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Abstract
Climate change is an issue which elicits low engagement, even among concerned segments of
the public. While research suggests that the presentation of factual information (e.g., scientific
consensus) can be persuasive to some audiences, there is also empirical evidence indicating
that it may also increase resistance in others. In this research, we investigate whether climate
change narratives structured as stories are better than informational narratives at promoting
pro-environmental behavior in diverse audiences. We propose that narratives structured as
stories facilitate experiential processing, heightening affective engagement and emotional
arousal, which serve as an impetus for action-taking. Across three studies, we manipulate
the structure of climate change communications to investigate how this influences narrative
transportation, measures of autonomic reactivity indicative of emotional arousal, and pro-
environmental behavior. We find that stories are more effective than informational narratives at
promoting pro-environmental behavior (studies 1 and 3) and self-reported narrative transpor-
tation (study 2), particularly those with negatively valenced endings (study 3). The results of
study 3 indicate that embedding information in story structure influences cardiac activity, and
subsequently, pro-environmental behavior. These findings connect works from the fields of
psychology, neuroscience, narratology, and climate change communication, advancing our
understanding of how narrative structure influences engagement with climate change through
emotional arousal, which likely incites pro-environmental behavior as the brain’s way of
optimizing bodily budgets.
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1 Introduction

Recent research finds a consistent ideological divide on belief and engagement with
climate change across a range of countries, though none to the extent observed in the
USA, Canada, or Australia (Dryzek et al. 2011; Tranter and Booth 2015). In the USA,
approximately 28% of the population neither believes in anthropogenic climate change
nor accepts the global scientific consensus. Of even greater concern, individual engage-
ment with climate change is also low among those who profess to being concerned and
alarmed by it (Leiserowitz et al. 2013). In line with Lorenzoni et al. (2007), we define
climate change “engagement” as a personal state of connection, “an individual state of
involvement…at cognitive, affective and behavioral levels” (p. 476), focusing primarily
on the two latter aspects, emotional engagement and behavior. The information deficit
approach to science communication (Brown 2009; Dickson 2005), and climate change
communication more specifically, evinces the belief that giving people (more) peer-
reviewed scientific evidence will reduce skepticism, bolster public opinion, and mobilize
action. Yet mounting evidence suggests that fact-based narratives are only minimally
effective at motivating behavioral change (e.g., Whitmarsh et al. 2013), and there is little
to no relationship between public understanding of climate science and risk perception
(Kahan 2015). In this research, we argue that the deficit approach to communication
underestimates not only the critical role of affect and emotion in rationality (Peters and
Slovic 2000; Weber 2006a) but also the formidable force of motivated cognition. In some
countries, an individual’s stance on the issue of climate change has become a marker of
identity and a potential threat to social affiliation. As Kahan points out (Klein 2014),
although it may seem irrational to ignore scientific evidence, the high social and
neurological cost of updating beliefs is likely to eclipse the benefits of cognitive
flexibility and factual accuracy.

Effectively communicating climate change to diverse, non-scientific audiences re-
quires alternative approaches, and a few scholars have even suggested that stories might
be part of this solution (e.g., Dahlstrom 2014; Martinez-Conde and Macknik 2017). A
growing body of research suggests that engagement with emotional stories and their
characters (i.e., Hoeken et al. 2016; Loewenstein 2010) more effectively motivate pro-
social behavior (Barraza et al. 2015; Lin et al. 2013; Small and Loewenstein 2003) than
informational frameworks (Small and Loewenstein 2003). Through a state known as
narrative transportation, stories facilitate experiential rather than analytical processing
(Green 1996; Green and Brock 2000), heightening emotional arousal (Zak 2015), and
reducing counter-arguing (Green and Brock 2000). There is a vast literature in the
humanities and arts discussing the rhetorical use of storytelling in environmental narra-
tives (e.g., Cronon 1992; McComas and Shanahan 1999; Sakakibara 2008) and growing
interest in how they might function as forms of evidence and communication within
energy and climate change research (Moezzi et al. 2017). However, to our knowledge,
there is little research about how narrative structure influences pro-environmental be-
havior in the context of climate change. In this article, we build on prior research
investigating the persuasive powers of stories as well as the underpinnings of affect,
emotion, and end valence (i.e., the positive or negative emotional charge at the end of a
stimulus) to explicate how they influence behavior. Using three experiments, we inves-
tigate whether climate change messages structured as stories are better than analytical
narratives at motivating pro-environmental behavior.
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2 Homo narrans: humans and stories

