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Recontextualized Knowledge

Introduction: A Rhetorical View on Science Communication

1 From Public Relation to Participation.
Developments in Science Communication

Science needs communication to stay connected to society and to find answers
to future challenges. This statement may sound like a truism, but universities
and research institutions have yet to fully realize its consequences and implica-
tions. Traditionally, science communication relied on knowledge deficit models
(cf. Scheufele 2014; Akin/Scheufele 2017). Defining science communication as a
process of monodirectional transmission, such models based themselves on the
assumption that the public possesses a knowledge deficit which the dissemina-
tion of knowledge can erase, preferably through mass media. After all, so the
reasoning goes, the public should have an interest in scientific research, so the
more scientists and scientific institutions send, the more they will eventually
listen. At the root of knowledge deficit models lies an ignorant presupposition.
Namely, that the onus rests on non-specialists to develop their own science
literacy, informing themselves about scientific discourse and its societal conse-
quences: the facts speak for themselves. “If the public does not accept or recog-
nize these facts, then the failure in transmission is blamed on journalists, ‘irra-
tional’ public beliefs, or both” (Nisbet/Scheufele 2009). Operating within the
knowledge deficit model, scientists could ignore that science literacy only
plays, as Nisbet/Scheufele (2009) describe it, a “limited role in shaping public
perceptions and decisions,” and consequently overlook that their own efforts in
communicating to the public “might be part of the problem.”

In recent years, however, science communication has experienced signifi-
cant development, becoming an umbrella term for a diverse, heterogenous and
rapidly growing discipline in theory and practice (cf. Schéfer 2017). Whereas, up
to the 2000s, the term usually denoted the communication of scientific
knowledge to non-specialists through science journalism or PR departments of
scientific institutions, more recently, substantial new developments have
emerged. Drawing on a plethora of preliminary work, Bonfadelli et al. (2017b)
understand science communication as all forms of communication focused on
scientific knowledge or scientific work, both within and outside institutionalized

https://doi.org/10.1515/9783110676310-001
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science, including its production, contents, uses, and effects (cf. Bauer/Bucchi 2007;
Bubela et al. 2009; Liithje et al. 2012; Schifer et al. 2015; Schifer 2017). Such a broad
definition then encompasses not only traditional forms of institutionalized sci-
ence PR, but also academic conferences and colloquia, Twitter threads, slack
channels, science festivals, science slams, and science journalism.

Accordingly, a model which focuses more on explanation, participation, and
popularization of — and in — science, and aims at creating “Public Understanding
of Science and Humanities” (PUSH), was proposed in the UK as early as 1985 (cf.
The Royal Society 1985). This spawned international offshoots such as, for ex-
ample, the PUSH Memorandum (Wissenschaft im Dialog 1999), issued by Ger-
many’s largest scientific institutions, which led to the creation of the science-PR
initiative “Wissenschaft im Dialog” (Science in Dialogue). In recent years, “Pub-
lic Engagement with Science and Technology” (PEST) has emerged as a more
comprehensive approach to intensifying the contact between science and society
(cf. NCCPE 2010). The development of PEST methodology has changed the objec-
tives of science communication. Rather than promoting, showcasing or adver-
tising institutes, technologies or specific research results, scientists aim to es-
tablish a procedural understanding of research. PEST formats build public trust
by emphasizing the “expertise,” “benevolence,” and “integrity” of communica-
tors (cf. Schoorman et al. 1995; Hendriks et al. 2015; Bromme 2020) through
participatory formats in which both dialogue partners can learn and benefit
from, as well as influence, each other. The first accompanying studies of formats,
such as “Die Debatte” (The Debate), “Pint of Science,” and “Science Notes,” show
promising results for the evaluation of such formats by the participating scien-
tists as well as the audiences (cf. Bittner et al. 2018; Konneker et al. 2019; Tad-
dicken et al. 2020). While the PEST approach cannot eliminate the bounded
understanding of non-specialists, participation in the scientific process can
cultivate their scientific literacy. This, in turn, strengthens their informed trust in
science (Hendriks et al. 2015; see also Kienhues et al. 2018) and may lead to more
non-specialists engaging in deliberative processes (Layton et al. 1994).

The aforementioned paradigm-shift from explanation and knowledge trans-
fer to dialogue and participation has, in the last decade, been mirrored in the
blossoming international research on science communication and its method-
ology (e.g., Bonfadelli et al. 2017a; Jamieson et al. 2017; LeBmollmann et al.
2019). Based in the communication sciences, the “Science of Science Communi-
cation” - in line with its self-styled title as a capital-S-Science — now predomi-
nantly understands itself as empirically-shaped media effects studies, which
primarily deal with STEM, i.e., Science, Technology, Engineering, and Mathe-
matics, topics of high public relevance such as genetics, climate science, and
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health research (Kessler et al. 2019). With the turn from the knowledge deficit
model toward a more participatory approach, modeling also began to take so-
cial, media, and political contexts into account. As a consequence of this devel-
opment, Akin/Scheufele (2017) promoted a third model, focusing on “science
communication in context.”

2 Science Communication as Rhetorical
Communication

Science is assuming an increasingly active role within the social and political
“context” which Akin/Scheufele (2017) invoke. Today, science influences and
changes social and political discourses — and is itself changed and influenced
by them. Because of this, science finds itself in a legitimation discourse in need
of public trust (cf. Weingart 2005). At the same time, however, repeated attacks
from populist-motivated doubts and hostilities (cf. Mede/Schéfer 2020) necessi-
tate political positioning and social legitimization by scientists and scientific
institutions (cf. Roche/Davis 2017; Broks 2017).

This development places the communication of scientific insights, discourses,
and processes in the context of political communication (cf. Scheufele 2014). Sci-
ence communication as political communication must introduce scientific dis-
course into social and political debates to inform public discourse on possible
future developments in society. However, by entering public debate, science is
entering a field that is not simply driven by neutral information and rational
decisions, but by group-specific interests, personal motivations, and affective
reactions. This is where rhetoric as a research discipline comes into play, be-
cause at its heart lies persuasion through communication in the face of conflict-
ing interests and, often enough, conflicting evidence.

[W]e translate sémeion as signum [“a sign,” MG/OK]- though some have used indicium
(“indication”) or vestigium (“trace”) instead. It is that from which something else is in-
ferred, for example murder from blood. But it may be the blood of a sacrificed animal that
has got on to the clothes, or just a nosebleed: a man whose clothes are bloody has not
necessarily committed homicide. (Quintilian 2002)

These considerations by the Roman rhetorician Quintilian in the fifth book of
his Institutio Oratoria are not only instructive for forensic rhetoric, but also for
obviating the necessity of persuasively linking facts and their implications.
Forensic argumentation is dependent on evidence, on reliable signs that can
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prove the position of the prosecutor or the defense attorney. Yet, as Quintilian
points out, only in very rare cases do signs allow a unanimous interpretation.
They are precarious and often will not convince the other side spontaneously.
Signs are not mechanical instruments of persuasion, though one side might
present and treat them in such a way. They might refer to a certain fact, yet their
reference function to this fact is insecure as is its interpretation, which always
depends on the perspective from which one evaluates the fact.

We can learn a great deal from the difficulties of arguing in front of a court
when it comes to science communication. When scientists present their findings
arising from specific methods, which have proven to create valid results, they
tend to ignore different perspectives addressees might take and how this influ-
ences the ways in which they perceive facts. The situational context of commu-
nication can lead to different evaluations and assessments of facts, which are a
defining characteristic of forensic rhetoric. The rigorous methods and structures
of scientific research are capable of producing validated facts. Yet, this rational
point of view ignores the cultural and psychological factors which influence the
way people think.

By focusing on interconnected perspectives in communicative situations,
rhetoric can complement the capital-S “Science of Science Communication,”
particularly with regard to the context of political and social debates. The
strength of a rhetorical approach to science communication research lies in its
ability to make the intersections of communication processes visible. Science
communication processes — and especially those which are concerned with
public engagement — are multimodal, multicodal, and multi-perspectively inter-
twined. In these processes, conditions of different formats, specific scientific
content, cultural assumptions and imprints, as well as individual expectations
of the audience and other actors, converge.

Science communication is not a simple process of transmitting information
from one person to the other. Even in science-internal communication, when
informing other experts, making facts count necessitates relating to their prior
knowledge, as they, too, will have to incorporate new findings into their own
systems of understanding. As a result, situational, sociocultural or psychologi-
cal factors influence even expert communication. In this regard, internal and
external science communication converge — and we should, according to Hil-
gartner (1990), move away from the “idealized notion of pure, genuine scientific
knowledge,” in which the processes of popularization and simplification for a
non-specialist audience would only distort. By sharing knowledge with others,
we participate in a process of communication embedded in a wide range of
situational factors.
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In rhetoric, the layers and interferences of science communication are un-
derstood and operationalized as unique cognitive and situative resistances
which must be minimized to ensure successful communication (Knape 2013). At
the same time, a rhetorical view holistically orients itself towards the audience
of the communication (Kjeldsen 2018). Aptum (Latin for appropriateness) repre-
sents a key characteristic for audience orientation is. In a target-group-oriented
approach, the category of aptum regulates the quantity, as well as quality, of
the rhetorical means of persuasion, as determined by Aristotle (2000):

— logos, concerning the subject and content level;
— ethos, concerning the character of the communicator; and
—  pathos, concerning the formal and stylistic level of affect.

As a production-oriented discipline of speaking, writing, and presenting per-
suasively, rhetoric not only relies on logos, but also takes ethos and pathos into
account. Even though the scientific method promises to ignore these “impure”
factors of communication and to focus solely on facts, science depends on affect
and image. Science communication can and should use linguistic, psychologi-
cal and rhetorical operations such as simplification, narrativization, and per-
spective taking to spread knowledge, build trust, and stay connected to society.
Style does not contaminate science — quite the opposite. The communication of
scientific theories and facts has always been interwoven with rhetorical fea-
tures, as a disciplinary branch called the rhetoric of science has shown time and
time again (Gross 1990; Campbell 1990; Goankar 1993). Hilgartner (1990) even
warns that “the dominant view of popularization,” i.e., as a process of simplifi-
cation and distortion, “grants scientists something akin to the epistemic equiva-
lent of the right to print money.” If scientists assume that it is too difficult to
communicate the topics, processes, and results of its research clearly and vivid-
ly, society cannot build trust in scientific work — and cannot, in turn, serve its
duty as a watchdog for science. This applies to PR-departments of scientific
institutions, as well as individual scientists communicating within the laborato-
ry, educating students, counseling politics, and engaging the public.

3 Recontextualization as a Basic Operation of
Rhetorical Science Communication

Within the paradigm of science communication, rhetoric concerns itself less
with forensic or deliberative persuasion, than with analyzing how communica-
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tive, stylistic, and psychological categories and means are distributed and bal-
anced to build trust and identification (Burke 1950) between science and the
public. Successfully establishing this reciprocal communication produces an
“invitation to understanding” (Foss/Griffin 1995). Invitational rhetoric, in this
sense, focuses on the perspectives of all participants in rhetorical situations of
scientific discourse. Such rhetorical situations represent constellations of time,
place, audience, exigence, and wider context (Bitzer 1968; Gottschling/
Kramer 2012) in which science and scientific discourse are negotiated publicly.
It is easy to see that the concept of the rhetorical situation applies to all forms of
popularization of scientific discourse: events, live presentations, and digital
formats, as well as public and political debates on scientific developments and
their consequences. When scientists try to address others — be it experts, policy
makers or a wider audience — they become part of societal, as well as political,
debates and deliberations. As such, they involve themselves in processes of
recontextualization (cf. Linell 1998), appropriating discourse to those specific
sociocultural, psychological, and cognitive conditions which define the rhetori-
cal situation in which they communicate.

In recent history — with the rise of populism, “fake news,” and the procla-
mation of a “post-truth era” — science communication had to learn that neither
scientific results nor empirical data convince people by, and through, them-
selves. It is not facts, but their recontextualization for a specific audience, which
is the key to interesting, instructing, and motivating such an audience. Accord-
ing to Calsamiglia/van Dijk (2004), the popularization of scientific discourse
involves, not only the reformulation, but the recontextualization of scientific
knowledge and discourse produced in specialized contexts to which a lay public
has limited access.

With the advent of artificial intelligence, data seems universally-available;
however, this does not yet equal universal accessibility for non-specialist audi-
ences. In science communication, speakers must prepare information in such a
way that an individual is motivated to process it and to develop new knowledge
structures. In order to advance knowledge and insight, it is necessary to recon-
textualize information, i.e., to rhetorically translate scientific knowledge into
commonsense knowledge, to compile precise knowledge with what Calsami-
glia/van Dijk (2004) call “approximate” or “fuzzy” knowledge and to implement
it in different cultural contexts that might be fundamentally opposed to the
findings of science.

Regarding science communication merely as the simplification of scientific
discourse fundamentally subscribes to a model of loss. With the concept of
recontextualization, this perception changes. Through recontextualization,
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specialists adapt scientific discourse to the appropriate conditions of specific
situations, their audiences, and their constraints. The further removed the audi-
ence from the communicator’s own scientific discourse and peers, the more
complicated the process of adaptation will be, the more complicated it will be to
make facts count.

This is not only the result of differences at the level of expertise of the com-
munication partners, but also of their social, cultural, and psychological cir-
cumstances. The audience must point the way to a successful recontextualiza-
tion of knowledge; therefore, recontextualization requires perspective taking, the
psychological task of evaluating a situation through the eyes of a counterpart
(Batson 2009; Myers/Hodges 2009). Shifting one’s perspective toward the audi-
ence is not without difficulties for the communicators, either because the con-
crete thoughts and feelings of the target group are unknown or difficult to ac-
cess — think of communication in social media, for example — or because it
sometimes seems complicated to maintain enough distance from one’s own
perspective. Nevertheless, perspective taking from a rhetorical point of view
provides the psychological framework for measures of recontextualization with-
in science communication. Successful science communication needs scientists
who are willing to change their perspective, to take the audience seriously and
to see the world through their eyes. Science communication, therefore, is not a
question of simplification of a complex problem or theory, but about a recontex-
tualization of research processes and results. The recontextualization of
knowledge — which highlights the individual or social importance and possible
implications of research and raises the understanding of scientific research as a
process — defines good science communication.

A rhetorical approach toward science communication, then, concerns itself
with the recontextualization of scientific discourse to the perspectives of specif-
ic audiences, depending on:

a) the layers of the communication process, i.e., sender, message, channel,
noise, receiver;

b) the determinants of the rhetorical situation, i.e., exigence, audience, con-
straints; and

c) the means of persuasion, i.e., logos, ethos, pathos.

At the same time, in its methodology, rhetorical science communication re-
search is open to the integration of empirical methods from communication and
education sciences, as well as psychology, discourse analysis from linguistics
and hermeneutics from literary and cultural theory. The following chapters will
show these diverse approaches to the topic.
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4 Chapter Overview

Part I: Science Communication and the Public Sphere

Part I is concerned with science in processes of public communication. Addi-
tionally, all three chapters assembled in this section answer fundamental ques-
tions about the technique of recontextualizing scientific knowledge for politics
and the public.

In their chapter Where Perspective Taking Can and Cannot Take Us, Sara D.
Hodges, Sara Lieber, and Kathryn R. Denning take an in-depth look at an
established strategy for increasing prosocial behavior and the foundation for
recontextualization in science communication. Perspective taking does not
always help, and can sometimes even “backfire,” increasing the distance be-
tween interlocutors. Taking into account the processes thought to underlie per-
spective taking, they identify the contexts and variables that may moderate
perspective taking’s more usual prosocial effects and instead lead to less inter-
personal harmony, especially in highly polarized social and political contexts.

Markus Gottschling explores the mechanisms of recontextualization with-
in science communication by means of close reading. The chapter analyzes how
genetic engineer Kevin Esvelt approaches communicating a timely and poten-
tially disruptive topic: CRISPR/Cas9 and gene drive. Esvelt, Gottschling argues,
is consciously Creating a Rhetorical Situation about open and responsible sci-
ence. Esvelt’s goal is to disarm a possibly harmful debate around the regulation
of science by shifting it from the future to the present. Such a strategy, the chap-
ter argues, presents an example of precontextualization in science communica-
tion: technology futures become the groundwork for scientific argumentation in
public discourse. Esvelt uses precontextualization to establish the plausibility of
current actions regarding future events, thus establishing the latter as persua-
sive frameworks for today’s political discourse.

Sophia Hatzisavvidou’s contribution sketches the effects of context
change on the communication of scientific evidence. Communicating Sustaina-
bility demonstrates how certain aspects of scientific discourse have been used
strategically to create and enhance political consensus. Using tools from the
tradition of rhetoric, Hatzisavvidou discusses the evolution of “sustainability”
from a technical term into a key element of policy discourse. Her chapter shows
the value of rhetorically analyzing the usage of such essential components of
scientific discourse, eventually enabling an exploration of continuity and trans-
formation in public policy.
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Part Il: Narratives and Stories

Part II brings together texts that deal with a crucial part of both classical rhetor-
ical speech structure, as well as a contemporary trend in science communica-
tion: narration. Narrative techniques such as storytelling, anecdotes, questions,
and dialogue are not only entertaining, as the chapters in this part demonstrate.
They structurally enhance the pure presentation of facts, increase memorability,
and support learning.

Speakers in various presentation situations pursue being memorable. In his
chapter titled Memorable Stories in Science and Popular Science, Martijn Wack-
ers examines how speakers use anecdotes in research presentations and TED
talks to influence audience information retention. The paper presents an explo-
ration of the usage of anecdote in a corpus of TED talks and research presenta-
tions. Comparing both, Wackers shows that anecdotes in TED talks are longer,
more elaborate, contain more narrative elements, use more vivid language and
make the relevance more explicit than their counterparts in research presenta-
tions, suggesting a higher possibility of information retention.

The rhetoricity of complex stories in the podcast Radiolab concerns Thom-
as Susanka’s chapter. Questions and Dialogue in Science Communication asks a
crucial question regarding the success of science communication: how to en-
sure participatory engagement, in light of severe situational constraints which
mute the audience and confine it to passivity? To arrive at an answer, Susanka
analyzes the radio show’s trademark polyphony of voices and sounds, arguing
that it is precisely this polyphony which enables vicarious learning, a rarely
employed method — at least in science communication — of learning through
overhearing dialogue.

Kristin Raabe’s contribution tackles storytelling as a recontextualization
technique for scientists communicating with the public from a practical per-
spective. Her chapter, Scientists on the Hero’s Journey, recounts Raabe’s own
experiences as an educator for scientists wanting to improve their science com-
munication. Stories, for her, are essential for recontextualizing the hard and
rocky process of scientific inquiry. In order to adapt their stories to specific
communicative situations, she proposes that scientists use methods which have
been in the toolbox of scriptwriters and filmmakers for quite a long time: the
narrative pattern of the Hero’s Journey, the Five-Act-Drama-Theory of Gustav
Freytag, and the mind map of the German documentary filmmaker Gregor A.
Heussen.
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Part lll: Education and Knowledge Transfer

Even if science communication and its methodology have recently focused more
on entertainment and participatory methods, one of its central goals remains
the dissemination of scientific knowledge to the public. Part III pays tribute to
this fact. The chapters look at science communication’s highly sought-after
areas and target groups, including health communication and the transfer of
knowledge in schools.

Science Revisited by Nina Janich analyzes the representation of scientific
knowledge and ignorance in the three volumes of the German Kinder-Uni (The
Children’s University) book series. The chapter employs methods of textual and
discourse linguistics to examine how these three volumes aimed at children
represent and recontextualize accounts of scientists and scientific work, as well
as scientific discourse. Janich shows that the series predominantly represents
science in terms that are optimistic regarding scientific progress — as an adven-
ture-filled search for mysteries and wonders which leads steadily to greater and
more reliable knowledge, while largely marginalizing scientific uncertainties
and controversies.

In his chapter, How Laypeople Process Health News Articles, Joachim Kim-
merle looks at why laypeople are inclined to underestimate the tentativeness of
health research findings reported in the media. The chapter presents research
that examines people’s ability to critically evaluate scientific information in
terms of recognizing the tentativeness of research findings. With his research,
Kimmerle attempts to support non-specialists’ understanding of scientific in-
formation. He suggests that journalists should help their readers recognize ten-
tativeness by addressing the tentativeness of research findings explicitly in
journalistic texts and by avoiding one-sided positive reporting of research find-
ings in health news articles.

Christoph Kulgemeyer’s chapter, Towards a “Culture of Explaining” in Sci-
ence Teaching, turns toward communication in the science classroom. Kulge-
meyer understands explaining as a process that requires adaptive teaching,
evaluation, orientation at prior knowledge, and interaction between explainer
and explainees. The chapter links literature on instructional explanations from
science education with a more general theory of teaching quality. The chapter
also presents results from a study on student teachers’ explaining quality. When
student teachers assume that explaining means a transmission of knowledge,
this causes lower explaining performance; however, a high self-efficacy on the
part of the student teachers results in a higher explaining performance.

The goal of Julia Siebert’s and Anett Richter’s approach is to bringing Citi-
zen Science’s transformative potential into the classroom, laid down in their
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Chapter An Opportunity to Induce Bottom-Up Change in Society. Siebert and
Richter provide a detailed analysis of the potential of Citizen Science, a partici-
patory method of engaging the public with processes and procedures of science
in order to build mutual trust. In their chapter, Siebert and Richter summarize
the discussions around Citizen Science up to the year 2018. In addition, they
envision how the concept and approach of Citizen Science might be further
developed, and successfully anchored, in society and politics. A key factor for
them is formal education. Citizen Science enriches educational concepts by
facilitating a higher level of learning through the active engagement of students
in real scientific investigations, while simultaneously enhancing general scien-
tific and societal literacy that go far beyond the specific scientific discovery.
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Where Perspective Taking Can and Cannot
Take Us

1 Introduction

To rhetoricians, the idea of perspective taking is built right into the field. What is
rhetoric, if it is not considering how one’s communication will be perceived by
one’s audience? This consideration is critical at the societal level when thinking
about mass messaging, including communication about substantial topics like
science and governance. At the other end of the scale, social psychologists (along
with rhetoricians) have studied perspective taking all the way down to the highly
personalized process of one person taking another specific person’s perspective.

This kind of interpersonal perspective taking is intuitively, anecdotally, and
often empirically associated with caring motives and prosocial outcomes: per-
spective taking is a step taken in the direction of greater understanding (for a re-
view, see Hodges et al. 2011). Perspective taking has also been described as a way
of “expanding the self” (e.g., see Galinsky et al. 2005) by including other people
(and their perspectives) in the self-concept (Galinsky/Moskowitz 2000). Those
other people then benefit from the generally self-favoring views and treatment
granted to the self (Aron et al. 1991; Batson et al. 2003; Myers/Hodges 2012; Sas-
senrath et al. 2016; although see Galinsky/Ku 2004). Another path between per-
spective taking and prosocial behavior runs via perspective taking’s arousal of
empathic concern and compassion for others, which in turn triggers altruism in
the form of helping (e.g., Batson 1987; Batson et al. 2007; Coke et al. 1978). There
is some evidence that both paths also change perspective takers, e.g., by chang-
ing their attitudes towards certain groups (Batson et al. 2003; Batson et al. 1997),
even when those targets are members of outgroups that are traditionally nega-
tively stereotyped or otherwise maligned (Batson et al. 2002), or by changing per-
spective takers’ conceptions of themselves (Goldstein/Cialdini 2007). Perspective
taking has also been linked to other positive social outcomes such as better ne-
gotiation outcomes (e.g., Galinsky et al. 2008) and better close relationships (Ver-
hofstadt et al. 2008).

However, perspective taking is no magical solution for improving human be-
havior. Despite a substantial body of research showing perspective taking as a
means to more harmonious social interactions, perspective taking does not al-
ways lead to greater understanding and prosocial outcomes (Hodges et al. 2018;
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Ku et al. 2015; Sassenrath et al. 2016). Isolated studies demonstrating circumstances
under which perspective taking has done no good - or even did harm — have ac-
cumulated. To understand these examples better, in this chapter we will first out-
line the processes and mechanisms that underlie perspective taking. Then, to un-
derstand why perspective taking may sometimes “backfire,” - i.e., lead to more
strife and greater distance between people, we will examine how altering aspects
of perspective-taking contexts and players can inhibit, circumvent, or reverse the
positive outcomes traditionally associated with perspective taking.

We will finish the chapter by examining a specific real-life context to further
illustrate the puzzle of when perspective taking helps and when it does not — by
considering the current political polarization in the United States — in terms of
political parties and the implications of that polarization for perceptions of sci-
ence. In such a highly polarized state, we need perspective taking’s prosocial in-
fluence more than ever, but we present evidence that it is exactly under these
circumstances that perspective taking can become less effective. As dismaying as
this polarization is from a societal point of view, it provides a potential petri dish
as the breeding ground for ineffectual or even damaging perspective taking.

2 Basic Beginnings of Perspective Taking

Inherent in perspective taking is first an acknowledgement that there is another
perspective to be taken, and then an attempt to take it. Cognition is remarkably
egocentric — the default perspective we take is our own. Even among the most
sapient beings (humans), an awareness that our perception of the world is at least
one degree removed from the actual world requires taking an additional, op-
tional, and generally effortful step. It is in some ways remarkable that we should
actually be aware of or consider that there is any perspective other than our own.

Awareness that our own perspective is the default can be understood when
considering our visual perspective: where our eyes sit in our heads and where our
heads are aimed determines our perspective. However, with a slight adaptation,
many of the same tenets of visual perspective apply when thinking about the
more metaphorical “conceptual” perspective that is made up of our cultural as-
sumptions, personal experiences, and beliefs. When talking about taking others’
perspectives, we often use visual metaphors (e.g., viewpoint; seeing things from
another perspective), both when describing actual visual perspective taking
(thinking about what another person literally sees at a particular moment with
their eyes) and conceptual perspective taking (thinking about a person’s mental
contents in a particular situation or setting). Using visual metaphors for conceptual
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perspective taking is hard to avoid and almost impossible to resist, which is not
surprising, given that the word “perspective” itself stems from the Latin verb “to
look.”

Although perspective taking is a challenging and somewhat amazing skill,
humans start to show signs of perspective taking at a very young age. Two-year-
olds can understand that something is occluding another person’s vision — e.g.,
“Daddy can’t see the puppy because there is a chair in his line of sight” (see Fla-
vell et al. 1978; Moll/Tomasello 2006). Early acquisition of visual perspective-tak-
ing skills is perhaps not surprising, given that attending to other people’s line of
gaze plays a key role in children’s learning of language (Brooks/Meltzoff 2015):
young children need to know what Mom and Dad are looking at to figure out what
the words their parents utter refer to. By kindergarten, at age 4 or 5, most children
can “construct” what someone else with a different vantage point sees — e.g., “I
can see that the other kid is Daniel, but Mama doesn’t know it, because she can
only see the back of his head” (see Flavell et al. 1981).

Around 3 years of age, children enter a “magical” age, when they are said to
start acquiring a “theory of mind.” This theory, in short, is an understanding that
the contents of other people’s minds guide other people’s perceptions and behav-
ior, and the contents of other people’s minds may differ from one’s own, resulting
in sometimes predictable differences in beliefs and desires (Wellman 1990). So, a
4-year-old can start to wrap her head around the idea that “Mama thinks we are
having chicken for dinner because that’s what Papa told her this morning, but
really we’re having pizza because it’s Mama’s birthday!” This developmental
milestone can contribute to new heights of deviousness, too (Talwar/Lee 2008),
such as, “If I put my brother’s shoes next to the muddy footprints that I made on
the carpet, everyone will think he tracked in the mud, not me.”

3 Seeing and Believing

The fact that evidence of visual perspective taking emerges earlier in children
than evidence of conceptual perspective taking has been used to suggest that vis-
ual perspective taking is a skill upon which conceptual perspective is built (see
Hamilton et al. 2009). Although this ordering could in part be an artifact intro-
duced by the fact that current measures of conceptual perspective taking require
verbal skills that young children haven’t yet acquired, visual perspective taking
does seem intuitively simpler in some ways than conceptual perspective taking.
What people visually “see” seems more rooted in the physical properties of the
objects — that is, there is an external referent they can attend to in order to gain
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information about what another person can see. If, for example, someone is fac-
ing us as we stand across from them, then it seems highly likely that their left arm
will appear on the right side for us. Consistent with this, the most predictable and
determined cases of visual perspective taking may be when someone else’s visual
perspective is altered from our own by 180 degrees — e.g., something exactly de-
fined as opposite to our own. Indeed, there is some suggestion that the cognitive
process used in perspective taking may be somewhat different in this case than
when the angle is different (Cavallo et al. 2017; Erle/Topolinski 2017; see also Sur-
tees et al. 2013).

In contrast, when it comes to conceptual perspective taking, what the other
person could be “seeing” is less determined by physical cues in the “real world”
like light and angles and may largely be the product of integrating a wide possible
range of mental constructs stored or even created in the head of the perspective
taker (e.g., Hodges et al. 2018; Lewis et al. 2012). If in the last election, someone
voted conservative and we voted liberal, then guessing that their views on gay
marriage will be (politically) “on the right” of ours is perhaps a good place to
start, but is far from certain. They may be to the political right in terms of fiscal
issues, but maybe not on social ones. Or, they may be generally more socially
conservative, but because of their sexual orientation, they may be pro-gay mar-
riage and hold other pro-gay views that even exceed the average liberal.

These examples highlight another potentially important difference between
visual and conceptual perspective taking: when taking visual perspectives, we
can acknowledge that things “look different from here” but there is a sense that
there is some objective reality out there: “the dress really is black and blue, even
if it looks gold and white to you” (e.g., see discussion and research about the ap-
pearance of the online viral phenomenon of “the dress” by Chetverikov/Ivan-
chei 2016; and by Wallisch 2017). However, when it comes to conceptual perspec-
tive taking — for example, trying to see how an interaction could have looked like
flirting to a co-worker, or to understand how much a homebuyer values hard-
wood floors, there is likely no “objective reality” about an external referent to
consult. And although there is fascinating research on how non-visual variables
can impact what people literally visually see (e.g., Proffitt et al. 1995) or remem-
ber seeing (e.g., Loftus/Palmer 1974), it would seem that individual “perspec-
tives” on social matters have the potential to be shaped by — and constructed
from — a wider range of variables than individual visual perspectives.
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4 Anchors and Effort

At minimum, visual perspective taking provides a useful analogy for conceptual
perspective taking, and possibly more (Erle/Topolinski 2015). Erle/Topolinski
(2017) have identified several shared characteristics of visual and conceptual per-
spective taking. Both forms of perspective taking involve recognizing that a target
person has the capability of inner mental states and that the target’s mental states
can differ from those of the perceiver. Both forms also create some experience of
“self-other overlap” of the perceiver with the target of perspective taking. Re-
search into both visual and conceptual perspective taking has also demonstrated
a strong egocentric bias: people automatically adopt their own perspective as a
default, and even when they are attempting to take another perspective, sup-
pressing the self’s perspective is hard to do (e.g., Epley et al. 2004; Samson et
al. 2010; Todd et al. 2017; Todd et al. 2015). Thus, both forms of perspective taking
involve adjusting away from the self’s egocentric default perspective (Epley et
al. 2004). Just as we adjust for the fact that our friend sitting next to us has a view
that is not obstructed by the tall man’s hat, and can then in our minds imagine
what the scenery must look like to her, we can also adjust for the fact that another
friend didn’t know that our neighbors divorced and then in our minds imagine
what the friend must have thought when she saw the former wife kissing some-
one else.

Arriving at someone else’s perspective is generally thought to require effort
(Epley et al. 2004; Keysar et al. 1998; Lin et al. 2010; Sabbagh/Taylor 2000; Todd
et al. 2017), although there is debate about whether visual perspective taking may
sometimes occur relatively automatically (e.g., Apperly/Butterfill 2009; Furlan-
etto et al. 2016; Heyes 2014; Qureshi et al. 2010; Samson et al. 2010; Santiesteban
et al. 2014; Santiesteban et al. 2017; Surtees et al. 2016; Todd et al. 2017; Zhao et
al. 2015). Within the conceptual perspective-taking realm, in support of the idea
that taking a different perspective requires cognitive effort, several studies have
demonstrated that perspective taking is impaired when done under increasing
cognitive load (e.g., Chambers/Davis 2012; Epley et al. 2004; Lin et al. 2010).
There is further evidence from cognitive psychologists and neuroscientists that
perspective taking is cognitively taxing, both in terms of how it takes cognitive
capacity away from other tasks and also in terms of engaging parts of the brain
associated with effortful thinking (e.g., Santiesteban et al. 2017; van der Meer et
al. 2011).

Researchers have theorized about the possibility of automatic (or at least
more automatic) conceptual perspective taking occurring (Hodges/Wegner 1997;
see also Baldwin/Holmes 1987; Taylor et al. 2003). Just as other complex but
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frequently executed behaviors (such as driving a car or playing a musical piece)
can become automatic (Logan 1988; Shiffrin/Schneider 1984), it seems theoreti-
cally possible that people who often consider a particular person’s perspective
over time (e.g., a family member or close friend) may find themselves automati-
cally incorporating that other person’s perspective (e.g., sizing up a menu based
on a romantic partner’s food preferences; turning down a social invitation with-
out being consciously aware of summoning one’s child’s perspective on the event).

To further complicate matters, perspective taking is experimentally manipu-
lated in the lab in most empirical studies — i.e., it is something experimenters in-
struct participants to do. Thus, even if effortless (or less effortful) perspective taking
occurs spontaneously “in the wild,” we are likely not catching it in the lab. There
are some exceptions, with a few researchers studying spontaneous perspective tak-
ing (e.g., Batson et al. 2007; Furlanetto et al. 2013; Gehlbach et al. 2012; Gerace et
al. 2013). There are also researchers who construe perspective-taking tendencies
along a continuum of individual differences, e.g., the perspective-taking subscale
of Mark Davis’s Interpersonal Reactivity Index (IRI) (Davis 1980; Davis 1983).

Other mechanisms involved in perspective taking could also become auto-
mated. For example, there is evidence that we may rely on stereotypes of a per-
son’s group when we take their perspective (e.g., see Lewis et al. 2012); and use
of a highly accessible stereotype in conceptual perspective taking could look like
automatic perspective taking. However, the sources and number of variables that
could be considered when engaging in conceptual perspective taking seem po-
tentially more numerous and less determined than in the case of visual perspec-
tive taking. The more an instance of perspective taking requires taking a particu-
lar person’s conceptual perspective in a particular context, the more idiosyncratic
the exercise and thus the less likely it is to be automatic. Thus, outside of a few
contexts with a few close individuals, conceptual perspective often requires some
cognitive work, and in some cases, quite considerable cognitive work.

The cognitive work of perspective taking involves two important jobs. The
first of these is that perspective taking makes people consider more information
and other information than is available from their default “self” perspective. Per-
spective taking leads people to see things a little (or a lot) differently than they
normally do. Of course, there are no guarantees that simply considering more in-
formation will make people understand other perspectives better or that consid-
ering other information will make them behave more prosocially (we’ll give some
counterexamples later). Yet the possibilities seem ripe, given that a second fre-
quent job of perspective taking — one closely intertwined with the first job - is to
cause us to put ourselves in the place of the person whose perspective we are
taking as a method to help construct that other person’s perspective. Involving
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the self tends to bring along a slew of “self-favoring” biases identified by social
psychologists. People generally behave in ways that promote self-interest and
view the self’s behavior in a positive light (e.g., Alicke et al. 1995; Kennedy/Pro-
nin 2008; Tavris/Aronson 2007; Weinstein/Klein 1995). If we imagine the self in
another person’s place, it seems probable that we might view that other person
more favorably, too.

For example, imagine taking the perspective of another automobile driver
who is backing out of a particular driveway. You know that when you back out of
this driveway, it’s hard to see the road because of all the bushes, so you might be
more understanding of why the other driver is inching out so slowly (see e.g.,
Herzog 1994). Or, when another researcher doesn’t recognize you at a conference,
you may think about times when you didn’t recognize someone and knew that
you weren’t purposefully ignoring that person. In line with work by Galinsky/Mos-
kowitz (2000), perspective taking also helps us to go beyond our stereotypes of
the other groups (considering more and different information). When we connect
someone else’s perspective to our own, we attribute our own reasons for acting
to others (putting the self in someone else’s place) and there is a good chance we
will bring our more charitable self-favoring interpretations of our own behavior
over to our interpretations of their behavior.

The process of perspective taking isn’t accomplished by simply “plopping”
the self in the place of another person. Instead, perspective taking has been de-
scribed as an “anchoring and adjustment” process (Epley et al. 2004), akin to that
used in judgment and decision making (Tversky/Kahneman 1974). People anchor
on the self, and then adjust away from the self to account for differences between
the self and the person whose perspective is being taken. Just as Tversky/Kahne-
man (1974) note that adjustment away from an anchor is often insufficient, in
Epley et al.’s (2004) perspective-taking account, adjustment away from the self-
anchor is also likely insufficient, resulting in an overly self-flavored outcome.

The self isn’t the only anchor people use when taking the perspective of an-
other person: They may also anchor on their stereotypes of the group to which
the other person belongs (Lewis et al. 2012), particularly if they perceive the other
person as being unlike themselves (Ames 2004). However, using the self as the
default anchor is defensible, as it is a highly accessible reference point (Catram-
bone et al. 1996; Christian et al. 2014; Hodges 2005) and in the absence of other
information, projecting from the self leads to better estimates of others than ig-
noring the self (Dawes 1989; Hoch 1987; Krueger 1998).

Using the self as an anchor in perspective taking leads to acknowledging
some similarities or at least parallels between us and the target of perspective
taking. To use an extreme example, suppose you are asked to put yourself in the
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place of someone robbing a cash machine. No matter how law-abiding and hon-
est you are, and no matter how much you think, “I would never rob a cash ma-
chine,” the mere act of trying to imagine yourself in the position of someone who
has probably makes you think just a little about how your own life of crime might
be. As another example, when people say things like, “I can’t imagine why she’s
being so stubborn about this!”, the truth is that they are probably actually doing
exactly that: imagining themselves in her place. Granted, that imagining might
include thoughts such as, “This is a ridiculous point of view and preposterous
position to maintain,” but nevertheless, there has been some attempt to overlap
the self with the other person.

Social psychologists have been able to measure this phenomenon, showing
that perspective taking reliably increases perceived overlap between self and
other (Davis et al. 1996; Galinsky/Moskowitz 2000; Myers/Hodges 2012). Many
studies of perspective taking have shown that post-perspective taking, people
perceive themselves as more similar to the other person; describe themselves in
more similar terms; and choose graphical representations of themselves and the
other person that literally show greater overlap (Laurent/Myers 2011; Maner et
al. 2002; Myers/Hodges 2012; Myers et al. 2014). Perspective taking rarely (if ever)
produces the sense that the self and the other person occupy the exact same
space, but the act of perspective taking seems to highlight the extent to which the
self and the other person are perceived as overlapping in space. If that overlap is
not extensive, the perspective taker may conclude that the self and the other have
very different points of view (e.g., a mother taking her adolescent child’s perspec-
tive about the merits of engaging in some risky behavior). However, even if there
is a great distance between two perspectives, there seems to be a powerful effect
on interpersonal outcomes when the relationship between perspectives is located
on the same map.

5 Alignment

We think that what happens during perspective taking can be understood by
drawing on the concept of alignability in comparisons that was developed by cog-
nitive psychologists Gentner/Markman (1994). Gentner/Markman’s work was de-
veloped to describe how people arrive at judgments of similarity and difference —
largely when comparing objects, not perspectives. However, Gentner/Markman
made the important observation that in order to discuss how similar (or different)
two things were, those things had to first be aligned on some dimension of com-
parison to give meaning to the comparison.
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We think alignment is also important in the act of perspective taking, when
the alignment that takes place prior to putting ourselves in someone else’s place
also gives meaning to the comparison. For example, in the case of visual perspec-
tive, the two people’s vantage points could be aligned: “Xuan’s further to the
right than me, so maybe she can’t see the image in corner of the screen.” In this
example, the visual perspectives are aligned along a left-right axis in space. Con-
ceptual perspectives can be aligned, too: “Rob’s kids are younger than mine, so [
bet he doesn’t see school redistricting as such a big problem.” Here, the two per-
spectives are aligned along the dimension of “age of offspring.”

Which dimension perspectives are aligned on depends on context (as illus-
trated in the examples above). The comparison between our own and someone
else’s perspective could involve multiple dimensions (“Well, she’ll probably be
more enthusiastic about the new carrot-themed restaurant than me, because first,
she’s vegan, and second, she owns stock in carrot futures”). However, having
more dimensions for alignment doesn’t assure more similarity and can, in fact,
emphasize greater difference. German speakers use the expression “to compare
apples and pears” and English speakers say “that’s like apples and oranges” as a
way to indicate how different two things are. The expressions work in their re-
spective languages because we can align two fruits (an apple and a pear, or an
apple and an orange) on many dimensions that yield differences: their taste, their
color, their shape, how they ripen, etc. It is because of these many alignable di-
mensions that we feel comfortable making a judgment about their similarity or
lack thereof. The expression, “That’s like apples and chairs!” as a way to express
how different two things are hasn’t caught on in either German or English — not
because these two objects aren’t different from each other, but because in most
contexts, they would be hard to align in comparison. In the end, we feel comfort-
able saying two things are different or similar when we can see how they stand in
relationship to each other by lining them up on one or more dimensions.

When we put ourselves in someone else’s place, we are also trying to find
some dimension of alignability, with the potential to then map how much or little
overlap there is with the self. When we put ourselves in a bank robber’s place, we
may come to the conclusion that we would not rob a bank machine under any
circumstances. However, we have still lined ourselves up on some shared contin-
uum with the bank robber, albeit with different landing positions on that dimen-
sion (perhaps criminal tendencies, morality, or fear of reprisal). Aligning the self
and other appears to play a key role in extending “self-benefits” and self-favoring
biases to the other person, which ultimately may lie at heart of much of the per-
spective-induced prosocial behavior observed by social psychologists over the
years.
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6 When Perspective Taking Doesn’t Help Because
Perspective Taking Doesn’t Happen

Taking all this background about perspective taking into account, we can start to
predict when perspective taking may not lead to prosocial outcomes, and when
it may even “backfire” and make people less prosocial. A very basic starting point
is that perspective taking sometimes fails to produce prosocial outcomes in cases
where people simply won’t try to take someone else’s perspective, or else they
have abandoned or avoided perspective taking. People have to be convinced to
perspective take, given the cognitive effort it generally entails. People also may
resist taking another person’s perspective for reasons other than cognitive effort.
First, people may refuse to take another person’s perspective as a way to denote
that the other person is in an entirely different category. If perspective taking in-
volves alignment (as we outline above), then potential perspective takers may not
be willing to accept the prospect of any overlap between that person and the self:
there is no point of meaningful alignment between the self and some entirely dif-
ferent “subspecies.” It’s like apples and chairs. Additionally, the perspective
taker may reject the possibility of alignment and comparison with someone else
as a way to deny the humanity of the other person. This leaves unscathed poten-
tially important moral considerations for the perspective taker about what it
means to be human - and can also keep at bay any threat to the perspective
taker’s own humanity that might arise when comparing oneself to unsavory ele-
ments.

Taking an enemy’s or competitor’s perspective may be a step down a slippery
slope. At some level, humans may be aware — or at least wary — that taking their
enemy’s perspective may cause the enemy to seem more reasonable and less
blameworthy, which may sound desirable at some level, but also may threaten
important group-defining beliefs and cherished identities. For example, for Zion-
ist Israelis, taking the perspective of a Palestinian settler’s claim on the land may
threaten their basic beliefs about the establishment of a Jewish homeland, and
thus the Zionists may simply not engage in taking Palestinian perspectives. Or,
although we’ve earlier suggested that most people can make themselves take the
perspective of a bank robber, we suspect that some people would firmly resist
when asked to take the perspective of a more extreme criminal — like a brutal
mass murderer. Refusing to contemplate his perspective may not only be a way
to hold the line against feeling any sympathy towards him, but it also may deny
him legitimacy as a fellow human.
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Even in non-adversarial conditions, when people may care about or like the
person whose perspective they are asked or motivated to take, there may be times
when they resist perspective taking. As already noted, there are cognitive costs to
perspective taking, but there are also other potential costs. For example, suppose
people try to imagine the perspective of an asylum seeker from Guatemala, whose
child is taken from them at the border and placed in detention, while they are
sent back to Guatemala. Or they try to take the perspective of one of the thousands
of Syrian refugees, currently living in a cold, muddy camp, desperately seeking
somewhere that they won’t be bombed, so they can earn money for food and their
children can go to school. If people can compellingly imagine these scenarios,
they are probably seeing some fairly disturbing images in their mind’s eye. The
images may be so aversive that people discontinue perspective taking. Even if
they soldier on, they may be in for more distress. Perhaps they become keenly
aware of the contrast between their own (relatively) comfortable existence and
what these other people are experiencing, and then think, “I must do something
to help. I must give money.” However, then they realize that to do much good,
the costs would be high: “I need to give all my money to Doctors Without Borders
and quit my job to go volunteer in a refugee camp, and host 3 refugees in my tiny
home.” If the refugee’s perspective has really successfully been taken, it might be
hard to deny that these are all things that would help the refugee.

