Oil and Gas Conservation Commission (COGCC) reports that oil 
lines and containment facilities failed and leaked a total of 1,027 
barrels of 43,134 gallons of oil. The COGCC is monitoring 13 sub-
stantial leaks as of October 8, 2013.

(Colorado Oil and Gas Commission, 2013)

By adding content to Wikipedia, students become familiar with the edit-
ing process, observing how their written contributions are interpreted by 
a larger community of informed editors outside academia.

Substantial Contribution

Substantial contribution to Wikipedia can be as simple as locating 
and expanding a Stub, short undeveloped articles on a notable topic. 
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Students can select one of the many designated Stub articles from a vari-
ety of topics on Wikipedia. This encourages students to take ownership 
of information learned in class. Students must identify gaps in the con-
tent currently available, recognizing missing information and clarify-
ing ideas. Although the exercise can be challenging, it has rewards for 
students and the online community alike. Creation of new content re-
quires students to cover a topic comprehensively, identifying subsections, 
choosing citations, selecting or generating relevant images, while follow-
ing Wikipedia guidelines for a neutral style.

Several students in the Natural Disturbances and Society course 
elected to expand existing Wikipedia Stub articles. This assignment re-
quired students to research their topics, seek updated references, consult 
the Article Talk page to access what additions were needed, and incor-
porate new content.

Brad elected to expand the Stub page on the Morris J. Berman oil spill. 
The article, created in January 2010, consisted of only 2,281 characters 
and two references (see Figure 13.1). Beginning in his Sandbox, Brad 
added more than 16,000 characters to existing content and expanded 
the article to address effects of the oil spill on the environment, tourism, 
and wildlife (see Figure 13.2). Brad’s addition was not only substantial, 
but also earned a place in the “Did you know…?” section on the main 
page of Wikipedia, receiving 875 views in one day. This was rewarding 
for the student and demonstrated global readers’ interest in the topic.

Figure 13.1  �The “Morris J. Berman oil spill” Wikipedia article as a stub be-
fore Brad’s contributions (“Morris J. Berman oil spill,” 2014a). 
CC BY-SA 3.0. Wikimedia Foundation, Inc. (WMF) Marks are 
trademarks of WMF, the authors of this chapter are independent of 
WMF, and the WMF Marks are used under license.



Figure 13.2  �The “Morris J. Berman oil spill” Wikipedia article after Brad’s 
contributions. (“Morris J. Berman oil spill,” 2014b). CC BY-SA 
3.0. Internal images: “Condado Beach,” (2012), CC BY-SA 2.0; 
“Brown booby,” (2005), CC BY-SA 3.0. Wikimedia Foundation, 
Inc. (WMF) Marks are trademarks of WMF, the authors of this 
chapter are independent of WMF, and the WMF Marks are used 
under license.
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New Article Creation

Dr. Alex Webb, University of Hong Kong, used Wikipedia assignments 
as an alternative to term papers in two geology courses (Plate Tectonics 
and Evolution of the Terrestrial Planets) while a professor at Louisiana 
State University. Creating a new Wikipedia article was a semester-long 
project that consisted of four sections: selecting a topic, drafting a con-
tribution in the student’s Sandbox, moving a revised contribution into 
Wikipedia (making it live), and interacting with the Wikipedia commu-
nity. Each section was sequenced to allow for development of the article, 
instructor and peer review, and feedback from global editors. Students 
had to select topics relevant to the course at the beginning of the semes-
ter and have a polished draft within the first month to allow time for 
interaction with other students in the class and the global community.

Success of the assignment hinged on students selecting appropriate 
topics, providing feedback on each other’s projects, and understanding 
audiences. Students identified topics by conducting Wikipedia searches 
for key terms and determining those that did not have pre-existing ar-
ticles. Once Dr. Webb approved their topics, students drafted articles 
in their Sandboxes. Each class member critiqued three of their fellow 
classmates’ articles at the draft and live stages, evaluating a total of six 
different topics. Dr. Webb also provided feedback on the students’ article 
Talk pages, modeling constructive feedback for the class.