According to the Narrative Paradigm (W. Fisher 1987), humans are “homo narrans”—story-
telling animals who are persuaded to make decisions based on the coherence and fidelity of
stories. Coherence deals with the internal consistency of a story’s characters and context, while
fidelity relates to external consistency and “fit” with the listener’s values. Stories have
dominated human interaction for millennia, and their efficacy as a form of communication
seems to be related to how the human brain processes, imposes structure on, and interprets,
information (Bransford et al. 2000; Pinker 2003). Research from diverse fields suggests that
story structure matches human neural maps and how we make sense of the world from birth
(Donald 1991; Nelson 2003; Pinker 2003; Plotkin 1982): we process and communicate in
story structure (Gopnik et al. 1999). Bruner (1986) posits that neural story maps are a form of
the heuristic used to process and decode narrative and experiential information. Schank (1990)
goes so far as to assert that humans automatically select among accumulated story scripts
rather than engaging in “thinking.”

We adopt Haven’s (2007) definition of story: “a detailed, character-based narration of a
character’s struggles to overcome obstacles and reach an important goal … a framework and
way of structuring information” (Haven 2007, p. 79). The terms narrative and story are often
used interchangeably but our frame of reference is that stories are a specific subset within the
category of narratives: all stories are narratives, but not all narratives are effective stories
(Dalkir and Wiseman 2004). Stories are often automatically associated with fiction but are
actually a way of structuring information (Haven 2007). Here, we define narrative structure as
the degree to which a narrative tells a story and contains essential features including an
identifiable character, plot (temporal dimension, goal), and setting. The higher the narrative
structure, the more story-like the narrative.

2.1 How stories engage

The phenomenon of being “lost in a story” (Nell 1988) is known as “narrative transportation”
and can be defined as the degree to which a plot activates the story receiver’s imagination
through an empathic connection with the characters (Bagozzi and Moore 1994; Fisher et al.
2008; Lin et al. 2013), causing them to temporarily experience a sense of being suspended
from reality (vanLaer et al. 2014). Narrative transportation is a convergent process (Green and
Brock 2000) involving experiential processing through immersion into a story. This is
distinctly different from the divergent process of cognitive elaboration (Petty and Cacioppo
1986), which entails analytical attention and scrutiny to major points of an argument. Under
conditions of high cognitive elaboration, a person can still access pre-existing schemas, prior
knowledge, experience, and opinions. Instead, through the process of narrative transportation,
the mind becomes focused on the events of the story, and the aforementioned aspects of
“reality”may fade into the background. Indeed, Green and Brock (2000) find reduced counter-
arguing, resistance, and reactance in highly transported story receivers compared with less
transported receivers—irrespective of whether narratives were labeled as “fact” or “fiction.”
Stories can become proxies for the vivid personal experience (Cron 2012) shown to be an
effective way of learning (Hertwig et al. 2004; Weber et al. 2004).