To consider another example which is not as dramatic and dire, but perhaps
depressingly familiar, suppose an academic dean is asked to meet with a group
of female faculty who point out that they get paid substantially less than the male
faculty in the department. The dean (perhaps a woman herself, maybe not) takes
the group’s perspective, and perceives that the situation looks a lot like gender
bias. But now, what is the dean going to do? The salary differential might be quite
substantial, and yet the money budgeted to the department for salary raises
might be quite small. Fixing the gender bias might require using all the money
the dean has for raises each year for the next 10 years, meaning the dean will have
no money for other raises (e.g., none to give to the person who gets a competitive
offer from another university). Feeling the female faculty’s pain more keenly after
taking their perspective makes their problem now also the dean’s problem, and
the dean’s desire to solve the problem becomes more self-serving. But the dean
might have rather not acquired these feelings about this problem, which no doubt
joins a number of other pressing priorities on the dean’s desk.

In the refugee and faculty examples given above, perspective takers have al-
ready incurred the “baseline” cost of perspective taking in terms of exerting cog-
nitive effort. After they have expended the effort to construct another perspective,
they now also see the target of perspective taking’s plight in a new way — one that
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has some degree of overlap with the self and thus to some degree makes acting
on the other person’s behalf and desires somewhat self-serving. But acting on the
other’s behalf may now incur more material and social costs. Enough experiences
like this with high enough costs, and the perspective takers may avoid future sit-
uations that could cause them to take certain people’s perspectives to begin with:
perhaps turning off the news when there are stories about refugees, or finding
that their calendar seems really full when a group of female faculty ask to meet
with them.

When people are aware of the potential costs of perspective taking, they may
take preemptive precautions so that perspective taking never occurs at all, and
any potential benefits of perspective taking are circumvented altogether. For ex-
ample, Shaw et al. (1994) demonstrated that people who are aware that they may
be moved to provide costly assistance to another person in need will choose to
avoid hearing a compelling account of that person’s need — something the authors
labelled empathy avoidance, rather than perspective-taking avoidance. (See also
recent work suggesting that trying to maintain an objective view of another per-
son — often the directions given to “control” condition participants in studies that
manipulate perspective taking — will inhibit feelings for the other person;
McAuliffe et al. 2018.) Empirical methods for capturing someone in the process of
avoiding a perspective may be more challenging to execute. As we noted earlier
in this chapter, self-reports of perspective-taking failure (“I can’t imagine what
she was thinking...”) often indicate an abortive attempt. The pattern of outcome
variables for someone avoiding a perspective might look very similar to the re-
sults for someone who took the perspective but found it odious or threatening —
and we wouldn’t know which of these events had occurred.

7 When Perspective Taking Backfires

When people do try to take the perspective of clear enemies or salient outgroups,
conditions are perhaps most ripe for backfiring. Taking their perspective seems
to highlight the animosity and differences, especially when the perspective taker
has little other information about the target of perspective taking. The point of
alignment is likely to be the dimension which defines the groups, sides, and bat-
tle lines, so that alignment serves to emphasize just how much the perspective
taker and target of perspective differ. For example, Tarrant et al. (2012) found that
when people who were highly identified with their ingroup were asked to take
the perspective of an outgroup member, they actually attributed more, not fewer
stereotypic traits to the outgroup members — that is, the gap between groups got
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bigger. Targets who clearly fit a negative stereotype of an outgroup may also be
stereotyped more when people are asked to take their perspective (Skorinko/Sin-
clair 2013). In another example of when perspective taking highlights differences,
Okimoto/Wenzel (2011) asked research participants to take perspective of a lab
partner who had previously been inconsiderate to them. When that earlier incon-
siderate behavior was ambiguous (i.e., it was unclear if the partner really meant
to be malicious or not), perspective taking showed the more usual prosocial ef-
fects and led to participants forgiving the lab partner. However, when the incon-
siderate behavior was unambiguous (i.e., the partner definitely intended to be
malicious), the research participants asked to take the partner’s perspective be-
came vengeful, not forgiving (see also Lucas et al. 2016).

Even without perspective taking occurring across entrenched differences,
things can still go awry. There is no guarantee that people will accurately “get”
the other person when they try to take their perspective. We don’t really have any
access to how other people “see” the world — we can’t get inside their heads. This,
of course, is the ancient “other minds problem.” To some extent, we are forced to
construct, make up, and imagine how things look to them. A lot depends on how
the other person’s perspective is constructed — and some construction projects
may lead to backfiring.

As mentioned earlier, one powerful perspective construction tool is the self —
we can simulate how things would look to us in the same circumstances (e.g.,
Ames 2004; Epley et al. 2004). However, there are limits to how successful this
simulation is. Maybe we’ve never been in a similar situation and we don’t have
the knowledge to simulate or imagine how things would be. Even if we have been
in a similar situation, some things are easier to conjure up than others. For exam-
ple, thinking again about bank robbers, we may all be quite familiar with a desire
to have more money. However, we may not be able to imagine the feelings of be-
ing so addicted to a drug that we’d be willing to break the law to steal money to
buy it.

Van Boven/Loewenstein (2005) have persuasively demonstrated that even if
we try, it’s hard to imagine physiological needs or visceral emotions of others if
we aren’t currently feeling the same way. For example, without experiencing in-
tense feelings such as imminent embarrassment, it is hard to really “get” the per-
spective of other people who are experiencing those feelings. In one study (see
Van Boven et al. 2013), university students were asked whether they thought their
classmates would be willing to perform a solo dance in front of their class to Rick
James’ 1980s rhythm and blues hit “Super Freak” for a small sum of money. Those
who had previously been given the choice themselves (“Would you be willing to
dance to the song right now for $5?”) did a better job of estimating their classmates’
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behavior (not surprisingly, actually choosing to dance was not a very popular
choice!).

Other times we think we have succeeded in putting ourselves in another per-
son’s place, but we fail. In another sobering example from Van Boven’s lab, Sil-
verman et al. (2015) gave normally-sighted individuals a chance at taking the per-
spective of people who were permanently blind. They blindfolded participants
and had them do a series of everyday tasks, such as sorting coins, pouring a glass
of water from a pitcher, and navigating their way around the offices in a building.
Normally sighted people found these tasks challenging to do while blindfolded.
They found it so difficult, in fact, that the experience made them evaluate blind
people as less capable than participants not given the experience. Blindfolded
participants took the perspective of blind people, but relied too much on the pow-
erful difficulties they personally experienced as they struggled to pour water and
count coins. They failed to accurately put themselves in the place of people who
were habitually blind and thus had adapted to their disability (see also Nario-
Redmond et al. 2017). Even if we’ve shared real (not simulated) life experiences
that match others’ experiences, we still may miss the mark in trying to nail their
perspective. In a study in which participants tried to guess what new mothers
were thinking, participants who themselves were also new mothers were no more
accurate than women who were currently pregnant or never pregnant women
(Hodges et al. 2010).

Stereotypes and schemas are another source of input for constructing some-
one else’s perspective: what would someone else from this person’s group (e.g.,
nationality or occupation) be thinking? What would the average person in this
situation (e.g., witnessing a car accident, meeting their future sister-in-law) be
thinking? These stereotypes and schemas may bring to mind information that
also causes perspective taking to backfire. For example, in a series of studies,
Mooijman and Stern (2016) asked heterosexual participants to take the perspec-
tive of a gay male couple. When doing so, a not uncommon place they went in
their heads was to think about gay sex. For conservative participants who found
gay sex repellant, the more they thought about gay sex while perspective taking,
the less their attitudes towards gays improved after perspective taking. If, how-
ever, similar participants were specifically sent in a different direction during
their perspective taking and told to “think about the gay couple grocery shop-
ping” - that is, if they were given another schema - then perspective taking led
to relatively more positive attitudes toward gays. Even if perspective taking does
not evoke ideas that are repellant, if perspective taking involves considering ideas
that are merely incongruent with the perspective takers’ values, their attitudes
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are less likely to move towards those of the perspective taking target (Catapano
et al. 2019).

Even when people are really motivated to build bridges with members of dis-
tinct outgroups, they may encounter unpleasant content that can cause perspec-
tive taking to backfire when they try to see the world through the eyes of an out-
group member. Jacquie Vorauer and her collaborators (e.g., Vorauer/Sa-
saki 2009; 2014; Vorauer et al. 2009) have studied ethnic majority members in
Canada (mostly White Canadians, descended from Europeans) and minority Na-
tive Canadians — “First Nations” indigenous Canadians descended from the peo-
ple already in North America when Europeans first came. Vorauer’s research
group has found that perspective-taking majority group members might be in for
an unpleasant surprise: if they succeed in accurately constructing how the mi-
nority member sees the world, and they know the minority group has a negative
view of their group (e.g., thinks they are racist, elitist, etc.), then taking the mi-
nority group member’s perspective reminds them of the unflattering image that
the minority holds of them. Instead of making them feel closer to the minority
group member, taking the minority group perspective makes perspective takers
feel wary, embarrassed, and/or uncomfortable about how the specific minority
group member and the minority group more generally may view them. What’s
more, once the perspective takers feel this discomfort, the minority group mem-
ber may sense it in their interactions. Perspective taking has thus served to high-
light that the minority group has negative views of the perspective taker’s own
group (see also Berthold et al. 2013).

Context may also result in perspective taking highlighting threatening infor-
mation, particularly contexts that involve competing self-interests (see Epley et
al. 2006; Pierce et al. 2013). Imagine two roommates, and one slice of delicious
cake. So that both can have some, the roommates decide to share the cake. One
of them cuts the cake and serves the other half a slice. Now, suppose the cake
“receiver” takes the perspective of the cake cutter. The receiver imagines herself
in the cutter’s role, and thinks what she would do — and knows that she would
cut the cake unequally and save the big portion for herself! The “receiver” has
been successful in putting herself in the other person’s place, but it has provided
her with a negative (and not necessarily accurate) view of the cutter. This view
may in turn affect her own future behavior (e.g., “Oh — remember that time she
robbed me of cake — so I need to bump up how much she owes me for her half of
this bar tab”). Perspective takers in zero sum negotiations see their own self-in-
terest reflected back at them when they imagine the person across the table, or as
Epley et al. (2006) put it, “Looking into the mind of a competitor highlights self-
interested motives and leads people to behave more self-interestedly in return.”
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Even outside of competitive contexts, perspective taking may fall short when per-
spective takers with negative self-concepts project those negative characteristics
on to perspective-taking targets. Including others in the self results in the exten-
sion of self-favoring perceptions only if the self is viewed positively (see Todd/Burg-
mer 2013).

8 Perspective Taking and Polarization

As we near the end of this chapter, we turn to real-life political events currently
unfolding in the U.S. at the end of the “twenty-teens” decade, as a way to illus-
trate and summarize our main points. American politics have been described of
late as highly polarized (e.g., Neal 2020), to the point of creating uncivility, ran-
cor, and even dysfunction. Bi-partisan cooperation among national legislators
gets described in wistful, nostalgic terms. Political disagreements are now per-
ceived as “Trump-ing” (pun intended...) all the other connections that in the past
kept people with different views on speaking terms. Although there is some evi-
dence that today’s polarization may not necessarily be that unusual (Van Bo-
ven/Sherman 2018; Westfall et al. 2015), there is a perception that things are cur-
rently at a polarization fever pitch (e.g., Balz 2018). Although people with
differing views can’t necessarily be expected to reach the same position via per-
spective taking, in the past, the idea was that perspective taking at least allowed
them to appreciate why others held different views (e.g., see Hodges et al. 2018).
The cause of this perceived unbridgeable gap between people has been attributed
to the rise of social media communities (e.g., Bail et al. 2018) that allow people to
surround themselves with like-minded others and avoid any exchanges with
those whose views differ. Indeed, some researchers suggest that this sequestra-
tion is occurring not just in the virtual world, but the physical world as well, with
people literally moving to neighborhoods that share their world views (Motyl et
al. 2014). In other words, the possible points of alignment that underpin perspec-
tive taking (e.g., “we care about the same things in this community”; “our chil-
dren go to school together”; and “we all live here”) are vanishing. At the same
time, others have suggested that polarization is not the simple result of being ex-
posed to only one viewpoint (Bail et al. 2018). Instead, consistent with some of
the ideas we’ve discussed in this chapter, sometimes the act of thinking about
another perspective can push groups apart.

It is our perception that science has been newly caught in the crossfire of this
polarization. Although science has never been immune to political influence, it
used to be viewed as something that at least in theory operated largely separately
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from and outside of politics. Scientific discovery often served as a neutral ground
that brought people together — in wonder and pride (think, for example, of the
moon landing, or the mapping of the human genome). However, like the polar
ice caps, science’s neutrality appears to be shrinking.

Science’s new part in polarization is likely at least in part due to the election
of Donald Trump as U.S. president. Many of Trump’s visible actions in office have
suggested an executive chief who is at best unsupportive of science. His budgets
have included large proposed funding cuts (although not all of them realized) to
U.S. government agencies that historically have provided support to science pro-
grams and scientists (Ledford et al. 2019). More widely broadcast is his derision
of climate change, as he has publicly mocked the position held by the vast major-
ity of scientists that a threatening form of climate change is occurring (see Scien-
tific consensus: Earth’s climate is warming, 2019). More than before, it seems that
scientific positions are classed as matters of political belief, rather than as deter-
mined or even influenced by data, research, or widely agreed upon “scientific
facts.” Unfortunately, implicit portrayals of science as something one can be for
or against (like a football team) means previously neutral science can — with so
many other forces — fuel polarization.

As a conclusion to this chapter, here is what we think may be happening
when politically polarized Americans try to take each other’s perspectives. Sev-
eral of our specific examples pertain to how perspective taking and polarization
may affect perceptions and understanding of science. The first three items below
address an unwillingness or resistance towards perspective taking. The last four
address how perspective taking may “backfire” — when people seek out conver-
sations and Facebook friendships with others who voted differently or when peo-
ple actively try to consume media from the “other side” but nonetheless find
themselves even more estranged and less understanding of the other point of
view.

1. People on different sides won’t dignify the other side as having a perspective
to take. For example, while some people in the U.S. merely don’t like Trump (to
various degrees), others have found his behavior and attitudes toward women
repulsive (e.g., the infamous “grab them by the...” that was caught on tape) and
find other Trump comments — both via Twitter and other media — to reveal a deep
racism. Others have gone as far as to compare his xenophobic and nationalist
proclamations to Hitler. Such extremely negative views may make potential per-
spective takers unwilling to dignify Trump as even having a “perspective.”
Trump’s apparent disregard for the longstanding “rules” of science makes it even
easier for people who are pro-science to dismiss him as not having a perspective
to take.
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2. Perspective taking is cognitively taxing. Partisans on both sides have busy
21st century lives with multiple demands on their cognitive resources. Resources
for trying to understand how the other side feels may lose out to challenging pro-
jects at work, juggling one’s carpool schedule, and attending to an ailing spouse
or relationship. The fact that the political divide is being portrayed as extreme
and unbridgeable (something we realize we are contributing to with this chap-
ter!) makes the cognitive task of trying to understand the other side seem even
more daunting, perhaps inflating the estimates of just how much cognitive work
it will be, and thus discouraging people from attempting it. Understanding “the
other side” becomes all the more fraught when the other side represents a differ-
ent position on something studied by science. For example, most laypeople - in-
cluding the vast majority of those who believe climate change is happening — are
not experts in climate science. Acquiring the background, knowledge, and skills
to really understand the science behind their own position, let alone a competing
position, would be daunting indeed.

3. Potential perspective takers may be wary of how perspective taking could
make them sympathetic to personally costly beliefs. Someone opposed to the use
of carbon fuels may not want to see an opponent’s perspective on how declining
coal mining has gutted small towns and eliminated jobs, because it could result
in him finding himself shifting views in favor of actions that will result in poorer
air quality and mine-ravaged landscapes. A conservative voter may not want to
see a liberal’s point that a new tax plan could hurt many people in the lower and
middle classes, because the conservative may be talking herself out of a lucrative
tax cut. In these examples, even when there might be accessible data that could
inform a perspective, people may resist engaging with it, in order to avoid possi-
ble being persuaded by it.

4. People use incorrect or too extreme stereotypes, or they may inaccurately
perceive key aspects of the other side when attempting to take their perspective. For
example, more American Republicans (the more conservative of the two major
U.S. parties) believe in climate change than is popularly thought by more liberal
Democrats (Scherer et al. 2015; Van Boven et al. 2018; Van Boven/Sherman 2018).
And for a number of scientific issues other than climate change, the Republicans
and the more liberal Democrats scored equally in terms of how much they agreed
with scientific consensus on the issues (e.g., McPhetres/Pennycook 2020), al-
though both sides may deride the other side as ignorant or misinformed.

5. Taking the other side’s perspective exposes perspective takers to ideas that
they consider disgusting or immoral. Perspective-taking conservatives may have
to contemplate transgender people who make them uncomfortable. Perspective-
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taking liberals may have to contemplate oil pipelines in wilderness areas that
make them uncomfortable.

6. Taking the other side’s perspective exposes perspective takers to negative
portrayals of their own side. When conservatives and liberals in the U.S. expose
themselves to media associated with the other side, conservatives may see them-
selves portrayed as unflatteringly stupid, plodding, and anti-science (e.g., “flat
earthers”); liberals may see themselves portrayed as elitist “nerds,” who care
more about bad things that scientists say will happen in the future than in having
compassion for the economic and social struggles some Americans face in the
present.

7. Taking the other side’s perspective in an adversarial or zero-sum situation
leads to casting aspersions on their tactics, which in turn causes the perspective
taker to adopt similar tactics in defense. Both sides, when contemplating the other
side, may think about how the other side might be willing to stretch the truth,
even lie, or otherwise finagle things in order to make their point or get their way.
Contemplating this behavior on the other side (without any necessary evidence
for it — the contemplation just makes it possible) can make parallel questionable
or dishonorable practices on one’s own side seem more justifiable or even “fair.”
If they take the other side’s perspective, only to have that highlight how the other
side isn’t likely to treat them well, it’s likely to lead to more provocation, not rec-
onciliation.

The current tension and polarization in the U.S. are certainly not the first time
that groups have had trouble seeing each other’s perspective, so the problem isn’t
new. Somehow, Americans (and people in many other countries) made it through
the tumultuous and divided late 1960s and early 1970s, when fights over the Vi-
etnam War and civil rights for ethnic minorities and women flared. Exactly how
these conflicts eased, however, and the extent to which perspective taking helped
or hurt, is not clear. Is there hope for us now? We will end by speculating about
some strategies that might help. Testing these strategies may be ripe for future
research.

First, we think that perspective taking is more likely to be successful in cre-
ating understanding and cooperation when people interact with each other as
individuals, rather than as members of opposing factions. Group identities high-
light group level stereotypes and antagonisms. When taking an outgroup mem-
ber’s perspective, it’s easy to align the comparison along the dimension that dis-
tinguishes between the two groups, which guarantees that a certain level of
distance will be found. In contrast, if the other person is represented by charac-
teristics that don’t rely only on group membership, there are potentially many
more dimensions to align (e.g., “He loves bowling, I like it”; “He has a three-year-
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old, I have a 10-year-old”; “He is from further south than I am”). Thus, for exam-
ple, creating a website that specifically is designed to facilitate interactions be-
tween liberals and conservative seems efficient, but may in the long run be less
effective than getting diverse people to talk to each other when they are not de-
fined by their politics or group membership. Getting people to talk to each other
this way will be an ambitious, uncharted challenge.

In a related vein, we think that perspective taking that occurs in face-to-face
conversations is likely to be more successful than perspective taking that occurs
outside of personal interactions. Not only has recent work by Schroeder and col-
leagues (e.g., Schroeder/Epley 2016; Schroeder et al. 2017) demonstrated the hu-
manizing importance of hearing another person’s voice when we disagree with
them, but also during face-to-face conversations, a number of norms generally
apply, along the lines of politeness, pleasantness, and listening and exchanging
ideas. Right around the time of Trump’s presidential inauguration in the U.S. in
2017, one of the authors of this chapter sat next to a man on a plane who held
views on Trump different from her own. Later in the year, she sat next to a man
on a train in Germany whose position on Middle Eastern immigrants seeking ref-
uge was different from her own. In neither case did a fight break out — voices were
never raised. In fact, in both cases, the conversations were congenial and engag-
ing. She found herself engaging in a lot of perspective taking and left with greater
appreciation and understanding for their position. The conversations didn’t re-
sult in a change in her own position or voting behavior, or — she suspects — her
seatmates’, but the conversation did cause her to see the other side as more rea-
sonable, and also called her attention to different experiences and assumptions
on both sides. It was probably also important that all the travelers in these exam-
ples were by themselves, not with groups. In neither case was it the author’s role,
nor that of her seatmates, to “represent” a particular position. Instead, they were
essentially “randomly assigned” to seats, which fits with our suggestion above
that interactions that occur for reasons other than explicitly exchanging ideas
across group lines may be more likely to lead to prosocial perspective-taking out-
comes.

Finally, in a cynical way to end a somewhat cynical chapter, it may be that
things getting worse first will help them to ultimately get better. Larger crises that
span both sides of the political divide — as scary and disruptive as they may be —
may provide the silver lining of obscuring the challenges of perspective taking
across ideological gaps. Although political polarization in the U.S. is challenging,
Americans have other challenges: an estimated 115 people die each day in the
U.S. of opioid overdose (e.g., see Opioid Overdose Crisis 2020). Many American
communities are dealing with the aftermath of record-breaking hurricanes and
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deadly wildfires (whether the residents think these events are the result of cli-
mate change or not!). People may be more likely to find themselves taking the
perspective of someone who has lost a spouse or house than thinking about
someone’s political perspective, allowing them perhaps to align on dimensions
that return us to the kind of perspective taking associated with increases in com-
passion and prosocial behavior.
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Kevin Esvelt, Gene Drive and the Call for Open and
Responsive Science

1 Introduction

In a letter to the science communication community from 2017 the scientists-cum-
science communicators Joseph Roche and Nicola Davis lamented a recent devel-
opment that, in their words, could signal “a sea change in the relationship be-
tween science and society” (Roche/Davis 2017). According to their analysis, sci-
ence had increasingly come under criticism from (populist) politics as well as the
public. Roche/Davis diagnosed poor communication to be one of the principal
reasons why science was losing its status as the driving force of progress. They
suggested overcoming this deficiency by giving scientists a more powerful part
in public communication. Accordingly, they primed their letter to address a cru-
cial question: “Should the science communication community play a role in po-
litical activism?” (Roche/Davis 2017)

In their letter, their answer to the question is a resounding “yes.” However,
looking at it from the viewpoint of a rhetorician, whether the question should be
answered in the affirmative also depends on an adequate answer to a second,
related question: How can science communicators engagingly and persuasively
communicate scientific discourse — that is to say their own scientific issues, top-
ics, and concerns — to the public as well as to politicians? Possible answers affect
the core of the relationship between science and the public — and nowhere is this
better observed than in genetic engineering.

Genetic engineering is a scientific field where research is advancing at an in-
credible pace with amazing scientific breakthroughs over the last 20 years, from
the completion of the Human Genome Project in 2003, over the discovery and use
of precise genetic engineering with the so-called CRISPR/Cas9 system (hence-
forth CRISPR) in early 2010 (cf. Lander 2015), and on to the application of CRISPR
to create the first genetically engineered human babies in late 2018. The will to
communicate such breakthroughs from the part of the scientific community is
complemented by a “legitimation discourse” over the utility and usefulness of a

https://doi.org/10.1515/9783110676310-003
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scientific or technological discovery (Weingart 2005).! Scientific methods and
processes — especially if they appear to be particularly complex, opaque, and un-
intelligible — have come under scrutiny from the public. Sometimes this is due to
the fact that the interdisciplinary nature of today’s science makes it hard to get a
grasp on its methods — so that ultimately the public needs to trust what scientists
are doing; and sometimes the reason for the public’s scrutiny is a clear breach of
the very same trust invested in science and scientists, a disregard for ethical, as
well as scientific and even legal standards. A case in point is the political and
public turmoil geneticist He Jiankui faced in 2019 after he used CRISPR to edit the
genome of twin human babies.

By examining the communicational achievements of evolutionary engineer
Kevin Esvelt, this chapter will examine how scientists use rhetorically focused
science communication to influence public debates. Or, more precisely, how they
try to create such debates as rhetorical situations. Specifically, the chapter will
argue that Esvelt is using the re- and precontextualization of scientific discourse
to improve the climate of public trust and to put science communication — and
the legitimation discourse between science and the public as a whole — on new,
radically transparent footing. To contextualize the analysis of his communica-
tional acts, however, we will first take a closer look at how, why, and for what
purpose science communication is carried out — and why rhetoric can help creat-
ing science communication that better caters to its audiences.

2 Challenges of Science Communication

There are central, interconnected tasks and challenges to the way scientists com-
municate their insights and their research to the public. That science is generally
in need to be communicated to the public is not disputed anymore. However, the
role of the communicator is in rapid and encompassing transformation. Histori-
cally, this task fell to the media which received information from the communi-
cation departments of research institutes and universities (cf. Weingart 2005),
rarely entailing “more than a press release through their institution’s public relations
division, and possibly a follow-up interview with a journalist” (Liang et al. 2014).
However, at its heart, science faces a conundrum in its relationship with the
public: according to Scheufele (2014), the very “nature of modern science” - its
accelerated pace, steadily rising complexity and interdisciplinarity of research

1 Translations from German in this chapter are mine.
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fields, and even scientific methodology as such — makes science communication
a challenging task. At the same time, while the reasons and ideological back-
grounds for this development are manifold, the public seems to increasingly
doubt scientific methods and insights (cf. Melo-Martin/Intemann 2018; Rutjens
et al. 2018). Consequently, the successful communication of scientific insights is
a necessary and complex act of mediation between the laboratory and the living
room. Scientists along with science managers and policy makers seem to agree
that there is a strong need for the “public acceptance of scientific research” (cf.
Liang et al. 2014) and building public trust has become the main objective of sci-
ence communication.

This insight has led to an evidence-based theory as well as more sophisti-
cated practice of science communication (cf., for example, Jamieson et al. 2017;
Leméllmann et al. 2019). Casting off the ignorance at the root of the so-called
deficit model — according to which science communication should be concerned
“with increasing levels of scientific understanding among various lay publics”
(Scheufele 2014) — research on science communication has developed new mod-
els for better communication. The path of science communication is currently
leading away from aiming at “Public Understanding of Science and Humanities”
(PUSH) toward “Public Engagement with Science and Technology” (PEST) — and
thus to a much stronger involvement of the public (cf. Broks 2017). However, as
theory and practice of science communication have evolved, its old foundations
have collapsed. Structural problems in the ‘traditional’ way science is communi-
cated have begun to show and communication departments of scientific institutions
have to deal with a “crumbling science-public-infrastructure” (Scheufele 2013). How-
ever, it is precisely this development that offers scientists themselves the oppor-
tunity to contribute to the public discourse as communicators.

What Bucher (2019) has described as processes of medialization of science
broadened the scope of science communicators: enriching the communication
through visualization, reaching new audiences through popularization, and
transforming monologic into dialogic communication through digitalization.
More and more scientists from all disciplines are embracing the role as commu-
nicators of the scientific discourses they partake in, especially on social media
(cf. Collins et al. 2016; Geier/Gottschling 2019). As a consequence, the market for
guidebooks to science communication flourishes (see, for example, Amsen 2018;
2020; Dean 2009; Olson 2009). Such advice can, of course, only be heuristic in
nature and cannot guarantee successful communication in detail - but its very
existence shows that scientists recognized the need for further training in the
field of science communication. Still, only a fraction of scientists of all disciplines
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and levels actively engages in science communication. The reasons for this are
threefold.

For one, fear of the “Sagan Effect” — named after the astrophysicist and ex-
tremely successful communicator of science - still looms. In 1991, Carl Sagan was
purportedly denied access to the National Academy of Sciences because he was
considered a brilliant popularizer of science, but nothing more (cf. Liang et
al. 2014; Martinez-Conde 2016; Shugart/Racianello 2015). Although the reputa-
tion of scientists visible in the public sphere has improved somewhat over the last
30 years, “the perception that popular, visible scientists are worse academics
than those scientists who do not engage in public discourse” (Martinez-
Conde 2016) is still lingering, especially within the scientific community. Sec-
ondly, as Shugart/Racianello (2015) point out, institutional incentives are miss-
ing: “Public outreach activities are not counted toward the tenure decisions at
many universities.”? Nevertheless, thirdly, missing resources and a lack of en-
couragement by science managers may hinder science communication and out-
reach activities. Especially at graduate and postgraduate level, young scientists
are being trained in communicating their insights within the scientific commu-
nity first and foremost. However, as Scheufele (2013) remarks, “the very same
conventions and skill sets that are invaluable” for peer-reviewed journals and
funding proposals become “potential liabilities” in the public sphere.

Coincidentally, as Scheufele (2014) suggests, the “modern nature of science”
makes it hard for the media and the public alike to truly understand what science
is doing exactly. The emergence of extremely specialized and complex interdisci-
plinary fields triggers a series of problems such as “(i) the scientific complexity of
emerging disciplinary fields of research, (ii) the pace of innovation in some of
those fields, and (iii) the nature of public debates that accompany different ap-
plications” of such technologies. As a consequence, the former president of the
German Research Foundation (DFG), Peter Strohschneider, observes a kind of
cognitive aloofness in science when it comes to mediating between the hyperspe-
cialized sciences and the public: “If you do mathematics in seven-dimensional
spaces, how can you create a general closeness to what you are mathematically
interested in as a problem?” (Korbmann 2017) Thus, it would be of crucial importance

2 Recently, there has been some, if small development here in Germany, at the institutional
level. In 2019, Federal Minister of Education and Research Anja Karliczek has declared science
communication to be an integral part of research funding: “This is intended to create incentives
for researchers and research institutions and to make science communication an integral part of
science.” (BMBF 2019)
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that the interdisciplinary scientists who are spearheading research, could address
the public in an engaging and reception-oriented manner.

For it is precisely these complex and converging fields that force scientists
into the role of public actors. According to Scheufele (2014) the acceleration of
scientific insights produces ethical, moral, legal, or political issues “at a rate that
outstrips our capacity to think through and appropriately respond.” Not only sci-
ence as a field, but also each individual scientist is asked to face these challenges
in consultation rounds, interviews, committees, and podcasts — or at least to sup-
port the democratic institutions in finding solutions. This is especially true for
disciplines fraught with repercussions, such as genetic engineering. Here, com-
municating science equals debating the consequences of scientific develop-
ments. These discussions often are less about the scientific facts themselves and
more about political decisions — and thereby they become inherently rhetorical.

When scientists participate in these debates, they act, or at least seem to act
rhetorically as science advocates or political activists. Which confronts them with
serious questions such as that put forward by Roche/Davis (2017): should they
even play an active role in political activism? Is taking part in these discussions,
debates, and decision-making processes still science communication and not po-
litical opinion-making? Is this form of science advocacy suitable for ‘serious’ sci-
entists? As there are no general answers to these questions, an unsettledness has
become visible in the field of science communication.

In their letter, Roche/Davis (2017) — along with other scientists — are arguing
for more participation and political activism (see also, for example, Broks 2017;
Nerlich/McLeod 2016). Entering the rhetorical arena of public communication by
choice, but often rather tentatively and cautiously, and only rarely with an enter-
tainer’s self-confidence, scientists acting as science communicators must adapt
to the different values, mindsets, and needs of their diverse audiences. By ana-
lyzing the communicational attempts of one of these scientists, this chapter will
also trace what belongs to successful deliberative science communication. To un-
derstand what communicative measures evolutionary engineer Kevin Esvelt
takes as a science communicator, a brief glance is needed at how to conceptualize
and then analyze the communication of scientific discourse to a lay audience.

3 Recontextualizing Scientific Discourse

To foster interaction with the public, science communication is to rhetorically
transform complex scientific discourses in such a way that the intended audience
can not only understand them but can engage confidently with scientific discourse
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in processes of democratic decision making. These processes are inherently rhe-
torical and should, as such, be described through the concept of the “rhetorical
situation” as conceptualized by Bitzer (1968). According to Bitzer, a rhetorical sit-
uation consists of “a complex of persons, events, objects, and relations present-
ing an actual or potential exigence which can be completely or partially re-
moved” through discourse. Or, in short, a rhetorical situation is marked by an
exigence, an audience, and constraints.

Within the paradigm of science communication, rhetorical situations in this
sense especially occur when scientific findings lead to the need for political and
social action. The rhetorical shift toward engaging the audience - from the trans-
fer of facts to partaking in or even shaping debates and discussions — can be re-
traced especially well in topics like climate change (cf. Schéfer/Bonfadelli 2017).
With this and other structurally related topics, the particular rhetorical exigence
which Bitzer (1968) also described as “imperfection marked by urgency” is lead-
ing to the creation of a rhetorical situation that urges scientists and researchers
into the political realm. Speaking out on such topics, they are acting as advocates
for scientific discourse.

Science communication then must make sure that scientific discourse travels
from one communicative situation — that of internal communication of scientific
exchange - to another: public and political deliberation. A theoretical framework
frequently used to describe this shift is that of the popularization of scientific dis-
course. However, as Liebert (2019) points out, the term “can be rather assigned to
the deficit model” of science communication — implying an effortless way of com-
municating science by just making oneself understandable. This chapter, rather
than relying on the term popularization, wants to conceptualize the successful
communication of scientific knowledge in a rhetorical situation as the “recontex-
tualization” of scientific discourse: a “dynamic transfer-and-transformation of
something from one discourse [...] to another” (Linell 1998a) with communicative
consequences not only for the audience but also for the communicators.

Linell states, that because “discourses and their contexts presuppose and im-
ply each other” (Linell 1998b), the recontextualization of discourse does more
than serving the purpose of tapping into the audiences’ background knowledge.
Instead, recontextualization aims at activating the audiences’ concrete contex-
tual resources, their passions and hobbies, their political beliefs and values, etc.
Thus, as Calsamiglia/van Dijk (2004) point out, recontextualization means more
than just reformulating discourse. Recontextualization, then, can be understood
as a form of what Bell (1984) dubbed “audience design” and what has even pre-
viously been called “recipient design” (Sacks et al. 1974). According to Thieme
(2010), audience design comprises “the stylistic features by which speakers

printed on 2/10/2023 10:59 AMvia . All use subject to https://ww. ebsco.conlterms-of-use



EBSCChost -

Creating a Rhetorical Situation == 51

design their utterances for particular audiences as well as design audiences by
means of their utterances.” So, when communicators use recontextualization to
design or position their audiences, they try to “imagine and situate different au-
dience constituents” in order to activate shared knowledge and values between
them. Thus, the communicator and the audience need a common ground on
which knowledge can be conveyed and exchanged (cf. Clark 1996). If the audi-
ence can link what the communicator explains to their own system of knowledge,
understanding, and belief, communication has a chance of being effective. Or, as
Clark/Brennan (1993) put it: “Grounding is essential to communication. Once we
have formulated a message, we must do more than just send it off. We need to
assure ourselves that it has been understood as we intended it to be.”

Closer to the realm of science communication, to recontextualize also means
more than just to explain. On the one hand, recontextualization is, according to
Bauman/Briggs (1990) “an act of control” which never is neutral. As Oddo (2013)
explains, the act of recontextualization “entails the power to appropriate a text,
the ability to redefine it, and the authority to claim the recontextualization as le-
gitimate.” On the other hand, in order to successfully perform recontextualiza-
tion as an act of control, speakers must adapt the discourse “to the appropriate-
ness conditions” (Calsamiglia/van Dijk 2004) of the situation in which it is
placed. This links recontextualization to Bitzer’s (1968) three constituents of the
rhetorical situation — exigence, audience, and constraints — as well as to Liebert’s
(2019) functional determinants of science popularization. The latter include ac-
tors, addressees, and knowledge needs as well as communicative goals such as
entertainment, legitimacy, or beauty.

Focusing onto the specifics of science communication, recontextualization is
related to what Hyland (2010) calls creating “proximity.” The recontextualization
of scientific discourse, according to Hyland, “offers different ways of understand-
ing academic practices.” Establishing proximity with the intended audience al-
lows communicators to exercise control through “rhetorical features which dis-
play both authority as an expert and a personal position towards issues in an
unfolding text” (Hyland 2010). Hyland identifies these features as textual organ-
ization and argument structures, the scientist’s credibility and stance, as well as
reader engagement. With conscious decisions for each of those features, Hyland
argues, science communicators let the audience not only connect and engage
with the topic, but also tell them something about themselves as well as their
perspective on the audience. Consequently, the recontextualization of scientific
discourse can be understood as positioning science as a communicative activity
and involving the audience in the communication.
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Drawing on Hyland’s proximity features, Luzon (2013) divides the rhetorical
strategies for recontextualizing scientific discourse into two parts: firstly, strate-
gies to tailor information, such as explanation, paraphrases, metaphors, exam-
ples form daily life or the use of visuals; and secondly, strategies to engage the
audience, such as references to popular lore, self-disclosure, questions, or hu-
mor. Mattiello (2017) draws on Luzén to count the “adjustment of information to
the readers’ knowledge and information needs” and the “employment of linguis-
tic features typical of personal, informal, and dialogic interaction” among the
main categories of recontextualization. In addition, however, she elevates one of
Luzén’s sub-items to a main category: the “use of explicit and personal expres-
sions of evaluation.”

We will encounter all three of Mattiello’s categories in the following analysis.
However, based on the results of Calsamiglia/van Dijk, special attention will be
paid to the use of metaphors in the process of recontextualizing discourse around
genetic engineering. Their findings show a close connection between “structures
of meaning and of knowledge in the discursive act of explanation” (Calsami-
glia/van Dijk 2004). Categories such as Localization, Composition, Size, Number,
Appearance, and Functions seem to be more than just semantic categories, but to
belong to a “basic knowledge schema.” Through recontextualization, these cate-
gories are metaphorized to be more accessible — working with an example from
genetics themselves, Calsamiglia/van Dijk are able to show this accessibility for
the conceptual metaphor “genome is a text” and its use in science journalism. We
will come across this metaphor again when we now turn to Kevin Esvelt’s recon-
textualization of the scientific discourse around CRISPR technology and gene
drives.

4 Gene Drives on the Horizon

In the last few years, in the light of a revolutionary breakthrough in genome ed-
iting that is the discovery and subsequent development of CRISPR, we have been
witnessing the emergence of another rhetorical situation in science discourse and
science communication, which has already shown the potential to dominate or
even alter the science-public-relation and the state of science communication
even in its earliest stages of public discussion. The complex CRISPR method has
become the central process of genetic engineering since its discovery and appli-
cation in the early 2010s. In order to make it as easy as possible to understand,
the following explanation by award-winning science journalist Michael Specter
(2015) is used:
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CRISPR has two components. The first is essentially a cellular scalpel that cuts DNA. The
other consists of RNA, the molecule most often used to transmit biological information
throughout the genome. It serves as a guide, leading the scalpel on a search past thousands
of genes until it finds and fixes itself to the precise string of nucleotides it needs to cut [...].
With CRISPR, scientists can change, delete, and replace genes in any animal, including us.

With CRISPR, Specter (2015) writes, “scientists will be able to rewrite the funda-
mental code of life, with consequences for future generations that we may never
be able to anticipate.” For this very reason, CRISPR is particularly in need of pub-
lic explanation via the means of recontextualization.

At the forefront of CRISPR research as well as its recontextualization in com-
munication to the public is Kevin Esvelt. Esvelt is an assistant professor, head of
the Sculpting Evolution research group and, by his own account, less of a geneti-
cist than an “evolutionary engineer” — an ambitious role that fits the institution
he is researching at: the Media Lab of the Massachusetts Institute for Technology
(MIT), a science location that, in the words of its founder Nicholas Negroponte
(1995), long considered itself a “salon des refusés,” a band of outsider scientists.
Accordingly, Esvelt’s science agenda seems rather extraordinary: he is focused
on how to change the environment through designing the evolution of specific
organisms. His main achievement is to stabilize the CRISPR system in organisms
with the help of a so-called gene drive — and thus facilitate genetic modification
of entire populations. As this chapter wants to analyze Esvelt’s efforts in science
communication, it is perhaps best fitting to use his own words from his research
group’s website:

In 2013, Esvelt was the first to identify the potential for CRISPR “gene drive” systems to alter
wild populations of organisms. Recognizing the implications of an advance that could ena-
ble individual scientists to alter the shared environment, he and his colleagues chose to
break with scientific tradition by revealing their findings and calling for open discussion
and safeguards before they demonstrated the technology in the laboratory. (Esvelt 2020a)

For the will to communicate both, his discovery and transparency, Esvelt came
into the focus of the media and the public: as a speaker at town hall meetings,
TEDx conferences and other science communication events, as an expert in pod-
casts such as Radiolab or as the subject of a portrait in The New Yorker magazine,
as well as other magazines and newspapers. In 2016, science journal Nature in-
cluded him in the “10 People Who Mattered This Year” list (cf. Ledford 2016), and
at the beginning of 2020, he was one of the “50 people who will shape the coming
decade” (cf. Williams 2020) according to online magazine Inverse.

The following pages will mainly draw from three of his presentations, alt-
hough I will offer some additional analysis from other texts by or about Esvelt.
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The three main examples are Esvelt’s talk at the TEDxCambridge conference in
June 2016,> his short talk at MIT’s 30th anniversary celebration — titled Mind,
Magic and Mischief — in 2015, and an interview he gave in the podcast Radiolab
in 2017, which was published as part of the show entitled Update: Crispr. In order
to describe how Esvelt recontextualizes the scientific discourse around CRISPR
and gene drives, this article will trace how Esvelt creates proximity: how he tai-
lors information, engages his audience as well as positions himself within scien-
tific discourse.

Setting. First, one needs to consider the backdrop of the general communica-
tion situation, the setting of each of the three examples. At the recurring TEDxCam-
bridge conference on June 6, 2016 at the Boston Opera House, Esvelt delivers one
of a total of six lectures in front of 2500 guests. The other speakers included a
neuroscientist, a chef, and a philosopher. Most of the topics presented at the con-
ference over the years were of a scientific nature. The name of the conference re-
fers to the universities Harvard and MIT; the audience can be assumed to be sci-
entifically educated or at least interested. On stage, supported by a digital slide
presentation, Esvelt (2016a) talks about whether and how “Openly Engineering
Our Ecosystems” is possible and feasible. A topic he takes more than 22 minutes
of his time for — and thus significantly exceeds the intended length of a TED talk.*

At the Mind, Magic and Mischief symposium on the occasion of MIT’s thirtieth
birthday, Esvelt’s presentation is shorter, only 8 minutes long. Held at the Kresge
Auditorium of MIT in front of an audience of about 1000 students, professors, and
alumni, it is safe to assume that the audience was either academically trained or
at least interested in science. The event, according to the official announcement
“celebrated the Media Lab’s roots as a salon des refusés, engaging a distinguished
roster of speakers who presented on themes emblematic of the Lab history: crea-
tive, contrarian, and counterintuitive, with humanitarian, artistic, scientific, and
social purposes.” (Ito 2016) Within this setting, Esvelt then talks about the extent
to which CRISPR and gene drives can give science an upgrade. In doing so, he
refers to a talk by a previous speaker at the symposium, thusly linking.

3 In the words of the TED organization, “TEDx is a grassroots initiative, created in the spirit of
TED’s overall mission to research and discover ‘ideas worth spreading.” TEDx brings the spirit of
TED to local communities around the globe through TEDx events. [...] These events are not con-
trolled by TED, but event organizers agree to abide by our format, and are offered guidelines for
curation, speaker coaching, event organizing and more.” (TEDx Program 2020) To find out more
about the characteristics of TED talks, see Martijn Wacker’s chapter in this volume.

4 Despite an explicit statement to the contrary in the TEDx rules — “[a]ny talk exceeding 18
minutes [...] may not be published to the TEDx YouTube Channel” (TEDx Rules 2020) - the video
of Esvelt’s talk can be found on the YouTube channel in question.

printed on 2/10/2023 10:59 AMvia . All use subject to https://ww. ebsco.conlterms-of-use



EBSCChost -

Creating a Rhetorical Situation == 55

The setting of a podcast, in turn, differs significantly from that of live presen-
tations. And in the case of the science podcast Radiolab, also produced by WNYC
Studios and broadcast as a radio show on NPR, this is particularly true. Radiolab's
broadcasts deal mostly with scientific topics, merging elements of monologue
lectures with classic dialogical interviews. It integrates elements of the reportage,
field recordings, and other sound bites. Characteristic for the show are overlays
of voices and fast edits, which can be disorienting but give the show speed and
depth — and which are well received by the audience. After all, the format has
been running for 18 years now.’ In a February 2017 episode on CRISPR, hosts Jad
Abumrad and Robert Krulwich, along with producer Molly Webster, interviewed
Esvelt. While this interview takes up only a few minutes in the 50-minute show,
some of Esvelt’s statements are placed as snippets at the beginning of the show
and thus carry particular weight. Why this part of Esvelt’s interview is placed at
the beginning of the show will be discussed later.