The goal of Dr. Webb’s Wikipedia assignment was to provide students 
with a publication-like experience based on the scientific method that 
would foster deeper learning of topics and ideas covered in the course. 
Students had a high-stakes investment in the outcome of the project be-
cause they knew their work would be visible to a global audience. For the 
Fall 2014 Plate Tectonics class, 21 students created 25 new Wikipedia 
articles, which collectively received more than 454,000 views. Student 
additions included the article “Lwandle Plate” (2014), which received 
almost 4,000 views on the day it was featured in the “Did you know…?” 
section on the main page of Wikipedia.

The assignment engaged students in the scientific method: asking 
questions, evaluating, problem-solving, and providing evidence for ideas 
at multiple steps. The result was better science communication and un-
derstanding for both the class and the Wikipedia community.

Assignment 3: Collaborating, Critiquing, and Interacting

The advancement of science depends on the collaborative construction 
and development of scientific knowledge. Exploration and experimen-
tation in the sciences are rarely individual efforts (Hara, Solomon, 
Kim, & Sonnenwald, 2003). Instead, many people collaborate in the 
process of communicating science, contributing ideas, discussing theories, 
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challenging results, and shaping the presentation of findings. The peer-
review process, which is at the foundation of science communication, is 
by its very nature collaborative, calling upon those with expert knowledge 
to assess the accuracy and reliability of information.

Collaborating on a group project is a key activity that helps students 
develop communication and problem-solving skills, teaches conflict 
resolution, increases academic achievement, and gives students a more 
positive outlook on learning (Colbeck, Campbell, & Bjorklund, 2000; 
Forte, 2015; Smith & MacGregor, 1992). Furthermore, collaborating on 
a project creates a knowledge community in which each contributor can 
advance the overall project. In exchange for collaborative participation, 
individuals build confidence in their understanding of a topic (Smith & 
MacGregor, 1992) and become part of a network of people with shared 
interests.

Wikipedia is a collaborative group project that fosters participation 
on a global scale. It draws upon a large-scale peer review process where 
a diverse community of contributors with a variety of expertise helps 
validate content (Kaplan & Haenlein, 2014). This collective experience 
improves the quality of scientific content available online by employing 
crowd-sourced knowledge construction.

Including a peer-review component in a Wikipedia assignment is an 
excellent way to facilitate collaboration. As student editors construct 
contributions in their Sandboxes, classmates can offer critiques on the 
associated Sandbox Talk page. Rubrics provided by the instructor or 
designed collaboratively by the class help students learn to critique con-
tent systematically and shape constructive assessment to improve contri-
butions. After editing online, classmates can meet face-to-face to share 
their thoughts about content and organization, offering opportunities 
to address different reactions to feedback while assisting student edi-
tors. Through feedback and revision, students develop an appreciation 
for the peer-review process, learn to accept criticism, and modify their 
contributions to meet standards of scientific rigor. Students also learn to 
provide written constructive feedback, further increasing their ability to 
participate in knowledge construction. Giving and receiving peer feed-
back allows students to hone their critical skills in a supportive environ-
ment. This process continues to reinforce students’ sense of authority by 
interacting with others to construct knowledge (Camihort, 2009). Being 
able to constructively exchange feedback while supporting and defend-
ing their stance is necessary for students to be successful in science (more 
about feedback training see Chapter 12).

This review component was interwoven throughout the Natural Dis-
turbances and Society course. Each student was randomly assigned to 
review two of their classmates’ articles and provide critiques based on 
criteria outlined in a rubric. Dr. Carmichael reviewed both student con-
tributions and critiques, providing an additional layer of feedback.
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Students in the class demonstrated excellent skills at providing feedback. 
One student, Rachel, said it was her “duty to make a difference, not only 
with her own contributions, but also to support her fellow classmates.” 
Figure 13.3 illustrates the quality of Rachel’s feedback, where she summa-
rized the overall strengths of her classmate’s contribution, highlighted spe-
cific areas to address during revision, and provided a detailed critique based 
on the assignment rubric. While students in the class were only required 
to provide feedback for two of their peers, Rachel and others enjoyed the 
exercise and joined other online contributors in improving contributions.