These findings have important implications for the information deficit hypothesis because
numerous experiments have shown only a weak association between public understanding of
climate science and risk perception (Kahan 2017; Kahan et al. 2012). Scientific literacy and
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numeracy can actually increase cultural polarization (Kahan et al. 2011). When confronted with
the same scientific evidence about climate change, those already predisposed to believe become
more concerned but those predisposed to be dismissive became even more dismissive (Kahan
et al. 2011). In contrast, individuals who report being narratively transported into a story,
experience higher empathy and are more likely to exhibit story-consistent beliefs and pro-social
behavior in real life, even when controlling for individual dispositions toward empathy and
transportability (Green and Brock 2000) (Johnson 2012). More, in a study where participants
were exposed to an emotional narrative (Barraza et al. 2015), Barraza, Alexander, Beavin, Terris,
and Zak found that changes in measures of autonomic reactivity and emotional arousal were
associated with self-reported narrative transportation, empathic concern for characters in a story,
and reliably predicted pro-social behavior. Non-invasive measures of sympathetic and parasym-
pathetic reactivity in the autonomic nervous system are used to identify potential physiologic
mechanisms underlying narrative persuasion; fluctuations in heart rate and skin conductance have
been associated with attentional allocation (Potter and Bolls 2012) and emotional engagement
(Mitkidis et al. 2015). In order to understand how autonomic reactivity influences behavior, it is
important to establish how emotion is constructed through affective engagement.

2.2 Emotion, the impetus for action-taking

The psychophysiological state of affect is a perpetual stream of information used by the body
as evidence about the world (Barrett 2017). Affect is a critical component of rationality, and
analytical processing cannot be effective without it (Damasio 2003). Valence, an important
dimension of affect, influences attention allocation based on how the brain predicts external
stimuli will impact bodily budgets (Barrett 2017). It is the inherently positive or negative
charge of an emotion (Russell and Barrett 1999) indicating the value or expected consequence
of a specific piece of information (Barrett 2006). Although people might prefer to experience
the pleasure of positive emotional valence, it appears that emotions associated with negative
valence, such as worry, drive risk management and are better at actually getting us out of our
proverbial chairs to do something about a problem (Peters and Slovic 2000). In the context of
climate change, negatively valenced emotions conceptualized as fear and anxiety serve as early
indicators, which compel urgency and action (Weber 2006b). For the purposes of this research,
we focus on how end valence influences behavior because the valence of most narratives
naturally waxes and wanes throughout its duration.

3 Conceptual model and overview of studies

The central proposition of this research is that climate change narratives structured as stories will
facilitate higher levels of pro-environmental behavior than their analytical counterparts. Specifi-
cally, we seek to understand the psychological processes underlying the influence of narrative
structure on pro-environmental behavior. We posit that, through narrative transportation, stories
influence autonomic reactivity indicative of affective engagement, enabling the construction of
emotion, which compels the brain to execute orders for action-taking. Using three studies (two
laboratory works and one online survey), we test the assumption that autonomic reactivity
indicative of narrative transportation and emotional arousal will mediate the relationship between
narrative structure and pro-environmental behavior, moderated by the end valence of the stimuli.
Figure 1 provides an overview of the conceptual model summarizing our propositions and studies.
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4 Study 1

In study 1, we examine whether the narrative structure influences pro-environmental behavior
using controlled, written stimuli in a lab setting.

4.1 Materials and methods

In a single factor design, 158 participants (53% female) were recruited via email from a
participant recruiting pool (ages 18–24 (51.9%), 25–34 (44.9%), 35–44 (1.9%), 55–64
(1.3%)). The sample size was determined with the goal of having at least 40 participants in
each condition (Simmons et al. 2011). All sessions were conducted at a lab in a Danish
university, and participants were compensated with DKK 150 (approximately $28). An ethics
advisory group approved this study.