Structure and Argumentation. Looking at the structure and course of the ar-
gumentation in the analysis examples, it quickly becomes apparent that Esvelt’s
presentations at TEDxCambridge and MIT are structurally similar but vary in lin-
guistic and metaphorical respects. With introductions and conclusions as a
frame, Esvelt divides the main parts of the lectures into three larger sub-sections:
first, he talks about the CRISPR method, its possibilities and its limitations; then
he goes into his specific field of research, gene drive, and explains its mechanism
and possibilities; in a final step, he takes an argumentative turn towards the sta-
tus of science: Esvelt pleads for a transformation of the culture of science towards
open and responsive science. While the argumentative structure of the lectures is
similar, they differ in their emphasis: While Esvelt gives each part of the MIT lec-
ture about the same amount of speaking time, in the TEDxCambridge lecture he
spends more than twice as much time on the topics ‘gene drive’ as well as ‘open
and responsive science’ as on CRISPR. When he has more speech time, one can
cautiously conclude from these examples, he seems to focus on gene drive tech-
nology and the argumentative turn towards open and responsive science. This
conclusion, of course, correlates with the arrangement of his arguments, since
CRISPR s, as it were, the foundation of his argumentation at the beginning of the
lecture’s main part, and then the narrative tension is developed over the signifi-
cance of gene drives to the culture of science.

5 The listener numbers and the exact audience of Radiolab cannot be represented with cer-
tainty, so this chapter refrains from doing so for the benefit of setting analysis. For more on Ra-
diolab as science communication, see Thomas Susanka’s contribution to this volume.
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In the case of the Radiolab podcast, the structure is naturally different since
it is not Kevin Esvelt but the makers of the program who have dramaturgical con-
trol. What is more: they use these excerpts from Esvelt’s interview as a teaser at
the beginning of the program. With that, they carry out an argumentative shift
from the possibilities of gene drives to the consequences of research for the pub-
lic. The podcast ends with Esvelt’s interview segment, giving it the greatest argu-
mentative weight. Here too, through interviews with other scientists, the descrip-
tion of the possibilities of CRISPR and gene drive technology are offered first,
before Esvelt adds a layer that addresses another level of the topic. How he ad-
dresses this other level — and why he does so — can be complemented by an anal-
ysis of Esvelt’s use metaphors and audience design.

Metaphors. The recontextualization of the scientific discourse around genetic
engineering has frequently become the subject of scientific analysis (cf. the al-
ready discussed Calsamiglia/van Dijk 2004); in recent years, the metaphors used
by science communication have come to the fore, particularly in the case of
CRISPR. In a study focusing on how such metaphors are used, O’Keefe and col-
leagues argued that CRISPR-communication to the public should focus on three
points: “(1) the ethical complexity of the technology; (2) an accurate description
of the technology, how it works, and how it can be used; and (3) what is known
and unknown about its potential consequences” (O’Keefe et al. 2015). The authors
conclude that the metaphors that are used about CRISPR belong to the field of
“editing.” These metaphors are of course only a variation of the “genome is a
text” metaphors (Calsamiglia/van Dijk 2004), and, as O’Keefe and Colleagues
point out, they lack the third of their criteria in particular. Consequently, the au-
thors suggest that the “limitations of these metaphors”, if left unchanged and un-
commented, “will have a ripple effect across the public, political, and scientific
commons and the decisions made within them.” Here the public, political, and
scientific-cultural dimension of science communication discussed above be-
comes visible. It will also play a central role in Esvelt’s recontextualizations.

O’Keefe et al. are in any case correct regarding the frequency of “editing”
metaphors in popular science explanations of CRISPR. For example, this present
article has integrated such metaphors by citing Michael Specter’s explanation
above. To recall: CRISPR, according to Specter (2015), is used to “change, delete,
and replace genes.” Against this backdrop, it is not surprising that Kevin Esvelt
makes extensive use of metaphors from the nexus of “editing”: at TEDx, for ex-
ample, he talks about how CRISPR can be used to write. “If biology is written in
the language of DNA - and it is —, CRISPR is our pencil” (Esvelt 2016a). A gene
drive, with which it is possible to firmly anchor the CRISPR system in the cell and
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thus also to implement genetic changes in subsequent generations, is explained
by Esvelt using the metaphor of a pencil to write, erase and rewrite.

Introduced into the cell, [would be] not just your edited DNA sequence but also the instruc-
tions for making and using the pencil. So CRISPR will erase the original sequence and write
in the new one, plus the instructions for making and using the pencil. Once one copy goes
in, it will produce the pencil and use it to erase the other copy of the original version and
write in the new one. So now the organism has two copies. (Esvelt 2016a)

In the MIT talk, given about half a year before TEDxCambridge, Esvelt omits the
specific image of the pencil and symbolizes CRISPR editing through the metaphor
of a copied cassette:

They would have the CRISPR-system which would be programmed to again cut the wild
version of the gene and copy the cassette over again. So, all of those offspring would inherit
it. And editing would happen again going from one to two copies in every generation down
through the generations until all of the population has been edited. (Esvelt 2015, 4:21)

Also, in the Radiolab interview, Esvelt uses the “editing” metaphor as a basis to
explain how gene drives work, this time illustrated not by a pencil but by scissors:

Instead of just snip the DNA and insert the gene that we want, we also insert the genes that
encode the CRISPR system and tell it to make that particular change. [...] In the offspring
without any human assistance, CRISPR will cut the original version and copy over the
change. That gene does the work that I used to do in the lab, on its own inside the baby. [...]
Like I set it on autopilot. (Abumrad/Krulwich 2017)

However, in the case of gene drives, he complements the image of editing with
that of the autopilot — and thus manages to give the automation of the gene drive
procedure an amazingly consequential focus: “This is something that spreads in-
definitely.” (Abumrad/Krulwich 2017) Accordingly, the connotations here are
suddenly no longer exclusively positive; in the podcast the following reaction
from producer Molly Webster can be heard a short time later:

I just think that sounds terrifying. Honestly, I just keep thinking of it’s like, oh, we’ve just
hit over a domino and then walked away and aren’t watching where the rest of them are
falling. (Abumrad/Krulwich 2017)

This question is more cue than problem for Esvelt. He uses his answer to shift the
argument, again, towards the possible consequences of gene drive research: “I'm
very glad you think that way. It took me one full day to reach that point.” And
here, after more than two-thirds of the podcast, the same passage that was al-
ready played to the listeners at the beginning comes up again:
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Kevin Esvelt: I'm very glad you think that way. It took me one full day to reach that point.
Initially I was elated. Let me tell you, there is nothing like the sheer elation of discovery.
And I think, this is the end of malaria, this is the end of everything else mosquitoes spread.
Wait a minute, tick spread Lyme disease, we can probably get rid of that too. I thought.
Robert Krulwich: So in the morning, you’re like, woo hoo.

Molly Webster: You're singing to the turtles in the park.

Kevin Esvelt: Pretty much. I give myself a full day of being [woo hoo]. And then I started
thinking, but, but, but, but what if something goes wrong? (Abumrad/Krulwich 2017)

Esvelt here contrasts scientific progress, the “sheer elation of discovery” with a
clear “but” repeated several times. The consequences, which according to
O’Keefe and colleagues do not belong to the usual metaphors for CRISPR commu-
nication, are contrasted by Esvelt in the Radiolab podcast by means of the auto-
pilot metaphor and the repeated objection by the “but” to the editing.

Also, in the TEDx presentation, Esvelt asks the same rhetorical question to
the audience: “What if something goes wrong?” (Esvelt 2016a) The question
about possible consequences brings out the ambivalence of using CRISPR and
gene drive. In Esvelt’s words, “a pencil is a pencil” and possible mistakes can be
corrected by CRISPR combined with a gene drive. But Esvelt emphasizes the cas-
ual character of such an application by repeatedly using the verb “tinker”: All too
careless tinkering, Esvelt says, can lead to serious consequences, the ecological
risks are quite real. And with that, Esvelt combines his explanations with his au-
dience design to fully recontextualize CRISPR and gene drive technology for the
audience.

Audience Design. At TEDxCambridge, against the visual background of a pic-
ture of the earth taken from space, Esvelt begins his lecture with the story of a
slowly sinking world ship whose ecology seems almost irreparably damaged. As
a contrast, he asks his audience to “imagine a world” (Esvelt 2016a) in which
these problems are solved. But of course Esvelt is not a dreamer a la John Lennon,
but a scientist, so it’s not just a matter of imagination - these dreams actually
could come true with CRISPR and gene drive: “Overall, gene drive is a way to
solve ecological problems using biology not bulldozers.” The mood of his talk is
tailored to the setting of TED and its audience, as TED conveys a passionate belief
“in the power of ideas to change attitudes, lives and ultimately the world.”
(About: Our Organization 2020) Accordingly, Esvelt’s use of pathos and storytell-
ing is exactly what an audience would expect from TED — he shows his mastery
of what in rhetoric theory is called aptum (appropriateness). Accordingly, at Me-
dia Lab’s 30th anniversary, he adapts to the situation. To match the event’s theme
of “Mind, Magic and Mischief,” he links CRISPR to a magic trick and explains
gene drive with an analogy to open source software. In the Radiolab podcast, his
grasp of aptum is demonstrated through the story of his personal eureka moment,
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which is told with the intention to bring him closer to the audience: As he tells
the hosts, the idea to develop gene drives came to him during a walk in Boston’s
Emerald Necklace Park.

In his presentations Esvelt also tries to work with those examples from his
research area that are probably best known to the audience from their own expe-
rience: The first example he uses to explain the advantages of gene drives is ma-
laria — and thus, compared to other diseases such as Zika or Chikungunya, the
illness that is most accessible to the knowledge and imagination of the audience.
After all, malaria is the most common infectious disease in the world, affecting
around 200 million people every year. The fact that in his explanation he later
switches to Lyme disease is due both to his research subject and to local factors:
For he explicitly evokes a very specific image — children infected with Lyme dis-
ease — that promises to be highly effective for his argument, especially in his lec-
tures in Boston:

Well here in New England, the iconic image of American childhood - that of kids running
freely through the woods - is increasingly threatened by the prevalence of Lyme disease
and other tick-borne pathogens. If you could invent the technology to prevent tick-borne
disease and let the kids run free again, would you do it? (Esvelt 2016a)

Contrary to first appearances, this is not a rhetorical question. It involves the au-
dience: not necessarily in Esvelt’s research process, but in the scientific and po-
litical decision-making processes that accompany this research. For the question
is embedded in two inquiries that concretely activate the audience. Right before
the quoted passage, he asks for a show of hands to find out who has already been
bitten by ticks, and then he asks the audience again how they answer to his ques-
tion about the technology that can prevent tick-borne disease. Both times, his re-
action suggests, most of the hands go up. Esvelt frequently uses such questions
and surveys, especially at TEDx, thus linking the rhetorically appropriate ad-
dressing of the audience with a central question of his research: How can re-
search work on such a sensitive technology as gene drives, what is allowed for
science, what is not? The questions that he asks the audience in his lectures are
the same questions that he had to ask the public for his research.
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5 From Recontextualization to
Precontextualization

Since 2016, Esvelt and other researchers have been working on a pilot project to
genetically modify the wild mouse population on islands such as Nantucket and
Martha’s Vineyard to eradicate Lyme disease in limited, easily controlled envi-
ronments. Long before a gene drive vaccine was ready, Esvelt attended town hall
meetings on both islands to set an example for a different way of doing science.
“He set up a governance plans [sic] for the residents to oversee the project, should
they decide to let it go ahead. He explained his strategy, asked for opinions, and -
crucially — listened to the responses.” This is how the journalist Ed Yong describes
Esvelt’s approach in a portrait for The Atlantic (Yong 2017) — one of several articles
published by renowned newspapers and magazines that reported on Esvelt and his
evidently quite unusual strategy (see, for example, Ducharme 2016; Grolle 2016;
Harmon 2016; Specter 2017; Zimmer 2017).

Ultimately, Esvelt wants to be able to do research on CRISPR and gene drives.
His approach, however, is not only to conduct studies and collect funding; in-
stead he recognizes the need to conduct science — in his own field of evolutionary
engineering, but also beyond it — more openly in order to be able to persuasively
influence political decisions. The recontextualization of CRISPR research, the es-
tablishment of proximity and connectivity thus serves a rhetorical purpose: the
establishment of a discussion about benefits and risks, a priori of possible re-
search consequences.

It is evident in all his public appearances that Esvelt also wants to take the
time to discuss such possible consequences of his own research. His big objec-
tion — “but, but, but, but what if something goes wrong?” — already was ad-
dressed above in relation to the Radiolab podcast. At TEDx, he explores such ob-
jection in greater length:

And right now, there is nothing stopping me or any other scientist from building any gene
drive system that we want. Imagine a well-meaning scientist who wants to solve an ecolog-
ical problem. They want to spur on the ecologist to run those tests to make sure that it’s a
good idea, so they build a gene drive system in the laboratory. They’re confident that it it’s
a good idea. We’d certainly find out if any of their gene drive organisms escaped into the
wild. It only takes one. Oops, they might say. Terribly sorry, I didn’t mean to unleash a tech-
nology that could ultimately impact the lives of billions of people. I mean, I know our an-
cestors fought and died for the right to self-governance, but it was an honest mistake. You’d
forgive them, I'm sure. You’re compassionate, remember? You wouldn’t let a single mistake
by a single scientist seriously damage your trust in science, and it certainly won’t prompt
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you or anyone else to impose harsh restrictions on what scientists can do, would it? Because
we’re trying to fix the sinking world ship here, right? (Esvelt 2016a)

With a strong pinch of irony, Esvelt sweetens the bitter truth for the audience:
there are no guardrails, no regulations, no stop rules for gene drive research. The
consequences that Esvelt foresees are that if something goes wrong, it would not
only have potentially catastrophic ecological consequences. Public confidence
would be permanently damaged; it would unleash public debates and political
discussions about how far research should go. The rules that would then be im-
posed, Esvelt says, would be stricter than anything research is currently imposing
on itself. With the case of the babies genetically modified by He Jiankui this vision
of the future has in part already become reality. He’s case has led to exactly those
political discussions, social debates, and scientific regulations that Esvelt out-
lined (cf. Dickenson/Darnovsky 2019).

However, Esvelt does not consider individual researchers to be the culprits,
but rather the entire scientific culture. Science has been communicating in the
same way for about 200 years, by publishing in journals, he complains in his talk
at MIT: “That is to say despite the tremendous advantages in communication
technologies that we have now; despite the fact that science would be much more
efficient and reliable if done more like open source software, we don’t do it that
way.” And even though he is aware that this is difficult — “it’s hard to change
systems and it’s even harder to change cultures”, Esvelt (2015) remarks — he
wants to change this for his own peer group. As he tells Specter (2017): “in the
laboratory we don’t even tell each other what we’re doing. There is very little
openness. That is going to have to change.”

Esvelt wants to be the driving force for a fundamental structural change, an
advocate for building trust, reaching out toward the public as well as within the
scientific community. Thus, he demands to communicate and research gene
drive in the most open and transparent way possible. As he writes on the website
of his research group, for him “gene drive research is an ideal test case” for an
open and responsive science, and it “offers a way out” of the prisoner’s dilemma
that current research — at least from his point of view — poses:

Conducting gene drive experiments behind closed doors risks affecting the shared environ-
ment and the lives of others without their knowledge or consent. It denies other scientists
and interested citizens the opportunity to voice suggestions or concerns that could improve
safety and accelerate progress. (Esvelt 2020b)

There have been numerous initiatives to open the sciences, create transparency,
and open access — especially with the shift in EU funding to so-called Responsible
Research and Innovation (RRI) initiatives (cf. Broks 2017). With these demands,
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Esvelt nevertheless finds himself in an outsider position — or at least he considers
himself to be in one. Accordingly, in the TEDx talk (cf. Esvelt 2016a) he suggests
that he has been “professionally punished” for disclosing his own research re-
sults — and so it seems only understandable that he is pursuing the refusé’s path
of promoting science communication through lectures, interviews, as well as po-
litical and not least media influence.

However, his external science communication complements communication
efforts aimed at his peers using the traditional channels of scientific discourse.
For example, Esvelt has published letters and op-eds in the major journals Nature
and Science, in which he advocates for more confidence-building measures for
the public.

Openness and collective oversight would reduce the risk of an accident involving gene
drive, and may mitigate the backlash from such a disaster, while accelerating — not imped-
ing — discovery. Journals, funders, policy-makers, and holders of intellectual property
should work to ensure that all gene drive research is open from the proposal stage onward.
(Esvelt 2017)

With these op-eds and letters (see also Esvelt 2016b; Esvelt 2016c¢), it becomes
even clearer that Esvelt’s communication is directed at deliberating future
events — right at this moment. Whereas with the public, in order to make it un-
derstood how his research works, he saw the need to recontextualize the scien-
tific discourse in establishing two possible future outcomes — saving the world
vs. regulating science — Esvelt deploys what Oddo (2013) calls “precontextualiza-
tion.” Oddo bases his understanding of precontextualization on a notion of re-
contextualization in that it is rhetorical in a very political and power-related
sense. If this act of control is aimed at a future event, it becomes precontextual-
ization.

Precontextualization occurs any time a text introduces or predicts elements of a semiotic
event which is yet to unfold. However, precontextualization not only entails describing fu-
ture discourse. It also entails providing a context for that discourse, and requires that speak-
ers position an upcoming rhetorical event within and among other semiotic representations
of the present, past, and future. (Oddo 2013)

So, through precontextualization, the future becomes the groundwork for an ar-
gumentation in the present; it is used to establish the plausibility of current ac-
tions regarding future events — and thus to establish the latter as persuasive
frameworks for today’s discourse. According to Oddo, “speakers may shift from ep-
istemically modalized representations of what will happen at some distant future
moment to deontically modalized exhortations of what must happen now.”
(0Oddo 2013) And this is exactly what Esvelt is doing: in shifting his argument from
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the recontextualization of CRISPR and gene drive research to its precontextual-
ization, he is issuing a call for action.

For as soon as gene drives were released into the wild — whether by an unfor-
tunate mistake or as a fraudulent research measure — a major public and political
debate about the social or ecological consequences would be inevitable. This
would create a rhetorical situation in which the urgent problem would be how to
deal with transgression through research. In order to prevent this rhetorical situ-
ation, Esvelt establishes a horror scenario which would, at least from today’s per-
spective, probably entail to restrict the freedom of research drastically. Then, in
another twist, he contrasts this horror scenario with another option: open and
responsive science as a research utopia. By precontextualizing both scenarios,
Esvelt tries to channel a future debate about results toward creating a current de-
bate about research itself and thereby prevent that “something will go wrong” in
the first place.

From the viewpoint of rhetorical theory, this approach is, of course, not com-
prehensible with Bitzer’s understanding of the rhetorical situation. Bitzer con-
ceptualized rhetorical situations as discursive events that emerge when the time
is right. For this reason, reference should be made here to Richard E. Vatz’s un-
derstanding of rhetorical situations, which precisely fits Esvelt’s actions. Vatz un-
derstands rhetoric more as “creation of reality or salience rather than a reflector
of reality” (Vatz 1973); accordingly, rhetorical situations arise when rhetors suc-
cessfully create salience of a topic within an audience. And this is exactly what
Esvelt tries to do: he fears the outcome of a future rhetorical situation, so by pre-
contextualizing that future situation, he tries to create another rhetorical situa-
tion in the present, which has a different outcome. In order to prevent harsh re-
strictions on gene drive research in the future, he tries to create salience for a
discussion about communication within science, about public trust, and about
safeguarding principles in research. In this alternative rhetorical situation, poli-
ticians, scientists, stakeholders, and the public should exchange opinions and
arguments, even before research has yielded any insights.

6 Conclusion

From the perspective of rhetorical theory applied to science communication,
Kevin Esvelt’s approach is promising. Yet, one question remains: How successful
is his communicational work? How successful are recontextualization and pre-
contextualization? To what extent does he actually manage to create a rhetorical
situation? The answer is ambivalent. On the one hand, his approach has met a
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great deal of interest, especially among the ‘traditional’ media — as the science of
science communication also noted (cf. Brossard et al. 2019). Regarding Esvelt’s
intervention against a gene drive field trial in New Zealand, Brossard and col-
leagues note that Esvelt’s approach sometimes leads to the fact that only his own,
occasionally too narrow view is represented in the media — and that other scien-
tists are not heard. He has understood the logic of media and is using it for his
own agenda. It is precisely the call for open and responsive science, the example
of transparency, that seems to make his research particularly newsworthy — as
Esvelt readily admits: “We got New York Times coverage on a project on which
no one has even touched a pipette yet [...]. To some extent, that’s a reflection of
the fact that I don’t think people usually do this.” (Ducharme 2016) However, the
criticism voiced by Brossard and colleagues also indicates that Esvelt’s project,
which included the creation of an online community for the exchange of open
research, has not necessarily been successful so far. The online platform appears
to be quite inanimate, and apart from older results of his own research group,
nothing is to be found there. Similarly, his New England islands project yielded
mixed results. The citizens of Nantucket and Martha’s Vineyard, according to
Brossard and colleagues (2019) “said no to gene drive (but might ultimately say
yes to more conventional genetic engineering that does not automatically spread
throughout an entire population).”

If one tries to generalize Esvelt’s communication measures regarding the con-
nection between science communication and rhetoric, science communication
can - and for that matter, should — not only be used to introduce scientific dis-
courses to solve pre-existing rhetorical situations. Rather, science communica-
tion can also be used to create rhetorical situations in the first place. When scien-
tific institutions as well as individuals acting from within science address the
public, they are not only interested in passing on facts, but also in participating
in public discourse. Therefore, as deliberative instances, they should also have a
rhetorical effect. The analysis of Kevin Esvelt’s re- and precontextualizations of
CRISPR and gene drive research demonstrates one way of how such influence can
work. CRISPR and gene drives in particular can contribute to a paradigm shift
that allows scientists and scientific institutions to become politically — and that
means rhetorically - active.
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Sophia Hatzisavvidou
Communicating Sustainability

Shifting Context, Altering Content?

1 Introduction

The term sustainability has acquired a prominent status in public discourse
today. Indeed, it has taken the form of a principle of action that everybody
abides by. We want to sustain the rainforests, the oceans, the cities, and our
lives in them, even space. And by “we” I mean scientists, policy makers, inter-
national organizations, local communities, as well as individual citizens. The
idea of leading more sustainable lives, for example through consuming sustain-
ably produced food and drinks, is widely supported. The term sustainability and
its derivatives seem to have earned their place in public discourse, especially
among those who want to advance an environmental-friendly or green profile.
Responsible development is sustainable development. Indeed, Connelly et al.
(2012) suggest that we can consider the impact of the idea of sustainable devel-
opment as a victory for green thinking. To live sustainably is common sense.
However, this has not always been the case. In this paper, I explore the evo-
lution of sustainability thinking from a rhetorical perspective. Before setting out
the aims of my scrutiny, it is important to make two clarifications: I am not con-
cerned with providing a working definition of sustainability or with comparing
the different perceptions of sustainability among those who support and ad-
vance it; neither am I interested in reconsidering the contested (Connelly 2007;
Jacobs 1999) or paradoxical (Redclift 2007) nature of the concept and thus in
repeating arguments made elsewhere. Rather, I am interested in probing the
evolution of the term in public discourse in the last twenty years in order to
illuminate two things: first, the effect of rhetorical context on the emergence
and establishment of certain concepts in public life; and second, the normative
and ideological nuances of these diverse uses. As a rhetorician, my concern is
with the qualitative transformations that certain technical or scientific terms
undergo when they enter the field of political communication; as a political
theorist, I am interested in how these transformations enable such concepts to
become central to policy planning, goal setting, and strategy deployment, and,
therefore, to become an integral part of what we call our common good.
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To achieve these aims, I selected a sample of scientific outputs and UK poli-
cy documents. The task of studying them from a rhetorical perspective entails
attentiveness to a diversity of elements that comprise these texts, but also of
elements that precede, and exceed the text. Therefore, a rhetorical analysis
differs from a textual analysis that studies concepts in their specific context in
order to track alterations in meaning. As McGee (1990) argues, the object of
study of critical rhetoric (what he calls “fragment”) ultimately is not a finished
text, but a set of facts, events, texts, discourse, and stylized expressions that
participate in explaining the importance or influence of the artifice under scru-
tiny and expose its meaning. The study of “fragments” is the study of the inte-
grated complex of text and context.

I treat both categories of documents studied for this paper as a form of in-
tervention that aims to achieve persuasion. From the one hand, scientific arti-
cles seek to persuade the scientific community and the public that a given tech-
nique, method, or process can advance our knowledge and understanding of
the world; on the other, policy documents seek to set and forge common pur-
poses, as well as justify and advance the need for collective action. Each set of
documents comes with the particularities that the genre (or type) it belongs to
dictates. Scientific articles are especially suited for the purpose pursued here for
at least three reasons, as Gross et al. (2002) argue: first, journal articles have
become the canonical form for the communication of original scientific results;
second, articles are more manageable and amenable to rigorous scrutiny com-
pared to books or other forms of academic communications; third, they are
meant for public scrutiny by definition. At the same time, attempts to organize
and coordinate human co-existence in the context of political communities have
resulted to the production of international and national documents that aim to
standardize common goals, principles of action, and mechanisms of implemen-
tation. These “fragments” integrate facts, values, ideologies, and visions for
collective action and, therefore, are of particular interest as exemplars of rhetor-
ical interventions that shape the terms of human co-existence.

Sustainability thinking has evolved primarily in the two domains of human
action studied here, namely the production of scientific knowledge and the
formation of political common sense and, therefore, of what constitutes shared
knowledge within the context of a given society. The concept of sustainability
has become a commonplace in social and political discourse, following a pro-
cess that projected it as a common goal to be pursued by a relatively cohesive
social and political body. One of my purposes is to scrutinize how arguments
advanced in policy documents resonate with ideas formed and argued for in
scientific articles and eventually the extent in which policy discourse integrates,
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reflects, relies on, or is inspired by scientific discourse. However, this is not a
case of examining whether science informed policy; rather, the assumption is
that a more complex relation is in place, one which ultimately results to the co-
production of social knowledge. The creation and integration of ideas that be-
come common sense is the product of both scientific and political thinking. If
sustainability today is common sense, this is not only because it was argued for
in a persuasive way by certain agents of political discourse; it is also because it
gained credibility by drawing on the authority — what in rhetoric is called ethos -
of science.

2 Rhetorical Analysis

The concept of rhetoric has negative connotations in popular discourse, fre-
quently invoked within the “speech versus action” binary where at best it is
associated with the pejorative meaning of the task of speaking in the absence of
any practical outcomes and at worst it is linked to intentional deception. How-
ever, as a method of studying the constitution of social and political reality
rhetoric is a critical research process that enables one to attend to the dynamic
and complex grid of discourse, agency, and structure. Following Aristotle’s first
attempt to offer a systematic study of this process, a flourishing discipline has
emerged which spans across the diverse domains of human activity and pro-
vides insights on the interaction between the physical and social world. One of
the virtues that this method of analyzing public discourse brings is that it com-
bines the theoretical rigorousness of social and political thought with the empir-
ical attentiveness to old and new problems in order to provide informed insight
into the human endeavor to inspire, govern, prosper, survive. Furthermore,
since the most fundamental function of rhetoric is, according to Burke (1969)
“the use of words by human agents to form attitudes or to induce actions in
other human agents,” the study of rhetoric enables us to scrutinize how these
formations and inductions take place through the use of persuasive language.
One of the virtues that rhetoric brings to the analysis of political discourse is
that it calls our attention to arguments — and, therefore, to purposeful forms of
discursive interventions that aim to have an effect on an audience. When study-
ing arguments rhetoricians study their invention, arrangement, and style, as
well as the contexts in which such interventions emerge and which they seek to
inform and transform. Rhetorical analysis shows how rhetoric is not only in-
strumental but can also be constitutive of social and political change, creating
new meanings and perceptions (Hatzisavvidou 2017). By analyzing rhetorical
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arguments, we also analyze the strategies and so the ideas and beliefs of politi-
cal actors; furthermore, by examining the contests between rival positions we
can better understand the arguments used in the constitution of political identi-
ties and affiliations, thus creating shared realities.

An emerging theme in science communication is the role of “narratives” in
shaping public’s understanding on sustainability issues (Goggin 2009). Narra-
tives of course contribute significantly to the way we understand events and
facts and how we relate to them; however, persuasion begins well before the
arrangement of arguments and, therefore, before the creation of narratives.
According to Cicero, the first canon of rhetoric is invention: in order to make a
persuasive argument, one must first invent what is persuasive within a given
context and guide the audience from familiar ideas, perceptions, or beliefs to
new ones. This process, though, is not the sole work of the agent of persuasive
discourse; rather, invention is a collective process in the sense that it draws on
concepts and ideas from a wider tradition or context within which the rhetor is
situated and which constrains but does not dictate or proscribe practice (Ja-
sinski 1997). Furthermore, because political actors try to reach out for audiences
that lie outside their own systems of belief or “traditions,” the process of inven-
tion of political arguments is a highly creative task that entails synthesizing
different forms of knowledge and techniques of appeal.

A classical system that is particularly useful at the stage of invention is sta-
sis. This system can help to define the parameters that are pertinent to a given
condition through a series of related questions and hence invent the arguments
more relevant to it. In my project, the stasis system can be used to analyze the
force and quality of arguments as they move from a disciplinary context to that
of political life. First developed by Hermagoras and then refined by Cicero and
Hermogenes of Tarsus, this system consists of three (or more) tiers at which
different questions about an issue can be asked. These are: conjecture, defini-
tion, cause/effect, value, action. Fahnestock/Secor (1988) propose that the tool
of stasis not only generates questions relevant to an issue, but it also determines
the order in which they are asked; stasis describes the logic inherent in the de-
velopment of an issue. However, the usefulness of stasis is not exhausted in its
being an invention technique; rather, “staseis can also be used as probes for the
analysis of audience,” as well as for the creation of audiences and responses to
them (Fahnestock/Secor 1988). This is so because arguments, as they are moved
in the tiers of stasis, operate as orientating tools for the audiences that are
called to use their knowledge, values or convictions in order to arrive to judge-
ment within a given context. Evidently, when someone makes an argument in
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front of an audience that doesn’t share or recognize the value of the chosen
stasis then her attempt to persuasion becomes more challenging.

The analysis of Fahnestock/Secor is particularly relevant to the task pur-
sued here. It demonstrates not only the analytical power of the stasis system,
but also that the very context (e.g., discipline) within which an argument
emerges or is employed defines the tiers of stasis within which the argument
moves. Our concern here, though, is how stasis theory can be used to analyze
the force and quality of arguments not in different disciplinary contexts, but
rather as they move from a disciplinary context to that of politics. What is dis-
tinct about this field of human action is that it is essentially characterized not
merely by the existence of values and beliefs but of profound disagreement on
their role in planning collective action; in other words, political life is distinct in
the sense that it is riven by dispute about different courses of action (Finlay-
son 2007). Ultimately, these disputes are not merely informed by scientific ar-
guments, but they also call for the production or invention of new ones. The
study of invention, of the very first stage that conditions persuasion, facilitates
the study of the mechanisms that participate in the creation of a political argu-
ment; in other words, it helps us “to interpret not just the internal coherence of
a discourse but the way that speech is assembled in response to specific situa-
tions” (Martin 2014). It helps us to attend to strategic interventions that aim to
rhetorically construct or reinterpret a given situation.

It is the strategic function of rhetoric in the field of politics that brings to our
attention the importance of the social context and rhetoric’s relation to it. Since
the aim of rhetoric is persuasion within a particular circumstance or set of con-
ditions, the agent of persuasion must know the nature of the parameters that
define this context. In a frequently cited article in which he inquires into the
nature of the rhetorical situation, Bitzer (1968) argues that a persuasive inter-
vention is called into existence as a response to an “exigence,” that is an “im-
perfection marked by urgency”; however, a specific audience to be addressed,
as well as a set of constraints that affect judgement, are also constitutive of the
function of “rhetorical situation.” Consigny further refines this argument, sug-
gesting that although the situation invites rhetorical intervention, it is the agent
of persuasion and the way she engages with the particular circumstances that
defines the function of the rhetorical act. Consigny (1974) proposes that the
classic category of commonplaces or topics is determinant of the function of
rhetoric: both as a means to invent or discover argument and as the realm with-
in which the rhetor thinks and acts, topos “allows the rhetor to become engaged
in particular situations in a creative way.” Therefore, what makes a situation
rhetorical is that it remains susceptible to reconceptualization and redefinition
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through the use of rhetorical strategies, or “creative combination of established
narrative frames with projectile-like ideas that shift perspectives on a situation”
(Martin 2014).

Martin helps us understand how rhetorical strategies can be incorporated
into analyzing political life. He suggests a generic approach to the study of
analysis of rhetorical political strategies and he identifies three distinct mo-
ments of rhetorical intervention: context, arguments, and effect. For the pur-
poses of Martin’s (2014) analytical scheme, which he develops as a method for
analyzing political speeches, the rhetorical context “refers to the immediate
conditions giving rise to a speech occasion.” Nonetheless, a rhetorical context
is, indeed, a much broader category, one that is not “just an aggregate of imme-
diate variables (e.g., audience, rhetor, medium, topic obstacles, setting, etc.),
nor is it exclusively the producer of pressing exigencies,” but rather it encom-
passes various rhetorical acts that orchestrate traditions “far more enduring
than any immediate political scene” (Poirot 2014). Therefore, for a project that
aims to study not merely certain instances of political speech but also their
fusion with other elements for the creation of political common sense, the idea
of context encompasses systems of beliefs and knowledge that precede and
inform such speeches.

Despite its associations with archaic, and perhaps obsolete, terms rhetorical
analysis is a critical methodology that is not exhausted to the traditional
schemes and mechanisms it has inherited from the Ancients. It enriches its
methodological weaponry with concepts or techniques that it borrows from
other disciplines, eventually blending them with its own strengths and incorpo-
rating them to achieve not the objective representation of reality but a more
critical and creative study of it. This is for example the case with genealogy. A
rhetorical genealogy examines how certain concepts participate in arguments
and public debates about a given topic at specific times and places, assuming
thus a continuity and persistence that call for our attention (Walsh 2013). The
assumption of continuity, however, does not foreclose the possibility of trans-
formation; rather, it affirms the dynamic relation between the world and lan-
guage. Therefore, a genealogical approach considers the transformation of con-
cepts as inextricably linked with social and political change, sometimes driving
them and sometimes following from the necessity to invent new concepts in
order to envision new futures.

This is the approach that I pursue here. Rather than tracking the origins and
evolutions of the concept sustainability in order to provide a critical historiog-
raphy of it, I explore the resonances between scientific and political thinking
and map their co-evolution. Since I do not aspire to provide an exhaustive rec-
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ord of the uses of the concept in these two modes of exploring and re-creating
the world, I have focused my analysis on instances that I treat not as authorita-
tive but rather as exemplary of the interplay between knowledge systems, policy
needs, ideological persuasions, and power aspirations. Invention provided me
with the tools that enabled me to study the evolution of arguments for sustaina-
bility. For example, the use of stasis theory allowed me to attend to discourses
on sustainability as interventions within particular occasions or contexts and
thus to highlight the importance of the latter in the process of creating and am-
plifying commonplaces, that is common points of reference that can forge
common action. It is due to the problematic nature of this process, I argue, that
rhetorical analysis proves a highly relevant methodological tool to the study the
politics of the environment; Rhetorical analysis is useful not because it reveals
supposedly hidden linkages between terminological selections and normative
commitments, but because it takes as its starting point the constructed and,
therefore, contested nature of concepts and their definitions, calling for their
critical examination in order to illuminate a deeper understanding of existing
problems.

I argue that using the canon of invention we can identify and analyze the
emergence of scientific and political arguments, but also track the invention of
scientific disciplines, policy goals, as well as co-produced bodies of knowledge.
Whereas the “creation of knowledge,” which the German language more con-
cretely and effectively grasps as Wissenschaft, is usually seen as taking place in
a terrain of objectivity and neutrality achieved through peer review, the context
of political action is radically different. Indeed, the formation of political
judgement takes place in a contested context where beliefs, emotions, and per-
sonal interests are part of the process of negotiating different positions and
choices. However, there is no direct, linear relation between scientific and polit-
ical arguments, in the sense that the former dictate the latter; as rhetorical polit-
ical analysis helps us see, although certain argumentative patterns may be rep-
licated, the creation of social and political “common sense” is a far more
complex process.

3 Scientific Beginnings

Rhetoricians have not been inattentive to the evolution and usages of sustaina-
bility. Indeed, they have highlighted effectively the diverse and contested ways
in which the concept of sustainability is employed in different spatial and tem-
poral contexts by agents who employ it in order to promote or prevent action. In
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a landmark study that critically analyzes the rhetoric of sustainability, Peterson
(1997) unpacks the tensions inherent in the concept and demonstrates how
despite its diverse interpretations it becomes a commonplace for advocates of
the environment. Myers/Macnaghten (1998) offer a comparative analysis of
arguments for sustainability and sustainable development in leaflets used in
relevant campaigns and in everyday talk about the environment; their analysis
evidences the great discrepancy between policy and everyday rhetoric of sus-
tainability. Stevens (2006) attends to the different rhetorical enactments of sus-
tainability in view of showing how activist or community-based rhetoric partici-
pates forcefully in the production and reconfiguration of the concept’s social
meaning. In a collection of papers edited by Goggin (2009) contributors analyze
how practices of sustainability in different geographical contexts contribute to
the conceptual construction, enactment, and reformulation of the concept.
Finally, more recently Katz-Rosene (2017) demonstrates how the rhetoric of
sustainability is now used in combination with the rhetoric of corporate respon-
sibility to justify the materialization of projects such as the production of Syn-
thetic Crude Oil and has thus become a new ecological rhetorical strategy in the
hands of corporations. It is to this literature that my project seeks to contribute.
Unlike the majority of these works, though, this paper is not focused on a par-
ticular case study. Rather, its aim is to offer a more substantial discussion of the
rhetorical invention of sustainability, as well as of the transmutations that the
concept has undergone, especially as it shifts context of use.

Although the idea of sustainability seems to be implicit in various old phi-
losophies and world views that are concerned with the harmonious symbiosis of
humans with their natural environments (Mebratu 1998) the actual term itself is
the outcome of scientific reflection on how to overcome the problem of re-
sources management on a finite planet. It was more precisely conceived in the
context of forestry as “sustained-yield forest management” in 18th century Eu-
rope and its invocation in this context was intended to avoid any disruption
associated with timber shortage and eventually to maximize the social value of
forests (Sample/Sedjo 1996). It was also in the form of this principle that the
term was introduced in the US by Conservationists who saw the destruction of
natural resources such as forests as wasteful and advocated the need for their
conservation (Dresner 2008). Also known as “wise use,” this idea was based
upon technical studies that suggested that forest ecosystems can naturally re-
generate themselves if an optimal amount of resources is taken from them
(Whitehead 2013). Evidently, the logic of this conservationist argument is prem-
ised on two assumptions: first, that natural systems have a form of agency that
allows them to reproduce themselves, but nonetheless they can be subject to
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scientific observation and quantification, as well as exploitation to fuel econom-
ic growth; and second, that human beings cannot merely co-exist with natural
environments but indeed have a distinct place in them as their active guardians
so that growth can be safeguarded. The logic of sustainability originally affirms
natural resources as an object that needs to be sustained so that human needs
can be met without disruption.

The concept, then, has environmental, ecological, economic, as well as so-
cial resonances. More precisely, it entails “the existence of the ecological condi-
tions necessary to support human life at a specified level of well-being through
future generations” (Lélé 1991). According to Lélé, it was the realization that no
idea of ecological sustainability can be meaningful unless certain social and
political factors are materialized that sparked the invention of the term “sus-
tainable development.” This brought together concerns with regard to social
and economic change or development and to issues of natural resources man-
agement; as we will see, it more particularly bridged the pledges for environ-
mental protection with concerns over economic development, particularly of
less advanced countries. Although sustainability was first presented as a major
issue in a polemic book entitled Blueprint for Survival published in 1972 in which
the authors associated it with the problem of infinite growth by finite resources
(Kidd 1992), ultimately the term would be employed on a major scale in the form
of “sustainable development” .

Following a call by the General Assembly of the United Nations, the World
Commission on Environment and Development (WCED) presented in 1987 the
document that popularized the term “sustainable development,” Our Common
Future. Its authors defined sustainable development as “development that
meets the needs of the present without compromising the ability of future gen-
erations to meet their own needs,” identifying thus the horizon of sustainability
thinking as that of human needs (World Commission on Environment and
Development 1987). Affirming the limitations “imposed by the present state of
technology and social organization on environmental resources and by the
ability of the biosphere to absorb the effects of human activities,” the report
suggested that in order to create possibilities for “a new era of economic
growth” improvements to both technology and social organization were need-
ed. Consequently, Our Common Future, with its prioritization of growth, concep-
tualized sustainability in economic terms and linked it to market mechanisms
and intensified technological advancement.

The Brundtland report — as it is also known after the Commission’s chair-
man and prime minister of Norway — attempted to present environmental
themes as a global problem. As Peterson (1997) observes, the report did so by
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employing the language of common interests, according to which “environmen-
tal issues represent a framework in which developed and developing countries
have common interests.” A unique feature introduced by this report, then, was
that it advanced sustainability as a goal to be pursued jointly across different
countries through the achievement of particular goals which can be scientifical-
ly defined and measured. Yet, and despite setting a common purpose around
the conservation and responsible use of natural resources, the Brundtland re-
port reflected problems created by the attempt to articulate a principle in objec-
tive, scientific terms which is then to be pursued as a social goal advocated and
defended by employing ethical and political arguments (Peterson 1997). This is
directly related to the spirit that underlies the report and which is a presup-
posed existence of “a conflict-free social climate wherein scientists can evaluate
the sustainability of development and agriculture practices, propose ‘more sus-
tainable’ alternatives, then preside over their introduction” (Peterson 1997).
Ultimately, Our Common Future would pave the way for a new, upgraded social
and political role for science, which was based on a narrow understanding of its
functions and role in public life.

Peterson’s work remains the landmark study on sustainability from a rhe-
torical perspective. Her analysis provides not only an informed discussion into
the emergence of the concept of sustainable development, as well as an exten-
sive summary of some of the most insightful criticisms against this idea, but
also an invaluable account of how rhetorical criticism can contribute construc-
tively to the task of addressing the causes of these criticisms. Although the
scope of this paper is far more limited than the one pursued in her book, the
analysis attempted here resonates with the spirit of Peterson’s work and her
contention that rhetoric can help us probe the use of terminologies across vari-
ous social domains in order to re-pose questions and address tensions that re-
main unresolved. It is these questions and tensions that the remaining part of
this paper scrutinizes, by bringing together the scientific, ethical, and political
arguments in the discourse on sustainability as it evolved in the last 20 years.

4 Scientific Arguments for Sustainability

The introduction of the term sustainability in the terrain of international gov-
ernance did not significantly alter the content of the term. Originally coined to
refer to processes that would ensure the optimal satisfaction of human needs in
natural resources, sustainability was subsequently introduced in the domain of
politics as an argument for managing natural resources in a way that would
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continue to serve the needs of human society intergenerationally. This argu-
ment took the form of a policy goal to be achieved jointly by developed and
developing countries. International documents produced in the following years,
such as the Rio declaration in 1992 which explicitly recognized sustainable de-
velopment as a global challenge, drew upon the rationale of the Brundtland
report, linking environmental protection with economic growth and develop-
ment.

The second major step towards the integration of sustainability to policy
planning was in 1992. The United Nations Conference on Environment and De-
velopment — also known as Rio Summit — in 1992 produced Agenda 21, a docu-
ment that identified a set of plans aimed at achieving sustainable development,
setting the blueprint for sustainability in the 21st century. Agenda 21 specifically
advocated that “[o]ne role of the sciences should be to provide information to
better enable formulation and selection of environment and development poli-
cies in the decision-making process”; therefore, it stated that “[s]cientific
knowledge should be applied to articulate and support the goals of sustainable
development, through scientific assessments of current conditions and future
prospects for the Earth system” (UNCED 1992). Agenda 21 also called national
governments to integrate sustainability in their national strategies. Following
this and other international meetings in the 1990s national governments, politi-
cal parties, and other political agents started to incorporate the concept of sus-
tainability in their vocabulary and actions. At the same time the discussions in
these meetings, which among other things aimed to assess the role of science in
the achievement of the goal of sustainable development, resulted to a number
of initiatives for the establishment of new research centers and sources of fund-
ing were unveiled (Clarke 2002).