Figure 13.3  �Rachel’s feedback provided for the article “Morris J. Berman oil 
spill” during the Spring 2014 semester. An assignment rubric 
was used to organize critique (“User Sandbox Talk Page,” 2014). 
CC BY-SA 3.0.
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Shyrece, another student in the class, said, “The project helped me 
understand course material because I could not fake it. If what I said 
was half-baked bologna, I would get called out. I actually had to un-
derstand my topic and be able to effectively convey the information. 
The Wiki[pedia] project pushed me to understand the material better 
than any test.”

Along with peers, students may receive comments and sugges-
tions from individuals around the globe about ways to improve their 
Wikipedia contributions. Though the experience can be intimidating, 
it allows students to participate in the publication experience while 
learning course content. This exchange teaches students how to adopt 
critical feedback, leading to improved contributions. Students learn 
about the process of scientific writing and publication, personally 
interacting with a community of editors, which in turn builds con-
fidence in topic knowledge and prepares them for interactions with 
Wikipedia, scientific, and social communities at large. While critique 
by the global audience is not automatic, when provided, it helps rein-
force the importance of accuracy of contributions and increases the 
stakes of these assignments. For example, the Talk page of the “2012 
Kamaishi earthquake” article (2014) documents an exchange between 
a student and an editor, who points out the lack of relevance of the 
source.

I added information that researchers found could have led to the 
2012 earthquakes in Kamaishi. This journal article can be found 
here [on the Talk page]…

Student editor

I’m not clear that there is any implication that they were in any way 
precursors to the 2012 event. The paper doesn’t mention this at all. 
Without a clearer link I think that this section lacks relevance.

Wikipedia editor

Students in Dr. Alex Webb’s Plate Tectonics course also received feed-
back from a Wikipedia editor who is interested in geology.

I am happy to report that this appears to be your own work made 
without copying others’ writings. This would be much better with 
some diagrams. Examples of real structures would be great. It would 
be good to have more references. At least one is a review, and the 
other is highly relevant. 5 or 6 references could be the right number 
to match your peers! “surface of the crust” is a bit confusing, as salt 
lakes will have a crust, but do you mean crust of the Earth?

User: Graeme Bartlett
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Because Wikipedia is visible to anyone with an internet connection, 
students sometimes have concerns about how content they add will 
be received. Sierra, who created a Wikipedia article as an indepen-
dent project for a bacterial ecology course, said, “I did not enjoy 
the feeling of impending doom that comes with submitting anything 
[to Wikipedia] and thinking it would get pulled/deleted, come under 
super harsh criticism from ‘internet trolls.’” Breea, a Natural Distur-
bances and Society student, had the same concern: “I was hesitant to 
edit a Wikipedia article because it is something that can be accessed by 
millions of people worldwide, and I was worried about making a mis-
take or getting a citation from the Wikipedia administration.” Despite 
these reservations, students’ recognition that their work is open to the 
public encourages them to develop a better product, and the skills they 
gain learning to communicate effectively with other members of the 
Wikipedia community help them become better at receiving and re-
sponding to criticism. Receiving editorial critiques to students’ contri-
butions is real-world training for the rigorous scrutiny and reviews that 
science writers face professionally.

Benefits of Wikipedia Assignments

Students and professors alike recognize the benefits of using Wikipedia 
lessons in the classroom. Given a choice of technologies, includ-
ing Google tools and TED ED Lessons, 29% of students in Natural 
Disturbances and Society courses over four semesters reported enjoying 
using Wikipedia and planned to use it again in the future. Additionally, 
Wiki Ed reports 97% of instructors would teach with Wikipedia again 
because it improved literacy skills in a collaborative setting (Salvaggio, 
2016a). Dr. Thrash cites multiple course goals as being met through 
the Wikipedia project: “namely developing critical thinking ability, 
improving reading comprehension with primary literature, and expos-
ing students to modern technological elements of information transfer.”