After completing demographic questions, the participants were randomly assigned to one of
three conditions where they were asked to read a text containing identical pro-environmental
content and number of words, structured either as a story (n = 53) or informational narrative
(n = 52) (Appendix A). The control group (n = 53) was asked to read a neutral article about the
construction of a university. Following the reading of the article, the participants were asked to
answer a series of questions assessing evaluations of the article and to complete a short task
listing post-stimulus thoughts. In the second part of the study, the participants were taken to a
different lab room where they were offered a drink (with the option of choosing a glass or
plastic cup) and completed the final survey which included state/trait measures (Appendix B).
Measures of pro-environmental behavior were recorded throughout the experiment and in-
cluded the following: (i) number of papers used in a task/whether both sides were used, (ii)
whether participants cleaned off their desk (as instructed in the survey), (iii) recycled, (iv)
subscribed to the Greenpeace newsletter, (v) donated a portion of their participant compensa-
tion as a charitable gift, (vi*) turned off the light/computer, (vii*) used a plastic or glass cup if
taking a drink, and (viii) responded to a follow-up survey 6 weeks later. Measures denoted
with an “*” were poor or contained significant noise (e.g., had no variation or were culturally
confounding), and therefore not included in the analysis (see Appendix D).

We computed the log odds ratio and Cohen’s d between the independent variable (narrative
structure) and the dependent variables (pro-environmental behaviors; Appendix C), using R
Studio (Team 2012). Effect sizes for continuous outcome variables were computed directly

Fig. 1 Conceptual model with an overview of studies
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from the observed data, dividing the mean differences by the pooled standard deviation
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n1−1ð Þs21þ n2−1ð Þ s22
n1þn2−2

q

, where sj and nj refer to the standard deviation and sample size of

conditions to be compared. Effect sizes for binary outcome variables were calculated using
log odds ratios (Appendix C).

4.2 Results

Effect size calculations revealed that narrative structure influenced most of the post-stimuli
pro-environmental behaviors we measured, with the exception of the number of papers used,
or whether or not the participants turned off the light or computer when exiting the lab room.
Figure 2 shows the log odds ratios between the variables (as described above). A bar that
represents “story/control,” for example, marks the difference in probabilities that a given pro-
environmental behavior will occur in the story versus control conditions.

As can be seen in Appendix D, Table D1, the greatest observed difference in donation amount
was between story and control groups, Cohen’s d = 0.26 (95% CI [− 0.13, 0.64]), story and
information groups, d = 0.21 (95% CI [− 0.18, 0.59]), with the smallest observed difference
between information, and control group, d = 0.08 (95% CI [− 0.31, 0.46]). The participants in the
story condition were 2.00 times more likely to subscribe to the Greenpeace newsletter, and 1.72
times more likely to respond to the follow-up survey (with no additional payment or incentive)
than those presented with information. Across all three conditions, the odds of a person recycling
were 1.95 times higher in the story condition than that in the information condition and 2.83 times
higher than that in the control group. The participants in the story condition were 1.82 times more
likely to clean off their desk than those in the information condition, 1.88 times more likely than
the control group, and approximately equal likelihood between information and control groups.
No treatment effect was found for the number of papers used or whether or not the participants
turned off the overhead light upon leaving.

4.3 Discussion

Results from this first study provide support for our expectations that narratives structured as
stories are better vehicles of persuasion than informational narratives. We found that the

Fig. 2 Log odds ratios for behavioral measures: treatment and control groups. Bars indicate standard errors
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participants in the story condition were consistently more likely to exhibit pro-environmental
behavior than those in the information condition. Moreover, it appears that this treatment effect
persisted 6 weeks after the initial experiment: as can be seen from Fig. 2, the participants in the
story condition were far more likely to respond to a follow-up survey, without additional
remuneration. Even more striking is the finding that the participants treated with informational
narratives performed fewer pro-environmental behaviors (e.g., response to a follow-up survey;
willingness to subscribe to a newsletter) compared with the control group. Participants were,
after all, being exposed to messaging with the not-so-subtle theme of environmental degrada-
tion. This result serves to further undermine the credibility of the information deficit hypoth-
esis developed by social scientists in the 1980s (Brown 2009; Dickson 2005). Indeed, it is
thought-provoking that more than half of the carbon ever emitted into the air through fossil
fuel combustion was released just in the past 25 years (IPCC 2018); this in the face of
unequivocal data and widespread knowledge about the deleterious effects of CO2 emissions.