Evidently this international call for a more active role of science in shaping
the extant goals of sustainable development impacted on the production of
relevant knowledge. Two leading academic journals in the field, Sustainable
Development and the International Journal of Sustainable Development and
World Ecology were introduced in 1993 and 1994 respectively, marking the in-
tensification of attempts to create interdisciplinary venues for deepening under-
standing of sustainability and its various aspects. The articles published in the
first years reflect the need to address the issue of sustainability both on a local
and global level and give a sense of the direction of knowledge at the time.
These works are indicative of the state of knowledge in the mid-1990s, as well as
of the mood with regard to sustainable development in academia. Reading a
selection of articles published in these journals during this time can enlighten
our understanding of these issues.
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In order to examine them closely in a more systematic way, I have selected
and studied ten well referenced articles using the stasis system, a device that
helps establish types of questions about an issue, which can then be used to
evaluate and arrange arguments. I have opted for the system proposed by
Fahnestock/Secor (1988), which involves five questions: fact, definition, cause,
value, and action. As the analysis shows, all authors of these articles spent
some time discussing the meaning of sustainable development as well as the
importance of integrating this principle into certain aspects of policy making,
such as urban planning. The most interesting similarity, though, is that all au-
thors dwell primarily on the fifth level of argument, namely action. This allows
us to assume that the audiences of these journals had already accepted the
value of sustainable development as a principle of organization or policy plan-
ning and the emphasis was now on how to concretely use technological exper-
tise to inform practice. Nonetheless, this example also demonstrates the differ-
ent receptions of the idea of sustainable development: whereas some authors
unproblematically accept the driving role that the concept can provide, others
also point to the tensions and challenges that the plurality of interpretations of
the concepts creates. In any case, there seems to be an agreement on the role of
sustainability as a driver for positive action for resolving environmental issues.

This optimism with regard to the role of science and technological progress
in addressing environmental and social problems did not have universal ap-
peal. As early as in 1993 it was argued that in its attempts to address the global
environmental and developmental crisis UNCED came up with solutions that
“marginalize rival interpretations of [the crisis’s] origins and thereby block the
discovery of possible ways forward” primarily through an overemphasis on the
capacity of “respectable knowledge” to allocate responsibility and remediate
action (Thomas 1993).

The privileging of “respectable knowledge” remained at the center of inter-
national attempts to respond to the environmental crisis. In her Presidential
Address at the Annual Meeting of the American Association of the Advancement
of Science in 1997, Lubchenco (1998) suggested that, considering the fast-paced
changes of the world and our knowledge about it, a new social contract was
needed between science and society, one that “would more adequately address
the problems of the coming century,” that would “recognize the extent of hu-
man domination of the planet,” and that would “harness the full power of the
scientific enterprise in discovering new knowledge, in communicating existing
and new understanding to the public and to policy-makers, and in helping soci-
ety move toward a more sustainable biosphere.”
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The discipline of “sustainability science” emerged gradually as it was be-
coming evident that the complexity of the challenge of “sustainable develop-
ment” required a different way of thinking. In 1999 the National Research Coun-
cil in the US published Our Common Journey, a collaborative report in which
sustainability was affirmed as being defined by “the joint objectives of meeting
human needs while preserving life support systems and reducing hunger and
poverty” (National Research Council 1999). Crucially, the report acknowledged
the need to develop “a useful ‘sustainability science’,” a task that would “re-
quire novel approaches for research linking the natural and social sciences, and
studying adaptive management and policy; for technology development and
diffusion, to provide the most useful and needed tools for navigating the choic-
es; and for institutions, to overcome barriers and find new funding mecha-
nisms” (National Research Council 1999). Eventually, sustainability science was
officially established in 2001 at the Global Change Open Science Conference
which was organized in Amsterdam by the International Council for Science
(ICSU) and which resulted to the production of the Amsterdam Declaration on
Earth System Science. The aim of this new discipline would be “to understand
the fundamental character of interactions between nature and society,” an un-
derstanding that would “encompass the interaction of global processes with the
ecological and social characteristics of particular places and sectors” and that
would, therefore, “integrate the effects of key processes across the full range of
scales from local to global”; this would enable the cooperation between differ-
ent social actors despite uncertainty and limited information and would de-
mand the combination of “different ways of knowing and learning” (Kates et
al. 2001).

Initially, sustainability science was not seen as an autonomous field of re-
search or discipline, but rather as “a vibrant arena that is bringing together
scholarship and practice, global and local perspectives from north and south,
and disciplines across the natural and social sciences, engineering, and medi-
cine” (Clark/Dickson 2003). Gradually, it developed into a dynamic field of
study with its own academic journals (e.g., Sustainability Science, Sustainability:
Science, Practice, Policy), its own societies (e.g., International Society for Sus-
tainability Science), as well as its own research programs and centers in major
academic institutions. As a result, an important bibliography emerged that
aimed to respond to the call for a rigorous discipline that would contribute to
the achievement of the sustainable development goals, in a way that would be
practical, timely, and “glocal.” According to Kajikawa et al. (2014), in 2000
there were about 14,000 papers on sustainability issues, ranging from research
clusters such as environmental systems to health; in 2015 the number rocketed
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to over 135,000 papers. The emergence of this new thriving discipline, then,
coincided with the recognition that scientists should contribute substantially to
decision-making processes and, therefore, with the raise of specific expecta-
tions with regard to their social role — a new ethos for the sustainability scien-
tist.

In the launching issue of the journal Sustainability Science its editors ad-
dressed the tension inherent in the evolution of sustainability from a scientific
concept into “a key issue facing twenty-first century society” (Takeuchi/Komi-
yama 2006). As they comment, “the idea of sustainable development increas-
ingly seems to be linked to political agendas, raising concerns about the solidity
of its analytical basis,” therefore an effort to clarify the underpinnings of this
emerging discipline was paramount. Komiyama/Takeuchi endeavored to pro-
vide these clarifications and they consequently argued that in addition to such
problems as that of inter-generational equity, which is emphasized in the con-
cept of sustainable development, they adopt a systemic approach to sustainabil-
ity at three levels, namely global, social, and human. These three systems, they
argue, “are crucial to the coexistence of human beings and the environment,
and it is our view that the current crisis of sustainability can be analyzed in
terms of the breakdown of these systems and the linkages among them” (Takeu-
chi/Komiyama 2006). From the perspective of sustainability science, then, sus-
tainability is seen as the mediating factor between human beings and their envi-
ronment; it is also seen as applying on a complex system that refers to natu-
ral/global systems (the geosphere, atmosphere, hydrosphere, and biosphere),
human-made/social systems (the political, economic, industrial, and other
structures that provide the societal base for a fulfilling human existence), and
human systems (the sum total of factors affecting the survival of individual
human beings and that are influenced by disease, illness, and inequities). At the
same time, sustainability is seen as being in crisis, caused by numerous factors
and fundamentally by the industrialization that followed the industrial revolu-
tion, the rapid economic growth it fostered, and eventually “the burgeoning
consumption of fossil fuels and other nonrenewable resources” (Takeuchi/Ko-
miyama 2006). Considering the complexity and interconnectedness of the prob-
lems associated with the sustainability crisis, a critical task of science is the
creation of a new platform of knowledge, as well as a new way of structuring
knowledge, which requires also the cooperation among researchers, industry,
and the general public. As they argue, “only when society at large is inspired to
act on the basis of their research and conclusions can sustainability scientists
lay the foundation for construction of a sustainable society” (Takeuchi/Komi-
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yama 2006). The emphasis on the joint nature of the task of implementing the
sustainable society is one of the commonplaces in arguments for sustainability.

In scientific discourse the idea of sustainability evolved from a conservative
technical term that was associated with resource management practices that
would maintain or facilitate the balance of nature into an integrative concept
that refers to a policy goal for the achievement of which the contribution of
science is indispensable. What’s more, this conceptual evolution also marked
the emergence of a new scientific discipline, one in which sustainability func-
tions as a guiding principle of action that links human societies to the natural
environment.

5 Sustainability in Policy Discourse

The question that remains to be examined is whether the substantive context of
the term sustainability changes with its introduction into national policies.
Here, I am taking on the example of the UK.

As mentioned in the previous section, Agenda 21 called national govern-
ments to integrate sustainability in their national strategies. The UK government
first introduced a national Environmental Strategy in 1990 in a document enti-
tled This Common Inheritance, which according to Connelly et al. (2012) was
more a summary of existing plans and less a plan for change. The Government
Panel on Sustainable Development was set up in January 1994 to provide inde-
pendent advice to the Government on issues related to the UK Sustainable De-
velopment Strategy, including issues from the Agenda 21 such as climate
change, biodiversity, and forestry. A year later the UK Round Table on Sustain-
able Development was launched to facilitate discussion especially between
people who have a range of different viewpoints and a variety of responsibili-
ties. However, despite the flurry of governmental activity which resulted among
other things in the production of several environmental White Papers, the actu-
al policy impact was ultimately limited (Dryzek et al. 2003).

The government of Tony Blair was elected in 1997 having pledged during
the election campaign to place the environment “at the heart of policy-making”
in an integrated way by making “every government department a ‘green’ de-
partment” (Labour Party 1997). The Party’s election manifesto (under the ban-
ner “New Labour because Britain deserves better”) made the case for “the pro-
tection of the environment” as an intergenerational issue: “No one can escape
unhealthy water, polluted air or adverse climate change. And just as these prob-
lems affect us all, so we must act together to tackle them. No responsible gov-
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ernment can afford to take risks with the future: the cost is too high. So it is our
duty to act now.” The manifesto associated sustainable development with the
development of “an effective and integrated transport policy at national, re-
gional and local level that will provide genuine choice to meet people’s
transport needs” (Labour Party 1997). Effectively, the election of the Labour
Party renewed hopes for the implementation of the sustainable development
agenda (Connelly et al. 2012).

In 1999 the Labour government introduced the White Paper A Better Quality
of Life — Strategy for Sustainable Development for the United Kingdom (HM
Government 1999). The format of the paper featured a clear layout: a foreword
signed by Tony Blair, followed by an executive summary of the content and 10
chapters. The foreword explicitly connected development with economic growth
and progress and introduced a more holistic approach to the economy, environ-
ment and society, but it framed it in highly ethical and ideological terms: “deliver-
ing the best possible quality of life for us all means more than concentrating
solely on economic growth.” This was the premise that called for the integration
of sustainable development into governmental policies through the introduc-
tion of specific performance indicators. The government had “a strategy for
making sustainable development a reality.” It also set specific objectives, future
priorities, as well as ten guiding principles, including respect of environmental
limits and the use of scientific knowledge. Ideologically, the strategy outlined in
the document was characteristic of a center-left party, emphasizing social jus-
tice. However, as Connelly et al. (2012, 315) observe, it remained unclear which
of the ten guiding principles set out in the White Paper would take priority
where there were conflicts. As a policy document produced by a center-left Gov-
ernment, the White Paper (1999) brought together seemingly non-matching
terms, such as “environmental equality” and “social exclusion,” “social pro-
gress” and “environmental protection,” “prosperity” and “fairer society.” Sus-
tainable development, the White Paper argued, must be integrated into gov-
ernmental policies because this could help “delivering the best possible quality
of life for all.”

Stasis system can help us unravel the logical emergence of arguments for
sustainable development in the 1999 White Paper. In order to justify the need to
take action, and, therefore, the very reason behind its production, the Paper
begins with the establishment of facts and, therefore, with conjectural argu-
ment. We need sustainable development because “the need for development is
as great as ever, but future development cannot simply follow the model of the
past.” The problem, then, is that there is a “need for change”: we need to
change the way we plan our economic activities, from production to consump-
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tion, the way we build our habitats, as well as the way we use energy resources.
But at the same time there is the need to maintain “high and stable levels of
economic growth and employment, so that everyone can share in high living
standards and greater job opportunities”; sustainability is inextricably linked to
growth. Having established that there is an issue that must be addressed, the
next argument is made at the stasis of definition, in order to clarify the meaning
of the term to the public. Although it quoted the Brundtland report to define
sustainable development, the Paper also gave its own definition in terms that
the public could perhaps grasp easier: “a better quality of life for everyone, now
and for generations to come.” To strengthen even more the case for sustainabil-
ity, the Paper also employs arguments at the value stasis. The achievement of
the objectives associated with sustainable development will, arguably, result
among other things to a more competitive economy, reduction of social exclu-
sion, a more efficient transport system, as well as a better quality of life in urban
centers. Expectedly, the bulk of the Paper evidently focuses on arguments at the
stasis of action, setting out governmental policies that take into account ten
principles which reflect themes of the Agenda 21, without nonetheless setting
particular timelines for action. Nonetheless, the Paper ends with the promise of
the government to review it after five years.

Blair’s government introduced a revised strategy for sustainable develop-
ment in 2005 entitled Securing the Future (HM Government 2005). The docu-
ment had a similar format to the A Better Quality of Life White Paper, opening
with a foreword signed by Tony Blair, followed by an executive summary and
seven chapters. The foreword explicitly connected the two publications and
provided the reasons that dictated the need for a new strategy: the devolution to
Scotland and Wales and the local and regional governments, as well as the
World Summit on Sustainable Development in 2002. Blair used his ethos to
explain the importance of sustainable development: it is about securing “a fu-
ture that is fairer, where we can all live within our environmental limits.” This is
a matter of choices, he argued, adding that “development, growth, and prosper-
ity need not and should not be in conflict with sustainability.” The prevalence
of climate change became now a crucial matter, one that the scientific commu-
nity has agreed upon as being the result of human activity. This suggested a
shift in terms of stasis system, since the debate could now move from conjectur-
al arguments (whether there is a problem) to the stasis of action (how to deal
with it). The promotion of sustainable (also described as “new” and “modern”)
ways of living, working, producing, and travelling, was presented as providing
not only a response to the environmental problem, but also the opportunity “to
achieve wider benefits to human health and well being [sic].” In a sense, Secur-
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ing the Future extends the argument of the 1999 White Paper: sustainability is
about securing a better quality of life on every level, from transportation to ma-
jor public services; it is about creating “sustainable communities,” but also
tackle “environmental inequalities”; and it is about acting now to secure the
future. The goal of sustainable development is thus summarized as the goal “to
enable all people throughout the world to satisfy their basic needs and enjoy a
better quality of life without compromising the quality of life of future genera-
tions.”
The new strategy focused around:
— five principles — with a more explicit focus on environmental limits;
— four agreed priorities — sustainable consumption and production, climate
change, natural resource protection and sustainable communities; and
— anew indicator set, which is more outcome focused, with commitments to
look at new indicators such as wellbeing.

In this paper we also notice that sustainable ways of living, working, producing,
and travelling are also referred to as “new” and “modern” and, therefore, in
congruence with New Labour ideology. The use of the rhetorical figure of met-
alepsis (whereby we replace a term with a different one creating a far-fetched
logical connection) here is a tactical move that aimed to make these transfor-
mations sound attractive and desirable. Such transformations were presented as
providing not only a response to the environmental problem, but also the op-
portunity “to achieve wider benefits to human health and wellbeing.”

The use of the perspective of “choice” in the document is particularly inter-
esting. This is developed in Chapter 2, where it is argued that the implementa-
tion of the vision of sustainable development is premised on the making of “dif-
ferent choices” by “governments, businesses, public sector, voluntary and
community organizations, communities and families.” Evidently, the argument
goes, changes are brought about when behaviors change, therefore, “Govern-
ment will focus on measures to enable and encourage behavior change,
measures to engage people, and ways in which the Government can lead by
example.” To facilitate or encourage such behavior change the Government
introduced “Community Action 2020 — Together We Can,” aiming to help people
“to get involved by providing skills training, improved access to funding and
mentors,” along with other initiatives such as “a deliberative forum to look at
what it would take to help people live more sustainable lifestyles” and “new
commitments to support education and training in sustainable development.”
In this spirit, Blair’s Government identified as a key problem the need “to deliv-
er new products and services with lower environmental impacts” and pledged
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to a strategy that would address the issue through actions such as “influencing
consumption patterns” and “support for innovation to bring through new prod-
ucts, materials and services.” Overall, the realization of “the vision of sustaina-
ble communities across England” to deliver the aim of sustainable development
was adopted as the key aspect of the Government’s strategy.

In summary, sustainability policy discourse in the UK under Labour is un-
derpinned by the particular ideological commitments of the government. At the
same time, tracking the evolution of sustainability policy discourse allows us to
gain a deeper understanding of how this discourse shifts to adjust to ideological
and political changes.

6 Conclusion

The use of tools from the tradition of rhetoric helps us to identify linkages be-
tween scientific thought, policy design, and the creation of political and social
common sense. Sustainability thinking emerged as a key concept in interna-
tional governance and then was evolved into a central concept of policy aiming
to address issues of social and economic development and to create the green
state. Stasis system shows how different questions that are deemed closed in
specific contexts need to be revisited when the production of new knowledge
calls into question existing understandings or creates new ones.

In this paper, I began to explore the entanglements of scientific and politi-
cal knowledge with regard to the issue of sustainability. The example of the UK
Labour Party is interesting because it serves as a case where science-informed-
policy was adopted as a way to design a modern environmental state that would
be able to materialize the vision of a “green future” by way of promoting “new,
modern, sustainable ways of living, working, producing and travelling.” It is an
exemplar of creating connections between scientific developments and social
conditions that people can affiliate with.

In the case of the UK, the argument for sustainable development became
entwined with the ideological discourse of the center-left political space that
New Labour represented and more precisely of the New Labour ideology. It is by
linking directly this argument with a particular interpretation of social and eco-
nomic progress that sustainable development in the UK was presented and
communicated as a means to growth and modernization.
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Memorable Stories in Science and

Popular Science

How Speakers Use Anecdotes in Research Presentations and
TED Talks

1 Introduction

Being memorable, or making sure the central message or key points of the
presentation will be remembered by the audience, is a purpose speakers in vari-
ous presentation situations pursue. This purpose is not easily achieved when
the main message is based on complex knowledge. For example, in case of
scholars, condensing months or years of study into a twenty-minute conference
talk that should drive home key conclusions of the research can be quite a chal-
lenge; when confronted with a mixed and broad audience instead of fellow
scholars, the task seems even more daunting.

In the popular online presentation genre of TED talks, speakers appear to
deal with complex scientific or technological topics in a way that is considered
compelling and entertaining to a wide audience. Initially organized as a one-
time conference on Technology, Entertainment, and Design in 1984, TED devel-
oped itself into a popular global concept: in 2012, the organization celebrated
the one-billionth view of the online conference talks and local TEDx conferences
are organized around the world (TED 2017). TED talks, in which speakers ideally
offer the audience an “idea worth spreading,” are often seen as a successful way
of science popularization (Sugimoto et al. 2013; Scotto di Carlo 2014a). Accord-
ing to Scotto di Carlo (2014a), what sets TED talks about scientific content apart
from “traditional” science communication is the fact that scientists are in direct
contact with their audience, without a “mediator” (e.g., a science journalist or
spokesperson) in between.

However, the format of TED talks has also raised more than a few eye-
brows — especially the talks with a scientific character. According to Romanelli
et al. (2014) “several authors have criticized TED for flattening or dumbing down
ideas so they fit into a preconceived, convenient format that is primarily de-
signed to entertain.” Criticists point to the dangers of oversimplifying complex
knowledge, which could lead to a false sense of comprehension. In the lion’s den,
on the stage of TEDxSan Diego, professor of visual arts Benjamin Bratton did not

https://doi.org/10.1515/9783110676310-005
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beat around the bush in criticizing the TED format: “This is beyond popularisa-
tion. This is taking something with value and substance and coring it out so that
it can be swallowed without chewing” (Bratton 2013). In short, speakers need to
recontextualize the knowledge their presentation is grounded on in order to get
the message across to the audience, and in doing so can be applauded for mak-
ing it more accessible and at the same time be criticized for oversimplifying it.

At the crossroads of accessibility and oversimplification seems to be the
narrative. According to Dahlstrom (2014) stories and anecdotes are considered
to be unreliable and even manipulative within scientific communities, whereas
in a context of science communication to a broader, non-expert audience they
are more important and appear to be more effective regarding comprehension.
He sketches how narratives are often contrasted with logical-scientific argu-
ments, for example concerning generalizability and dependency on context;
narratives derive meaning from context, whereas logical-scientific arguments
are ideally context-free.

A popular-scientific public speaking situation, in which scholars aim to
make complex knowledge more accessible to a wider audience, implies a more
nuanced relation between narratives and logical-scientific arguments: for such
audience, scientific knowledge can derive meaning from context via narratives.
Scholars can use types of narratives such as anecdotes as vehicles to recontex-
tualize supposedly context-free, complex subject matter. In anecdotes, scientific
information can be linked to concrete situations the audience can visualize and
relate to; this way, the audience is provided with a (new) context to interpret
scientific knowledge.

Often considered a speech genre with the purpose to popularize science,
TED talks exemplify the apparent contrast between logical-scientific arguments
and narratives. Scotto di Carlo (2014a) observes that where “typical scientific
dissemination uses highly scientific and technical language, presented in a
logical, rational and objective way, from an authoritative and institutional per-
spective, TED uses a horizontal approach, presenting its talks using accessible
language, presented in a rhetorical, human and subjective way, from a commu-
nal and local perspective.” Therefore, stories are important ingredients in TED
talks with a scientific character. A TED speaker often “shares a personal journey
of insight and realisation, its triumphs and tribulations” (Bratton 2013) and the
TED format “maximizes storyboarding and highlights passion for the subject”
(Romanelli et al. 2014). Personal stories and anecdotes are important rhetorical
tools to mediate proximity: they can emphasize common ground, closing the
gap between audience and speaker (Scotto di Carlo 2014a). Perhaps not surpris-
ingly, a personal story or experience was the prime opening technique in the

printed on 2/10/2023 10:59 AMvia . All use subject to https://ww. ebsco.conlterms-of-use



EBSCChost -

Memorable Stories in Science and Popular Science =—— 95

corpus of 84 TED talks Scotto di Carlo (2014a) investigated. She considers shar-
ing personal stories and experiences as an important credibility-enhancing
strategy in TED talks (Scotto di Carlo 2014b).

The qualities of a story to make complex knowledge more accessible and es-
tablish proximity between audience and speaker could explain why narratives
are often advised as a rhetorical strategy to influence audience information
retention, the extent to which the audience remembers information from a
presentation. The anecdote, as a specific type of narrative, is found to be one of
the most frequently advised retention techniques in English-language public
speaking textbooks. From a corpus analysis of 40 English-language textbooks
from the period 1980 to 2009, it appeared that in half of the textbooks the anec-
dote was regularly advised as a strategy to influence information retention
(Wackers et al. 2016).

The overview of retention advice from modern public speaking textbooks is
insightful, but at the same time it reveals two problems. First, textbooks only
provide few examples and details about the use of rhetorical techniques in real-
life presentations. Second, only few studies have focused on the effect of rhetor-
ical techniques or choices on audience information retention in the specific
communicative situation of a presentation or speech (Wackers et al. 2016). Some
indicated positive retention effects of rhetorical strategies such as announcing
the concluding part of the talk (Andeweg et al. 2008), including a humoristic
element in a lecture (Kaplan/Pascoe 1977), and using concise sentences as titles
on PowerPoint slides compared to single words or short phrases (Alley et al.
2006). To the contrary, in an experiment by Andeweg/De Haan (2009), the use
of explicit transition sentences did not cause an increase in information reten-
tion. Although narratives are often associated with increasing recall (Dahlstrom
2014), to date no studies into the retention effect of anecdotes in a specific
presentation situation are known.

To gain more insight into the possible effect of the anecdote on audience in-
formation retention, first it is needed to map how this presumed retention tech-
nique is used in speech and presentation practice. A previous study on the use
of structural retention techniques (such as the summary) in research presenta-
tions and political speeches showed a range of varieties in length and the extent
to which the key points were repeated or elaborated on (Wackers et al. 2016).
Similarly, narratives and anecdotes could appear in various forms, possibly
dependent of presentation genre and context. A more detailed overview of an-
ecdote use would provide more insight into how anecdote characteristics could
possibly influence audience information retention.
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Scotto di Carlo (2014b) already provided some more specific insights into
the varieties in use of personal stories by TED speakers. She discerns “Who I
am” stories, emphasizing the speaker’s identity and credibility, and “Why I am
here” stories, aimed at supporting the motivation and purpose for the speaker to
give the talk. However, it is not entirely clear how the “personal story” or “an-
ecdote” is operationalized in Scotto di Carlo’s qualitative analysis — possibly
because it is one of many strategies analyzed. Furthermore, she analyzed a
single presentation genre (TED talks) and focused explicitly on the function of
establishing proximity — not on retention.

The current research is narrowed down to the specific narrative type anec-
dote and intends to provide a working definition for this retention technique.
This way, the technique anecdote is operationalized in order to analyze speech
and presentation texts. Furthermore, next to the genre of TED talks, the research
takes a “reference genre” of research presentations into account.

In doing so, this paper presents an exploration of how the anecdote, an ap-
parent retention technique, is used in TED talks and research presentations. To
this end, the use of anecdotes was analyzed in a corpus of 16 of the most popu-
lar online TED talks and a corpus of 16 research presentations at the scientific
VIOT conference held in 2008 at the Vrije Universiteit Amsterdam. This is the
triennial conference of the Dutch-Flemish society for research into (applied)
communication (VIOT), attended by scholars who work in the field of, e.g.,
rhetoric and argumentation studies.

The results of this rhetorical analysis can be interpreted from various per-
spectives. First of all, it provides an insight into the actual application of anec-
dotes in presentations, possibly indicating variations of anecdote use and speci-
fying anecdote features that could influence retention. Secondly, it could shed
more light on the role of narratives in science popularization, as the corpus of
TED talks can be contrasted with the research presentations. The presentations
in both corpora are predominantly knowledge-based but differ in main purpose
of the speaker and composition of the audience.

The paper is structured as follows. Section 2 discusses retention advice on
the anecdote in public speaking textbooks and explains how the technique can
be related to the concept of information retention in memory psychology. Sec-
tion 3 puts forward the characteristics of the two corpora of research presenta-
tions and TED talks that were analyzed and presents the method of analysis in
more detail — for instance, by providing a definition of the anecdote and the
textual, linguistic, and stylistic characteristics to detect anecdotes in the two
analyzed speech corpora. Section 4 covers the results: the frequency of anec-
dote use in both corpora and a more detailed discussion of anecdote varieties
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based on corpus examples. In section 5, these results will be related to the main
purpose and discussed from a genre, retention, and popularization perspective.

2 Anecdote: Retention Advice and Possible Effect

Although the anecdote is frequently linked to retention in public speaking text-
books (Wackers et al. 2016), the route from implementation of the technique to
audience information retention remains rather obscure. First, section 2.1 pre-
sents an overview of how the anecdote is advised as a retention technique and
what characteristics public speaking textbooks attribute to it. Secondly, section
2.2 reviews the possible memorable qualities of the anecdote in a cognitive psy-
chological and empirical context.

2.1 Anecdote: Retention Advice and Characteristics

The anecdote is mentioned as a retention technique in half of the 40 English-
language textbooks investigated on retention advice in Wackers et al. (2016).
Atkinson (2004) illustrates this strong position of the anecdote as a retention
technique:

However, of all the techniques described in earlier chapters, the one that really comes into
its own in social and duty speeches is the anecdote. A well-chosen story that represents
some key characteristic of a person can be so effective that it is often the only thing that
anyone ever remembers about such speeches.

Just as Atkinson refers to the anecdote as a “well-chosen story,” other textbook
authors discern similar characteristics they link to a possible retention effect.
Key characteristics that are frequently found are: narrative elements, vividness,
brevity, relevance, and humor.

Narrative elements. Textbook advisors often present the anecdote as a type
of memorable story. Witt/Fetherling (2009) for example state that stories can

1 Public speaking textbooks can be characterized as books aiming to provide an overview of
advice on preparing and performing an effective presentation. Most works aim at a broad
audience of readers interested in public speaking, but more specifically at novice speakers.
Most textbooks analyzed did not seem to be geared towards a specific application context, such
as communication education. For a more detailed description of the composition of the text-
book corpus, see Wackers et al. (2016).
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influence retention, as they “offer an overview over a large amount of infor-
mation, so that it is coherent and easy to remember.” A story usually comprises
narrative elements such as a main character, time, place, temporal organization
of events and a termination, or coda (Labov 2003). In textbooks, some of these
elements are discussed in relation to retention, such as the choice of a main
character. For example, according to Urech (1998) and Booher (2003) the main
character could well be the speaker or someone close to the speaker, as person-
al anecdotes help the audience identify with the story and make the speech
memorable. In contrast, some authors cited by Andeweg/De Jong (2006) argue
the anecdote should deal with well-known people “such as Nero, Wellington,
Churchill and of course President Kennedy.”

Vividness. In their investigation of the anecdote as an introductory tech-
nique, Andeweg/De Jong (2006) found that some textbooks advise the speaker
to make the story lively and build suspense. This vividness of the story is also
related to the anecdote’s retention effect. Booher (2003) describes these quali-
ties of the anecdote vividly when she advises to “add anecdotes to touch all five
senses”:

The setting creates the visual. Dialogue engages the ear. And if you can add details that
help listeners smell, taste, and feel the atmosphere, you have increased your chances
dramatically that they will remember your story and the point it illustrates.

This characteristic of an anecdote resembles classical-rhetorical concepts such
as evidentia or enérgeia: the use of vivifying words and figures to bring a scene
before the audience’s mind’s eye (Fahnestock 2011).

Brevity. Five textbook authors mention that an anecdote should be a short,
uninterrupted story. This characteristic distinguishes the anecdote from a story
or narrative element that is spun out over an entire speech. The notion of brevity
is subject to interpretation, though: where Linkletter (1980) sees possibilities for
several two-minute anecdotes in a fifteen-minute speech, Atkinson (2004)
warns anecdotes that last longer than a minute run the risk of becoming “shag-
gy dog stories.”

Relevance. An anecdote is not just a story on its own, separate from the rest
of the speech, according to quite some textbook advisors. It should be relevant
and clearly be linked to the central idea(s) of the presentation or speech or “il-
lustrate key messages” (Atkinson 2004). Krusche (1986) also refers to the link
between the anecdote and the speech’s content: “[anecdotes] will be remem-
bered better by the audience, also in connection with the actual speech.” This
need for clarifying the relevance shows similarities with the classical-rhetorical
narrative form chreia, which often took the form of an anecdote that was ex-
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panded on and concluded with a deed or “pithy saying” (Fahnestock 2011).
Atkins/Finlayson (2013) note the chreia usually has a (moral) message, there-
with resembling a parable, but differs from the parable in that it is rooted in
reality — just as the anecdote.

Humor. Finally, anecdotes are often considered to be humorous. Ehninger et
al. (1978) state that “humorous anecdotes [...] all may serve effectively to illumi-
nate your central idea in an entertaining and memorable way” — a quote that
suggests non-humorous anecdotes might not be memorable or that anecdotes
are humorous by default. Atkinson (2004) suggests there is a link between hu-
morous anecdotes and long-term memory:

[...] if you illustrate a key point with an example or anecdote that makes an audience
laugh, the laughter not only implies agreement with the point, but also increases the
chances of it being remembered in the longer term.

In short, modern public speaking textbook advisors frequently describe the
anecdote as a technique to influence retention, and in some cases attribute
specific characteristics to this retention function. Although this overview of
retention advice is insightful, it also reveals two problems. First, textbooks only
provide few examples and details about the use of the anecdote in real-life
presentations. Only incidentally an exemplary anecdote is described. Next to
that, not all authors describe the anecdote and its characteristics in a detailed
way, and those that do are not in agreement on the elements an anecdote can
comprise. Second, textbooks hardly refer to scientific sources to support reten-
tion claims of specific anecdote characteristics, which makes it difficult to as-
sess the value of the retention claims made.

2.2 Possible Retention Effect of Anecdotes: Elaboration and
Narrative Elements

How could the use of an anecdote lead to information retention in the long-term
memory? Cognitive memory research and empirical studies into narrative ele-
ments offer some points of reference to answer that question. ?

2 This article by no means intends to provide an exhaustive overview of memory research.
Human memory is a complex system investigated in many research disciplines. The theory is
used here to obtain insight into how the retention process could work when a presentation or a
speech is given.
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Cognitive memory research shows that the way information is processed,
interpreted or filtered determines for a large part whether it will be stored for a
longer period and can be retrieved after a while (Baddeley et al. 2009). Attention
is an important condition for the susceptibility to store and retrieve information.
Subsequently, once information is taken in, it is first ‘encoded’ (Baddeley et al.
2009; Craik 2007). This process can be compared to the task of organizing pos-
sessions when moving into a new house; labelling items and boxes in order to
locate them upon arrival in the new residence. Important encoding principles
are (1) organization, how information is structured, (2) visualization, whether an
image or picture is present or can be created mentally, and (3) elaboration, the
extent to which information can be linked to or associated with existing
knowledge in the memory (Baddeley et al. 2009; Zimbardo et al. 2005).

Narratives such as an anecdote could stimulate the encoding processes of
elaboration and visualization by linking to existing knowledge and painting a
mental picture of a series of events. Dahlstrom (2014) states that narratives are
“often associated with increased recall” and suggests that they can positively
contribute to long-term memory storage. In a public speaking context, a study
by Andeweg/De Jong (2006) already implied the anecdote can increase atten-
tion of an audience. They compared its use as an introductory technique in
informative presentations to two other opening strategies; although recall was
not explicitly measured, the anecdote received a high score on drawing atten-
tion (captivation), scored average on comprehensibility, and lowest on credibil-
ity.

Furthermore, research into persuasion via narratives in texts suggests that
linguistic and stylistic variations in anecdotes could influence elaborative en-
coding and retention, for example via the notions of identification, transporta-
tion, and absorption. Although these studies are focused on persuasive effects in
texts, the results could indicate influential retention factors in public speaking
situations.

First of all, identification, known as an influential rhetorical concept (cf.
Burke 1973), can play an important part in the persuasive effect of narratives.
Several studies have shown that the extent to which a reader can identify with
the main character can influence persuasion positively (De Graaf et al. 2012;
Hoeken et al. 2016). Drivers for narrative persuasion via identification are the
perspective used in the story (e.g., a first-person or a third-person perspective)
and the similarity the reader experiences with the character. A higher perceived
similarity with the main character can mediate persuasion, just as a first-person
perspective can be more effective than a third-person perspective (De Graaf et
al. 2016; Hoeken et al. 2016).
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Secondly, closely related to identification are the notions of transportation
and absorption: a reader can be transported into a story and experience the
emotions and events as if he or she were in the shoes of the main character
(Green/Donahue 2009). Craftsmanship in style and the quality of the story can
lead to a higher “transportability” of a story (Green/Donahue 2009).

3 Rhetorical Analysis: Corpora and Method

Section 2 made clear that public speaking advisors connect the anecdote to
information retention, and it discussed theories to clarify how a retention effect
might be established. A follow-up question is whether this advice has found its
way to speech-making practice, and if so, in what form. As a first step towards
finding out, a corpus of popular online TED talks and a corpus of presentations
by scholars held at the VIOT conference of the Dutch-Flemish Society for schol-
ars in the field of (applied) communication studies were analyzed.’ This section
details the composition of both corpora (TED talks and research presentations)
in section 3.1, followed by an explanation of the method of analysis, based on
an operationalization of the anecdote and its characteristics, in section 3.2.

3.1 Corpus Construction

To map the typical use of anecdotes in TED talks and research presentations,
two corpora of 16 speeches and presentations each were constructed. These two
corpora were chosen for two reasons. First of all, as they represent different
genres, the analysis of the presentations could show whether the use of anec-
dotes as a retention technique could be genre dependent. For example, the two
genres differ in the extent to which the presentations are prepared. TED talks
generally are rehearsed various times, whereas research presentations at con-
ferences are usually only rehearsed a few times or even not at all (cf. Romanelli
et al. 2014, who compare TED talks and academic lectures). With this in mind,
speakers in the TED corpus seem more likely to be qualified as “professional
speakers,” whereas the scholars in the Research Presentations corpus could be
more easily seen as “speaking professionals.” Would this difference be reflected

3 Many thanks to Brigitte Hertz for sharing the corpus of research presentations and to Lis-
anne Mijnders and Nanouk Bel, Master students Rhetoric and Argumentation at Leiden Univer-
sity, for their support in analyzing the research presentations and TED talks.
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in the way anecdotes are applied? Secondly, although the corpora differ in gen-
re, scholars are involved as speakers in both corpora. This presents an oppor-
tunity to review whether narratives such as an anecdote are a typical science
popularization technique.

Table 1 provides an overview of the corpora based on six characteristics.
The first three (context, audience composition, and main purpose) give insight
into the rhetorical situation in which the presentations within each corpus were
held; related to Bitzer (1968), these three characteristics indicate how the audi-
ence and constraints such as the occasion of the presentation (context) might
influence the rhetor (here: the scholar or TED speaker) and how the exigence of
the situation is experienced by both rhetor and audience. The second three
characteristics (source text, mean number of words, and total length) provide
information on the nature of the presentation texts. The various characteristics
of the corpora will be specified and elaborated on in the remainder of this sec-
tion.

Tab. 1: Overview of the most important characteristics of the analyzed presentation corpora.

Corpus characteristics TED corpus Research Presentations corpus
(n=16) (n=16)

Context Most popular TED talks online, Dutch-Flemish conference on
April 1, 2015; held at various  applied linguistics and rhetoric in
TEDx conferences 2008

Audience composition Mixed/broad Colleagues/experts

Main purpose To inspire To inform

Source text Text published online on Transcriptions of
www.ted.com video recordings

Mean words (sd) 2861 (901) 3419 (402)

Total length in words 45.768 54.704

Context. The TED corpus consists of the sixteen most popular (most viewed)
talks online on TED.com, as measured on April 1%, 2015. The popularity of the
talks is an indicator of a positive reception, although we did not study to what
extent viewers appreciated the talks. It also suggests that these talks are pre-
pared well. Six out of the sixteen TED talks were presented by scientists; the
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remaining speakers were popular science writers, authors of fiction, and advi-
sors or consultants.*

The Research Presentations corpus consists of sixteen research presenta-
tions held at the triennial VIOT conference for Dutch and Flemish communica-
tion scientists, rhetoricians and argumentation theorists. The presentations fit
into a fixed format of about twenty minutes, followed by a short discussion. The
composition of this corpus has also been described by Hertz (2015).

Audience. The audience composition can be characterized differently for
both corpora. TED talks are generally held in front of an engaged, interested
audience (Romanelli et al. 2014) that bought a ticket or was invited to the event.
The audience can be mixed in background (expertise, profession, education,
etc.). The audience for the research presentations are usually fellow scholars,
experts in the same discipline as the speaker or a field closely related. The audi-
ence composition could prompt speakers to select rhetorical techniques they
seem suited for their specific audience and occasion.

Main purpose. Following from the difference in audience composition, the
main purpose of the corpora differs as well. The TED talks are aimed at inspiring
the (broader) audience. As the TED organization states, their mission is to
“spread ideas,” make them “accessible,” and to “spark conversation” (TED 2017).
The research presentations are mainly aimed at informing about recent re-
search. Scientific conferences are places to share knowledge, and be informed
of recent research developments in a particular field.

It is important to point out that we signal a difference in main purpose, as a
mixture of secondary purposes can be ascribed to the presentations in both
corpora as well. For instance, a TED speaker might need to persuade the audi-
ence of the urgency of the issue addressed in the speech and a scholar could feel
the need to persuade fellow researchers of certain research method’s effective-
ness. It is plausible that retention is a secondary purpose for speakers in both
corpora. Both to inspire and inform an audience, a certain extent of information
seems indispensable.

Source text. Of both corpora only the speech or presentation text was used.
As the analysis was aimed at linguistic and stylistic features of anecdotes, deliv-
ery aspects (gestures, voice, expression) were not taken into account. Therefore,

4 The selection of TED talks was initially made with the purpose to compare the use of the
anecdote as a possible retention technique in two different presentation genres. This explains
why the TED corpus does not contain talks given by scientists only. With this in mind, we still
feel that this corpus selection offers opportunities to touch upon the role of anecdotes in (sci-
ence) popularization.
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video recordings were not used. For the same reason, the (PowerPoint) slides
and visual aids used were not analyzed. The nature of the text sources varies
somewhat. The texts of the presentations in the TED corpus were obtained from
TED.com. These speech texts are transcriptions of the videos, but they are
slightly edited to make them easily readable. The texts in the Research Presenta-
tions corpus were exact transcriptions from video recordings, which means they
contain conversational cues such as gap fillers (“eh...”) and mispronunciations
or mistakes.

Length (mean and total number of words). The research presentations are
longer than the TED talks and do not vary much in length. This is due to the
fixed format of the research conference: a presentation of about twenty minutes,
followed by a short discussion. The discussions after the research presentations
were not taken into account in this analysis. The TED talks are a bit shorter than
the research presentations. The standard deviation of the speech length is high-
er, as the length of the TED talks is more flexible. The maximum length of a TED
talk is about eighteen minutes, but some are shorter (nine / twelve / fifteen
minutes).

Despite the differences between the corpora, we believe the texts are suita-
ble for the analysis described in this study, since the emphasis of this study is
on a rhetorical technique that is likely to reveal itself in a presentation or speech
text — the anecdote. At the same time, it should be noted that some factors that
could possibly amplify a retention effect, such as visual aids and delivery by the
presenter, were not analyzed.

3.2 Method of Analysis: Labelling and Reliability

To be able to discern anecdotes in the presentation texts, labelling instructions
were developed which contains a working definition of the anecdote. To reliably
detect the technique in the analyzed materials, the definition was operational-
ized by determining indicators (recognizable text features). The definition and
characteristics applied in this study are based on the analysis of textbook advice
and the sources and research into the anecdote, narratives, and question figures
discussed in section 2. Table 2 gives an overview of the definition and character-
istics of the anecdote as used in this analysis.

Table 2 shows that anecdote characteristics such as relevance and humor are
not part of the labelling instructions. These features are not easily operational-
ized in a text and could require a more in-depth, content analysis of the entire
speech. However, relevance is considered when interpreting possible (retention)
effects and variety in use of anecdote in section 4.
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Tab. 2: Overview of the definition and characteristics of the anecdote as used in this analysis.

Working definition Characteristics / indicators
(recognizable text features for labelling)

An anecdote is a short story that: The text marked as anecdote:
is brief is not interrupted by another part of the speech
contains one or more story characters contains one or more story characters, for

example marked by (a change in) the story
perspective in the text (e.g., from general
information or ‘they’ to an ‘I’ / first-person
perspective)

is a narrative with a story development from  contains elements of narrative structure, such
beginning to end as orientation, a sequence of events, and a
wrap-up

Apart from the definition and characteristics described in table 2, several other
labelling agreements were made to systematize the analysis by different raters.
For instance, examples of text signals to recognize the techniques (e.g., the
transition to another perspective in the speech text) and the exact starting and
ending point of text that was to be coded were recorded in the instruction.

The speech and presentation texts from both corpora were systematically
coded via the data analysis software Atlas.ti. Two researchers independently
analyzed four speeches from both corpora (eight in total), using the labelling
instructions. This analysis showed a substantial inter-rater reliability between
the raters (k=.69, p <.001).

4 Results: Frequency and Examples of
Anecdote Use

How do TED speakers and researchers apply anecdotes in their presentations?
This section discusses the results of the rhetorical analysis. First, quantitative
results will be presented to show possible trends in similarities or differences in
frequency of use by the two groups of speakers investigated in section 4.1. After
that, section 4.2 will zoom in on examples of the use of the anecdote and ques-
tions by TED speakers and scholars, to show stylistic and linguistic variance
and to interpret the use of the anecdotes in light of possible information reten-
tion.
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4.1 Frequency of Anecdote in TED Talks and Research
Presentations

Table 3 shows the frequency of the anecdote within the two corpora and the
average anecdote length.

Tab. 3: Frequency of anecdote use in TED corpus and Research Presentations corpus expressed
in the total occurrence, average per presentation/speech. Furthermore, the average anecdote
length (standard deviation in parentheses) and the total number of words used in anecdotes as
a percentage of the total corpus length are shown.

Anecdote frequency TED talks Research presentations
(n=16) (n=16)

Total number 22 5

Average per presentation (sd) 1,4 (1,7) 0,3 (0,6)

Average anecdote length in words 256 (195) 103 (47)

(sd)

Total words used in anecdotes in 8,2%* 1,1%*

percent of total number of words in

corpus

* p<.05 (F(2, 27.09) = 4.50)

Compared to the research presentations, over four times as many anecdotes are
used in the TED talks. This difference is not significant, though, which might be
explained by the unequal distribution of anecdotes over the various TED speak-
ers: the twenty-two anecdotes are used by nine of the sixteen TED speakers. In
two TED talks the speakers attain as many as five anecdotes in a speech (Ken
Robinson and Mary Roach), whereas seven speakers do not apply any anec-
dotes. The six scientists in the TED corpus together account for four anecdotes.