As Breea, the student quoted above, states,

…having to be responsible for the information to the extent of creat-
ing your own content for the Wikipedia articles is a more challenging 
and more rewarding experience [than traditional classroom assess-
ments such as exams]. It involves understanding the course material 
at some level, conducting research on the material, and eventually, 
writing on the topic for other users, which requires a higher level of 
understanding. To truly contribute to an article, one cannot simply 
regurgitate information from class or a source; to make the informa-
tion accessible to other users, it requires synthesis, which requires a 
high level of understanding.
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Students as Authorities

Students often struggle with feeling they are not authorities on a topic, 
and Wikipedia provides an opportunity to increase their sense of author-
ity as scholars (Salvaggio, 2016c). Individuals who contribute to Wikipedia 
show increased self-confidence in their grasp of subject matter (Yang & 
Lai, 2010), a trait documented in LSU students. As contributors, students 
develop self-confidence in their understanding of science and ability to em-
ploy scientific material to communicate. Shyrece, a student quoted above, 
reported “becoming more familiar with scientific jargon and research-style 
writing” by contributing to Wikipedia. Students also gain an appreciation 
for their current breadth of knowledge and can recognize what remains to 
be understood. Another student, Eileen, said that editing Wikipedia “trans-
formed” the way she consumed information, helping her become more ad-
ept at verifying the credibility of information. By contributing to Wikipedia, 
students increase self-confidence in understanding course content and are 
more willing to share their knowledge with a large audience.

Higher Level Learning Strategies

The Association of American Colleges and Universities (Kuh, 2008) rec-
ognizes that the integration of high-impact practices (HIPS) promotes 
deeper learning of content and strengthens development of information lit-
eracy. Wikipedia assignments provide an opportunity to promote deeper, 
interdisciplinary learning. Learning occurs when students combine ideas 
from multiple classes and publicly demonstrate synthesis and applica-
tion of knowledge in a project that evolves and fosters discussion beyond 
the classroom setting (Kuh & O’Donnell, 2013; Prince & Felder, 2007). 
Applying knowledge and skills in the digital landscape capitalizes on stu-
dents’ critical thinking capabilities and increases the likelihood students 
are engaged in HIPS. Such assignments incorporate several levels of 
Bloom’s Taxonomy, including understanding, analyzing, evaluating, and 
creating (Perkins, 2008) information. Further, Wikipedia-based assign-
ments can be designed to address recall and reproduction, skills and con-
cepts, strategic thinking, and extended thinking, as described in Webb’s 
Depth of Knowledge (Aungst, 2014; Webb, 1997). Such assignments chal-
lenge students to think critically through content creation, provide oppor-
tunities for students to draw connections among ideas learned in class, 
justify contributions, and produce new work to expand understanding.

Tips for Incorporating Wikipedia Successfully  
in the Classroom

Faculty who elect to use Wikipedia assignments in their courses must 
plan carefully and be invested in all stages of the process to help students 
achieve desired learning outcomes. The following tips for designing 
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effective Wikipedia assignments are based on Wiki Ed suggestions, 
Wikipedia protocols, and our experience using Wikipedia in the courses.

Creating a Course Page via the Wiki Education  
(Wiki Ed) Dashboard

The goal of Wiki Ed is to recognize the value of student research by 
making scholarship available beyond the classroom, enabling students 
to share knowledge with the global community. Connecting to Wiki Ed 
ensures access to online training tools, instructor orientation, editing 
resources, and personal assistance from knowledgeable staff. Students 
can access online resources and handouts such as “Editing Wikipe-
dia,” “Moving out of your Sandbox,” and discipline-specific resources, 
like “Editing Wikipedia articles on Environmental Sciences,” which 
are all available at wikiedu.org. Wiki Ed offers educators assistance 
with assignment design and evaluation, online and printed training 
resources, and metrics to track student involvement. An important re-
source for Wikipedia-based assignments is Wiki Ed Dashboard. The 
Dashboard is a landing spot for all members of a class, housing an 
overview of course assignments, resources and tutorials that guide stu-
dents through each step of the project, and a platform for quick inter-
action with students, including direct access to their Sandboxes and 
articles to which they are contributing. Use of the Wiki Ed Dashboard 
also connects professors and students to Wiki Ed staff, facilitating con-
tact when issues arise.