For some measures, no treatment difference was observed, such as whether or not partic-
ipants turned off the overhead light when leaving the lab room or the number of papers they
used in a recall task. While the results of this first study suggest an association between
narrative structure and pro-environmental behavior in the context of climate change, we had no
evidence for the mechanisms underlying this relationship. Moreover, the sample for this study
was drawn from a participant pool consists mainly of university students, and caution should
be exercised in extrapolating from the heavily skewed age distribution. Study 2, a survey
experiment, builds on the findings of study 1 by investigating how narrative structure impacts
self-reported narrative transportation and pro-environmental behavior, with added external
validity derived from the use of naturalistic stimuli.

5 Study 2

Given the importance of public engagement with climate change and the implications of our
findings for practitioners, in this second study, we employ videos produced by climate change
communicators (e.g., the Royal Society, World Bank, NASA).

5.1 Methods and materials

In a single factor between-subjects online experiment, 315 US residents (53% female; ages
18–24 (7%), 25–34 (47%), 35–44 (22.2%), 45–54 (16.2%), 55–64 (6.7%), 65–74 (1%)) were
recruited through MTurk. In accordance with guidelines by Simmons et al. (2011), the sample
size was determined beforehand with the goal of ensuring that each video was viewed by
between 50 and 60 people.

As stimuli preparation for study 2, a set of 91 videos produced by numerous climate change
communicators was compiled from YouTube, rated by trained, independent coders who
assessed their narrative structure and residual emotional valence. The videos were given a
narrative structure score based on whether or not they possessed essential story features such as
an identifiable character, plot (temporal dimension, goal), and setting (Escalas 1996; Escalas
and Stern 2007). The higher (lower) the score, the more (less) story-like the narrative. The
videos were also coded on end valence. For each narrative structure item, the mode was taken
to create an index model of narrative structure for each video (Appendix E). To arrive at the
final stimuli set, the following elimination criteria were used: (1) video duration should be no
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longer than 240 s, (2) no producer should have more than one video in the final set so as to
preclude the possibility of repetition, and (3) no pop-up advertisements embedded in the video.
Next, the 22 videos (Appendix F) with the highest/lowest narrative structure index scores
ranging from 0.40 to 1.64 were selected. There were high consistency and inter-rater reliability
with a percentage of agreement ranging from 72.5 to 93.4%, calculated based on
Krippendorff’s Alpha (Appendix G).

All participants gave written informed consent and were compensated at fair market wages
in the MTurk setting. Those accurately answering all attention checks were compensated with
USD 4.90; participants who failed attention checks were paid USD 0.20, and their data was not
analyzed. After answering demographic questions, the participants were randomly assigned to
view four of the 22 videos in either high (n = 157) or low narrative structure condition (n =
158). After viewing each video, the participants answered a 5-item self-reported measure of
narrative transportation adopted by Appel et al. (Appel et al. 2015) (Appendix H). Once all
four videos were viewed, the subjects were given the opportunity to donate between 1 and
7 min of time to help further climate change research (e.g., testing an online carbon footprint
calculator) when the survey was over. Following the time donation question, the participants
completed additional trait measures (see Appendix I). Attention check accuracy was 98%.

In order to test the relationship between the independent variable, narrative structure, and
the dependent variable, narrative transportation, we ran a series of models performing linear
mixed effects analysis using R Studio (Team 2012) and lme4 (Bates et al. 2015). The ΔBIC
(Bayesian Information Criterion) scores were generated for all models, and the model with the
lowest ΔBIC was selected as the most predictive.