On average, the anecdotes in the TED corpus are longer than those in the
research presentations. About 8 percent of the number of words in an average
talk from the TED corpus are part of an anecdote; in the Research Presentations
corpus that is just over 1 percent (p<.05). Such a difference in length suggests
that TED speakers take more time to elaborate an anecdote and might be more
able to exploit anecdote characteristics as listed in section 2.2. However, table 3
also shows the anecdote length in the TED corpus fluctuates quite a bit; within
the TED corpus itself, the anecdote comes in various tastes and sizes. All in all,
the researchers seem to take the brevity criterion of the anecdote seriously,
whereas the TED speakers use more words to shape their narrative.
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4.2 Typical Anecdote Use in TED Talks and Research
Presentations

The quantities of the techniques per corpus can indicate trends, similarities,
and differences, but they do not provide any insight into the stylistic and lin-
guistic features of the examples used. To map the variety in use of the anecdote
and assess possible retention effects, this section zooms in on the actual use by
the TED speakers and researchers analyzed. To this end, in this section exam-
ples of anecdotes from both corpora will be reviewed on anecdote characteris-
tics discussed in 2.2: narrative elements, vividness, and relevance.’

Anecdotes in TED Talks Contain More Narrative Elements

In both the TED talks and the research presentations, the main character in the
anecdotes usually is the speaker, hence the anecdotes are often told from a first-
person perspective. The following two examples illustrate this use of first-
person perspective, which could be a condition for the audience to identify with
the story and main character.

(1) So at the end of my first year at Harvard, a student who had not talked in class the en-
tire semester, who I had said, “Look, you’ve gotta participate or else you’re going to fail”,
came into my office. I really didn't know her at all. She came in totally defeated, and she
said, “I'm not supposed to be here”.

And that was the moment for me. Because two things happened. One was that I realized,
oh my gosh, I don’t feel like that anymore. I don’t feel that anymore, but she does, and I
get that feeling. And the second was, she is supposed to be here! Like, she can fake it, she
can become it. So I was like, “Yes, you are! You are supposed to be here! And tomorrow
you're going to fake it, you're going to make yourself powerful, and, you know” - [Ap-
plause] “And you’re going to go into the classroom, and you are going to give the best
comment ever.” You know? And she gave the best comment ever, and people turned
around and were like, oh my God, I didn’t even notice her sitting there. [Laughter]

She comes back to me months later, and I realized that she had not just faked it till she
made it, she had actually faked it till she became it. So she had changed. And so I want to
say to you, don’t fake it till you make it. Fake it till you become it. Do it enough until you
actually become it and internalize. (Cuddy 2012, TED corpus)

5 Two characteristics are not taken into account in this section: brevity is already touched
upon in 4.1; humor was considered to be a complex phenomenon that would require a more
thorough analysis taking humor theories into account.
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(2) Standardizing always happens for a number of reasons and most of these reasons have
nothing to do with language but all with economy. For example that cost-saving element,
the clear brand image they want to show, the fact that they control the communication ac-
tivity are all important things the marketing people keep themselves occupied with. To il-
lustrate this: this morning on the train to Amsterdam I stopped at the familiar train sta-
tions, you’ll know them. At the first station in Roosendaal I see this Coca Cola
advertisement with the well-known Santa Claus and the perfectly understandable mes-
sage “Merry Christmas”. So Coca Cola does not need to adapt its message, they keep it
nice and standard. (Research presentation #4 [translation: MW]. Topic: visual rhetoric.
Conference was held around Christmas time.)

In both examples, the speaker is the main character in the anecdote. However,
example 1 is longer and more detailed than example 2, which means the audi-
ence has more time to familiarize with the “I-person.” The audience gets to
know more about the main character in example 1, which is Cuddy herself in her
position as a lecturer and scholar in social psychology. She explains her emo-
tions and the motivation for her actions in the situation described in the anec-
dote; e.g., “One was that I realized, oh my gosh, I don’t feel like that anymore. I
don’t feel that anymore, but she does, and I get that feeling.” Moreover, exam-
ple 1, the TED talk, contains a second character the audience might recognize or
familiarize with — the student. Interestingly enough, in the story Cuddy identi-
fies herself with the student — Cuddy recognizes the student’s situation; she real-
izes she once was in a similar position as the student, but she has moved on
since. The story describes the student going through a similar process Cuddy
experienced before, which adds an extra layer to the identification process.

Example 2 contains a clear change to a first-person perspective: the adver-
tising principle of standardizing is illustrated with a personal story (“this morn-
ing... I stopped...”). The anecdote text itself provides little detail on the main
character, which gives the audience less opportunity to get acquainted with the
speaker. However, considering the presentation context of example 2, the audi-
ence as colleagues or fellow researchers might already experience a higher per-
ceived similarity in the first place. Still, based on the anecdote text itself, exam-
ple 1 contains more features that could incite identification and transportation
processes with the audience.

Regarding other narrative elements, the two examples show a difference as
well. Example 1 shows a narrative development: there is a point of departure,
with Cuddy’s student feeling insecure and “defeated,” culminating into a final
situation in which she is more powerful and secure. This is combined with an
indication of time: in between the “end of my first year at Harvard” and
“months later,” the student’s transformation has taken place. The location is
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also mentioned, albeit not described in detail: Harvard, Cuddy’s office, and the
classroom.

In example 2, an indication of time is given as well (“this morning”). It also
mentions a location the audience can easily imagine: a train, and a railway
station in The Netherlands. However, example 2 hardly contains a narrative
development: the main character stops at several train stations and at one par-
ticular train station his attention is drawn to an advertisement. The story devel-
opment in example 1, therefore, lends itself more to an audience experience of
absorption or transportation.

It is not always clear whether an exemplifying or narrative-like fragment of
a presentation text can be determined as an anecdote based on characteristics
such as story perspective and narrative elements, as example 3 shows:

(3) Behavior predicts behavior. Everyone who takes the elevator to the office in the morn-
ing will probably know the phenomenon that in the rare occasion you need to be on an-
other floor, nine out of ten times you still get off on your own floor by accident. Or just the
fact that whenever I am in the elevator, I automatically push that button, okay, in the
Erasmus building it is outside of the elevator, that button of the floor I normally go to
(mild laughter), because only seeing these buttons already evokes the response “eight”,
and there you are again, whereas you actually had to go to, well, the fifth. After a few
weeks, a habit has been ingrained. (Research presentation #16 [translation: MW]. Topic:
message design to influence behavior.)

Compared to examples 1 and 2, it is more difficult to distinguish a main char-
acter in this example. The fragment does not contain a first-person perspec-
tive, but a more general “everyone” in the first sentence and a second-person
perspective (“you”) afterwards. This could obstruct an audience from perceiv-
ing similarity with a main character, although audience members might rec-
ognize themselves in the situation portrayed. The narrative development is
less clear than in the previous example; it can be argued however that this
short story shows some sort of development from an opening scene to a new
or changed situation. Still, clear temporal indicators are absent, and the story
is not that detailed. It could be deemed as an example of a more abstract an-
ecdote, which meets (some of) the criteria set in section 3 more implicitly. It
also illustrates the challenges raters come across when trying to detect anec-
dotes in a presentation text.
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Anecdotes in TED Corpus Are More Vivid

The anecdotes in the TED corpus contain more stylistic and linguistic elements
that make them more vivid. Examples 3 and 4 illustrate differences in vividness
between the two corpora.

(4) So, I'll start with this: a couple years ago, an event planner called me because I was go-
ing to do a speaking event. And she called, and she said, “I'm really struggling with how
to write about you on the little flyer.” And I thought, “Well, what's the struggle?” And she
said, “Well, I saw you speak, and I’'m going to call you a researcher, I think, but I'm afraid
if I call you a researcher, no one will come, because they’ll think you're boring and irrele-
vant”. [Laughter] And I was like, “Okay”. And she said, “But the thing I liked about your
talk is you’re a storyteller. So I think what Ill do is just call you a storyteller.” And of
course, the academic, insecure part of me was like, “You’re going to call me a what?” And
she said, “I'm going to call you a storyteller.” And I was like, “Why not magic pixie?”
[Laughter] I was like, “Let me think about this for a second.” I tried to call deep on my
courage. And I thought, you know, I am a storyteller. I'm a qualitative researcher. I collect
stories; that's what I do. And maybe stories are just data with a soul. And maybe I'm just a
storyteller. And so I said, “You know what? Why don’t you just say I'm a researcher-
storyteller.” And she went, “Ha ha. There's no such thing.” (Laughter)

So I'm a researcher-storyteller, and I'm going to talk to you today — we’re talking about
expanding perception — and so I want to talk to you and tell some stories about a piece of
my research that fundamentally expanded my perception and really actually changed the
way that I live and love and work and parent. (Brown 2010, TED corpus)

(5) And I think it is a beautiful sequence of turns. I showed it to my students once and I
told them I [eeh] had printed this and hung it over my desk, because to me it was a kind of
little poem, a poetic chord, in fact [mild laughter], and they looked very puzzled and sur-
prised, as if to say: “she is completely professionally deformed”. But I think it is a very
beautiful [eeh] [eeh], beautiful little poem, actually. Well, I added that I have also hung
the the ordinary pictures of my kids over my desk [laughter], and then I slowly started to
turn into a normal [eeh] person again [laughter]. But it is a [eeh], yeah, sequence of turns
that is needed to eventually mutually reach such a, yeah, mutual understanding. (Re-
search presentation #10 [translation: MW]. Topic: conversational analysis.)

Example 4 shows an anecdote in a TED talk by Brené Brown, research professor
at the University of Houston Graduate College of Social Work and well-known
author. In her talk, she recounts a telephone conversation she had. She uses
direct speech, which could increase proximity: the audience might experience
the anecdote as if overhearing the conversation. Brown uses an informal style
register, close to everyday conversation, with phrases such as “I was like...”,
and “and she went...”. In example 5, from the Research Presentations corpus,
the speaker describes a conversation she, as a lecturer, had with her students.
Although some of the descriptions in this anecdote are quite detailed and set
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the scene, such as the “puzzled and surprised” looks of the students, she rather
uses indirect speech to describe her conversation with the students (“I told
them...”, and “I added that...”). This could make the audience feel less directly
involved, compared to Brown’s anecdote.

Overall, the TED corpus contains anecdotes that seem more closely related
to the concepts of evidentia and enérgeia, in which a situation is depicted vivid-
ly to the audience’s mind’s eye (see section 2.1). This is illustrated by example 6,
a fragment of an anecdote by novelist Elizabeth Gilbert (a “non-scientist” in the
TED corpus).

(6) I had this encounter recently where I met the extraordinary American poet Ruth Stone,
who’s now in her 90s, but she’s been a poet her entire life and she told me that when she
was growing up in rural Virginia, she would be out working in the fields, and she said she
would feel and hear a poem coming at her from over the landscape. And she said it was
like a thunderous train of air. And it would come barreling down at her over the land-
scape. And she felt it coming, because it would shake the earth under her feet. She knew
that she had only one thing to do at that point, and that was to, in her words, “run like
hell.” And she would run like hell to the house and she would be getting chased by this
poem, and the whole deal was that she had to get to a piece of paper and a pencil fast
enough so that when it thundered through her, she could collect it and grab it on the
page. (Gilbert 2009, TED corpus)

Here, Gilbert paints a scene with words, using metaphors and imagery to try
and make the audience part of the dramatic situation. She carefully chooses
words that express emotions, experiences, and movement. Such linguistic and
stylistic features are in line with the “craftsmanship and style” Green/Donahue
(2009) relate to enhanced transportation into the narrative.

TED Corpus: Relevance More Explicitly Emphasized

Relevance is another anecdote characteristic often related to effectiveness and
enhanced retention. An anecdote should be clearly embedded in the speech or
even be explicitly connected to the speech purpose or its main message. Presen-
tations in the TED corpus appear to emphasize the anecdote’s relevance more
explicitly.

Examples 2 and 5 from the Research Presentations corpus both end with a
final sentence that more or less expresses the relevance of the anecdote. In ex-
ample 2, first the relevance is stressed by the announcement “to illustrate this”
and the final sentence ties the advertisement example to the principle of stand-
ardization. In example 4 the final sentence could be interpreted as the anecdote
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illustrating this concept of mutual understanding, although the anecdote itself
is more about the researcher’s admiration of the sequence of turns and the
awkward yet funny situation that followed in class. For both example 2 and 4,
the concepts illustrated do not seem to be key points but rather sub-points of
the presentation.

To the contrary, the anecdotes in the TED talks often seem to illustrate key
concepts or even the presentation’s purpose, and the speaker usually empha-
sizes the link between anecdote and key point explicitly. In example 1, Cuddy
uses the anecdote to stress the key message of her talk and explicitly stresses its
importance by addressing the audience: “And so I want to say to you, don’t fake
it till you make it. Fake it till you become it.” Brown (example 4) links the anec-
dote about being a “researcher-storyteller” in the beginning of her talk to the
purpose statement: “so I'm a researcher-storyteller, and I’'m going to talk to you
today [...] and so I want to talk to you and tell some stories about...”. From an
audience retention perspective, it is valuable to see that anecdotes are rather
explicitly linked to purpose statements and key messages, but are also used to
illustrate what appear to be sub-points of the presentation.

5 Discussion and Conclusion

This paper presented an exploration of how the anecdote, an apparent retention
technique, is used in TED talks and research presentation. Generally, this explo-
ration has provided insights into practical anecdote use, using a working defini-
tion of the technique to be able to distil anecdotal fragments from the presenta-
tion texts with a substantial interrater agreement. Overall, the analysis has
shown a wide variety in anecdote use in both corpora. Using the textbook ad-
vice on anecdote as a reference, the anecdotes applied in practice do not neces-
sarily contain all the characteristics attributed to anecdotes — just as not all
advisors agree on which criteria an anecdote should fulfil. Some anecdotes,
found in the TED corpus, “tick all the boxes” in an elaborate way, others only
contain a few less detailed anecdotal features (mostly found in research presen-
tations).

This section discusses the main impressions of this exploration, organized
into anchor points of this paper: a comparison of anecdote use between the
corpora, the link to information retention, and science popularization. It is
wrapped up discussing limitations and future research.

Comparison of anecdote use in corpora. Quantitatively, the TED speakers
used more and longer anecdotes than the scholars in the research presenta-
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tions. Compared to the Research Presentations corpus, the TED corpus con-
tained a significantly higher number of words spent on anecdotes expressed in
the percentage of the total length of the corpus.

Upon closer inspection, the (relatively) longer anecdotes in the TED corpus
were found to contain typical anecdote characteristics more elaborately and
explicitly than the anecdotes in the research presentations. Although most an-
ecdotes in both corpora contained a main character and were often told from a
first-person perspective, which might increase the audience’s perceived similar-
ity and thus identification with the main character, the emotions and thoughts
of the main characters in the TED anecdotes were more expanded on.

Furthermore, the TED anecdotes contained more detailed narrative ele-
ments such as temporal indicators, location, story development (a change in the
initial situation), and explicit wrap-up or transition. Next to that, the TED anec-
dotes seemed to contain a more vivid style, suggesting to the audience that they
are almost witnessing the situation portrayed in the story. The more detailed
narrative elements and the vivid style are indicators for an audience to be
transported into the story.

Finally, the TED anecdotes contained a more explicit connection to key
points of the overall presentation, sometimes even the presentation’s purpose.
Although the anecdotes of the scholars were linked to the speech content as
well, their relevance seemed to be less explicitly marked.

Genre differences could offer explanations for the described variety in an-
ecdote use. TED speakers could be qualified as professional speakers compared
to the scholars (speaking professionals), especially when the presentation’s
occasion is taken into account. The TED talks could potentially be viewed by a
large (online) audience, which increases the need for a thorough, intensive
preparation of the overall presentation. The purpose to inspire could lead to a
focus on narrative techniques such as the anecdote, as opposed to the more
informative purpose of the scholars.

Retention. The TED anecdotes contained more elaborate narrative elements
that might increase identification and transportation with the audience. That
way, the TED anecdotes could stimulate encoding processes such as elabora-
tion, association, and (perhaps to a lesser extent) visualization, which can in-
fluence retention on a longer term. Moreover, the rather explicit connection of
the anecdote to a relevant key point could make the audience attentive to the
structure and organization of the speech — another indicator of possible reten-
tion.

The research presentation anecdotes seem less elaborate and detailed, and
stress the anecdote’s position and relevance within the overall presentation to a
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lesser extent. A previous study showed scholars might prefer structural reten-
tion techniques closely related to the encoding principle of organization, such
as an explicit summary and announcement of the conclusion (Wackers et al. 2016).
The choice for specific retention techniques might therefore be genre-
dependent: in the mainly informative presentations to fellow scholars, research-
ers might favor organization strategies over elaboration techniques.

Science popularization. Scientists in the TED corpus used more elaborative
and “rich” anecdotes than the scholars from the Research Presentations corpus.
This observation corresponds with the impression that scientists view narratives
as an effective rhetorical strategy in more popularizing presentations for a
broader audience and more logical-scientific arguments in scientific talks to an
audience of peers (cf. Dahlstrom 2014). This way, the anecdote is one of the
narrative strategies scholars use to recontextualize often complex knowledge
for a wider audience. The scholars in the TED corpus had carefully crafted their
anecdotes, keeping their audience in mind - a rhetorically conscious approach,
which intriguingly could also contribute to the critical impressions of “storify-
ing science” and oversimplifying complex content as voiced by, for example,
Bratton (2013). Interestingly, Brené Brown’s anecdote (example 4) seems to
pinpoint this duality: she feels she is a “researcher-storyteller,” to which her
conversation partner replies that “there is no such thing” — a statement Browns
anecdote ironically refutes.

Limitations. This exploration only took two collections of presentations into
account. The research presentations were from a specific area in humanities
and social sciences, and a specific cultural background (Dutch-Flemish). More
scientific disciplines should be taken into account to paint a more complete
picture of anecdote use in research presentations, just as an analysis of various
TED talk categories could provide a clearer overview of that specific presenta-
tion genre. Finally, not all talks in the TED corpus were given by scientists. To
be more precise on the role of narratives in TED talks regarding popularization,
it could be insightful to compare TED talks and research presentations given by
the same scholars.

Future research. The exploration of anecdote use offers a point of departure
and focus for future (retention) research into anecdotes. First of all, the analysis
has pointed to specific anecdote features that could influence audience reten-
tion and reception. Future studies could focus on effects of these characteristics,
for instance by comparing presentation variants with and without anecdotes in
an experimental setup in which recall is measured. Such an approach could
indicate to what extent anecdotes in presentations indeed affect audience in-
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formation retention and, if so, how anecdote features such as narrative ele-
ments, vivid language, and relevance are of influence.

Another promising perspective could be reception research of actual
presentations, aimed at unravelling audience response to anecdotes. Genre
differences could be taken into account here as well, for instance: would TED
audiences indeed value narratives more than an audience of a research presen-
tation? Still, more explorations of presentation practice in various genres are
needed to pinpoint variations in application of rhetorical retention techniques,
to be able to formulate hypotheses on possible effects. Results of such studies
could contribute to more precise, evidence-based public speaking advice on
retention techniques. All in all, this study has written the opening lines of the
story of anecdote retention research. A story that no doubt will be elaborated on.
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Thomas Susanka
Questions and Dialogue in Science
Communication

The Rhetoricity of Complex Stories in Radiolab

1 Introduction

Public engagement with science is commonly identified as a primary goal of
science communication (cf. Bauer 2017). The critical term engagement overtly
aims at inducing action in the audience that points at the rhetorical dimension
of science communication. However, many forms of science communication
assign the role of a more or less passive recipient to the audience. Presentations,
for example, have become an immensely popular form of science communica-
tion, as is evidenced by events such as a TEDx talk in Bueons Aires with up to
10,000 attendees (Reissman 2014). But presenters at such events rarely have the
chance to interact with the audience — and by the same token, it is virtually
impossible for the audience to intervene, e.g., to ask questions about the sci-
ence and hence solidify their engagement with it.

This restriction can be best described with Bitzer’s concept of constraints in
rhetorical situations (Bitzer 1968). For Bitzer, situations, i.e., the “complex of
persons, events, objects, and relations” (Bitzer 1968), are the determining forces
a speaker has to deal with in order to be a successful communicator.! Most im-
portantly, situations imply social rights about who may speak and who is re-
quired to remain silent. Hence, we could say that a critical situational constraint
of presentations is the enforcement of a unidirectional monologue or soliloquy
by the speaker and a consequential muting of the audience — at least for a peri-
od of time. To be sure: without this constraint, presentations would not be pos-
sible and could not be effective.

We find similar situational constraints in other popular forms of science
communication: most notably written texts such as articles in newspapers and
magazines, films and videos, YouTube-channels, or auditive formats such as
radio shows or podcasts. We may venture to think that these forms of communi-
cation may mute the audience but by the same token enable the individual con-

1 Knape pursues a similar idea with the concept of ‘situative resistance’ (Knape 2013).

https://doi.org/10.1515/9783110676310-006
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strual of knowledge as a quiet and individual mental activity. But, of course,
Socrates famously claimed in The Symposion, that wisdom cannot be poured
like water from a full vessel into an empty cup, but instead requires, as main-
tained in the The Republic, active participation on the side of the one aspiring to
attain knowledge (Allen 2006). That is of course why he favored the interactivity
of dialogue, reflecting a conception of knowledge that is also held by contempo-
rary educational researchers — most notably in the Cognitive Theory of Inquiry
Teaching developed by Collins (1981).

Hence, a crucial question for successful science communication seems to be
how to ensure participatory engagement on side of the audience in light of se-
vere situational constraints that mute the audience and confine it to passivity.
In this paper, I would like to inquire into the challenges of science communica-
tion imposed by a muted audience. In doing so, I will examine the case of the
widely popular US-American radio show and podcast Radiolab. By means of an
exemplary rhetorical analysis, this explorative paper aims at uncovering rhetor-
ical techniques and devices applicable throughout a wider range in science
communication.

2 Radiolab

Radiolab is an experimental radio show and has been on the air since 2002 on
over 550 radio stations in the United States. It focuses on a variety of topics, yet
a large bulk of the content is related to science — and Radiolab is remarkably
successful in featuring these topics. According to their hosting radio station
WNYC, the show has around 1,3 million weekly listeners and 7 million monthly
on-demand-listens, i.e., for example by people listening to podcasts (New York
Public Radio 2017). The show is not only very popular, but also claims to be suc-
cessful in reaching its (partial) communicative goal of science communication, as
a listener-survey of 2009 commissioned by WNYC suggests (Flagg 2009).> This
survey reports some remarkable numbers:

91% of listeners could keep up with and follow the presentation of topics.

77% felt the show affected the way they think about choices.

76% said the process of science is clear when discussed on the show.

68% agreed the show increased awareness of the influence of science on our lives.

2 As a commissioned survey, its results need to be taken with a grain of salt, of course. How-
ever, the survey’s method generally adheres to accepted standards of empirical research.
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59% thought the show raised their awareness of scientific methods and processes.
29% were familiar and 42% were unfamiliar with most of the information in the show.
(Flagg 2009)

The numbers suggest that the show is quite good at explaining complex issues.
Also, listeners follow the program and actively engage with the topics — indeed,
from the perspective of science communication research, the show appears to
be immensely effective. We still may make note of one caveat: the reported
numbers refer to the self-assessment of the audience and hence do not neces-
sarily report reality or actual behavior. But especially with regard to the goal
“engaging with science topics,” self-reported data seems to be a reliable indica-
tor of the effectiveness of the show. How does the staff behind Radiolab achieve
this? How does the show work?

3 A Complex Dialogue

On their website, we can find the following self-description which gives us some
cues about the working principles of Radiolab: Radiolab is “[a] show about
curiosity. Where sound illuminates ideas, and the boundaries blur between
science, philosophy, and human experience” (Radiolab 2020).

To start with, sound-design plays an important role in the show’s concept
as can already be observed in the tonal complexity of the introductory sound
clip that is played at the beginning of each episode. While the complex sound-
design is elementary for the show, this short sound clip also points at a key-
characteristic of the overall approach to science communication of the program:
There’s a polyphony of voices and we can observe a conversational dialogue
style that is marked by elements of question and response.

Let’s see how this manifests itself in the entire show. In order to do so, I
would like to briefly walk through an exemplary episode, aiming to uncover
some basic principles underlying it. This exemplary analysis focuses on the
episode “From tree to shining tree” (Abumrad/Krulwich 2016) that first aired in
July 2016.?

3 To be clear: this is not designed to be a structural analysis of the entirety of all Radiolab
episodes which would require much more extensive research. Rather, the exemplary analysis
of the episode aims at uncovering underlying communicative principles that may also hold in
other Radiolab episodes and may also be relevant in other contexts of science communication.
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After the already mentioned introductory sound clip, the episode starts off
with the two hosts, Jad Abumrad and Robert Krulwich, introducing themselves
and the show. Here, they directly address the audience of the program, basically
saying “Hello and welcome.” Afterwards, they engage in an informal conversa-
tion where they talk to each other and directly address the audience as well.

After this initial chat, the hosts engage with the topic of the episode. This is
also the moment when each of them takes up a role or function for the rest of
the episode: Robert Krulwich assumes the role of the narrator and begins to tell
a story to the other host, Jad Abumrad, who assumes the role of the listener,
functioning as a step-in audience or virtual audience, as we may call it. From
this moment on, the audience in front of the radio is no longer directly ad-
dressed but is made to overhear a dialogue, where one host functions as a figure
of identification for the listeners. This moment is flagged with conventional
markers for storytelling by the narrator, such as “This story [...] begins with a
woman” (Abumrad/Krulwich 2016) and by setting the scene for a story as in “I'd
like to begin by building a tall, dark, dense green forest making towering trees
to your left” (Abumrad/Krulwich 2016). In the meantime, the host that functions
as a virtual audience, Jad Abumrad, highlights his role by being an active lis-
tener, constantly interacting with the storyteller by means of prosodic sounds
and interjections.

In a next step, the dialogue becomes more complex as the narrator Robert
Krulwich introduces additional audio-material to advance the story. In this
material, he engages in another conversation, where he talks with the central
figure of the show: the professor Suzanne Simard, who herself tells him her
story. The web of dialogue gets more complex as they take turns in telling the
story together and boundaries begin to blur as the role of the narrator Robert
Krulwich shifts between that of a storyteller and that of an interviewer.

From a rhetorical perspective, what happens at the beginning of the episode
is a quite typical case of narration, where techniques of vividness are employed
to depict an event, all in preparation of the argumentation — the explanation of
the science (Kemmann 1996). In this case, we learn about how Suzanne Simard
initially became interested in the roots of trees as a child. This narration pre-
pares the explanation of her research about how trees of different species in a
forest exchange nutriments and even communicate with each other by means of
a giant web created by a fungus attached to their roots.

The basic framework of storytelling is maintained during the episode, yet as
we move along, more time is spent on explaining the scientific discoveries of
Simard. The already complex dialogue of three participants is extended as more
and more people join this virtual conversation. We may call it “virtual” as the

printed on 2/10/2023 10:59 AMvia . All use subject to https://ww. ebsco.conlterms-of-use



EBSCChost -

Questions and Dialogue in Science Communication =—— 123

dialogue is, of course, a construct of the editing room. The narrator Robert
Krulwich introduces further interviewees and we also have an additional re-
porter/producer, Latif Nasser, join the conversation later on. He again brings in
even further interview-sequences. Hence, in this exemplary Radiolab episode,
science is explained by means of complex polyphony. Even more, it is not mere-
ly a large group of people talking but these interview-snippets and their back-
ground sounds also take us on an auditive journey to different locations.*

To preliminarily conclude, we can say that in this episode, Radiolab com-
municates science by interweaving stories and explanations into a complex
form of dialogue. Given that the production of such an episode requires a huge
amount of editing, we may step back and ask: Why? Why would one create such
complex polyphony in order to communicate science? In doing so, Radiolab
seems to make use of several communicative techniques at the same time. In a
next step, [ would like to take a closer look at them and see how they potentially
contribute to successful science communication.

3.1 Storytelling

Most obviously, Radiolab uses storytelling and there is already ample research
on how science communication to non-experts can profit from forms of story-
telling. Concerning the effectiveness of storytelling in science communication,
Michael Dahlstrom concludes in a paper investigating research of the last 40
years:

Narratives offer increased comprehension, interest, and engagement. Nonexperts get most
of their science information from mass media content, which is itself already biased to-
ward narrative formats. Narratives are also intrinsically persuasive, which offers science
communicators tactics for persuading otherwise resistant audiences, although such use
also raises ethical considerations. (Dahlstrom 2014)

Dahlstrom (2014) opposes storytelling to “[lJogical-scientific communication,”
which “is context-free in that it deals with the understanding of facts that retain
their meaning independently from their surrounding units of information”
(Dahlstrom 2014). In contrast, “narrative communication is context-dependent
because it derives its meaning from the ongoing cause-and-effect structure of
the temporal events of which it is comprised” (Dahlstrom 2014).

4 Technically, this points to the fact that what we are hearing is not a pure form of storytelling,
but a blended form that also features elements of reportage and radio play.
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In this sense, storytelling can be seen as a technique of recontextualizing
scientific facts that also makes them, as Dahlstrom argues, intrinsically persua-
sive. Dahlstrom does not refer to rhetorical literature, yet the persuasive charac-
ter of the narration preceding a logical argumentation is of course well known to
rhetorical theory since antiquity (Knape 2013). Hence, from a rhetorical perspec-
tive, I would like to append to Dahlstrom’s argument that stories also become
persuasive by focusing on human agents, highlighting their competencies,
motivations, and their personal integrity. Hence, recontextualization of scien-
tific facts by storytelling can take place by focusing on scientists as persons and
on their research activity, grounding their persuasiveness in the ethos of the
scientist, one of the three means of persuasion known to rhetoric since Aristo-
tle’s first treatise of the art (Robling 1994).

3.2 Overhearing Dialogue

Storytelling and the staging of the ethos of scientists certainly play a critical role
in the success of Radiolab, yet, we may well ask why listeners are only overhear-
ing these stories instead of having them directly narrated to them - which
would at first glance seem to be a much more effective way of engaging with the
audience. What kind of benefit may there be in overhearing a story told to
someone else?

Experimental research in the effectiveness of tutoring has investigated how
learning from watching videos can be effective. Amongst others, several studies
support the effectiveness of so-called vicarious learning (cf. Chi et al. 2008; Craig
et al. 2004; Driscoll 2003; Muldner et al. 2011). That means that students seem to
learn better when they observe a dialogue of a tutor and a tutee than when they
have a monologue directed at them in a video.

Chi et al. (2008) argue that the success of this vicarious learning essentially
depends on the level of engagement that is triggered by overhearing dialogue.
Hence, vicarious learning becomes the more successful, the more the observed
tutee is involved, which, Chi et al. (2008) argue also emphasizes the effective-
ness of peer-learning. Similarly, Radiolab seems to build upon the effects of
vicarious learning.

Driscoll et al. (2003) also report significant effects of overhearing dialogue
and conclude that these results are in favor of Gernsbacher’s structure building
framework (Gernsbacher 1990; 1997), “because the questions asked by the virtual
tutee [...] were designed to support those [causal] relations” (Driscoll et al. 2003).
Overhearing dialogue seems to be particularly effective in the construal of
knowledge when the overheard conversation features sequences of questions-
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and-answers. When we take a closer look at an excerpt of the Radiolab episode,
we can see how questions provide the underlying framework of the explanation:

Robert Krulwich: Let me just back up for a second so that you could, you can, to set the
scene for me.

Jad A[bumrad]: Yeah.

Robert Krulwich: When you go into a forest, you see a tree, a tall tree. So what is [sic] the
tree do?

Jad A[bumrad]: What’s its job?

Robert Krulwich: What’s its job? It’s [sic] soaks in sunshine takes the CO2 out of the air,
carbon dioxide, which has of course carbon, C, in it.

Jad A[bumrad]: The oxygen.

Robert Krulwich: Yeah. And it keeps the C.

Suzanne Simard: Carbon, which is science speak for food,

Robert Krulwich: It turns that carbon into sugar, which it uses to make its trunk and its
branches. Anything thick you see on a tree is just basically air made stuff.

Jad A[bumrad]: Carbon and sugar are the same thing?

Robert Krulwich: Yeah. You can think of the carbon is [sic] basically the sugar that builds
the tree. However, if that’s [sic] all they had was carbon.

Roy Halling: It’d only be this tall.

Robert Krulwich: Oh, that’s Roy, again, he’s holding his hand maybe a foot off the ground.
Robert Krulwich: It would be a teeny tree?

Roy Halling: It would be smaller.

Robert Krulwich: So if all a tree could do is get carbon from the air, you’d have a tree the
size of a tulip. A floppy tulip. Huh. A tree needs something else. And what a tree needs are
minerals.

Jennifer [Frazier]: Minerals from the soil. Very similar to the sorts of vitamins and minerals
that humans need.

Robert Krulwich: What kind of minerals does a tree need?

Suzanne Simard: Like nitrogen and phosphorous.

Jennifer [Frazier]: Magnesium.

Suzanne Simard: Potassium and calcium and,

Jennifer [Frazier]: Copper.

Jad A[bumrad]: Why? What do these do for the tree?

Robert Krulwich: Like can a tree stand up straight without minerals or can,

Suzanne Simard: It can’t. No.

Robert Krulwich: It can’t? (Abumrad/Krulwich 2016)

Research indicates the effectiveness of overheard dialogue and in Radiolab,
stories are told and explanations are given by means of a complex dialogue.
Questions constitute the driving force behind this dialogue and it seems as if
asking questions accounts for the effectiveness of the program.
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3.3 Questions

Questions are a powerful communicative device and rhetorical theory knows of
numerous functions that questions can fulfill in discourse (Schopsdau 1996;
Veit 1996).° As an effective communicative device, the rhetorical system assigns
to questions a critical role during the argumentation. Yet the most important
function of questions in rhetoric is in the process of the invention, i.e., during
the exploration of the topic by the orator in preparation of the rhetorical act
(Veit 1996). And indeed, questions play an integral role in any form of explora-
tive inquiry and knowledge acquisition. Hence, building on Rickert (1928),
Zillober (1972) defines that a question

is a sentence, that expresses incomplete knowledge (ontological) or that voices a hypothe-
sis (logical), for which the inquirer expects a concluding answer or a decision about its
truthfulness from another person or from himself. That is why an act of judgment will not
provide knowledge as long it does not answer a question. (Zillober 1972, quoting Rickert
1928, my translation)®

Rickert claims that questions are epistemological as they constitute a necessary
prerequisite for the construal of knowledge. In Truth and Method, Hans-Georg
Gadamer pursues a similar argument, when he claims that

[k]lnowledge is dialectical from the ground up. Only a person who has questions can have
knowledge, but questions include the antithesis of yes and no, of being like this and being
like that. (Gadamer 1975)

While Rickert’s and Gadamer’s primary focus was, of course, philosophy and
not scientific knowledge, we still find this perspective on knowledge reflected in
the so-called scientific method, i.e., the circulatory process of formulating hy-
potheses and the empirical testing of predictions that eventually lead to what is
often flatly referred to as “scientific facts.” Given that the epistemological status
of hypotheses is by definition undefined by being neither verified nor falsified,
hypotheses necessarily entail their underlying questions, too. Hence any scien-

5 Accordingly, we could analyze the questions in Radiolab with regard to their potential rhe-
torical function such as aesthetic, logical-argumentative, didactical-structuring, or emotional
as documented by Schopsdau (1996).

6 The original reads: “Frage. Sie ist ein Satz, der eine unvollstindige Erkenntnis (ontologisch)
oder eine Annahme (logisch) zum Ausdruck bringt, deren abschlieBende Antwort oder Wahr-
heitsentscheidung der Fragende entweder von einer anderen Person, dem Gefragten, erwartet
oder selbst herbeizufiihren versucht. Daher leistet der Urteilsakt ‘nichts fiir die Erkenntnis,
wenn er nicht auf eine Frage antwortet’.” (Zillober 1972, quoting Rickert 1928)
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tific hypothesis “a is x” necessarily entails the question “Is it true, that a is x?” -
which, again, “includes the antithesis of yes and no, of being like this and being
like that.” Consequently, no collection of empirical data, no set of information
can give cause for knowledge, if no question is being raised about them at some
point. Accordingly, we may venture to postulate: Scientific evidence can only
come into existence through the formulation of questions.

Questions provide the initial context for scientific activity, yet science aims
for decontextualized insights and consequently the initial questions are often,
as Dahlstrom (2014) maintains, lost in logical-scientific communication, that
“aims to provide abstract truths that remain valid across a specified range of
situations” (Dahlstrom 2014). Yet addressees of science communication need
not only the answers — but the questions, too. They will provide them with the
necessary context for the construal of knowledge. This becomes even more pro-
found as the questions are neither self-evident nor easily accessible, as Gada-
mer maintains: “There is no such thing as a method of learning to ask ques-
tions, of learning to see what is questionable” (Gadamer 1975).”

4  Conclusion

The initial question of this paper was how science communicators can overcome
the challenges of situational constraints, in particular that of a muted audience.
How can communicators induce engagement with scientific topics in their audi-
ence despite their situational enforced passivity? Taking a closer look at Radi-
olab, an explorative analysis has identified three central communicative devices
that seem to account for the show’s success and that also hint at more funda-
mental principles of effective science communication: 1. storytelling, 2. over-
hearing dialogue or vicarious learning, and 3. the use of questions and re-
sponse. In the case of the Radiolab episode, the three techniques are fused
together: Stories of science are told and explanations are given in form of a
complex dialogue where figures of identification regularly interrupt the process
of science communication only to advance it by asking questions in lieu of the
audience. In short: we overhear a dialogue where stories are told by using ques-
tion and response as a rhetorical device for multiple effects.

7 Speaking with Charles Sanders Peirce, we could maintain that questions are in essence
abductive.
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What follows for science communication in general? The use of storytelling
as an effective tool to recontextualize knowledge is already well researched and
acknowledged. As for overhearing dialogue: especially in times where long-
distance learning is in desperate need for new, diverse, and effective methods,
educators and science communicators should engage more with the possibili-
ties of vicarious learning, which still seems to be only a rarely employed meth-
od. Finally, it seems to me, a key result of this paper is to highlight the role of
questions in science communication and their potential — again - to recontex-
tualize knowledge. Questions provide the necessary context for facts and hence
are crucial in the construal of knowledge. The strategic use of questions in sci-
ence communication may be critical to its success as questions spark interest
and curiosity and actively engage the audience in a quest for answers.

It is often maintained that a central goal of science communication should
be to raise the audience’s engagement with scientific topics. Questions, to my
mind, are a critical device in raising this engagement: Indeed, we might even
argue that engaging with scientific topics is — after all — nothing else but pursu-
ing questions. Science communication should provide these questions and help
people raise questions themselves.
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Scientists on the Hero’s Journey

Storytelling in Different Communicative Situations

1 Introduction — The National Institute for
Science Communication

Science is an integral part of our culture and helps set the course for the future
development of our society. Our vision at the National Institute for Science Com-
munication (NaWik, “Nationales Institut fiir Wissenschaftskommunikation” in
German) is to firmly embed science in our society. This includes educating the
public about scientific issues as well as fostering a well-informed public debate
on scientific topics. To achieve this, scientists reach out to the public and enter
a conversation with society about their projects, findings, and hypotheses. In
this way, they grant insights into their research area and research processes. In
addition to communicators and journalists, they are thus among the key actors
in science communication.

NaWik’s goal is to help as many researchers as possible communicate their
objectives, methods, findings, and the challenges they encounter to various
sectors of society in a way that is comprehensible and fosters productive dia-
logues. For that purpose, NaWik Lecturers like myself train scientists to com-
municate their intentions, findings, and issues to a wider audience and engage
with society for a dialog.

NaWik seminars are one- or two-day long attendance courses. Participants
work in small groups with emphasis on hands-on-exercises and a high level of
practical relevance. We teach the participants to think in terms of target audi-
ences, be mindful of their own communication goals, and to master practical
communicative techniques.

In order to reach out to different target audiences in different communica-
tive situations, scientists have to recontextualize their knowledge. Whether an
astrophysicist is about to give a talk in front of an amateur astronomy club or
planning a guided tour around a radio telescope with a group of ten-year-old
school children is a totally different task and requires an adaptive communica-
tion strategy. In both situations, storytelling can be very helpful when it comes
to engaging the respective target audience. But not every story works for every
target audience. How a story can be adapted to a specific communicative situa-

https://doi.org/10.1515/9783110676310-007
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tion will be shown and illustrated by examples from our courses in the follow-
ing chapter.

2 Why Scientists Don’t Like to Engage in
Storytelling and Why They Definitely Should

“I'm a scientist, not a storyteller,” this sentence — usually spoken with a glimmer
of indignation — comes up regularly in the communication trainings I conduct
for scientists. The self-concept of a scientist does not seem to conciliate with
being a storyteller. This is understandable: science is based on facts, figures,
numbers, objectivity, hard evidence, and reason, whereas stories depend on
emotion, contain speculative or even fictitious elements, and are shaped by the
subjective perspective of the main character. Apart from those obvious irrecon-
cilable differences, the scientists in my workshops show great passion, they give
insights in previously unknown worlds, they tell me about mysteries that need
to be unraveled and about fascinating ideas. Aren’t those the perfect ingredients
for a captivating story?

Why so many scientists seem to have problems with storytelling might be-
come clearer if you look at a dispute that was published in Nature Methods in
(Krzywinski/Cairo 2013). Two visualization experts, Martin Krzywinski and Al-
berto Cairo, asked readers not to present all the data and information in one
figure, but to rather deliver the information step by step with one figure for each
step so that the figures could tell a small story. I personally wouldn’t call a suc-
cession of diagrams, graphs, and other figures a story, but nevertheless this
approach was strongly opposed by a young biologist called Yarden Katz, whose
reply to Cairo/Krzywinski’s (2013) article was published a couple of weeks later
(Katz 2013). He writes, “If we project the features of great storytellers onto a
scientist, the result is a portrait of a scientist far from ideal. Great storytellers
embellish and conceal information to evoke a response in their audience. In-
convenient truths are swept away, and marginalities are spun to make a point
more spectacular. A storyteller would plot the data in the way most persuasive
rather than most informative.” To me it seems that storytelling in Katz’s opinion
is almost the same as scientific misconduct, but he does not deliver any proof
for this theory. Scientists who oversell their results, journalists who taper a
science story to the level that it becomes untrue, and press officers who conceal
unwanted or possibly unpopular information have always been part of the field
of science communication and, sadly, probably always will be. But in most of
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those cases, no real storytelling approach was used in the communication ef-
forts involved. On the contrary, polished research results usually don’t make a
good story. A factual and captivating science story is not just about the success-
es in research, it is more about the failures and obstacles that had to be over-
come hefore the victory could be achieved. It is the throwbacks, the flawed the-
ories that didn’t work out, and the failed experiments that are needed for a
thrilling story. Nothing is more boring than the sentence most press releases, at
least in Germany, start with: “Scientist of the XY institute have found out
that...”. Suspense can only build when victory does not come easy. And some-
times not even a victory is needed, a story about failure alone can be equally
compelling. By identifying and speaking about the many obstacles, a science
story offers a great opportunity for science communicators: a real understand-
ing of the rocky process of scientific inquiry can develop within the audience.

Another reason why science communicators should rely more often on sto-
rytelling approaches than they currently do is the impact that stories have on
their audience. Uri Hasson, Paul J. Zak, and other neuroscientists and psycholo-
gists were able to demonstrate in their research that we humans are hardwired
for storytelling. Storytelling is our way of forming connections between certain
events and of giving meaning to the proceedings around us. If we listen to a
story, large parts of our brain are activated (Zak 2015), which is probably why
we get hooked on stories. So much of our brain is occupied with processing the
story that not many resources are left that can be used to distract us from the
story. Proof that stories deliver the intended message better than just pure in-
formation comes from a study Hasson and his team were conducting at Prince-
ton University. They measured the brain activity of storytellers and listeners at
the same time using EEG-electrodes and magnetic resonance imaging (Hasson
et al. 2012; Regev et al. 2013). The two brains showed the exact same pattern of
brain activity as if they were coupled. The coupling did not just occur in the
brain areas for listening and processing language, it appeared in the frontal and
parietal cortex, where deeper thinking, reflection, and creativity are located. A
story’s message should be processed in those parts of the brain. This phenome-
non, which Hasson calls “Neural Entrainment,” occurs only when stories are
told and not when information is simply verbally transmitted. Stories are not
just the ideal way of transmitting a certain message, they also cause people to
care and to act (Zak 2015).