Ensuring Students have Individual Wikipedia User Accounts 
to Track Their Contributions

Individual student accounts help professors track student progress, pro-
vide professors with direct access to students’ content additions and 
modifications, and validate students as Wikipedia editors.

Establishing Clear Expectations and Rubrics

Expectations for Wikipedia activities should be clearly outlined at the 
beginning of the course and accompanied by a rubric that will be used to 
evaluate contributions. Reminding students to focus on content develop-
ment in their Sandboxes helps ensure appropriate information is added. 
Coding and formatting issues can be resolved later.

Participating in the Editing Process with Students and 
Testing the Projects

Instructors should be involved in all facets of the assignment, from editing 
articles to interacting with global editors, to model excitement and en-
gagement for the students. Remember: incorporating Wikipedia-based 

http://wikiedu.org
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assignments in the classroom is a process and, just like writing a paper, 
flexibility and critique are necessary.

Searching for Topics to Determine If  
They Exist in Wikipedia

Students should search for their intended topics via Google and 
Wikipedia before creating new article pages. Google searches provide 
a more in depth, thorough search compared to the Wikipedia internal 
search. Searching an intended topic also helps students discover possible 
knowledge gaps to determine if there is room to edit and improve the 
selected topic. Searching first saves energy later.

Checking in with Students Periodically to  
Monitor Their Progress

Short, in-class conversations encourage students to ask questions and 
voice concerns about their assignment. These check-ins can address ed-
iting concerns or serve to clarify scientific concepts.

Including Peer-Review on the Sandbox Talk Page

Students can be assigned to edit each other’s articles before they go live. 
Participating in peer-review teaches students to give constructive feed-
back on content and construction, while building a supportive classroom 
community. Such activities prepare students for addressing comments 
from global Wikipedia editors and give them practice justifying their 
contributions.

Moving Student Contribution into  
the Live Space of Wikipedia

Student work should not remain in Sandboxes; rather it should be placed 
in the live article as soon as possible to receive feedback from editors and 
expose students to the editing process. To increase interaction, consider 
moving student contributions into the Wikipedia mainspace at least a 
month prior to the end of the semester.

Encouraging Interaction with Global  
Wikipedia Editors

Experts and enthusiasts edit Wikipedia on a range of topics. Notice 
which specific editors are contributing to your students’ pages and reach-
ing out to them via their User Talk pages. Some editors may be willing 
to provide feedback to your students or even suggest existing pages that 
require attention.
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Providing Opportunities for Students to  
Reflect on the Process

Receiving student feedback can help professors streamline and modify 
the Wikipedia assignment for future courses. Short, low-stakes reflec-
tion essays are ideal for students to share thoughts about the process, ex-
amine how their skills have changed, and provide suggestions to improve 
the experience for future student editors.

Conclusions

Wikipedia is a unique resource and, when incorporated into the class-
room, gives students ownership of their work, improves their under-
standing of scientific topics, strengthens communication skills, and 
builds their confidence to participate in science.

As Wikipedia contributors and editors, students work to highlight points 
of confusion in existing course content, crafting new ways to illustrate 
concepts. An integral part of the learning process is researching what is 
currently known. Students combing through the aggregation of references 
(Cox, 2014) within Wikipedia articles are challenged to decipher meaning 
and determine if the content agrees with external peer-reviewed scientific 
research (see Assignment 1). As students explore article content, they de-
velop the credentials to evaluate existing information and contribute new 
information (see Assignment 2). Content creation requires that students 
locate and assess written material, hone their skills in presenting informa-
tion, and adopt and provide critical feedback (see Assignment 3). Wikipedia 
provides an authentic opportunity for students to participate in the collabo-
rative process of science communication, while concurrently increasing the 
accuracy and reliability of Wikipedia.
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