5.2 Results

The model most predictive of narrative transportation included “narrative structure” (story/
info) with a fixed effect (β = 4.30; SE = 0.69) and the random intercept (participant ID) with a
BIC score 26.91 points lower than the second most predictive model, which included the
random intercept (participant ID) alone. Model coefficients are given in Appendix J. The
model indicates that participants in the high narrative structure condition scored considerably
higher on self-reported narrative transportation, Cohen’s d = 0.64 than those in the low
narrative structure condition, yet this had no observed effect on their willingness to donate
time to furthering climate change research in a time donation task.

5.3 Discussion

The results of this study support our proposition that the narrative structure of climate change
videos has a direct influence on the self-reported subjective experience of narrative transpor-
tation. However, these findings do not provide evidence for an association with subsequent
pro-environmental behavior, as operationalized by the time donation task. One probable
explanation is the online setting in which the study was conducted. A high percentage of
MTurk workers are professional survey takers (Stewart et al. 2015) and likely to be cynical
about requests for participation outside the MTurk environment. Moreover, we remain uncer-
tain that an immersive psychological experience such as narrative transportation can be
reliably measured via self-report. To explore these issues in greater depth, we designed a third
study using autonomic measures of emotional arousal previously identified as indicative of
narrative transportation.
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6 Study 3

Study 3 investigates whether autonomic reactivity and self-reported narrative transportation
mediate the effect of narrative structure on pro-environmental behavior as well as how this
relationship might be moderated by the end valence of the stimuli.

In this study, we test the expectation that narrative structure impacts pro-environmental
behavior by influencing autonomic reactivity and heightened emotional arousal associated
with the subjective experience of narrative transportation. To strengthen the robustness of our
findings, we triangulate self-report measures of narrative transportation with measures of
autonomic reactivity using a further reduced set of naturalistic stimuli from study 2. We
predict that the influence of narrative structure on behavior is mediated by physiology, which
is in turn moderated by the emotional valence of a video’s ending and narrative transportation.

6.1 Methods and materials

In a within-subjects, repeated-measures design, we pared down the stimuli list to six videos
(Appendix K), selecting those with three highest and lowest mean narrative transportation
scores as well as the following elimination criteria: (1) all videos should be produced by non-
profit organizations; (2) no producer should have more than one video in the final stimuli set so
as to preclude the possibility of repetition; (3) videos should not specifically mention localities
outside of the USA; (4) video duration was limited to a maximum 195 s so as to limit noise
attributable to attentional variation between individual stimuli and to accommodate attentional
constraints in an experimental setting.

Sessions were conducted at the lab of an American university, and 87 participants were
recruited (53% female) from the surrounding community through mass e-mails and an existing
online recruitment pool (ages 18–24 (55.8%), 25–34 (32.5%), 35–44 (7%), 45–54 (3.5%), 55–
64 (1.2%)). The sample size was determined beforehand in line with recommendations by
Simmons et al. (2011) and Quintana (Quintana 2017). An Institutional Review Board ap-
proved this study. Immediately after consent, the participants responded to a pre-treatment
questionnaire containing demographic items and trait measures (Appendix L). Upon comple-
tion, the participants were fitted with sensors, escorted to a private lab room, and seated in front
of a laptop computer outfitted with headphones. All proceeding tasks, including the donation
task, were presented in Psychopy (Peirce 2009). A research assistant was seated on the
opposite side of a privacy curtain throughout the duration of the study.

To gauge affective engagement and emotional arousal, we employ non-invasive measures
of reactivity in the autonomic nervous system (ANS). Inter-beat (RR) intervals measure the
number of milliseconds between R peaks in the QRS complex of the ECG wave. Closely
associated with RR intervals, high-frequency heart rate variability (HF-HRV) is calculated
with the RR interval over a period of time using an algorithm known as the fast Fourier
transform. Because the heart is dully innervated, cardiac measures such as HF-HRV and RR
intervals generally indicate both sympathetic and parasympathetic reactivity with HF-HRV
reflecting greater parasympathetic control of the heart (Potter and Bolls 2012). Electrodermal
activity (EDA) measures changes in skin conductance and tends to be a more “pure” measure
of SNS activation.