Despite all the positive impact stories have on their audience, they are not
used very often as a tool in science communication. A storytelling approach is
probably most common in health communication, whereas you can rarely find
it in mathematics. One reason for the success of storytelling in health communi-
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cation might be that it can easily be done by simply using a patient’s case as
material for a story. Another reason might be that politicians, doctors and other
stakeholders in our health care system have a vital interest in successful health
communication because it can save lives and reduce medical expenses. A good
example for a successful health communication story with a very unusual main
character and some fictional elements comes from Northern Europe with the
story of Karius and Bactus (Egner 1976). The story has been used for decades to
educate kindergarten children in proper dental care. The main characters are
Karius and Bactus who are two small “tooth trolls” that live inside cavities in
the teeth of a boy named Jens. Karius and Bactus have a very good life there,
especially when Jens eats white bread with syrup and fails to brush his teeth
afterwards. Eventually, their homes are destroyed by a dentist and they are
rinsed out of Jens’ mouth. The story was written and illustrated by Norwegian
author Thorbjgrn Egner in 1949; at the same time the tools for proper dental
care — soft toothbrushes and fluoride toothpaste — became available. At least in
Northern Europe, the story of Karius and Bactus became extremely popular, not
just through the children’s book, but also through audiobooks and an animated
puppet film. Although preschool teachers still use the story of Karius and Bac-
tus, it was criticized a lot (e.g., Buschmann 2018) because the children empa-
thized with the cute tooth trolls Karius and Bactus. Especially dentists feared
they might reject dental care and refuse to visit them. Then again, would this
story still be read to children by preschool teachers and parents if the children
would react in such a way? The Danish literary scholar Marianne Bgrch believes
that it might have been the unusual perspective of the Karius and Bactus story
that has made it so successful. “The unwanted solidarity with the bacteria here
is disconcerting, but we also get to think in a way that might bring about new
insights — and some of these sudden impulses or leaps might be so cognitively
disruptive as to open new, arguably creative, avenues of thought* (Berch 2010).
Would the same story being told from a dentist’s perspective be of any interest
to children? The decades-long success of Karius and Bactus is definitely a great
example of how the choice of a main character shapes a story.

3 How to Find a Science Story

The story of Karius and Bactus uses fictional elements to transmit information
about dental healthcare. Through this story, the children learn that sweets can
cause cavities and that proper dental care and regular visits to the dentist might
prevent most of the damage to their teeth. Most science topics don’t need such
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fictitious elements. If you have a science topic, the first challenge is to find your

story within all the information. Then the question arises: what really is a story?

A simple but very usable definition could - at least up until 2019 — be found on

Wikipedia: “A narrative or story is a report of connected events, real or imagi-

nary, presented in a sequence of written or spoken words, or still or moving

images, or both.”

More simply put, you have to find a connection between certain events and
then you arrange the story. With a science topic, it could mean that the results
of a first experiment might inspire the scientist to try another experiment that
again produces an interesting result, which leads to further experiments and
results. Each result might bring the researcher closer to the final solution of a
problem. If that information can be properly arranged, you can probably find a
story in every science topic.

The approach of the literary scholar and author Gustav Freytag isn’t much
more complex. He published his drama theory, Die Technik des Dramas (Frey-
tag’s Technique of the Drama), in 1863. Because there was a high demand for
theater plays in the 19th century, it made sense to look out for ways to produce
them as fast and efficient as possible. Freytag was probably one of the first who
saw drama theory as a blueprint or recipe for constructing stories. His simple
approach is still very popular and widely used among screenwriters, playwriters
and novelists. According to Freytag, a drama is divided into five parts, or acts,
which some refer to as a dramatic arc: exposition, rising action, climax, falling
action, and dénouement (conclusion). Freytag’s Pyramid can help writers or-
ganize their thoughts and ideas when describing the main conflict of the drama,
the rising action, the climax and the falling action (Freytag 2012). Although
Freytag’s analysis of dramatic structure is based on five-act plays, it can be
applied (sometimes in a modified manner) to short stories, films and storytell-
ing for different media. Here is a more detailed outline of his five-act structure:

1. Exposition: The main character and the world he or she lives in is being
introduced.

2. Rising Action: A conflict or a problem is presented that needs to be solved
during the following acts.

3. Climax: This is the turning point of the whole story. The final confrontation
between the hero and his or her opponents takes place and the hero might
fail or win.

Falling Action: After the final confrontation, the action subsides.

5. Conclusion: At the end, a solution has been found. The hero might have
won or lost his battle and either gets his reward or is punished.
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Climax

Challenge i

Solution Messageﬁ

Setting Problem
the Scene

Fig. 1: Freytag’s five-act structure — slightly modified - the way it is used in NaWik-
communication trainings (ONaWik).

The participants in my communication trainings at NaWik are asked to present
their research topic by using this scheme. Usually, it is at this point when I hear
the sentence that I was quoting at the beginning: “I’'m a scientist, not a story-
teller.” However, the resistance vanishes once they recognize how interesting
the stories of the others are.

A very specific template for a story was found by Joseph Campbell (1904-1987)
after he had analyzed myths, legends, and fairy tales from all over the world. He
published his results in 1949 in his book The Hero with a Thousand Faces. Every
fairy tale, legend or saga Campbell investigated followed the same narrative
pattern. This pattern is called the Hero’s Journey:

A hero ventures forth from the world of common day into a region of supernatural won-
der: fabulous forces are there encountered and a decisive victory is won: the hero comes
back from this mysterious adventure with the power to bestow boons on his fellow man.
(Campbell 1949)

Campbell’s version of the Hero’s Journey contains 17 stages and caught the
attention of George Lucas (Seastrom 2015). Lucas consciously used the Hero’s
Journey as a template for his screenplays for the Star Wars movies. Campbell
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and Lucas first met in person in 1984 after the biologist and Nobel laureate Bar-
bara McClintock introduced them (Baxter 1999). Nowadays, the Hero’s Journey
is widely used by screenwriters. It can be identified in every Hollywood block-
buster — Pretty Woman, Harry Potter, James Bond, etc. Most of the time, the
screenwriters use a shorter version of the Hero’s Journey with just 12 stages, as
published by Christopher Vogler in 1998 in his book The Writer’s Journey.

2. Call for Adventure

3. Refusal of the Call

12. Application of the
Elixir in the Ordinary
World

4, Meeting the Mentor

11. Return 5. Crossing the Threshold

10. The Road back 6. Tests, Allies, Enemies

9. Reward, Elixir, New Knowledge 7. Approach

8. The Ordeal

Fig. 2: Vogler’s version of the Hero’s Journey (© NaWik).

Figure 2 illustrates Vogler’s version of the Hero’s Journey.

1. The Ordinary World: the hero is seen in their everyday life.

2. The Call to Adventure: the initiating incident of the story.

3. Refusal of the Call: the hero experiences some hesitation to answer the call.

4. Meeting with the Mentor: the hero gains the supplies, knowledge, and con-
fidence needed to commence the adventure.

5. Crossing the First Threshold: the hero commits wholeheartedly to the ad-
venture.

6. Tests, Allies, and Enemies: the hero explores the special world, faces trial,
and makes friends and enemies.

7. Approach to the Innermost Cave: the hero nears the center of the story and
the special world.

8. The Ordeal: the hero faces the greatest challenge yet and experiences death
and rebirth.

9. Reward: the hero experiences the consequences of surviving death.
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10. The Road back: the hero returns to the ordinary world or continues to an
ultimate destination.

11. The Resurrection: the hero experiences a final moment of death and rebirth
so they are pure when they reenter the ordinary world.

12. Return with the Elixir: the hero returns with something to improve the ordi-
nary world.

It is not as difficult as you might think to apply this template to any science
topic. Researchers constantly seek answers in special “unknown” worlds: parti-
cle physics, microscopic cells, the universe or nanotechnology for example.
Most of them have a mentor who supports their work and their ideas. In order to
answer scientific questions, they have to solve mysteries, pass tests, and collab-
orate with colleagues. Only then might they be able to refute their opponents’
arguments. If they came this far, they might have an epiphany that leads them
to their last experiment. This experiment might finally deliver the answers they
seek and enable them to find a solution to a problem in the ordinary world. The
stages of the Hero’s Journey are there, but science communicators have to carve
them out in the narrative they create.

As inspiring as the Hero’s Journey might be, it is not something that is easy
to apply for storytelling beginners. Participants in my storytelling workshops
usually find it hard to work with this template. It takes time and experience to
get to know all the different chapters of the Hero’s Journey with its hidden cor-
ners and surprising twists and turns.

Many TV Journalists who have to come up with a narrative within a very
short time limit use a different method to find their story. The documentary
filmmaker and lecturer for documentary dramaturgy, Gregor A. Heussen, has
trained more than one generation of TV journalists and has created a mind map
for developing a storyline for a documentary (Heussen 2016).
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Tab. 1: Gregor A. Heussen’s “Mind Map for TV Journalists.”

Topic Brief summary of the topic and the most important research
results.

Main Character A person, a group, an animal, a plant, a microbe, an object,
an institution, an idea.

— Attributes What attributes would describe the main character in this
narrative?

— Challenge What kind of obstacles must the main character conquer?

— Motive What is the motive for the main characters actions?

— Change How does the main character change during the whole
narrative?

Supporting Characters Who is helping or fighting the main character?

Narrative Pattern Being born, crossing a boundary, conquering death, solving
a mystery, etc.

Emotional Goal What kind of emotions should the audience feel at the end
of the film?

Argumentative Goal Which opinion, knowledge or argument should the audi-

ence understand at the end of the film?

With this mind map, the main character is the anchor of the whole creative
process of developing a narrative and everything else revolves around him or
her. It doesn’t necessarily have to be a person: it can be a group, an animal, a
plant, a microbe, an object, an institution or even an idea. Many scientific topics
offer more than one possible main character. Are the doctor, the patient, or the
bacteria causing the disease the best main characters? Even particles, lab rats,
research institutes or 3D printers are possible main characters in science stories.
Usually, a certain amount of personalization is needed for a nonhuman main
character: Which main character is the most ideal depends, to a large extent, on
the communicative situation in which the story will be told. As a rough guide
you could say, most of the time, the main character with the biggest challenge is
the best. Remember that motives, attributes, and changes should be taken into
consideration when the choice for a particular main character is made. The
more the main character changes throughout their narrative journey, the more
interesting they are.

In many communicative situations, the author aims at a specific argumen-
tative goal. Maybe the audience should be convinced to eat less red meat, or the
readers should understand the meaning of neutrinos. It is crucial that the au-
thor of a science story knows his or her argumentative goal and that the story
line of the chosen main character is supporting that goal. The choice of the main
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character shapes the whole narrative, as is shown in the example of Karius and
Bactus. As important as the argumentative goal is the emotional goal. Some-
times an author simply wants to raise excitement for a specific scientific topic,
incite worry about an environmental problem or arouse fear in their audience.
Usually the emotional goal is achieved if the main character feels those emo-
tions at the end of the story. If the main character is happy at the end, the audi-
ence will be too; if the main character is sad, the audience might cry.

Certain narrative patterns occur in many different stories: being born, cross-
ing a boundary, or conquering death are some examples. In many science sto-
ries, unravelling a mystery is a suitable narrative pattern. It is important to be
aware of those patterns and to carve them out throughout the whole narrative.
You can do that for example by spending enough time and effort on illustrating
the scientific question at the beginning of the story, also explaining how diffi-
cult it is to answer and why no one has been able to solve it until now.

I use Heussen’s mind map a lot for my work as a science journalist, no mat-
ter if I am working on a TV documentary, a radio report or a magazine article. I
usually try out several possible main characters and after many years in this
field, I'm still sometimes surprised how much the stories change with each main
character and which one turns out to be the best for my argumentative and
emotional goals.

4 Storytelling in Different Communicative
Situations

Which character will make the best main character strongly depends on the
communicative situation in which the story will be told. This is why before any
decision on the storyline is made the whole communicative situation should be
analyzed.

Each brick of the NaWik-Arrow shown in Figure 3 points to a certain ques-
tion that should be answered before a science communicator starts communi-
cating.

— Aim: - Why am I doing this?

— Audience —- Who am I addressing?

— Medium — Where am I communicating?

—  Style — How do I impart my topic?

— Topic — What is the content of my communication?
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Why am | doing this?

/
Who am | addressing? -

Wheream| —m—
communicating?

How do I impart my topic?

What is the content?

Fig. 3: The National Institute for Science Communication has developed the NaWik-Arrow as a
helpful tool for researchers when preparing for any kind of communication. It is also helpful for
this kind of analysis in storytelling (© NaWik).

In order to demonstrate how a certain communicative situation might call for a
particular story with a specific main character, I have chosen a real-life science
topic that I regularly use in NaWik communication trainings. I found it within
five minutes of scrolling through recent press releases. This is a brief summary
of the content of this press release: The research project was a collaboration
between a PhD student in botany and a physicist at a university hospital. To-
gether they were able to create 3D magnetic resonance images of the fibers inside
a dragon tree that were under pressure because the trunk and the branches
were twisted for this experiment. With this new information, engineers might be
able to develop stronger but lighter materials for bicycles.

I needed more information for my story than was outlined in the press re-
lease, so I called the scientists who were involved in this project. I asked them
about the obstacles and their motivation, which lead to some interesting infor-
mation about how the collaboration between a botanist and a physicist original-
ly started. It was a fortunate coincidence: the botanist, Linnea, wanted to figure
out how the mechanical properties of the fibers inside the dragon tree branches
are working because these small plants can survive hurricanes and extreme
pressure in their natural habitats. The problem was that Linnea was studying
slices from dragon tree branches under a microscope and was not gathering
much information, so she told her housemate Nils, a physicist, about her strug-
gles. He was working on new Magnetic Resonance Imaging techniques and
came up with the idea that Linnea might investigate the fibers with this tech-
nology. The next day, they went to Nils’ Institute and tried to get an image of a
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dragon tree branch, but unfortunately the results were not very promising. Nils’
group leader was informed about the problem and came up with the idea to try
a Magnetic Resonance Tomography (MRT) scanner especially developed for
small laboratory animals at the university hospital. At the university hospital, a
physicist named Jochen was running this special MRT. He hesitated to help
when Linnea asked him to get images from the dragon tree fibers because he
was already overworked and wasn’t convinced, he could do it, but he finally
gave it a try. The first results were not very encouraging, because dragon trees
do not contain much water, making it hard to get high-resolution images. How-
ever, Jochen did not give up and was eventually able to help Linnea with her
research project.

So, there were three possible main characters:
1. Linnea, Botanist University of Freiburg
2. Jochen, Physicist University Hospital Freiburg
3. Dracaena Marginata, the dragon tree

All three of them can be the perfect main characters depending on the specific
communicative situation. In one of my storytelling workshops, I formed three
groups and asked each group to come up with a story about this research pro-
ject for a specific communicative situation. The three communicative situations
were:

Communicative Situation for group 1. Children (ages 7-8) from an elemen-
tary school are visiting the Institute for Botany of the University of Freiburg.
They will get a guided tour through the greenhouse and the labs. The teacher
wants them to learn something about an actual research project.

Communicative Situation for group 2. An article about the research project
for the university magazine.

Communicative Situation for group 3. A short video (5’) about the research
project for the German science show Quarks & Co, a monothematic show plan-
ning a special about the opportunities recent advances with imaging technolo-
gies offer for researchers and patients.

All three groups where asked to use the NaWik-Arrow to think about the
communicative situation. Table 2 shows the results of group 1:
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Tab. 2: Results of Group 1 working with the NaWik-Arrow.

Aim — Why am | doing this? To raise interest in science, specifically in
botany.

Audience — Who am | addressing? Children aged 7-8.

Medium — Where am | communicating? Interactive tour and presentation at lab and

greenhouse of the botanical institute.
Style — How do | impart my topic? Entertaining, humorous.

Topic — What is the content of my communica- Botany and the work at the institute.
tion?

Group 1 decided to go for Drago, the Dragon Tree as the main character for their
story.

Tab. 3: Results of Group 1 working with Heussen’s mind map.

Main Character Drago, the Dragon Tree

— Attributes Small, with a hidden strength, lives in Linnea’s living room.

— Challenges Surviving strong winds of his home country Madagascar
and surviving children and pet attacks at Linnea’s living
room.

- Motive Wants to grow and become a big tree like the ones he can
see outside the window.

— Change From feeling small and weak to feeling strong and happy.

Supporting Characters Linnea and Jochen are helping Drago to find his inner
strength.

Narrative Pattern Being more than it seems.
Disclosing a secret.

Emotional Goal Happiness.

Argumentative Goal How much we can learn from plants.

How interesting science can be.

And here is the beginning of the story group 1 came up with — you can easily
identify some elements of the Hero’s Journey in it:

Drago lives a quiet life in Linnea’s living room (ordinary world). From his place at the win-
dow, he can see a big tree with branches 10 times bigger than any part of Drago. Then a
huge storm comes, and the big tree loses some of his branches. Poor big tree, Drago
thinks. Then children come over and play in the living room. Linnea puts Drago on the top
of the big bookshelf, but a ball hits the shelf and Drago falls down to the floor. Guess
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what! His plant pot broke but nothing happened to Drago. Linnea (mentor) wants to find
out why Drago can be so small but so strong at the same time, so she brings Drago into her
lab (crossing the threshold, entering the special world) [...].

Drago is the perfect main character for children because they can relate to him
and empathize with his feeling of being small and unimportant. Nonetheless,
those attributes are not suitable for other communicative situations. If a science
communicator would have to communicate the same topic to an adult audience,
he or she probably would have chosen a different main character — as did
group 2 in my workshop. Here are their reflections of the NaWik-Arrow:

Tab. 4: Results of Group 2 working with the NaWik-Arrow.

Aim — Why am | doing this?

Audience - Who am | addressing?

For the reputation of the University of Freiburg.

Students, employees, scientists, journalists,
visitors and donors of the University of Frei-
burg.

Medium — Where am | communicating? Article for the university magazine and its

Style — How do | impart my topic?

website.

Inspirational, lively but also factual.

Topic — What is the content of my communica- Interesting research cooperation between

tion?

botanist and physicists.

In this case, the group chose the young PhD student Linnea to be the main

character.

Tab. 5: Results of Group 2 working with Heussen’s mind map.

Main Character
Attributes

Challenges

Motive

— Change

Linnea

Curious, intelligent, open minded, ambitious, thinks out-
side the box.

Does not get any interesting results with conventional
methods, first experiments with MRI fail, at first Jochen is
not interested in collaborating with her.

Wants to understand the mechanics of the dragon tree
fibers in order to help other scientists to develop new
materials for bicycles.

From desperation about not getting any usable results with
the conventional methods to being really excited about the
results she gets with the MRI scanning technology.
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Supporting Characters Jochen and a friend are helping her.

Narrative Pattern Unravel a mystery.
Entering new worlds.

Emotional Goal Excitement about the interesting research that is being
done at the University of Freiburg.

Argumentative Goal Unexpected research collaborations can be extremely
beneficial for both sides.

Here is a rough outline of the storyline of group 2:

Linnea wants to solve the mystery of why the dragon tree can be light and strong. If she
found out how the dragon tree does it, she could probably help other scientists to develop
new materials and they could build better bicycles. No matter what she tries in her lab (her
ordinary world, tests), nothing works. She talks to a friend (mentor) about her problems.
He is a physicist who is developing high-resolution MRI systems. Together they experi-
ment in his lab (the special world), but his MRI system does not work on plants (tests, al-
lies). But he has another friend who runs an experimental MRI system at the University
hospital [...].

If you want to motivate and inspire other PhD students, Linnea is the perfect
main character. She has large goals for her research and doesn’t give up, de-
spite all the obstacles she is facing. By being open minded and giving an unu-
sual experiment a try, she is finally successful. With her as a main character,
you motivate students, impress donors, and spark visitors’ interests in the re-
search that’s being done at the University of Freiburg.

However, even Linnea is not the ideal main character for every situation.
For a journalist working for a German TV science show planning a special about
imaging technologies, the choice would be different. Here is an analysis of this
communicative situation with the NaWik-Arrow done by group 3:

Tab. 6: Results of Group 3 working with the NaWik-Arrow.

Aim — Why am | doing this? Introducing the audience to the exciting world
of new imaging technologies.

Audience - Who am | addressing? A wide range of people (ages 14-80), who have
a special interest in new developments in
science.

Medium — Where am | communicating? Video (5 minutes long) for the popular science

show Quarks & Co, which will be airing a spe-
cial on new imaging technologies.

Style - How am | communicating? Inspirational, lively but also factual.

printed on 2/10/2023 10:59 AMvia . All use subject to https://ww. ebsco.conlterms-of-use



146 —— Kristin Raabe

Topic — What is the content of my communica- New magnetic imaging technologies can allow
tion? insights into living plants and deliver results
that might revolutionize other research fields.

For this communicative situation, the focus of the intended story has shifted
from the dragon tree and its fibers, to the technology that was used for these
experiments. Therefore, it makes complete sense that group 3 chose the physi-
cist to be their main character.

Tab. 7: Results of Group 3 working with Heussen’s mind map.

Main Character Jochen, physicist at the University Hospital
— Attributes Intelligent, tenacious.
— Challenges Dragon trees do not contain much water, which makes it

very hard to get high resolution imaging results from them.
Also, Jochen works at the university hospital, taking MRI
scans of laboratory animals. He doesn’t have much time for
the experiments with the dragon tree.

- Motive Wants to help Linnea because he likes her.

— Change From expressing doubt to being very enthusiastic about the
whole project.

Supporting Characters Linnea is inspiring him.

Narrative Pattern Unravel a mystery.

Entering new worlds.

Emotional Goal Fascination and excitement about the unexpected possibili-
ties this new imaging technology is offering.

Argumentative Goal MRI technology can be applied in many unexpected ways

(i.e. in botany) and might offer insights that could revolu-
tionize a lot of research areas.

The final story of group 3 starts like this:

Jochen is working at the University Hospital, where he is primarily scanning laboratory
animals or tissue (Jochen’s ordinary world) with a specialized MRI system. Linnea, a bota-
nist (mentor or ally) approaches him and asks him if he could help her by scanning a
dragon tree (call for adventure). First, he is very skeptical (refusal of the call). A plant?
However, he tries (the special world of plants) but the results were not very encouraging.
The fibers of the dragon tree do not contain much water, which makes it a lot harder to get
high resolution images (tests, obstacles). Nevertheless, Jochen wants to accept the chal-
lenge [...].
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If you compare the three stories, you can easily find out what makes each story
interesting and possibly captivating. The first story wants to spark children’s
interest, so it utilizes an unusual perspective of Drago, the Dragon Tree, who
lives in a world where he doesn’t feel he belongs until his hidden power is dis-
covered. His character has some similarities with Harry Potter. Like the neglect-
ed child who lives in the cupboard under the stairs, Drago watches the world
from his bookshelf and has no direct access to sunlight and wind, unaware of
his powers. Seeing Drago invigorated and happy because he has discovered his
hidden strengths brings the audience a lot of satisfaction.

In the second and third story, which are definitely the more conventional
science stories, the tension arises because the main characters are not suc-
cessful from the beginning. Their first experiments fail, and they have to be
tenacious, using unconventional approaches in order to be successful. Both
stories would not have been even remotely interesting if the main characters
would have been successful from the start. In that way, a storytelling ap-
proach in science communication is far more realistic than most other forms
of science communication. The work of a real-life scientist is marked by fail-
ure, frustration, long working hours and sometimes even difficult struggles
with colleagues who favor an opposing theory. The public has a right to hear
those stories too. Real-life science stories open up opportunities to present a
scientist as relatable and believable because he or she — like everybody else —
fails from time to time.

5 Conclusion

Science communicators — whether they are scientists themselves, press officers
or journalists — can find their story by utilizing the toolbox of screenwriters and
filmmakers. For beginners, Heussen’s (2016) Mind Map is probably the easiest
way of creating a story. But a communicator with more experience could take
advantage of a 12-step scheme like in Christopher Vogler’s version in The Hero’s
Journey, which might inspire a more complex science story. In any case, the
choice of the main character is extremely important, as it is the perspective of
this character that shapes the whole narrative. The reservations that many sci-
entists have towards storytelling are unfounded, because most of the time, sci-
ence stories deliver a more realistic account of the hard and rocky process of
scientific inquiry than a more conventional form of science communication
usually does. Especially today, when trust in science is declining and conspira-
cy theories, fake news and alternative facts are on the rise, science stories have
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the potential to present a scientist in a relatable and believable way. We cannot
afford to lose the opportunities a storytelling approach in science communica-
tion offers.
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Nina Janich
Science Revisited

The Representation of Scientific Knowledge and Ignorance in
the German Kinder-Uni Books

1 Introduction

Out of the plethora of media and texts that exist for children, one particular
communicative format is especially interesting in relation to the recontextual-
ization of scientific knowledge, the issue on which this collection is focused,
namely, the Children’s University (in German and here henceforth Kinder-Uni).
The activities and materials provided by universities to give children access to
the results of science and research in the form of a special program of events are
by now widespread and extremely popular in Germany. The following analysis
does not refer to the actual lectures, however. Instead, the Kinder-Uni is repre-
sented here by a successful German non-fiction series of books containing the
lectures delivered as part of the first German Kinder-Uni (University of Tiibing-
en) and revised and edited by local Tiibingen journalists Ulrich Janssen and
Ulla Steuernagel. The result is three high-quality volumes of non-fiction pub-
lished between 2003 and 2005 by Deutsche Verlagsanstalt and illustrated by
renowned children’s book illustrator Klaus Ensikat; the books have since been
translated into many languages and have received various children’s literature
awards. The Kinder-Uni books do not simply convey knowledge, then: they do
so explicitly in the context of the scientific research and teaching on which they
draw. Accordingly, all three books in the series carry the subtitle: “Researchers
explain the mysteries of the world.” The various chapters — all of which contain
the question word why in their heading — are based on authentic lectures actual-
ly delivered by various scientists as part of the first pioneering Kinder-Uni at
Tiibingen. These scientists are introduced individually in the books, with each
serving as a kind of “expert mentor” for each chapter. In addition, a glossary
included in the first volume contains a list of key terms of so-called “university
language.” The entries listed are not really to be understood as definitions,
however; their purpose is rather to provide an introduction to the particularities
of university life and thus to establish the “academic” context of the non-fiction
book.

https://doi.org/10.1515/9783110676310-008
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The three books are therefore extremely well suited to analyzing the ways
scientific knowledge is recontextualized for children.' This essay pursues the
following questions:

1. What kind of knowledge is at issue here — and to what extent is this knowledge
recontextualized as “scientific” (in the broader sense of the German word wis-
senschaftlich)?

2. To what extent are ignorance, doubt, and controversy discussed — are they
addressed as a topic at all?

3. What image of science does the book project?

The following analysis can be regarded as a qualitative search for processes of
recontextualization, one that promises to provide information about how Wissen-
schaftlichkeit, the character of science, is conveyed to children and about what
kind of image of science today emerges for them in the process.

2 Methods

In order to answer the questions posed at the start of this essay, I shall apply
various analytic steps to the topic-based chapters of the three Kinder-Uni books.
Where necessary, I shall also refer to the three introductions to these volumes,
to the sections in the appendix where the professors are introduced and to the
aforementioned glossary contained in the first volume. The aim is to look for
any basic figures of discourse which are woven into the texts and which, taken

1 The following essay issues from the research project “Linguistic Strategies of Knowledge and
Scientific Transfer in Text Types and Media Genres for Children” (2013-2017) backed by the
German Research Foundation (DFG). This project has involved examining various media and
genres in terms of their specific multimodal procedures of knowledge transfer (e.g., non-fiction
works for children, Children’s University lectures and children’s TV programs about science
and knowledge). The context is an extra-curricular one throughout; in other words, it is not
about school textbooks or learning materials but rather about formats accessed by children of
their own accord and in their spare time. The research questions explored in the project relate
to the linguistic and visual techniques and strategies employed to provide children with
knowledge — especially scientific knowledge — and are thus concerned with a description of the
genre of communicative formats aimed at conveying knowledge to children. Also of interest is
the kind of scientific knowledge addressed in such formats per se and what image of science
emerges from the way it is represented. Additionally at issue, then, is the recontextualization of
science in a context involving a target group that is fairly unusual for science communication,
namely, children.
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together, convey an impression of how scientific knowledge is recontextualized
for children here:

Basic figures of discourse order the content-related elements of texts. In some instances,
they cause them to appear at certain points in the discourse, determining the internal
structure of the discourse — which need not necessarily be identical to the thematic struc-
ture of the texts in which they appear. They form a “grid”, which itself can again exert in-
fluence as a basic structure of transdiscursive epistemic associations. (Busse 2000)?

The aim is to reconstruct these basic figures of discourse across different lin-

guistic categories. I shall be looking especially for

1. lexical patterns: e.g., references to scientist/researcher/professor and to
locations, instruments, and processes of scientific work and research, pos-
sibly also rhetorical figures which constitute a semantic framing of scien-
tific results,

2. syntactic patterns: e.g., mode and negation to identify the degree of validity
of scientific knowledge,

3. textual patterns: e.g., isotopies (i.e. the recurrence of semantic patterns, for
example the pattern “scientific”), temporal connectives to identify the chro-
nology of epistemic processes,

4, argumentative patterns: e.g., presuppositions (e.g., “what is known”),
speech acts (e.g., what are scientists doing when they talk), causal connec-
tives to describe scientifically justifiable associations.

These categories are derived in part from the various ontological possibilities for
referring to science as a professional praxis (e.g., references to working loca-
tions, methods, instruments, research practices; cf. also Janich 2018) and in part
also from linguistic studies on the way scientific knowledge and ignorance is
expressed linguistically in texts (cf. e.g., Janich/Simmerling 2015; Janich 2015;
2016).

3 Knowledge Recontextualized as “Scientific”

First of all, it is striking that all the chapter headings in all three books are
phrased as “why” questions. This form of question is a standard design criterion
in many other non-fiction children’s books, to be sure, but in the Kinder-Uni

2 Translations from German in this chapter by K. Cross.
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books the question plays a significant and consistent role as a pattern of recon-
textualization: the purpose of these questions is not only to structure the vol-
umes at the macro (chapter) and the micro level (internal structure of the chap-
ters); rather, asking questions and searching for answers are also postulated as
a feature of science per se at a meta level:

(1) Questions and answers that have been compiled, discovered, investigated, discarded,
asked anew, dropped and augmented here. (Vol. 1/Introduction)?

(2) Questions posed at the Tiibingen Eberhard Karls University and answered by Tiibingen
academics. (Vol. 3/Preface)

Surprisingly, though, the type of question addressed here is characterized in
different ways from one book to the next, so that between volume 1 and vol-
ume 3 a kind of rhetorical climax arises with regard to the importance of asking
questions:

(3) At the children’s university, real professors answered questions posed by children.
Adults were also curious to hear the answers, because often enough they themselves
hadn’t been able to supply them. In the hustle and bustle of our daily lives, who indeed
knows how to explain, off the top of their head, why people have to die? Who can say ex-
actly why there are rich and poor people, why volcanoes are so hot, or why the dinosaurs
became extinct? Who, if not such professors? (Vol. 1/Introduction)

(4) Children like dinosaurs. Children like volcanoes. And children like jokes. And when
someone comes along and explains why the dinosaurs became extinct or why volcanoes
spit fire, and tells a lot of jokes besides, the chances are that children are going to like it.
But what about when it comes to Greek art, sculptures or vases? Or the mysterious “self”
over which philosophers have wracked their brains? Or the structure of a plant? Isn’t that
a bit too alien to children’s worlds? Not at all. In Tiibingen the children weren’t put off by
any of the difficult topics. (Vol. 2/Preface)

(5) Whoever heard of such questions? At least, whoever heard of them until the children’s
universities arrived, overwhelming the whole state and then neighboring states with ques-
tions that otherwise might never have been posed in public - but that really deserved to
be answered by an expert for once. (Vol. 3/Introduction)

In the first volume, then, the focus is still on the questions asked by children
and to which they themselves are curious to know the answers. Here, science is

3 All the extracts quoted in this essay are from the three Kinder-Uni books and are translations
of the first editions published in German. The original texts can be looked up in the corre-
sponding German editions.
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conceptualized merely as an especially good source of information (real profes-
sors answered questions posed by children ... Who can say exactly ... Who, if not
such professors?). The second volume — or “second semester” — clearly intro-
duces, in addition to these children’s questions, the kinds of questions scien-
tists ask themselves. Due to the popularity of the Kinder-Uni it is assumed that
children will be interested in these kinds of questions as well (Isn’t that a bit too
alien to children’s worlds? Not at all. The children in Tiibingen were not at all put
off by the trickier subjects.). Finally, the third volume, or “third semester,” is
about questions which even the scientists only asked themselves upon having
been quizzed by children — questions, then, which would never have been
asked in public without the Kinder-Uni. The Kinder-Uni seems thus to be com-
pletely integrated into the process of knowledge acquisition, as it not only an-
swers questions but also — like science itself — consistently prompts new ques-
tions.

Yet it is not just the questions that are important, of course — so, too, are the
answers. They represent scientific knowledge because they are the outcomes of
research processes:

(6) Scientists have investigated why castles were so important for knights. (Vol. 3/Why did
knights build castles?)

(7) Researchers have discovered that birds are highly adaptable where language is con-
cerned. (Vol. 3/Why do we tell stories?)

(8) And just how they do that is something that scientists have tried to find out for centu-
ries. (Vol. 2/Why do plants grow?)

There are two aspects to this research process. First, knowledge is recontextual-
ized explicitly and quite matter-of-factly as expert and scientific knowledge by
means of isotopic networks that are woven throughout the texts and refer lexi-
cally and semantically to typical sites of scientific work (laboratory, desk, expe-
dition/trip), to scientific instruments and methods (experiment, field study,
method, model, theory, invention, latest equipment, electron microscope), and to
more general procedures of scientific endeavor and research (research, solve
problems, try to find out, discover, dig, observe, study sources, measure, analyze,
work out, check, prove, explain, produce/construct):

(9) But he had shown how it was possible to find out about nature’s mysteries: by con-
ducting experiments. (Vol. 3/Why do thunder and lightning happen?)

The scientists themselves also appear in the texts in form of multifarious chains
of reference, that is, they are repeatedly referred to in highly varied lexical forms:
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scientists, researchers, scholars, medical doctors, physicians, mathematicians, ar-
chaeologists or language researchers, whom we also call linguists.

Second, scientific research is conceptualized through metaphors while also
being portrayed as a matter of solving mysteries, going on adventures or even
treasure hunts — whether to make it more exciting for the children (see exam-
ples 10 and 11) or perhaps because scientists themselves see their research this
way (see examples 12 and 13):

(10) Almost everywhere, professors are laying out their treasure trove of knowledge for
children, letting it sparkle like so many crown jewels. (Vol. 3/Preface)

(11) By chance, we’ve just stumbled upon one of the most exciting features of the numeri-
cal realm. (Vol. 3/Why can’t mathematicians count?)

(12) The end of the dinosaurs is one of science’s greatest mysteries. Countless dinosaur re-
searchers have wracked their brains for years without being able to solve it. (Vol. 1/Why
did the dinosaurs die out?)

(13) In their search for interesting stones they go on many expeditions and can lead a pret-
ty adventurous life. (Vol. 1/Appendix: Scientist as a Profession)

Finally, the knowledge presented here is recontextualized as scientific by being
framed terminologically. All the chapters contain repeated explanations of sci-
entific terms; thus, the reformulation, explanation, and/or definition of scien-
tific terms can be regarded as a dominant basic figure of discourse. It shows that
science speaks a different, special language (e.g., or as the scientists say):

(14) Identity (from identitas, the Latin word for ‘essential unity’) is what constitutes a hu-
man being’s personality, what distinguishes him or her from all other human beings.
(Vol. 3/Why do we tell stories?, margin note)

(15) Scientists call this technique, which bats have mastered perfectly, echolocation.
(Vol. 3/Why do bats see with their ears?)

(16) The term given by scientists to this group of reptiles is archosaurs. (Vol. 1/Why did the
dinosaurs die out?)

From time to time, however, there are also (unnecessarily stereotyped) accounts
of what characterizes scientific language:

(17) Technical jargon [the German term Fachchinesisch carries a negative connotation:] —
this question is no joke. What is the following in technical jargon: “People don’t laugh in
the same way or about the same things in different parts of the world”? Answer: “The hy-
pothesis of the universality of laughter can be falsified via the evidence of a range of mo-
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tives and modalities of the process.” And what’s that in translation please? (1/Why do we
laugh at jokes?, margin note).

(18) We would love to explain how Fermat’s problem was solved. But unfortunately, the
solution wouldn’t fit in this book. (Vol. 3/ Why can’t mathematicians count?, margin note)

One sign of an addressee-specific strategy of recontextualization is that the
scientists presented here have purportedly endeavoured to impart their knowledge
in an especially easy-to-understand way. The presupposition conveyed here in
clichéd fashion is that, rather than being taken for granted, the
comprehensibility of science is a special feature of the Kinder-Uni — despite the
scientists being portrayed just as much in their general role as teachers
(especially when the professors are introduced as individuals):

(19) The professors reflected longer than usual on how best to communicate their
knowledge, how to present it most vividly, without thereby losing sight of the relevant
‘why’ question. That demanded a quite different approach than when they were address-
ing students or colleagues in their own fields. It sometimes also presented the lecturers
with unforeseen challenges. (Vol. 1/Introduction).

(20) Gregor Markl [mineralogist] doesn’t look like a typical professor. He wears jeans and a
T-shirt, just like his students, is usually in a good mood, and speaks completely normally.
Only in his moments of forgetfulness does he seem like a real professor. (Vol. 1/Appendix:
profession of scientist)

The knowledge conveyed in the books is thus conceptualized as an outcome of
scientific research and as part of science. This is achieved using various lexical
resources (such as isotopic networks, lexically varied references, and meta-
phors) as well as basic figures of discourse such as the question-answer schema
and the paraphrases and definitions of scientific terms. In the next section we
shall look at the extent to which this knowledge might contain certain gaps and
what role scientific ignorance and controversies play in the books as indications
of conflicting evidence. The point of interest behind this question — given that
the process of generating scientific knowledge is not without ruptures and con-
flicts but indeed is characterized by discussion, eristic communication, and
skepticism (cf. e.g., Ehlich 1993; Merton 1973; Weinrich 2006) - is how authenti-
cally this is portrayed for the books’ child readers.
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4 The Question of Authenticity: The Research
Process and the Role of Ignorance and
Controversy

What is conveyed very clearly in all the chapters of the three volumes is that
scientific knowledge is the outcome of a long-term process of research. The
books contain numerous references to gaps in knowledge that once did or still
do exist and to the fact that nowadays we possess more, better, and more cer-
tain knowledge than we did in times past. The linguistic resources used to con-
vey this are, first, lexical antitheses between now and today along with con-
trasting references to earlier ages (in Benjamin Franklin’s time; the scholars of
the 16th century) and, second, temporal information about periods during which
attempts have been (or still are being) made to solve a certain problem (three
thousand years after; for three hundred years):

(21) In Benjamin Franklin’s time, no-one could have known why a body takes on an elec-
trical charge through friction, since back then the atomic model used by today’s scientists
to explain the structure of matter was unknown. (Vol. 3/Why do thunder and lightning
happen?)

(22) Even so, three thousand years after this Egyptian pharaoh lived, it still remains un-
clear how much of our linguistic capacity or grammar is inborn and how much is learnt.
[...] We now know that language is not simply controlled by one part of the human brain.
(Vol. 3/Why do we tell stories?)

(23) And just how they do that is something that scientists have tried to find out for centu-
ries. [...] There is now no doubt that life teems in all parts of plants. [...] Researchers know
much more about the inner life of plants, but even they haven’t yet managed to see right
down to the smallest molecules. (Vol. 2/Why do plants grow?)

These examples demonstrate not only that science repeatedly and successfully
sets out to explain the world, to solve mysteries, and to answer questions (today
we know, we know now, there is now no doubt, researchers know much more
about) but also that this research process is constantly and unsurprisingly ac-
companied by the realization that knowledge gaps and uncertainties exist (it
still remains unclear, but even they haven’t yet managed to see right down to,
scientists suspect, most scientists believe, however) and that the problems at
hand are highly complex (the world’s cleverest mathematicians tried to solve
Fermat’s problem). It is also made clear in many of the chapters that the re-
search process is fundamentally open-ended, a circumstance for which very
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different reasons are offered: limited opportunities (example 24), limits to what
is possible (examples 25 and 26) and even limits to what is permissible (exam-
ple 27):

(24) Hard luck for the archaeologists that grave robbers often got there first [...] Chance is
the archaeologist’s constant companion. It can ruin even the best-laid plans. (Vol. 2/Why
are Greek statues naked?)

(25) Even so, we still have to assume that life has also developed in other solar systems
and distant galaxies, even if we will probably never know of it. (Vol. 2/Why don’t the stars
fall out of the sky?)

(26) Do we even know how many languages are spoken across the world? We can only
guess, since we can’t simply count languages like apples and pears. Even just distinguish-
ing between a dialect and a language is a complex business. (Vol. 3/Why do we tell sto-
ries?)

(27) Now we can finally answer our question about whether we are allowed to clone hu-
man beings. We are not allowed to. Cloning is too complicated and risky to try it out on
human beings [...] No-one knows how someone would cope with the knowledge that they
were a copy. (Vol. 2/Why are we not allowed to clone humans?)

On the one hand, science is represented in very realistic terms as a search for
better and better explanatory knowledge, a search that at times is laborious and
not always successful; on the other hand, the processes of knowledge acquisi-
tion associated with this search appear — despite all uncertainties — as a linear
progression through time, with no mention of any great ruptures or controver-
sies. Scientific eristic, a core element of scientific discourse (cf. Ehlich 1993;
Weinrich 2006), is visible only in very isolated cases that are treated in humor-
ous (example 28) or ironic, marginalizing terms (example 29):

(28) The children weren’t short of answers either, and the professors showed them a great
deal of collegial respect, sometimes stating that the view in question was an “eminently
defensible school of thought”. [...] The professors proved to be very open and made space
for many other experts beside themselves. (Vol. 1/Introduction)

(29) The footnotes: [...] Sometimes in footnotes you can also find longer discussions.
Such discussions are called ‘asides,’ in which the author might, say, develop a bold new
theory on the mating habits of bird spiders. Or she might explain to the reader why a cer-
tain other scientist’s theory about the mating habits of the bird spider is completely
wrong. (Vol. 1/Appendix: ‘University Language’ glossary — here again only as a note in the
margin (1))
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Instead of including the process of scientific debate (with its skepticism, doubt-
ing, controversies and different schools of thought; cf. e.g., Merton 1973 follow-
ing Max Weber) in the representation, scientific knowledge for children — when
it actually makes an appearance and despite linguistic markers of uncertainty
(e.g., with verbs such as believe, guess, assume; cf. Janich/Simmerling 2015) — is
generally recontextualized as being free of doubt (e.g., All the world’s serious
scientists agree on this point. Vol. 3/Why do thunder and lightning happen?). As
arule, ignorance is (merely) a form of “not yet knowing” or of “not being able to
know”; at most it appears as an error or a lack of knowledge from days gone by.

There are no references, then, to different possible positions within science;
instead, readers are made aware of the difference between scientific and every-
day knowledge throughout the book. Scientific knowledge appears as relevant
to everyday life because it is capable of explaining phenomena in our ordinary
everyday world (that’s not all hocus-pocus; it’s guided by the most advanced
scientific knowledge.). Yet at the same time it comes across as being remote from
our everyday lives — not just because it is dressed up in a different kind of lan-
guage (cf. section 3) but because it lies beyond our everyday imagination (we
can’t touch, beyond our experience) and thereby takes on a certain aura of won-
der and fascination (sounds pretty crazy, funnily enough, amazing things, DNA is
a marvel, it’s fantastic):

(30) Unfortunately we can’t touch atoms [...] The story about atoms sounds pretty crazy
[...] and funnily enough we still don’t understand it in all its details [...]. [...] physical theo-
ry that goes beyond our experience [...]. (Vol. 3/Why do thunder and lightning happen?)

(31) Doctors today can do amazing things [...]. Today’s doctors are even clairvoyant. No,
that’s not all hocus-pocus; it’s guided by the most advanced scientific knowledge.
(Vol. 3/Why can doctors heal people?)

(32) DNA is a marvel. [...] Every time we eat an apple or a schnitzel or drink a glass of milk,
we get DNA in our bellies. But don’t worry: we don’t need to be afraid that an apple tree or
a pig will grow in our tummies. [...] For genetic scientists, it’s fantastic that every living be-
ing has a DNA code [...]. (Vol. 2/Why are we not allowed to clone humans?)