After a 5-minute baseline acquisition period for ANS measures of cardiac activity and skin
conductance (see Appendix M for more detail), the participants viewed all videos presented in
a random order. Autonomic activity was recorded continuously throughout the entire session.
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The participants were given a base compensation fee of USD 29 and the opportunity to earn an
additional USD 1 per video. These additional dollars were our dependent variable in a
donation task similar to that designed by Xygalatas et al. (Xygalatas et al. 2016). Additional
earnings were given to participants in the form of 100 pennies in a clear plastic container
labeled “earnings,” and placed next to an empty, but otherwise identical, container labeled
“donations.” Post-video stimulus, the participants could voluntarily donate a portion of this
dollar to the producer of the climate change video they had just viewed. The participants were
instructed to pour the amount they wished to donate from the “earnings” cup to the “dona-
tions” cup without touching the coins or counting.

Upon the completion of the task, the participants notified the research assistant who
removed both containers, privately weighing and recording donations out of the participant’s
purview. The participants were then asked to answer five items designed to assess self-reported
narrative transportation (Appel et al. 2015), and two items to gauge narrative familiarity and
attention. This process was repeated for each of the six stimuli, after which time all sensors
were removed, and participants were escorted to another room where they completed a final
questionnaire containing additional demographic, state, and trait measures. After finishing the
last survey, the participants were privately paid their earnings, minus any donations, and
dismissed. The donations were sent to the video producers at the conclusion of the study.

To examine the relationships between narrative structure and pro-environmental behavior,
including mediators of autonomic reactivity (EDA, HF-HRV, and RR intervals), moderated by
residual valence, and the unmoderated mediator of self-reported narrative transportation, we
performed a conditional process and linear mixed effects analyses, using R Studio (Team
2012) and lme4 (Bates et al. 2015). Six participants were considered outliers or excluded from
analysis for one or more of the following reasons: skin conductance levels ≥ 3 SD from the
mean (Sokol-Hessner et al. 2009), cardiac activity ≥ 4 SD from the mean (Potter and Bolls
2012), or missing data, leaving a total of 81 participants for final analysis. The ΔBIC scores
were generated for all models, and the model with the lowest ΔBIC was selected as the most
predictive. In cases where the ΔBIC of models was ≤ 2, the most parsimonious model was
selected.

6.2 Results

As can be seen from Table 1, we observed a direct effect of narrative structure on one measure
of cardiac activity, RR intervals (a3 = 0.031). There was a conditional indirect effect of
narrative structure on pro-environmental donation behavior, mediated by a 3.1% increase in
inter-beat intervals (RR), compared with baseline, moderated by negative residual valence,
Cohen’s d = 0.021 (b8 = − 79.723). The results presented in Table 1 are conveyed in a more
intuitive way in Fig. 3. This diagram depicts the statistical representation of the conceptual
model showing expected paths, together with the coefficients. Our final model provides no
evidence that narrative structure predicts behavior through self-reported narrative transporta-
tion or alterations in the other autonomic measures, electrodermal activity (EDA), or heart rate
variability (HF-HRV).

Although our primary aim with this study is not to investigate a direct relationship between
narrative structure and donations, we include the path in our conditional process analyses, as
recommended by Hayes (2013). Subsequent analysis revealed no direct effect between
narrative structure and pro-environmental behavior, nor do we find self-reported narrative
transportation results to be predictive of donation behavior. The results of the analysis using
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the pruned model (Appendix N) following the Hayes (2013) method serve as a robustness
check and can be seen in Appendix O.