Scientific knowledge is thus attributed the status of “wondrous,” fantastic, and
incredible; this is taken so far that scientific knowledge can even merge with
fiction (cf. Asterix, Red Riding Hood) without the change of genre ever really
being explicitly mentioned:

(33) The Roman Empire, which ruled Europe for hundreds of years (well, except for a vil-
lage of indomitable Gauls in northern France, of course), collapsed under the onslaught of
many invaders. [...] The woods were home not only to strange and wild animals [...], but
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also to strange and wild people — outlaws who had been driven out of the villages, and
unscrupulous robbers. In the story of Red Riding Hood we can read just how dangerous it
was to stray from the path when walking in the woods. (Vol. 3/Why did knights build cas-
tles?)

5 The Image of Science

As the two previous sections have shown, science comes off rather well, albeit
not entirely without elements of stereotyping (see e.g., section 3 on scientific
language). I return here briefly to these stereotypical elements because they
exert an influence on the way scientific knowledge is recontextualized in the
Kinder-Uni books by subtly giving it specific connotations. In the following,
then, I briefly address the difference between the chapters on the natural sci-
ences and those on the humanities as well as the stereotypes relating to every-
day university life.

It is interesting that the chapters on natural science topics and those on
humanities topics differ noticeably (for further detail, cf. Janich 2018). In the
natural science chapters, the knowledge explained is often personalized by
naming prominent researchers from specific disciplines and by mentioning
feats of research and discovery which are attributed to individuals (Except that
the scientists already knew one thing, two researchers then discovered inde-
pendently of each other; cf. also examples 9, 21-23). In the humanities chapters,
by contrast, it is more as if the (journalist) authors and readers are searching
together for answers to the questions posed by thinking them through and ex-
ploring plausible explanations (we need to consider, we have now found, before
we search further, let’s look):

(34) To answer these questions, we need to consider the era in which the castles were
built, the Middle Ages. [...] We have now found one reason why the knights built castles:
to protect themselves. This is an important reason, but it was not the only one. Before we
search further, let’s look at how the knights built castles to make sure they were as safe as
possible. (Vol. 3/Why did knights build castles?)

While reference is made here to the sources mined by, for example, philologists
and historians and to findings made by archaeologists, the process of generat-
ing knowledge comes across as far less abstract and the knowledge itself ap-
pears much more ambiguous than scientific knowledge. These differences be-
tween the experimental natural sciences and the humanities (often proclaimed
to be hermeneutics- and text-based sciences) manifest at different levels. First,
the humanities scholars quoted are characterized much more prominently as
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teachers and authors who give talks and lectures, who test students and study
sources at their desks or write essays and books. In contrast to this, the natural
scientists are largely characterized as people who go on expeditions, who con-
duct exciting experiments and work in laboratories with sophisticated appa-
ratus. As a result of this contrast, it sometimes appears almost dubious as to
whether the humanities can even be characterized as a genuine science at all.
The following two examples can be taken as representative of many others re-
garding the contrast portrayed:

(35) Mineralogists get around a lot. In their quest for interesting stones they undertake lots
of expeditions and can lead quite an adventurous life. They travel to Antarctica, to Green-
land and to Lofoten. They spend most of their time, though, in the laboratory. Using ultra-
modern apparatus, the mineralogists cut their stones into wafer-thin slices and look at
them under an electron microscope. (Vol. 1/Appendix: Scientist as a Profession)

(36) A cultural studies researcher actually has quite a cushy job. He can hang around for
days on football fields and say that it’s for research purposes. That makes him a football
researcher. He watches the matches, asks active and former footballers questions, inter-
views trainers, looks at what goes on in the clubs, reads sportsmen’s memoirs, delves into
the archives [...]. When cultural studies researchers have completed their field work, then
it’s back to their desks. This is where their essays and books get written. (Vol. 1/Appendix:
Scientist as a Profession)

In addition, the humanities chapters are quite explicitly less about science and
research than the natural science chapters in terms of the language used. A
sample count of expressions containing the morpheme {forsch-} (for Forschung,
“research”) and the morpheme complex {wissenschaft-} (“science/scientific”) in
six randomly selected chapters studied in greater detail elicits the following
results (which do not include occurrences of the names of specific disciplines or
the representatives of these disciplines):

1. Selected humanities chapters:

— In the chapter “Why do we laugh at jokes?” (Vol. 1) about empirical cul-
tural studies, the words joke researcher (Witzforscher) and cultural stud-
ies researcher (Kulturwissenschaftler) occur just once each and solely in
the passage introducing the chapter’s “expert mentor” Hermann
Bausinger - i.e., in an extremely focused, marginal part of the text.

— In the history chapter “Why did knights build castles?” (Vol. 3) the
word researcher (Forscher) occurs twice and the verb to research (erfor-
schen) likewise occurs twice (once in connection with archaeology); the
word scientist (Wissenschaftler) occurs once and the word science (Wis-
senschaft) occurs three times (here, though, solely in relation to the lack
of science in the Middle Ages!).
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— In the chapter on German literature “Why do we tell stories?” (Vol. 3)
the word researcher (Forscher, also as a compound noun, i.e., -forscher)
occurs four times: once for scientists (Naturwissenschaftler) in the con-
text of “the language of birds” and three times specifically in relation to
Jacob Grimm and his narrative research; science as a compound noun
occurs just once in the word legal science (Rechtswissenschaft) with re-
gard to Grimm’s education.

2. Selected natural science chapters:

— In the paleontology chapter “Why did the dinosaurs die out?” (Vol. 1)
the word research (erforschen) occurs twice, the word researcher (For-
scher) occurs six times (plus twice for Dinoforscher, once for Naturfor-
scher, once for Urzeit-Forscher, and once for Saurierforscher); scientific
(wissenschaftlich) occurs once, science (Wissenschaft) once and scientist
(Wissenschaftler) 17 times.

— In the genetics chapter “Why are we not allowed to clone humans?”
(Vol. 2) the word researcher (Forscher) occurs 13 times, the word re-
search (Forschung) once, and the word scientist (Wissenschaftler) seven
times.

— In the physics chapter “Why do thunder and lightning happen?”
(Vol. 3) the word researcher (Forscher) occurs four times, the verb re-
search (erforschen) once, and the noun research (Erforschung) once, as
well as there being eight words that include science as a compound
noun.

This shows, therefore, that humanities’ scholars are perceived and represented
less self-evidently as scientific researchers than their natural science colleagues.

Despite being published in the 2000s, the books also reinforce the stereo-
type that science is essentially a male-dominated domain: the “expert mentors”
of the chapters are almost all men (Vol. 1: only men, Vol. 2: six men, two wom-
en, Vol. 3: seven men, one woman), which may have to do with the professorial
staffing structure at the University of Tiibingen. In addition, though, even the
glossary of “university language” (Vol. 1) speaks almost exclusively in generic
male terms (the headwords appear without exception in the male form: Der
Assistent / Der Doktor / Der Hiwi / Der Kommilitone / Der Magister / Der Profes-
sor). Women are mentioned explicitly in the glossary just twice, though at least
in especially honorable contexts (namely, in relation to the qualification
Doktor h. c. and to research grants). No gender-appropriate language is apparent
anywhere in the topic-based chapters (probably for reasons of a better compre-
hensibility).
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Finally, the university is portrayed — again, not least due to the glossary en-
tries — as a world of its own that is not always entirely comprehensible and is
filled with strange rituals. For example, the glossary explains phenomena such
as emeritus professorship, reference works, tapping on the table (a form of ap-
plause when a lecture is over), cum tempore (the academic quarter of an hour;
the glossary states: In other countries, c.t. would be translated simply as “too
late”) and the personal study log as well as the specific academic hierarchies,
from undergraduates and doctoral students through to professors. Despite the
explanations generally being straightforward and matter-of-fact, the academic
world and, in particular, the students do not escape stereotypical attributions:

(37) If you make the most of vacations and not enough of the semesters, you may end up
becoming a long-term student and clocking up so many semesters that the university
might even throw you out. (Vol. 1/Appendix: ‘University Language’ glossary, lemma “se-
mester”)

(38) Refectories are a really good thing because a lot of students don’t have enough money
or time to cook. Besides, not everything students cook is edible. (Vol. 1/Appendix: ‘Uni-
versitary Language’ glossary, lemma “refectory”).

6 Recontextualizing Science - in Both Authentic
and Stereotypical Ways

Let us finally turn to the questions posed at the start of this essay:

What kind of knowledge is at issue here— and to what extent is this
knowledge recontextualized as scientific? The knowledge conveyed in the Kinder-
Uni books is knowledge that children are interested in — this at least is implied
by the authors in view of the huge popularity of the prior Kinder-Uni lectures
that formed the basis of the material in the books. At the same time, the subject
matter is a very specific set of knowledge: knowledge acquired by experts on the
basis of complex, laborious, labor-, and cost-intensive research processes in a
specific surrounding, with specific methods and expressed in a specific lan-
guage. Narrated in this way, research offers answers to questions to do with
everyday phenomena (such as the weather, plants, language/stories, humor,
volcanoes, dinosaurs, human living, and dying). It is also, however, at some
remove from everyday life by virtue of its abstractness (Why are not allowed to
clone humans? Why am I who I am?) and complexity (including its linguistic
complexity) and thus acquires an aura of mystery and wonder.
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To what extent are ignorance, doubt, and controversy discussed? Ignorance
and uncertainty do make regular appearances when past or current knowledge
gaps are addressed as yet unproven assumptions. They are a perfectly normal
part of research in all chapters; it is still not possible even today to find answers
to the new questions that repeatedly arise from new insights. The books also
address the limits (regarding both methods and ethics) of knowledge. What they
lack, though, is to account of controversies, contradictory expert opinions or
indeed disputes within the scientific community. Instead, recent knowledge is
always better than older knowledge, and both kinds differ markedly from what
we are used to know (and in some cases even are able to understand) in our
everyday lives. Scientific knowledge is thus recontextualized as a vehicle for
overcoming the state of not-yet-knowing — but not as knowledge that in any
way involves contemporary disputes.

What image of science does the book project? Overall the representations in
the Kinder-Uni books are characterized by an optimistic image of uninterrupted
progress. This can be seen from the linear progression of scientific successes
and accrued knowledge which appears to proceed without any great disrup-
tions. In terms of its knowledge and the cognitive processes on which it is
founded, science is characterized — in terms of both its language and its con-
tent — by being very distant from the world of non-scientists and therefore also
of children. This applies even more to the natural sciences than it does to the
humanities. Accordingly, the texts are interwoven not only by the above-
mentioned contrasts between at that time and nowadays but also by those be-
tween scientists and us. At the same time, however, this special nature of scien-
tific research and scientific knowledge is contrasted with the normality of the
scientists who act as “expert mentors” for the different chapters. They “speak
quite normally,” “don’t look like scientists at all,” they love football or travel-
ling, they are active in local politics, they like baking or making things, and they
wear jeans and sports shoes.

Taken together, these findings demonstrate that the books pursue key strat-
egies of popularization such as those found by Niederhauser (1999) in popular
science journalism aimed at adults. In terms of content, the scientific knowledge
at issue here is represented in a less compact and less complex way. Scientific
words are used circumspectly and are very often explained explicitly. Scientific
knowledge is recontextualized in consideration of - and indeed by emphasiz-
ing — its significance and its relevance to everyday life; at the same time, it is
frequently personalized — at least in case of the natural sciences — so that scien-
tific progress comes across as being an outcome of individual or disciplinary
feats of discovery. The book series contains many explicit references to the
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characteristics of science - including semantic and lexical reference and recur-
rence, metaphorical and explicit descriptions of scientific work processes, sci-
entific naming practices and individual research celebrities and their successes.
In doing so, it acquires a special status in the field of children’s non-fiction in
the sense that it attempts to answer questions of interest to children using
knowledge explicitly recontextualized as “scientific.”

This way, the books do justice to science while also clearly endeavoring to
present content that is suitable for children. At the same time, they reinforce
common stereotypes of science and scientists by, for example, deploying them
in ironic ways and, in highlighting exceptions to the rule, implicitly confirming
them.
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Joachim Kimmerle
How Laypeople Process Health News
Articles

Effects on Perception and Participation on the Internet

1 Introduction

Reports of medical advances in the media often raise high expectations in medi-
cal laypeople and affected patients regarding the potential of the reported ther-
apies. Many people, however, underestimate the fragility and tentativeness of
research findings (Bromme/Goldman 2014; Fischhoff/Davis 2014). Tentativeness
of research findings means that the reported successes are often contradictory,
ethically problematic, or only conditionally generalizable (Flemming et al. 2020).
The neurosurgical procedure of deep brain stimulation, for example, is indicated
for certain forms of Parkinson’s disease according to medical guidelines, but its
application to other diseases (such as addictions) is still being discussed and is
currently under investigation (Bientzle et al. 2020). The problems of scientific
tentativeness and the difficulties in clarifying this tentativeness to the public are
particularly relevant for deep brain stimulation. The risks and benefits of this
procedure are not known in their entirety, and investigations into the diseases
for which they can be used therapeutically and which side effects can occur
have up to now been insufficient (Kennedy et al. 2011; Schlaepfer et al. 2013). I
will use this neurosurgical intervention of deep brain stimulation as an example
throughout this chapter.

Media coverage usually picks up on recently published findings for reports
on a specific research field. It seems that media reports implicitly assume that
findings in scientific publications can be regarded as facts and assured
knowledge. Ongoing controversies in the scientific community regarding meth-
odological or theoretical issues are not always adequately considered by jour-
nalists (Peters/Dunwoody 2016). Journalistic texts often stand in sharp contrast
to the tentativeness of scientific knowledge. In order to generate a realistic pic-
ture of research findings for the public, however, it is also necessary to com-
municate their tentativeness (Kohl et al. 2016). Of course, it is not always possi-
ble to discuss the entire background of this tentativeness. Even so, journalistic
contributions should aim at addressing this issue, for example, by referring to
recent findings as only one step on a long scientific journey toward solving a

https://doi.org/10.1515/9783110676310-009
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problem. A challenge in conveying the tentativeness of scientific knowledge to
laypeople is the widespread public image of science as a system that provides
“true” information about the world. The question must be asked as to how it is
nevertheless possible to make clear and explain the tentativeness of scientific
knowledge.

The focus of this chapter is on presenting research that has examined the
relationship between the public discourse about scientific research findings on
deep brain stimulation and the processing of these findings by laypeople. For
this purpose, I will present the findings of a series of empirical laboratory stud-
ies as well as of an exploratory field study that dealt with situational (i.e., text-
based) and individual (i.e., participant-based) factors of influence in science
journalistic media reports on deep brain stimulation. These studies examined
how the two different kinds of factors influenced people’s perception and cogni-
tive processing of the information, and how they influenced participants’ dis-
cussions in online forums. The focus of these studies was on the critical evalua-
tion by the recipients of the texts, that is, their own recognition of the
tentativeness and their own assessment of the findings on deep brain stimula-
tion, as well as on their comments on these findings in online forums. The sci-
ence journalistic reporting varied with regard to several potential influencing
factors. The aim of the investigations was to analyze the relevant influencing
factors involved in the process of the participants’ evaluation in order to
demonstrate how the transfer of knowledge from science to the general public
can be improved. The studies included here were conducted by my research
group at the Leibniz-Institut fiir Wissensmedien (Knowledge Media Research
Center).

2 Situational and Individual Factors of Influence

Previous research on the transfer of knowledge from science to society had
shown, for example, that the transfer of tentative knowledge to the public is
only possible to a limited extent (Kienhues et al. 2011; Thomm/Bromme 2012).
Nevertheless, the understanding of the tentativeness of research findings is
crucial to the formation of public opinion. New medical procedures can only be
properly assessed in their viability if the public not only understands the risks
and possibilities associated with a particular therapy, but also comprehends
how tentative the reported findings can be. Data from different studies can be
contradictory, cause-effect relationships may still be completely unproven, and
therapy successes with certain patient groups are often not directly transferable
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to others. Thus, the ability of laypeople to properly assess reports about current
research results is an important prerequisite for adequate public discussion of
new methods and for enabling people to form their opinions.

Journalists whose business is communicating scientific findings to the pub-
lic are confronted with many challenges if they want to present the tentative-
ness of these findings adequately (Dentzer 2009). Journalistic presentations
seldom allow for providing a complete picture of the complexity of scientific
methods, findings, and discussions. In addition, journalists not only have the
task of informing their audience, but also of maintaining their interest and en-
tertaining them. The fulfillment of this task of maintaining attention presuppos-
es a certain degree of recipient-oriented simplification (Allan 2011). For this
reason, I present in this article empirical investigations into potential factors
which influence laypeople’s perception and understanding of tentative research
findings.

Another relevant feature of current science communication is that newspa-
pers provide online platforms where texts presented by science journalists can
be discussed publicly (Brants/De Haan 2010; Fahy/Nisbet 2011). This format
aggravates the challenges to the transfer of knowledge: Not only is there the
problem that laypeople may not at all or inadequately understand the tenta-
tiveness of reported medical findings. But in the forum environment, there is the
added problem that the journalistic content also competes with texts created by
other users, such as comments with their personal opinions or case stories.
Internet users often give an individual case story in a web forum, reported by a
person concerned, more weight than a scientifically recognized, well-
researched finding (Kimmerle et al. 2012). There is also a risk that people will
acknowledge and accept short and simple texts more willingly than more com-
plex texts (Scharrer et al. 2012). In particular, the nature of social media envi-
ronments is to encourage participation in the production of content, and this
implicitly calls on media users to comment on contributions. Processes of deep
understanding, in contrast, could lose importance as a consequence.

A factor that has been known to be an important prerequisite for critically
questioning information is prior content knowledge. For example, people with
pertinent background knowledge can quickly reject false claims (Richter et
al. 2009). Accordingly, comments from people with prior knowledge of the sub-
ject might be particularly relevant when it comes to discussing complex content
appropriately in participatory online forums. In addition to prior knowledge,
recipients’ attitudes play an important role. Even when journalistically edited
scientific findings are presented neutrally and objectively, recipients tend to
process them in a biased manner — according to their own preferences or per-
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sonal goals (Kimmerle et al. 2017b; Kunda 1990). Recipients process scientific
results in a relatively uncritical way, if these results support their own opinion.
Recipients are more inclined to scrutinize information more closely that is in-
consistent with their preferences, which often leads to rejection of contradictory
information (Ditto/Lopez 1992).

Finally, particular personality traits could also have an impact on the per-
ception of scientific information and participation in discussing this infor-
mation on the internet. Personality aspects that could be relevant in the context
of processing scientific information are people’s cognitive ability, their scientific
literacy, their academic and their general self-efficacy, and their epistemologi-
cal beliefs. These are the personality aspects taken into account in the studies
presented here. Cognitive ability is relevant, as it can be considered a prerequi-
site for critical thinking — also with respect to critically scrutinizing scientific
information (Bailin 2002). Scientific literacy is the ability to understand the
principles of scientific research (Bybee/McCrae 2011; Miller 2004). Academic
self-efficacy is people’s belief about their own competence to work successfully
in academic settings (Komarraju/Dial 2014), while general self-efficacy de-
scribes someone’s belief that she or he could handle critical situations in gen-
eral (Bandura 1997). The concept of epistemological beliefs refers to people’s
beliefs about the nature of knowledge (Buehl/Alexander 2001). People with
highly developed epistemological beliefs (i.e., persons who think that
knowledge does not have a simple structure but instead is complex, and who
believe that knowledge can be falsified and is therefore modifiable) are better in
selecting appropriate information sources. Epistemological beliefs regarding the
nature of medical knowledge are particularly relevant for the selection, pro-
cessing, and assessment of medical information (Kienhues/Bromme 2012). Prior
to the studies presented here, it was an open research question as to what ex-
tent these personality aspects play a role in processing health news articles and
in discussing scientific information in online forums. Understanding the rele-
vance of the situational and personal factors influencing perception and their
interplay is an important precondition for phrasing suggestions for improved
knowledge transfer.

In the following paragraphs, I will first present findings regarding the ef-
fects of information presentation and personality factors on people’s perception
and understanding of the tentativeness of medical research findings. After that,
I will present studies that dealt with the impact of online articles and existing
user comments on people’s particular contributions to the discussion of re-
search findings in online forums. Concluding, I will briefly discuss the implica-
tions of the studies for science communication research and practice.
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3 Perception: Effects of Presentation and
Personality

In an experimental study we examined several factors that have an impact on
people’s perception of scientific tentativeness of research on deep brain stimu-
lation (Kimmerle et al. 2015). We took into account both how the presentation of
scientific information in a journalistic text and how individual factors influ-
enced people’s perception. Regarding information presentation, one has to keep
in mind that some journalists do not have the ability to handle scientific infor-
mation adequately (Dunwoody/Griffin 2013), or that they may be inclined to
ignore the tentativeness of research findings in order to announce exciting
news. As a consequence, science journalists may present findings in a way that
appears to be more clear-cut than it actually is. Such an easily understandable
information presentation may be problematic as it could result in the develop-
ment of misconceptions among the recipients (Scharrer et al. 2012).

In the study presented here we considered how the framing of information
in a journalistic text about research on deep brain stimulation influenced the
extent to which people recognized the tentativeness of the research in the text.
It is known from previous research that the positive or negative framing of in-
formation has an impact on how people process information (Tversky/Kah-
neman 1981): People evaluate information differently when it is presented in an
optimistic instead of a pessimistic way (Clark 2009). Therefore, the assumption
was that journalistic editing makes it more possible for readers to recognize the
tentativeness of the research results presented in a newspaper text. In addition,
we expected that an emphasis on the limited reliability of the research results
would also help the readers in identifying the tentativeness.

Regarding individual factors, we examined people’s attitudes toward deep
brain stimulation and their domain-specific epistemological beliefs (i.e., their
beliefs about medicine-related knowledge; see Bientzle et al. 2014; 2019). As
explained above, people tend to process information according to their own
preferences. Therefore, people’s attitude on a topic is quite important when they
have to assess a medical treatment without having enough prior knowledge
about the topic. We assumed that people with critical attitudes would be better
at recognizing the tentativeness of results reported in a newspaper text than
people with a positive attitude. Finally, we hypothesized that people with high-
ly developed epistemological beliefs would also be better at recognizing the
tentativeness than those with simple epistemological beliefs.

printed on 2/10/2023 10:59 AMvia . All use subject to https://ww. ebsco.conlterms-of-use



EBSCChost -

174 —— Joachim Kimmerle

The participants in this experiment read a newspaper report that presented
findings from an exploratory study where deep brain stimulation was applied
for the treatment of severe depression. There were four different versions of this
article: We manipulated optimistic vs. pessimistic framing as well as strong vs.
weak emphasis on the reliability of the research findings (or lack thereof) as
written in a newspaper story about deep brain stimulation. We also manipulat-
ed people’s attitude toward deep brain stimulation — on the basis that they did
not possess any prior knowledge and had no previously existing attitude on this
topic. We also measured their epistemological beliefs using a questionnaire
(Stahl/Bromme 2007).

As expected, we found that participants who read an article in which the re-
search results were framed pessimistically were more able to recognize the ten-
tativeness of the research findings than participants with texts that framed the
findings optimistically. Moreover, when the newspaper article emphasized the
limited reliability of the findings, participants were more able to recognize ten-
tativeness than with a newspaper report which only weakly emphasized the
absence of reliability. This experiment also showed that people who had a posi-
tive attitude toward deep brain stimulation in advance perceived a lower level
of tentativeness than people with a negative attitude. Finally, we found that
people with sophisticated domain-specific epistemological beliefs were better
able to understand the tentativeness of the research findings presented in the
newspaper article than participants with simple epistemological beliefs.

In two further experiments we used a similar method (Flemming et al. 2015).
We found that when individuals perceived a conflict between the research find-
ings reported in a journalistic science article and an introductory text about
deep brain stimulation that they had read before, they were better in recogniz-
ing the tentativeness of the research findings. We also found that participants
with higher levels of general self-efficacy recognized less tentativeness but per-
ceived a higher degree of scientific credibility than participants with lower lev-
els of general self-efficacy. The findings of these studies suggest that a certain
level of uncertainty — resulting from contradicting information or from aspects
of personality — makes the recognition of scientific tentativeness more likely.

In a final experiment we not only took the perception of scientific tentative-
ness into account but also examined to what extent people were able to remem-
ber information form a journalist article (Feinkohl et al. 2016a). We found that
both more sophisticated domain-specific epistemological beliefs and better
cognitive abilities were associated with better recall of the contents of a science
journalist article about deep brain stimulation. Moreover, persons with sophis-
ticated domain-specific epistemological beliefs were again more able to recog-
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nize the tentativeness of research findings than individuals with simple do-
main-specific epistemological beliefs.

4 Participation on the Internet: Effects of Online
Articles and User Comments

In further empirical studies we took into consideration that in online environ-
ments users are potentially not only influenced by journalistic articles, but also
by the content provided by other users in an internet forum. Previous research
has shown that the particular wording of users’ comments in health-related
online forums have an impact on how the discussion further develops (Kim-
merle et al. 2014; 2017a). Accordingly, we examined in an experiment how lay-
people discussed the medical research findings about deep brain stimulation on
a web-based forum (Feinkohl et al. 2016b). All of the participants in this study
were presented with an online article that described results from research on
deep brain stimulation as a therapy for depression. After reading this article,
they joined an online forum where they had the opportunity to discuss these
research results with other users. The participants were randomly assigned to
one of three experimental conditions that varied with respect to the user com-
ments that were already present in the online forum: In one condition, the par-
ticipants encountered user comments that explicitly addressed the tentative-
ness of the findings; in the second condition, they encountered user comments
that did not go into the problem of tentativeness; in the third condition, there
were no user comments at all. The user comments that addressed the tentative-
ness issue pointed out, for example, that there might be long-term effects of
deep brain stimulation, which were unclear based on the case study reported in
the article. Other critical comments referred to the potential role of placebo
effects or pointed out that there might be alternative explanations for the re-
search findings. Then the participants had the opportunity to write down and
post their own comments about the article. Finally, we measured their domain-
specific epistemological beliefs, their scientific literacy, and their academic self-
efficacy.

We found, once again, that people with more sophisticated epistemological
beliefs were better able to recognize the tentativeness of the research findings.
In addition, and more importantly here, we found that people’s scientific litera-
cy as well as their academic self-efficacy were associated with more elaborate
discussions in their own user comments about tentativeness. Moreover, we
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found that when participants encountered user comments in the online forum
that had already addressed the tentativeness of the research findings, they se-
lected the tentativeness issue to be a central theme in their own forum posts to a
higher degree than when previous comments had not taken the issue of tenta-
tiveness into account.

In a similar vein, Flemming et al. (2017b) also considered the comments of
web users regarding online articles about deep brain stimulation. We examined
in a field study how conflictual information about research findings in online
newspaper articles affected laypeople’s comments on the respective articles. We
gathered comprehensive data from real newspaper articles on the internet by
conducting a systematic search with “deep brain stimulation” as the search
term, resulting in a full survey of articles that covered a time frame of one year.
Only online newspaper articles which were accompanied by user comments
were included in the investigation. The user comments were rated by independ-
ent raters with regard to their content. We also measured to what extent the
online articles confronted their readers with conflictual information on the reli-
ability and validity of the research findings. We found that higher levels of con-
flictual information in the articles were associated with higher levels of ex-
pressed tentativeness in the user comments. The results also yielded a
relationship between conflictual information in the online articles and a more
negative attitude toward deep brain stimulation expressed in the user posts.

Finally, in an experimental study (Flemming et al. 2017a) we found that
both the actual scientific tentativeness of the research findings reported in a
health news article as well as the evidence provided in user comments influ-
enced how users perceived scientific tentativeness and addressed it in their own
comments: Participants who read an online science journalistic report that con-
tained tentative findings of a study on deep brain stimulation recognized the
tentativeness of the research findings to a higher degree and addressed this
tentativeness more elaborately when writing their own user comments than
participants with an article that reported findings with a lower level of tenta-
tiveness. Moreover, when the participants read skeptical user posts that provid-
ed empirical or anecdotal evidence for the skepticism before they wrote their
own comments, they addressed the tentativeness in the article to a higher de-
gree in their own comments than when they read skeptical user comments that
did not provide any evidence or when they did not read any user comments at
all.
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5 Conclusion

Communication of scientific knowledge to the general public is becoming in-
creasingly important. This communication has the purpose and obligation of
transferring knowledge to society. It is therefore vital that a realistic and appro-
priate picture of the respective research area is promoted in the public sphere by
all those responsible for the communication. However, this objective is coun-
tered by obstacles, an important one of which is people’s difficulties in dealing
with the tentativeness of research results, which I have addressed in this chap-
ter. The empirical findings presented here indicate that it is worthwhile to con-
sider both situational and personal factors that have an impact on laypeople’s
processing of tentativeness. The findings of the studies reported in this chapter
have important implications for the concrete design of science journalistic con-
tributions and press releases regarding research findings in the life sciences.
This chapter also sheds light on the dynamics of knowledge exchange in online
forums that deal with health news.

Overall, we found that the more critically laypeople evaluate the subject of a
journalistic article, the better they understand the tentativeness of the findings
it contains. Our findings also imply the reverse, that laypeople tend to be less
critical when they have not recognized the tentativeness of an article’s infor-
mation. This can be the case, for example, if the findings are framed in a one-
sided positive way in an article or when it contains no conflicting information.

One limitation of the laboratory experiments that I have presented here was
that all of them were conducted with samples that largely consisted of universi-
ty students. It is unclear to what extent these samples are representative of the
population as a whole, both in terms of the personal variables we measured and
in terms of their ability to process information or reflect critically when reading
scientific journal articles. It is assumed that the general population would dis-
play larger variances in the variables and abilities we mentioned here. There-
fore, it is possible that the effects of personal variables in the present work have
even been underestimated. On the other hand, the ability of our participants to
identify tentativeness per se compared to the general population was possibly
overestimated, which in turn suggests that the influence of situational variables
on the identification of tentativeness would be shown to be even higher for non-
student participants.

All studies in this chapter were carried out using the example of journalistic
articles on the subject of deep brain stimulation. To which extent the findings
can be generalized to other topics remains open. It is possible that the percep-
tion of tentativeness also depends on the particular subject being dealt with:
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some areas of scientific research report findings that are regarded as more tenta-
tive and some fields are perceived as more controversial than others. Personal
relevance and personal concern of the respondents could also play a role. Fu-
ture studies could also investigate how the detection of tentativeness affects
laypeople’s perception of science with regard to long-term changes in attitudes.
Beyond effects on simply understanding a scientific issue, effects on people’s
concrete behavior are also conceivable. This might, for instance, directly apply
to their information search of scientific topics on the internet. The perception of
tentativeness may also have an impact on their decision-making behavior relat-
ed to these topics, for example, with regard to their willingness to undergo cer-
tain therapeutic methods (see Eggeling et al. 2020; Kimmerle et al. 2020).

What this chapter presents, provides a basis for further explorations of lay-
people’s understanding of the tentativeness of scientific findings. The systemat-
ic experimental investigation and empirical evidence of situational and person-
al factors which influence the perception and handling of tentativeness suggest
possible starting points for helping laypeople understand scientific information.
The most obvious option is that authors of scientific journalistic texts take into
account the situational factors that have been identified. Our investigations
imply that journalists can help their readers in their perception of tentativeness
by addressing the tentativeness of the findings very explicitly in the text, and by
avoiding one-sided positive reporting in favor of a balanced presentation of
conflicting positions on the respective topic.
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Christoph Kulgemeyer
Towards a “Culture of Explaining” in
Science Teaching

How Pre-Service Physics Teachers’ Beliefs Impact the Quality of
Their Instructional Explanations

1 Introduction

Teachers — science teachers in particular — need to be good explainers. It is
nearly a consensus in science education literature that explaining is one of the
most important skills a teacher should possess. For instance, Baird (1988) claims
that “explaining is at the core of science education” and Osborne/Patterson (2011)
agree: “providing explanations is the bread and butter of the science teacher’s
existence.” Even more, students value well implemented instructional explana-
tions highly (Wilson/Mant 2011a).

In opposition to the literature, explaining does not play a prominent role in
science teacher education programs. In contrary, some teacher educators con-
sider explaining to be an old-fashioned, didactical, and, therefore, ineffective
approach that contradicts basic assumptions of constructivist learning. Also,
teachers themselves do not think highly of instructional explanations. Wilson/Mant
(2011b) found that the same teachers who were considered as exemplary and val-
ued for their explaining skills by their students did not consider explaining to be
of importance for good teaching themselves.

In this paper, it will be argued why it is a false assumption to see explaining
in general as an ineffective classroom practice. Instructional Explanations per-
formed by science teachers are rather undervalued and can contribute to suc-
cessful teaching and learning when performed in a particular manner. Usually,
however, it lacks an appropriate “culture of explaining,” which means good
explanations as well as a suitable way to integrate them into a learning process.

The focus of the paper will be on science education literature and describ-
ing the most prominent notions of explaining that are present in current re-
search. Evidence about the general quality of instruction will be connected with
studies on successful instructional explanations to develop a “culture of ex-
plaining” that supports learning and classroom practice.

Finally, evidence about the impact of two groups of beliefs — self-efficacy be-
liefs and beliefs about teaching and learning — on teachers’ explaining perfor-

https://doi.org/10.1515/9783110676310-010
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mance will be presented to point out that the common false understanding of
explaining as a transmission of knowledge decreases teaching quality.

2 Explaining in Science Education Research

2.1 Scientific Explanations and Science Teaching
Explanations

The term explanation has been used with very different notions in science edu-
cation literature. In the tradition of education on the nature of science, the
meaning of the term explanation usually follows an idea that is most prominent
in the philosophy of science. In this area of research, even though there are
many alternatives (e.g., Kitcher 1981), the most important model for physics in
particular still is the Hempel-Oppenheim model, also known as the deductive-
nomological model or the covering-law model (Hempel/Oppenheim 1948). In-
terestingly, the core idea of this understanding of explanations does not funda-
mentally differ between a scientific and an everyday use of the term (McKain 2015).
An explanation, in both cases, basically means a link between the occurrence of
a phenomenon and an underlying principle. The science education researchers
Treagust/Harrison (1999) called this a “scientific explanation.” They, however,
distinguish scientific explanations from science teaching explanations, which
are explanations of a scientific idea to a certain addressee (the so-called ex-
plainee), e.g., students. While scientific explanations need to follow the rules of
logic to be accepted, science teaching explanations (or instructional explana-
tions in science) have to consider the needs of their addressees at first. It is im-
portant to mention that science teaching explanations can also be given by
students, for example during cooperative learning (Berger/Hdnze 2015). Explain-
ing is not limited to teachers.

The aim of a science teaching explanation is that the explainees understand
a concept. Therefore, a communicative perspective has to be taken: considering
the explainees’ prior knowledge or interests for an explanation is essential for
that kind of explanation.

That leads to significant consequences for explaining as a communicative
practice in science classrooms. The structure of explanations in science class-
rooms sometimes differs largely from the structure of scientific explanations.
Scientific explanations link a phenomenon to an underlying principle. Thus,
explaining means the explanation of the occurrence of a phenomenon by using
a principle such as a law. In a communication process, it is quite often the other
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way around. The usual situation in a classroom is that an underlying principle

needs explanation. E.g., the normative goal of a lesson might be the explanation

of Newton’s third law (a fundamental principle for classical mechanics; some

even call it an axiom). The law is given — and explaining, in this case, rather

means an illustration of the law with different examples to which the law can be

applied. A teacher, therefore, might try to explain Newton’s third law by show-

ing situations where it works — such as explaining why a sprinter accelerates.

Indeed, an appropriate science teaching explanation has a lot to do with a suit-

able choice of examples. Kulgemeyer/Schecker (2013) describe variables of high

importance for explaining physics:

1. an appropriate choice of examples,

2. an appropriate choice of language (e.g., by using technical terms or every-
day language),

3. an appropriate use of representation forms (such as diagrams or photos),
and

4. an appropriate use of the level of mathematization (such as formulas or
verbal descriptions of equations).

A good explainer is supposed to adapt these four variables to the addressees’
needs and, of course, to do so in a scientifically correct way. Still, to be of use
the four variables require concretization. Who would not agree that an appro-
priate choice of language or examples is important? What does “appropriate”
actually mean in this context? It requires a general theory of teaching quality
(sometimes also referred to as instructional quality) to operationalize the ap-
propriateness of science teaching explanations.

2.2 What is a Good Instructional Explanation in Science
Teaching? — The Quality of Instruction

Kulgemeyer/Schecker (2013) state that appropriate explanations (a) connect to
the prior knowledge of the addressees (i.e., the new information is familiar or at
least imaginable) and (b) are interesting enough to activate the addressees cog-
nitively. For suitable explaining, it is imperative to keep that in mind. Cognitive
activation is one of three basic dimensions that constitute the quality of instruc-
tion, next to constructive support and classroom management (Dorfner et
al. 2017). Cognitive activation basically means that the students follow the chain
of thoughts. Constructive support consists of a teacher’s ability to adapt the
content to the learners’ needs but also to support them emotionally. Classroom
management means, e.g., an efficient use of time on a task. These three basic
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dimensions need concrete realizations for a situation like explaining (cf. ta-
ble 1). For other classroom situations (e.g., students experimenting) different
realizations would be required.

Tab. 1: Possible realizations for cognitive activation and constructive support in explaining
situations (cf. Kulgemeyer 2019).

Basic dimension

Realization in explaining situations (examples)

Cognitive activation

Constructive support

Classroom management

Examples that connect to prior knowledge and that are interest-
ing (e.g., everyday examples).

An appropriate language level, which for some people is rather
everyday language but for others also a language containing
technical terms.

An appropriate choice of the degree of mathematics, which
might mean formulas for some people but more verbal descrip-
tions of mathematical equations for others.

An appropriate use of graphical illustrations, representation
forms or objects that are familiar to the audience and show
basic ideas in the explanation.

A strong connection between representation forms, verbal
language, and mathematics that makes it easy to see similari-
ties and build a mental model.

Frequently diagnosing the understanding, e.g., by giving tasks
or asking to summarize.

Summarizing the most important points.

Encouraging the students to participate actively, praising suc-
cess and showing understanding for difficulties.

Establishing a classroom environment that allows the teacher
to stay on topic.

2.3 What is a Good Instructional Explanation in Science
Teaching? — The Place of Explanations in the Learning

Process

Kulgemeyer/Schecker (2013) present a model for explaining physics that has
been used in many different studies since then to model the process of explain-
ing and the efficiency of science teaching explanations. Explaining in this sense
can be seen as a process that consists of an explanation by an explainer, feed-
back by an explainee and adaptations the explainer conducts based on the
comments (Kulgemeyer/Schecker 2013). An adaptation based on the feedback is
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essential for the success of an explanation (Wittwer/Renkl 2008). In practice,
some teachers aim to explain as easy as possible which is not a promising strat-
egy — for students with a high prior knowledge repetitions or multiple examples
are more a cognitive load than helpful.

Thus, there is no such a thing as the best explanation for all explainees.
Kulgemeyer/Schecker (2009) understand explaining as a constructivist practice:
a good explanation does not lead to understanding but rather increases the
likelihood that the explainee can construct meaning. Also, in educational psy-
chology, there has been much research on successful explaining and Witt-
wer/Renkl (2008) present an excellent overview of relevant results and Kulge-
meyer (2019) reviewed additional literature from science education and

- printed on 2/10/2023 10:59 AMvia .

educational psychology.

Tab. 2: A comparison of possible features of successful instructional explanations and com-

mon mistakes.

Instructional explanations in science...

... that are more likely to fail.

... that are more likely to be successful.

Teacher starts with many examples and pre-
sents the underlying principle at the end of
the explanation.

Teacher considers the clarity of the explana-
tion as most important and does not diagnose
the success (that means whether or not the
explainee(s) understood).

Teacher tries to make matter as simple as
possible.

Teacher explains clearly and switches to a
different topic. He/she values time on task
above all.

Teacher gives as many examples, repetitions
and representation forms as possible.
Teacher explains a topic of which students
already have a high prior knowledge.

Teacher gives tasks that require self-
explanations for a new and complex topic.

Teacher starts with the underlying principle
and illustrates it with a few fitting and interest-
ing examples.

Teacher diagnoses frequently and uses the
results for the adaptation. Prior knowledge and
possible misconceptions guide the explanati-
on.

Teacher adapts the explanation to meet the
explainee’s needs. That sometimes requires
technical terms and formulas and sometimes
does not.

Teacher explains clearly and takes the time to
give tasks in which students need to elaborate
the explained topic.

Teacher avoids cognitive load and diagnoses
whether or not an additional example is useful.
Teacher gives learning tasks that require self-
explanation on topics that are already familiar.

Teacher explains a new and complex topic in
an instructional explanation at first followed by
tasks to elaborate the new information.
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Table 2 presents a comparison of common mistakes in explaining and strategies

that are supposed to be successful based on the results of Kulgemeyer (2019)

and Wittwer/Renkl (2008). Successful explaining in science classrooms consists

of four basic steps (cf. figure 1):

1. An inquiry of the prior knowledge.

2. A presentation of new knowledge adapted to this prior knowledge following
the realizations of cognitive activation, constructive support, and classroom
management presented in Table 1 (the teacher’s explanation in the narrow-
er sense).

3. An inquiry of the success of explaining (that means the understanding)
leading to possible adaptations and a new explanation.

4. An elaboration of the explained topic by the students guided by appropriate
learning tasks that require the information from the teacher’s explanation.
It is time for these kinds of tasks after a “common ground” is reached: the
information required for the task is accessible for the students.

1. Connecting adaption

to assumed

prior
knowledge 2. Using means to 4. learning task in
X realize cognitive which students
adaption activation, constructive | |=——| elaborate the new
support, classroom found | information on their
— management common own

3. Inquiring ground

understanding questions, prompts,
taks

Fig. 1: Possible realization of a successful instructional explanation in science teaching (“cul-
ture of explaining”).

Applying these four steps in science classrooms is a step towards an appropriate
“culture of explaining.” The first three steps need to be thought of as a circle:
sometimes it is useful to start with step three and sometimes step one would be
the starting point. Teacher explanations should, in particular, be used in situa-
tions where the new information is too complex to allow self-explaining. It is
important to stress that otherwise self-explanations are probably more effective.
In this sense and beneath other classroom practices also teacher explanations
can be fruitful and contribute to successful teaching and learning. Explaining
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performed as a unidirectional practice in which teachers present the knowledge
and quickly turn the attention to different topics, however, is very likely to fail.
It is a common mistake to misunderstand instructional explanations that way.
Table 2 compares common mistakes and more promising strategies for instruc-
tional explanations.

3 Performance-Oriented Testing of Explaining
Skills

As described, explaining can be fruitful for science teaching. It is an important
skill for science teachers but usually not addressed directly in teacher educa-
tion. How can we measure explaining skills?

3.1 Performance-Oriented Testing

The usual way to assess teachers’ professional skills is either by using paper-
and-pencil tests regarding their (declarative and procedural) professional
knowledge or by observing lessons. There have been many studies trying to
determine what teachers’ professional knowledge is in the sense of knowledge
helping to perform well in specific professional situations (e.g., Keller et
al. 2016; Kulgemeyer et al. 2020; Kulgemeyer/Riese (2018). Despite all these
studies, there is no empirical evidence for an impact of the knowledge taught
during teacher education on instruction quality (Vogelsang 2014). One of the
main reasons for this disappointing fact is the measurement itself. Some schol-
ars assume that paper-and-pencil tests fail in predicting procedural knowledge
accurately (as they lack prognostic validity for classroom behavior) and call for
assessment beyond written tests (Aufschnaiter/Blomeke 2010). Classroom ob-
servations seem to be the natural choice for a more authentic assessment. How-
ever, there are certain problems with them as well. The effects of professional
knowledge on teaching quality might be small or medium, and therefore a large
number of observed lessons is needed to determine them. Even more, in a single
lesson, the effect is confounded by several context-related variables. Every ex-
perienced teacher knows that there are circumstances where even the best skills
fail to result in effective learning, e.g., when the prior lesson was exhausting,
and the students are simply too tired to learn, or because of some long-lasting
difficulties between members of the group that cannot be solved easily. There
are a lot of these variables, and in practical research it is impossible to control
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all of them. All the major studies researching the relationship between profes-
sional knowledge and instruction quality are limited by the number of lessons
they observe (e.g., the COACTIV study: 23 lessons of 23 teachers; see Baumert et
al. 2010). A detailed analysis of a whole lesson takes a lot of time and effort. It is
nearly impossible to analyze as many lessons as would be needed for every
teacher for context effects to cancel each other out.

A possible alternative to the observation of professional practice that has
been proposed for the domain of medicine at first is performance-oriented test-
ing (Miller 1990). In such testing formats, authentic behavior under standard-
ized circumstances is required. In medicine, e.g., standardized patients that
follow a role description are used (Barrows/Abrahamson 1964). The standardi-
zation lies in the equipment the test persons have at their disposal and in the
nearly standardized, but still authentic behavior of the patient. It is well-known
that this kind of assessment can be conducted reaching high standards of valid-
ity, reliability, and objectivity (Walters et al. 2005). Also, for assessing teachers
this kind of testing is an alternative at least.

3.2 The Dialogic Explaining Assessment (DEA)

We developed a performance test for teachers’ explaining skills called Dialogic
Explaining Assessment (DEA). It consists of a dialogic explaining situation
where a teacher explains a given physics phenomenon to a student. The stu-
dent, however, follows a role-description by giving standardized prompts and
asking standardized questions. These prompts and questions pose challenges to
the teachers’ explaining skills. These kinds of dialogic explaining situations
frequently occur in real teaching, e.g., when a teacher goes from group to group
to assist the students in their learning tasks.

A DEA always starts with ten minutes of preparation time after the test per-
son gets the task to explain a given topic to a tenth-grade student, e.g., “Why
does a car skid out of a sharp curve on a wet road?”. These topics are always
explainable using high-school physics from the curriculum. The test person is
provided with supporting material, e.g., diagrams and pictures of the situation
or the most important formulas. After ten minutes of preparation, the test per-
son is guided into a testing room where one student is waiting. The test person
is free to use the given material in any way or to use own materials that have
been prepared during the preparation time. During the next ten minutes, the
test person needs to explain their topic and is confronted with both the stand-
ardized questions and questions that occur during the communication. These
ten minutes are videotaped.
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These videos are analyzed using the model on explaining physics (Kulge-
meyer/Schecker 2013) mentioned above. It is a category-based analysis with
categories that emerged from a qualitative content analysis (Mayring 2000). The
basic idea is to focus on the statements of the explainer and to assort categories
that either support the cognitive activation or the constructive support — the two
basic categories for teaching quality applicable in this dialogic situation. Table 1
shows important aspects that are regarded in the analysis. In the end, a scale
from the categories is formed by simply summing up all supportive categories
that have been used during the explaining.

Several studies regarding objectivity, reliability, and above all validity have
been conducted. For example, it could be shown that the categories can be ap-
plied with a high interrater-reliability and that the scale itself has an appropri-
ate internal consistency (o = .772). It could also be shown that the measure ac-
curately predicts experts’ decision on the higher explanatory quality when
comparing two videos. In a German publication, Kulgemeyer/Tomczyszyn
(2015) present both the DEA and these studies in detail. Kulgemeyer/Schecker
(2013) describe similar studies for a version of the test instrument with high-
school students as explainers in English. Kulgemeyer/Riese (2018) used the
instrument to analyze the effect of teachers’ knowledge on their explanations.

4 The Impact of Beliefs on Explaining
Performance

In this section, results of a study that has been conducted in the context of a
broader research project will be presented. The project aimed at studying the
interdependence of knowledge and performance in physics teacher education
(Riese et al. 2015). German teacher education starts from the first semester of uni-
versity on with courses in content knowledge, pedagogical content knowledge, as
well as pedagogics and usually lasts ten semesters. After ten semesters and a
master's degree, it takes another 1,5 to 2 years teaching training in practical-
oriented institutions outside the university (the so-called “Referendariat”) to
become a certified teacher. The present section focuses on student teachers
from the first phase of teacher education, the academic part at universities.

A group of 109 student teachers from five German universities and all se-
mesters participated in the explaining performance test described above. All of
the student teachers took 200 minutes of testing, including tests on content
knowledge, pedagogical content knowledge, and explaining performance. They
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were also tested for beliefs, most importantly self-efficacy beliefs and beliefs
about teaching and learning, as well as for their general interest in physics,
their interest in explaining physics, their perspective taking skills, and various
demographics. All the instruments have been researched regarding validity,
reliability, and objectivity, e.g., with interview studies and textbook analyzes.
The results have been published in detail (Riese et al. 2015).

In the present section, evidence about the impact of two important groups
of beliefs on explaining performance will be presented: self-efficacy and beliefs
about teaching and learning (cf. Kulgemeyer/Riese 2018). The self-efficacy of
teachers has been researched thoroughly; also, many studies have been con-
ducted in science education. Some studies suggest an impact of self-efficacy on
teaching performance in general (e.g., Stipek et al. 2001). Self-efficacy has been
described with very different notions, beginning with the distinction between
self-efficacy and outcome expectancy by Bandura (1977). We accord with Schie-
fele/Schaffner (2015), who understand self-efficacy as the belief that a teacher
can perform high-quality teaching that results in learning even though there are
obstacles. Because it is an important concept addressed in teacher education,
we were interested in whether or not self-efficacy in explaining situations, in
particular, influences the performance quality. Do teachers, who consider
themselves to be able to perform high-quality explaining that results in stu-
dents’ understanding show high-quality performance?

The second concept of interest in this section is a group of beliefs about
teaching and learning that is also addressed in teacher education on several
occasions. As described in section 1, successful explaining is an adaptive prac-
tice that follows basic assumptions of constructivism. Still, (mis)understanding
science teaching explanations as unidirectional and transmissive is a common
mistake. This belief is part of the broader concept “beliefs on teaching and
learning.” Beliefs about teaching and learning have been described as including
many dimensions (Chan/Elliot 2004), but quite often a simple distinction has
been used: a constructivist, student-centered point of view on the one hand and
a transmissive point of view on the other. It is well-known that a student-
centered point of view is more likely to result in effective teaching (e.g., Lygo-
Baker/Brouwer 2013), but none of these studies focused on explaining situa-
tions. That is interesting because the two “poles” constructivism versus trans-
mission are exactly the common differentiations of explaining situations. The
question is: Do teachers with more constructivist beliefs about teaching and
learning outperform teachers with more transmissive beliefs regarding the qual-
ity of their explaining?
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Path analysis has been used to research these questions. Path analysis is a
statistical method to gain insights into relationships that are supposed to be
causal. Maximume-likelihood estimation has been used to deal with missing data
and manifest values (Kulgemeyer/Riese 2018). The result of a path analysis is a
measure for the connection of two variables (the so-called path coefficient) that
is usually expressed as a standardized regression coefficient.

Figure 2 shows the results of this analysis. The analysis found a significant
influence of both groups of beliefs on the explaining performance, nearly equal-
ly strong and combined explaining 23 percent of the variance — which is a major
impact. Both beliefs seem to influence how the student teachers acted in ex-
plaining situations. The path coefficient of self-efficacy in physics explaining
reached B = .34 (p < 0.001) which means that an increase in self-efficacy of one
standard deviation results in an increase of .34 standard deviations of the ex-
plaining performance. The path coefficient between the belief that explaining is
a transmission of knowledge and explaining performance becomes negative: for
this sample, therefore, an increase in this belief results in a decrease of explain-
ing performance.

Sample Items:
*/am able to explain physics content well.
«Ifl am explaining physics content, the
explainee usually understands.

self-efficacy

physics explaining w

explaining
performance
2 — o,
belief about teaching and Av R?=23%
learning: explaining means o
transmission

Sample Items:

*Explaining needs to be as abstract as possible in
order to transfer the knowledge to new topics.

« (negative) In physics education, teachers should
back off a little and rather play the role of an
advisor.

Fig. 2: Path model 1 for explaining performance (Robust Maximum-Likelihood, Full-Information-
Maximum-Likelihood-Estimation). CFI=1.0, RMSEA=.00; Path coefficients and explained vari-
ance are given.
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That is an important result. It is known that the key to effective explaining is
adaptation and interaction between explainer and explainee. The result pre-
sented here supports the assumption that beliefs actually influence the actions
in explaining situations. Someone holding the belief that explaining is a trans-
mission of knowledge will explain worse, merely because they explain as if it
actually was a transmission of knowledge.

That makes explaining a somewhat dangerous practice. It is a widespread
misunderstanding that explaining is a practice of which the most important
aspect is a clear and logical sound communication that results in understand-
ing. One could say: explaining in a classroom is often misunderstood as the
presentation of a scientific explanation but not as a science teaching explana-
tion. Surely, many people who regard explaining to be important believe the
same. Still, those people will very likely explain in a worse way than someone
holding a more constructivist perspective on explaining. As Geelan (2012) points
out, a reason why explaining is missing as a topic from teacher education is the
wrong understanding of the term. Still, just ignoring the importance of teacher
explanations in teacher education might even help to establish the wrong per-
spective on the process. In the end, this false belief might turn every situation in
science teaching where teacher explanations are required into situations that
are ineffective because the explainers act following the dominant transmissive
view. Of course, this argumentation needs more empirical backup than the
small study presented in this paper.

Regarding the influence of the aspect of self-efficacy we measured, we can
say that we actually found the expected impact on explaining quality. That is an
interesting result as well. Not only does it show the impact of beliefs on the
action, it also shows that people considering themselves as being effective ex-
plainers are right in tendency.

We further analyzed this relationship and used an additional variable. We
asked the trained students to judge the quality of the previous explainer on a
simple Likert scale after each explanation. The resulting number can be inter-
preted as the students’ point of view on the effectiveness of an explainer. So, we
have got two judgments: one from the explainer himself and one from the ex-
plainee. One could say the two measures represent two important points of view
for an explainer: (1) the degree of how much someone considers themselves to
be a good explainer and (2) the degree of how much others consider them to be
good explainers. We tried these two measures as predictors for the “objective”
explaining quality measured by our test. Figure 3 shows the result of this analy-
sis.
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self-efficacy

physics explaining w

31%* explaining
performance

R?=32%

" 45***
students’ judgement )

Fig. 3: Path model 2 for explaining performance (Robust Maximum-Likelihood, Full-
Information-Maximum-Likelihood-Estimation). CFI=1.0, RMSEA=.00; Path coefficients and
explained variance are given.

As we can see, the self-efficacy and the students’ judgment correlate with one
another (r = .31, p > .01). More importantly, however, they can be used as signifi-
cant predictors for the objective explaining performance. Together they explain
32 percent of the variance in the explaining performance, which is a large effect.
What is worth to be highlighted: to find out whether or not someone is a good
explainer one should ask them and someone who they already explained to
about the quality of the explanations — the result will be a good hint for the
objective performance. One could say that self-perception, personal perception
and objective performance, in this case, go well together.

All in all, the study shows the importance of beliefs for actual action in ex-
plaining situations. It could also stress the importance of an accurate picture of
explaining as a constructivist practice, which is a good argument to integrate
the training of explaining situations into teacher education. However, it is an
open and crucial question if and how the knowledge that is addressed in teacher
education (most importantly content knowledge, pedagogical content knowledge,
and pedagogical knowledge; see Shulman 1987) affects the explaining perfor-
mance. This knowledge should enable teachers to perform well in various teach-
ing situations, including explaining. Whether or not this is the case and which
aspects of this knowledge help the most could be very important results for an
evidence-based teacher education program.
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Bringing the Transformative Potential of Citizen Science Into
the Classroom

1 The Transformative Potential of Citizen Science

1.1 What is Citizen Science?

Citizen science has become a popular term that is understood as the partnership
between professional scientists and citizens who share common interests. Citi-
zens engaging in these scientific activities are usually not tied to institutions in
the science sector (Bonney et al. 2015; Bonney et al. 2014; Freitag/Pfeffer 2013;
Silvertown 2009) and do not require any scientific degree (Bonn et al. 2016). For
many civil societies, this form of shared research is not new. Indeed, research
by volunteers — both interested laypeople and experts in their fields — has been
carried out in numerous fields for centuries (Bonney et al. 2014; Haklay 2013).
The current growth of citizen science becomes evident by the increasing number
of publications as well as the increasing number of platforms and projects that
are allocated to research and built on partnerships between members from sci-
ence and society (Kullenberg/Kasperowski 2016).

Citizen science projects offer various formats through which they actively
involve citizens to generate new knowledge and understanding. The engage-
ment ranges from the short-term collection of data to the intensive use of leisure
time to delve deeper into a research topic together with scientists and/or other
volunteers, to ask own questions, and to get involved in all phases of the re-
search process — from phrasing research questions to interpreting and com-
municating results (Bela et al. 2016; Bonn et al. 2016; Bonney et al. 2009; Shirk
et al. 2012). From a conceptual perspective it is vital to highlight that all citizen
science projects should have a genuine scientific outcome, being carried out as
hypothesis-driven science (Shirk et al. 2012). People get a chance to gain hands-
on science experience, but at the same time, the outcome should be used to
answer research questions, to inform conservation action, management deci-
sions, or environmental policy. Both — the professional scientists and the citizen
scientists — should benefit from taking part (Silvertown 2009).

https://doi.org/10.1515/9783110676310-011
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Grounded in the long tradition of volunteering work for science, disciplines
such as nature conservation or biodiversity research greatly benefitted from the
achievements of amateurs and naturalists and their benchmark findings that
ground many of today’s principles in ecology and biology (Cooper et al. 2014;
Devictor et al. 2012; Theobald et al. 2015). Biological inventories have substan-
tially profited from the voluntary engagement of citizens: the majority of our
knowledge on flora and fauna is derived from their work (Bonney et al. 2014;
Chandler et al. 2016; Schmeller et al. 2009; Silvertown 2009). The involvement
of citizens in mapping biodiversity around the globe has resulted in enormously
large datasets that are used by scientists to better understand and predict the
future of biodiversity on our planet. However, the societal choices regarding the
organism and species groups observed and investigated result in an overall
taxonomic bias towards more charismatic taxa, strongly calling for the integra-
tion of less iconic and less surveyed species, e.g., through specifically targeted
citizen science initiatives (Troudet et al. 2017). One of the novelties in modern
citizen science — which may be of great help to address these gaps - is the af-
fordable application of technical advancements such as mobile devices and
smart sensors that are used to map, record, analyze, and communicate scientific
data and information (Newman et al. 2012; Pimm et al. 2015).

1.2 What Motivates People to Engage in Citizen Science?

The new modes of collaboration between members of society and science ena-
ble ways to exchange and generate knowledge and to develop partnerships
among and within people sharing a great interest in scientific discovery (Richter
et al. 2018). High levels of engagement will also lead to a high level of emotional
connectedness and increased learning outcomes within these partnerships
(Crall et al. 2013). Studies have shown that personal motivation is key to trigger
learning processes (Brossard et al. 2005). Project characteristics like the number
of voluntarily engaging participants, their research efforts, the duration of in-
volvement, or the exertion of influence the participants had in the process also
strongly shaped the way participants experienced participation (Shirk et
al. 2012). Nevertheless, even by contributing observational data participants’
knowledge on the ecosystem was improved — sometimes resulting in higher inter-
est in civic processes and possibilities for public engagement (Nerbonne/Nelson
2004; Pattengill-Semmens/Semmens 2003). For participants there are a variety of
measures that can affect the success of the participatory experience, e.g. fair-
ness (Cheng et al. 2008; Rowe/Frewer 2005), relevance (Cumming et al. 2008),
or trust and credibility (Wulfhorst et al. 2008; Wynne 1992). The thorough con-
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sideration of these dimensions may help to facilitate social learning and long-
term engagement (Fernandez-Gimenez et al. 2008; Pahl-Wostl et al. 2008; Taba-
ra/Pahl-Wostl 2007). In summary, there are manifold reasons for people to en-
gage in citizen science projects — some may be keen on being part of scientific
discoveries or help advancing scientific knowledge (Evans et al. 2005; Raddick et
al. 2009), some may want to prevent environmental hazards (Overdevest/Mayer
2007) or to reach their own learning goals (McCallie et al. 2009; Weston et al. 2003).

1.3 How Does Citizen Science Connect Science, Society, and
Politics?

Citizen science is understood as an approach to bridge science and society
through the engagement of citizens in scientific research activities (Bonney et
al. 2009; Haklay 2015; Sanz et al. 2015). Online platforms like Biirgerschaffenwis-
sen or Osterreich forscht list manifold projects covering a variety of scientific
fields from biodiversity to astrophysics, from public health to community based
resource management, from history to arts (Pettibone et al. 2017). Generally,
there are two ways how links between the different knowledge domains can be
achieved. Either, the research questions are developed and formulated by scien-
tists or members of society raise questions and identify the required field of
expertise needed to answer these questions. The latter is also referred to as bot-
tom-up approach (Bonn et al. 2016; Wilderman et al. 2004). By combining a
variety of knowledge domains and introducing new perspectives citizen science
has an extensive potential that goes far beyond the traditional voluntary en-
gagement in science.

But to what extent do citizens seek involvement in science? In Germany,
nearly one third of the population shares an interest in being actively involved
in a scientific research project (Wissenschaftsbarometer 2014; Wissenschafts-
barometer 2016). Within the policy sector awareness for the potential of citizen
science is rising, too. Already in 2013, the German government formulated a call
for more participation in the formal coalition agreement by stating: “We intend
to develop new forms of citizen participation and scientific communication and
to combine them to an overall concept” (Koalitionsvertrag 2013, Trans. JS/AR).
Further, the scientific community addressed the potentials of citizen science
and together with over 1000 participants from over 300 organizations and insti-
tutions the Citizen Science Strategy 2020 for Germany was launched in 2016 to
highlight the potentials and identify the capacities needed to achieve a joint
vision for citizen science in Germany (Bonn et al. 2016). This vision encom-
passes the creation and strengthening of existing structures and framework
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conditions for the participation of citizens in scientific processes (Bonn et al.
2016). At the same time capacities in society, science, technology, media, educa-
tion, and politics are also needed to unleash the full potential of citizen science.
Most important is the provision of both long-term financial and human re-
sources for the establishing and growing citizen science community (Pettibone
et al. 2015), as well as effective internal and external communication. Compre-
hensive quality management of the data and the development of data protection
as well as data quality are identified as central challenges (Richter et al. 2015).
Technical advancements in data management and the implementation of open
science in research institutions could enable a flexible and successful imple-
mentation of active co-design and co-production in citizen science.

As citizen science becomes more formalized, e.g., as seen in the formation
of national and international associations (e.g., European Citizen Science Asso-
ciation; Australian Citizen Science Association) and platforms for citizen science
activities (e.g., Osterreich forscht; Schweiz forscht; Biirgerschaffenwissen), capac-
ity building paired with political commitment is required to garner support for
and recognition of citizen science as a discipline (Richter et al. 2018). The un-
tapped potentials require ongoing discursive and transparent dialogues among
and within the communities (e.g., science; policy; society) (Newman et al. 2012).

All over Europe great efforts were made to foster citizen science alongside of
professional science. Such developments are driven by the awareness that it is
not enough to do great research, produce new and relevant scientific results and
to communicate them (Sanz et al. 2015) — to achieve societal transitions and
successfully face global challenges, it is crucial to include the perspectives of
citizens as well (Turnhout et al. 2012). Citizen science has also been reinforced
by the European Commission through the promotion in several calls in their
research and innovation program Horizon 2020. In addition, several practical
guides and reviews were released (Pocock et al. 2014; Roy et al. 2012) and initia-
tives such as the European Citizen Science Association (ECSA) were launched to
foster citizen science in Europe. ECSA represents an association, which is driven
by the understanding that research, innovation, and empowerment are closely
linked to sustainable development (Storksdieck et al. 2016).

1.4 How Can Transformation be Achieved Through Citizen
Science?

As citizen science is increasingly recognized as an innovation tool by science
and society, we will highlight some of the hopes and expectations associated
with the rise of citizen science in the different domains.
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For society, citizen science represents a new form of public involvement
that can generate significant added value: through empowerment people can
enhance their scientific literacy and scientific reasoning skills, they can learn
how scientific knowledge is gained, and also understand the limitations of sci-
entific methods and findings (Bela et al. 2016; Devictor et al. 2010; Fernandez-
Gimenez et al. 2008; Jordan et al. 2011). This also implies to understand that
scientific results are often controversial, inconsistent, and tentative, and that it
is not a shortcoming of science that there often is no definite answer (Bosch-
en/Wehling 2004; Janich 2012; Zehr 2000). If we assume that citizen science can
enhance public empowerment and engagement in decision-making through
scientific literacy (Bela et al. 2016), this also means that citizen science can pre-
sent one avenue to equip people with necessary skills to fulfill their civic role in
a democratic society. Indeed, shifts in awareness and behavioral changes could
be observed after participating in citizen science projects, like, e.g., engaging in
political processes or being inspired to tackle societal challenges through a
feeling of empowerment (Bela et al. 2016; Bonney et al. 2009; O’Sullivan et
al. 2002).

From a policy perspective, this public involvement can foster science-
policy-society interfaces supporting democratic structures in research and thus
improving sound decision making with legitimized outcomes (McKinley et
al. 2017; Sanz et al. 2015).

For science, citizens’ participation has the potential to increase the trans-
parency and societal relevance of research, to enhance options for collecting
and analyzing large-scale data sets, and to make new perspectives accessible.
Thus, citizen science may serve as a motor for innovation in science and society
(Jordan et al. 2011; Reed 2008; Sanz et al. 2015), informing and engaging citizens
likewise (McKinley et al. 2017). Apart from the fact that citizen scientists can
contribute great manpower (Cohn 2008), also their own experience-based
knowledge is of high value (Turnhout et al. 2012). Besides that, scientists are not
only interested in direct scientific outcome — some may be intrigued by conser-
vation efforts or by the opportunity to actively support education (Dickinson et
al. 2010; Firehock/West 1995; Swaisgood/Sheppard 2010). In addition, they may
start to see citizens as holders of specific knowledge instead of perceiving them
as an anonymous crowd (Bela et al. 2016; Buytaert et al. 2014). Furthermore, it
becomes prevalent for scientists that they need to obtain the acceptance and
good will of the broader public to implement outcomes in urgently needed deci-
sion making and to turn them to action (Danielsen et al. 2010; Soma/Hag-
gett 2015). In a democratic society that is nothing the scientific or political com-
munity can do single-handedly. From the scientists’ perspective, improving
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visibility and accessibility of research and involving citizens at an early stage
can lead to higher acceptance of the scientific results and improve the public’s
understanding of decisions derived on the basis of those results. Hereby, it is
possible to move towards a more transparent, socially relevant and democratic
way of conducting science — encouraging a scientific culture that carries out
research with and for society (Conrad/Hilchey 2011; Cosquer et al. 2012).

The implementation and strengthening of citizen science finally lead to a
new communicative situation in which knowledge is not just presented and
open for exploration. Instead, active participation enables scientific topics to
become an integral element in the reality of people’s lives. Citizens now have
got the chance to shape some parts of science and integrate their own perspec-
tives. This conveys a sense of ownership to the participants; in the field of bio-
diversity research, for example, by establishing a connection to the collected
data as well as to the habitats, species, and landscapes they assessed (Dickin-
son et al. 2012; Newman et al. 2012; Reed 2008). Furthermore, this opens up
possibilities to complement the established field of science communication by
providing new and promising avenues to convey in-depth understanding of
scientific methods and approaches.

2 The Current Situation in Public Discourse About
Science

We demonstrated in the previous chapter that citizen science holds an un-
tapped transformative potential for science and society, which is valuable on its
own. Beyond that, citizen science could play an essential role in improving the
current situation in the public discourse about science. But before elaborating
on the role of citizen science in more detail, it may be useful to take a step back
to try to capture some of the complexity in the relationship of science and socie-
ty and understand the need for new approaches and concepts.

2.1 Current Situation in Public Discourse

Historically, the relationship between science and society was characterized by
an exponentially growing interaction, leading to today’s knowledge society
(Schiele 2008). However, we are currently experiencing a time in western demo-
cratic societies, in which distrust in science is growing and fueling anti-science
movements (Gauchat 2012; Nature Editorial 2017a; Pittinsky 2015). Science
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seems to be diverging from society, causing a lack of public acceptance and
understanding. Similar concerns have been expressed by many scientific insti-
tutions (Nature Editorial 2017b) and are also reflected by some awards to coun-
terpose populistic attempts and communicate the value of research (cf. Prize for
Higher Education Communication 2017, Knowledge for society: communicating
current higher education research, or the Communicator Award by the German
Research Foundation). In line with that, the president of the German Research
Foundation (DFG) was very outspoken at their annual meeting in 2017 about the
current distrust in science and anti-intellectual movements. He strongly com-
plained about unjustifiable simplifications, insinuation, and general distrust
against academic experts (Strohschneider 2017). In contrast to this “politiciza-
tion of science” (Gauchat 2012), educators and politicians are increasingly con-
cerned about the generally low motivation of the public to actively engage in
politics and participate in rational societal discourse (Biesta/Lawy 2006;
Lawy/Biesta 2006; Rutten/Soetaert 2013).

2.2 What Are Possible Reasons for Public Distrust?

Confronted with the situation of widespread public distrust in science, many
disciplines tried to find reasons and solutions to understand and improve the
relationship. In the following we will shortly present some of these perspectives
to raise awareness for the complexity of the situation.

The prevention of a joint discourse. Modern science is highly specialized and
difficult to understand for the general public. Therefore, the usual approach is
to call upon science communicators to mediate between scientists and the pub-
lic, trying to make scientific knowledge accessible (Bucchi 1996). Without deny-
ing manifold advantages of science communication, it often contributes to a
situation in which a clear separation between the scientists who pass through
the protracted process of gaining knowledge and the public who receives the
readily produced knowledge in a simplified version afterwards is strongly en-
forced. Thus, “the public discourse of science begins where scientific discourse
ends,” keeping both parts clearly separated (Bucchi 1996). So the public is “in-
stitutionally excluded” from the research process and only involved when ac-
tive participation is in fact no longer possible (Bucchi 1996). The observation
that the public and policy makers often just receive output that is shortened and
simplified in order to be effective as publicity implies that the process of re-
search, which is crucial for deeper understanding, remains untold. That is to
say, many aspects that are key for understanding research processes are hidden
exclusively within the scientific community, e.g., the fact that science is always
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confronted with uncertainty, the nature of hypotheses-driven work and falsifi-
cation, and the peer-review processes that most scientific publications have to
pass. Very likely, this can lead to misunderstandings, hampering the willing-
ness to support research (Bela et al. 2016; Bucchi 1996; Firestein 2015). This lack
of profound and comprehensive information makes it very difficult for citizens
to take part in science or even follow recent developments and discussions. At
the same time, if we think about global challenges like the biodiversity crisis or
anthropogenic climate change, we often expect citizens to understand, support,
and implement scientific knowledge on a great scale — however, without giving
them a real chance to do so (Crall et al. 2013; Lindemann-Matthies/Bose 2008;
Lorenzoni et al. 2007; Novacek 2008).

Intuitive cognitive constraints. From the perspective of cognitive sciences,
scientific inquiry is a complex endeavor that requires cognitive skills and com-
prehensive training to understand scientific approaches and outcomes, particu-
larly because scientific theories are often counterintuitive (Carey 1986;
McCloskey 1983; Shtulman 2017; Zimmerman 2007). Parts of this intuition are
based on people’s tendency to divide the world in clear, discrete, and unfalsifi-
able categories, a phenomenon that is well described by psychological essen-
tialism (Brock/Haslam 2006; Gelman 2003; Keller 2005; Medin/Ortony 1989).
For example, it could be shown that people who are closer to essentialist think-
ing have greater problems understanding genetic concepts or the theory of evo-
lution (Dar-Nimrod/Heine 2011; Evans 2001; Shtulman/Schulz 2008). In addi-
tion, people are intuitively prone to teleological thinking in nature and, thus,
also in respect to scientific work (Kelemen et al. 2013; Ojalehto et al. 2013;
Tamir/Zohar 1991). This effect is particularly strong in children (Inagaki/Ha-
tano 2004; Kelemen 1999b; Kelemen 1999a), but could also been shown for
educated adults (Gonzalez Galli/Meinardi 2011; Kelemen et al. 2013). The di-
mension of this challenge becomes obvious when we envision that even within
the natural sciences debates about the incompatibility of teleological thinking
and biology, especially evolutionary biology (Bardapurkar 2008), were fought
out for decades until the scientific community finally reached some consensus
(Gould/Lewontin 1979; Mayr 2004). These cognitive intuitions have the power to
impair science understanding and call for new approaches to make scientific
thinking easily accessible.

Moral and emotional constraints. Another reason for people to be reluctant
towards scientific findings is the fact that their implications are often opposed
to existing moral values. This could be the case for some of the most prominent
topics in public discourse, like for example GMO’s, climate change, or skepti-
cism against vaccination (Blancke et al. 2015; Bliuc et al. 2015; Browne et
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al. 2015; Hoffman 2011; Lewandowsky/Oberauer 2016; Lewandowsky et al. 2012;
McCright/Dunlap 2011; Scott et al. 2016; Silver 2007). Studies were able to pro-
vide evidence that political conservatism combined with an advocacy of free-
market economics are sufficient to predict people’s skepticism against anthro-
pogenic climate change (Hornsey et al. 2016; Lewandowsky et al. 2013a;
Lewandowsky/Oberauer 2016; Lewandowsky et al. 2013b).

So, it is important to understand that the distrust in science is not necessari-
ly caused by a lack of knowledge. “When doubt is wrapped up in one’s cultural
identity or powerful emotions, facts often not only fail to persuade, but may
further entrench skepticism” (Rosenbaum 2017b). In fact, it could be shown that
people who have a better understanding of science are more capable of ignoring
certain evidence that would force them to adapt their beliefs (Kahan et al. 2012).

Dubiousness of scientific results and studies. Studies in social psychology re-
vealed that there is severe public distrust towards the general motivation of
scientists and scientific agendas (Gleick et al. 2010; Rutjens/Heine 2016),
providing evidence that the integrity of scientists is strongly questioned. Some-
times this distrust is even resulting in conspiracy theories of hidden agendas
and disguise, in turn leading to additional obstacles to support scientists’ re-
search findings (Jolley/Douglas 2014b; Jolley/Douglas 2014a; Lewandowsky et
al. 2013a; Lewandowsky et al. 2013b; van der Linden 2015). Obviously, this kind
of conspiracy thinking is difficult to address by the scientific community, since
all arguments presented might well be part of the ongoing conspiracy to mis-
lead the public on a big scale (Lewandowsky et al. 2015). This results in a con-
siderable discrepancy: although scientists are amongst one of the occupational
groups people seem to respect the most (National Science Board 2016; The
Harris Poll 2014), there is considerable distrust when it comes to the acceptance
of particular findings. This certainly represents a major challenge in the rela-
tionship between science and society that could be linked to some of the emo-
tional constraints mentioned above (Gleick et al. 2010; Nature Editorial 2017a;
Pittinsky 2015).

Some of this defensive attitude may be explained or even amplified by
prominent cases revealing highly questionable practices within the scientific
community. There is mounting evidence that research funded by the food in-
dustry often delivers results favoring their sponsors’ products, thus strongly
impairing the credibility of science (Lesser et al. 2007; Levine et al. 2003; Rowe
et al. 2009). Similar relationships have been shown for research funded by the
pharmaceutical industry, since conflicting interests concerning the outcome are
likely to occur (Bekelman et al. 2003; Blumenthal 2003; Moses et al. 2005). In
social sciences, the so called replicability crisis led to another source of funda-

printed on 2/10/2023 10:59 AMvia . All use subject to https://ww. ebsco.conlterms-of-use



EBSCChost -

208 —— Julia Siebert and Anett Richter

mental distrust (Baker 2016; Open Science Collaboration 2015). Furthermore, the
intentional misconduct of some members of the scientific community, accom-
panied by deficient peer-review processes could exacerbate public distrust in
science (Bohannon 2013; Brumfiel 2002; Esquivel 2000; Van Noorden 2014). In
order to understand what nurtures such behavior within the scientific commu-
nity, Ioannidis (2005) could show that misleading or even wrong research out-
comes are especially produced when economic interests are in place or when
working groups have competing interests and try to outrun their rivals. Up to
now, the scientific system often provides strong incentives for quantity, fast
derived conclusions, and exaggeration of impact (Rosenbaum 2017a), leaving
little space for highlighting negative findings or the limitations of scientific
work, despite their great importance (Firestein 2015).

If anyone tried to publish a story more like real life, in which hypotheses were dropped for
lack of support, apparatus couldn’t be made to work within the parameters of the original
experiment, and so on, it would be turned down. Journals do not publish inconclusive
work. [...] Science must present a smiling face both to itself and to the world. (Harré 1990)

While these circumstances well reflect the fact that science is always a social
endeavor (Fleck 1979; Kuhn 1996; Latour/Woolgar 1979; Lakatos/Mus-
grave 1970), they also provide explanations why the morality of some scientists
can be questioned with good reason. Furthermore, the highly increased demand
for popularizing and communicating science, which resulted in various formats
for scientists’ self-display and promotion of their findings (Caliendo 2012;
Sugimoto et al. 2013; Turney 2008), reinforces questionable research methods or
at least offers an incentive to present them in a highly dramatized and effective-
ly shortened way. Needless to say, news media often add to the notion of “he-
donistic celebration of triviality” while also bolstering the decontexualization of
scientific dissent (Hollander 2014; McDevitt et al. 2013; McDevitt et al. 2017).

2.3 Ways for Improvement

Not surprisingly, there are ongoing discussions on how to improve the situation
and address reasonable public concerns, hereby simultaneously preventing
populistic tendencies to dominate the public discourse about science. Apart
from raising general awareness of the constraints described above, attempts to
advance transparency and communication structures are amongst the most obvi-
ous options.

Open Science. Especially the cases revealing questionable methods or prac-
tices within the scientific community could be addressed by improving commu-
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nication structures and support open science attempts (Edwards/Roy 2017;
Lewandowsky/Bishop 2016; Morey et al. 2016; Nosek et al. 2015). Following
open science policies, all stages of the research process should be open for scru-
tiny, from pre-registration of hypotheses to full accessibility of research results
and methods (Nosek et al. 2015). By improving transparency, scientist may be
able to rectify their public perception from a moral point of view, while at the
same time increasing the public understanding of scientific knowledge gain,
thereby reducing sources of distrust. This would imply that people perceive
science as a continuous process, in which results are always tentative, even if
no questionable methods are ever applied (van Dijk 2011; Firestein 2015; Pop-
per 1957; Wong/Hodson 2009; Zehr 2000). There were some promising initia-
tives and platforms like the Open Science Strategy by the European Commission
or the global OA2020 initiative that marked a step in the right direction.

Knowing the limits of scientific approaches and knowledge. Building on that,
it is key that scientists and science communicators are very clear about the
scope of scientific methods in general — by clarifying precisely what kind of
knowledge they are able to provide — and the implications of scientific findings
in particular (Rosenbaum 2017a). This includes the need to embrace that science
never delivers unquestionable certainties (Firestein 2015; Strohschneider 2017).
Furthermore, scientific findings, especially from basic research, are usually not
able to give instructions what to do and how to behave. Taking the risk of natu-
ral fallacies seriously, we should always remind ourselves that science can in-
form, but cannot make decisions that require careful weighing of moral aspects
and societal as well as personal goals (Ott 2010; Potthast/Eser 1999).

This calls for a general improvement in communicating science (Rosen-
baum 2017b), which can certainly not be solved by oversimplification.

In the public debate, a question of staggering complexity has been reduced to a binary
choice between two extremes: Either climate change is a ‘hoax’ or is an unquestionable
certainty. [...] In other words, the ‘consensus’ dangerously conflates what is known with
what is crucial but not known, giving the public the message that the issue is closed.
(Kabat 2017)

These reflections are arguably all steps in the right direction. However, it may
be necessary to fundamentally rethink the way knowledge and information are
gained and communicated. If our goal is to foster societal coherence and tackle
global challenges, we will need to find new and innovative forms of reciprocal
knowledge transfer that enable scientific discourse to enter social and political
domains in a better way. Here, we present some avenues how the transforma-
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tive power of participatory approaches could be used to shape science, society,
and educational systems.

2.4 Citizen Science — A New Approach to Tackle the Problem?

As already described in chapter 1, participatory approaches hold an untapped
potential to advance scientific knowledge and to improve societal coherence
and scientific literacy. In this way, citizen science could capture many of the
aforementioned aspects for improvement, while simultaneously adding addi-
tional value to the misrouted perception of science in society. There is a huge
potential in citizen science approaches to enable participants not only to gain
scientific knowledge, but also to understand and reflect on scientific inquiry,
and maybe develop more positive attitudes towards science in general (Bell et
al. 2009; Bonney et al. 2009). As stated by the national Research Council of the
US, as soon as learners are participating in real scientific research this opens up
possibilities for “asking questions, planning and conducting an investigation,
using appropriate tools and techniques, thinking critically and logically about
the relationships between evidence and explanations, constructing and analyz-
ing alternative explanations, and communicating scientific arguments”
(National Research Council 1996).

While involved in citizen science projects, participants become increasingly
aware of their role as citizens to critically reflect science as an institution (Bela
et al. 2016), but not in the sense of general distrust, but rather by sharpening
one’s mind for discrepancies within the system, thus encouraging critical think-
ing. In addition, Overdevest et al. (2004) were able to show that through partici-
pation citizens were able to improve their personal networks and increased their
level of political participation. Despite the long tradition social sciences as well
as rhetoric have in studying the causes of change in people’s attitudes, there is
still a strong need to further assess the potential of citizen science in this con-
text (Crall et al.2013). Referring to the Elaboration Likelihood Model
(Petty/Cacioppo 1986; Petty/Cacioppo 1996) it can be assumed that active en-
gagement in scientific projects — including critical examination of the research
question and approach — will very likely lead to a stable, more positive attitude
towards the research topic and science in general. Based on the initial “need for
cognition” the participant will be highly motivated to learn and engage, where-
as well-founded persuasion is possible through spending thoughtful attention
to the target. This may result in behavioral changes, engagement in environ-
mental projects or political campaigns, or simply a feeling of empowerment and
being capable of making changes (Bonney et al. 2009; Brossard et al. 2005).
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In the following, we would like to elaborate further on how this transforma-
tive process could be initiated within society to make best use of the potential of
citizen science. In our view, high schools represent a pivotal point of knowledge
exchange and social transformation. By integrating citizen science in high
school education, we identified one promising avenue to promote societal
change and scientific literacy from bottom-up (Bela et al. 2016).

3 The Significant Role of Formal Education
in Making Best Use of the Potential of
Citizen Science

Within the Citizen Science Strategy 2020 for Germany, ten potential fields of
action were identified — including the establishment of new structures, the
strengthening of existing structures, and the integration of citizen science into
other concepts. The latter includes the integration of citizen science into con-
cepts in formal education (Bonn et al. 2016). Here, citizen science provides the
possibility to move towards educational concepts for society as a whole that can
strengthen key competences for a successful life and a functioning society (Bela
et al. 2016). In Germany, integrating citizen science into the practice of existing
educational institutions is, however, still in its infancy. This applies to formal
educational institutions such as schools and universities, but also to extracur-
ricular education offered for example by associations, non-governmental organ-
izations, or museums. So far, citizen science activities mainly take place outside
of school lessons and involve mostly adult participants. However, citizen sci-
ence stakeholders are currently revisiting whether the integration of the concept
into formal education might be desirable (Bonn et al. 2016; Hodson 2003;
Jenkins 1999). Lifelong learning through engagement is a promising approach
that can be integrated in school lessons and in curricular activities. Through its
various forms of participation it can be practiced in many different learning
environments (Shah/Martinez 2016). Indeed, first exemplary projects show that
citizen science can be successfully applied in schools and in higher education
(Alexander/Russo 2010; Heigl/Zaller 2014). By doing so, teachers and their stu-
dents are able to work with real data and real scientific questions instead of
following long-approved protocols (Berkowitz 1997; Moss et al. 1998). Scientists,
on the other hand, are able to cover large geographic areas and establish long-
term monitoring projects in collaboration with schools (Tinker 1997).
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Despite the general appreciation for scientific and societal literacy, these
abilities are rarely taught sufficiently in current educational systems
(Rutten/Soetaert 2013). Thus, awareness is increasingly raised that participatory
approaches could help to foster scientific and societal literacy that are both
urgently needed in science-based societies. Hereby, we can make our future
citizens capable of understanding debates about technological achievements or
environmental topics, enabling them to embrace their rights and duties in a
democratic society (Miller 2004). Similar to that, Colucci-Gray (2014) is high-
lighting the need to foster rational skepticism within the framework of a “trans-
formative citizenship” and also Biesta/Lawy (2006) are promoting the view of
students as “citizens in the making.” Following Rutten/Soetaert (2013) one may
also refer to Martha Nussbaum (2016) to broaden the perspective by stating that
education should support students in becoming democratic citizens who are
able to critically question authorities, counteract simplifications and polariza-
tions, acknowledge different perspectives, and establish a culture of dialogue. It
is this kind of critical thinking that is needed to cope with the complexity of
today’s world and to fulfill the role of a literate citizen in a democratic society
(Nussbaum 2016). This again puts emphasis on the fact that applying citizen
science to education does not only cover scientific learning objectives but can
be equally helpful to meet learning objectives of the humanities and to convey a
general understanding of society.

However, the goal to apply citizen science projects in classrooms goes along
with specific constraints that need to be considered to allow successful collabo-
rations. For example, there are time restrictions, based on the need to fit in cur-
riculum and school hours (Zoellick et al. 2012). In addition, the specific learning
outcomes that need to be achieved may not completely overlap with the scien-
tific goal of the study. Especially when long-term collaborations are intended, it
is crucial to make sure that all needs are equally addressed (Zoellick et al. 2012).
Based on that, Zoellick et al. (2012) suggest that a third-party perspective — com-
ing for example from universities — could be helpful to supervise the whole
project and to make sure that the different goals and outcomes are balanced
(Houseal et al. 2014). This also refers to a genuine characteristic of citizen sci-
ence projects: as “collaborative endeavors between science researchers and
public participants” (Shirk et al. 2012) there should be an intrinsic goal to be
mindful of the interests and needs of all involved actors. From the perspective of
teachers this new way of knowledge transfer comprises the need to also train
teachers in scientific thinking to enable them to find the right balance between
teaching facts (i.e., state of the art) and establishing trust in science, while not
hiding the tentative nature of science or controversies amongst experts
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(Bryce 2010; Bryce/Day 2014a). It is a demanding balancing act to teach stu-
dents “when and where to trust science” (Fensham 2014) that requires careful
preparation. Nevertheless, advantages by far outweigh these additional chal-
lenges as mutual benefits can be derived from citizen science projects for educa-
tion, science, and society.

In response to earlier studies that reported hardly any changes in scientific
literacy or behavioral changes of their participants (Brossard et al. 2005; Crall et
al. 2013; Jordan et al. 2011) we argue that integrating citizen science in formal
educational curricula may open up new possibilities to establish long-term
partnerships and apply repeated interventions by educating a new generation of
literate citizen scientists. In this setting changes in attitudes and literacy are
more likely to be obtained and subsequently transferred to behavioral changes,
given that we allow enough time to internalize and reflect new knowledge and
insights (Jordan et al. 2011; Merriam et al. 2012). By increasing the investment of
participants, already detected changes in planned behavior may eventually
result in actual behavioral changes as suggested by Crall et al. (2013).

It is well known that many participants in citizen science programs already
have a connection to science and generally show higher scientific literacy than
average (Crall et al. 2013; Evans et al. 2005). We can avoid this preselection and
make a step towards educational justice if we establish interest in science and
critical thinking already in schools (Gura 2013).

Similar to work by Day/Bryce (Day/Bryce 2011; Day/Bryce 2013), integrating
participatory approaches in formal education could offer ways to combine the
“learning of science, the learning to do science, and the learning about science”
(Bryce/Day 2014b). By following this approach, students are not only trained as
future scientists, but also as “scientifically literate citizen[s]” (Bryce/Day 2014b).

4 Conclusion

We envision a situation in Germany in which the concept and the approach of
citizen science is further developed and successfully anchored in society and
politics. This recognition is reflected by a firm implementation of citizen science
in educational concepts (i.e., in the curriculum of schools and universities) and
scientific concepts (e.g., ecosystem services; see Schréter et al. 2017) as an im-
portant step towards the effective utilization of the manifold potentials of citi-
zen science. Citizen science enriches educational concepts by facilitating a
higher level of learning through the active engagement of students in real scien-
tific investigations, whereas simultaneously enhancing a general scientific and
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societal literacy that goes far beyond the specific scientific discovery. While
experiencing participation — understood as taking part in science from the very
early agenda setting to the evaluation of scientific findings — students at school
as well as at university may also appreciate the value of participation in demo-
cratic processes on a political level. Therefore, students might be less suscepti-
ble to political apathy or simplified populist attempts. In this way, a main goal
of civic education is successfully targeted: to prepare a new generation of future
scientists and future citizens for participation in society and for shaping public
discourse.

Ideally, this may induce self-enhancing processes spreading in society: af-
ter participating in citizen science projects, students and teachers can use their
gained knowledge to join current discussions and can themselves act as key
communicators in their own social environments and communities, motivating
others to engage in science and policy related discussions. By sharing their
insights, citizen scientists can pass on empowerment, spreading the notion to
become actively engaged in society. Thus, citizen science as a tool for innova-
tion embraces a huge potential to pave the way for societal transformation and
to strengthen the understanding of everyone’s opportunities to form our future
society. As a result, a new culture of enhancing and communicating knowledge
is established, with changing roles and perspectives that allow mutual learning
on equal footing.
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