6.3 Discussion

Study 3 provides empirical support for our proposition that climate change narratives struc-
tured as stories stand a better chance than analytical narratives at influencing pro-
environmental behavior through heightened emotional arousal. Indeed, climate change stories
with negatively valenced endings influenced pro-environmental behavior by increasing inter-
beat (RR) intervals. Inferences about psychophysiology should always be made with caution,
and RR intervals are one of the more difficult autonomic measures to interpret because the
cardiac activity is influenced by both the sympathetic (SNS) and parasympathetic (PNS)
branches of the autonomic nervous system. These systems are comprised of motor neurons
that control the organs and glands, and can be coactive (Berntson et al. 1993) or decoupled
(Potter and Bolls 2012). The SNS facilitates energy expenditure and, when activated, prepares
the body for fight, flight, and procreation. It prepares to mobilize the body to confront threats
through physiologic changes such as an increase in heart rate and blood pressure. The PNS
facilitates recovery and energy storage through rest, repair, and digestion. SNS and PNS
reactivity can operate independently or orthogonally, and both are indicative of attention and
affective engagement (Barraza et al. 2015). Although our measure is likely under the influence
of multiple patterns of ANS activity, it is clear that negatively valenced stories resulted in
cardiac deceleration, which in turn predicted behavior.

Fluctuations in cardiac activity have been associated with attentional allocation (Potter and
Bolls 2012) and emotional arousal (Mitkidis et al. 2015), and key determinants of empathic
and sympathetic responses (Dickert and Slovic 2009). Stereotypical threat states and emotional
arousal generally result in acceleration in heart rate and decrease in RR intervals, as a result of

Fig. 3 Statistical diagram with results
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SNS reactivity (Potter and Bolls 2012). Climate change, however, lacks a number of salient
characteristics which typically trigger our cerebral alarms in the face of danger. Because the
danger does not feel immediate or proximal, it provokes a different type of reactivity compared
with threats which activate sympathetic arousal. Given that we observed no effect in the
“purer” measure of sympathetic activation (EDA), the finding that cardiac deceleration
predicts behavior suggests predominantly PNS reactivity. PNS activation has been associated
with the orienting reflex (Graham and Clifton 1966), increased the allocation of cognitive
resources in the form of attention and interest (Potter and Bolls 2012), and the encoding of
information into working memory (Potter and Bolls 2012).

Our finding is in line with the information intake-rejection hypothesis, which posits that
parasympathetic activation improves response effectiveness by enhancing the ability to encode
meaningful information from an individual’s environment into working memory (Lacey and
Lacey 1974). These results may indicate a bodily state of “vigilant readiness,” a preparatory
response pattern akin to a predator stalking its prey (Lang and Bradley 2010): attentive and
observant, weighing the options. This aligns with a prior work proposing a relationship
between negative emotional valence and heart rate deceleration (Bolls et al. 2001; Lang
et al. 1996) as well as increased autonomic arousal (Potter and Bolls 2012). Negative valence
has been shown to have a more enduring effect on heart rate response compared with positive
emotion (Brosschot and Thayer 2003), which may help explain why participants who expe-
rienced cardiac deceleration also exhibited increased pro-environmental behavior.

Although it is difficult to disentangle emotional arousal and cognitive processing, our
finding that heart rate deceleration leads to increased pro-environmental behavior likely
reflects emotional arousal in tandem with cognitive processing, culminating in a calculated
form of autonomic response to a distal threat. It is noteworthy that analytical narratives did not
evoke this same autonomic response. We posit that, unlike stories, these informational
narratives do not effectively aid the construction of emotion which, in complement, signals
the brain to take action to optimize bodily budgets.

7 Conclusion and discussion

Based on the findings of this research, we echo the concerns of those who question the
sufficiency of the information deficit approach to climate change communication. The primary
goal of climate change communication campaigns is to persuade lay audiences as to the (a)
severity of the problem and (b) need for action. While information and awareness are certainly
not without value (van der Linden et al. 2014, 2015), our findings suggest that the structure in
which information is embedded is of great consequence for eliciting pro-environmental
behavior. It is always crucial to tailor messages to the needs of a specific audience, but this
is especially true for a psychologically distant threat and politically polarized issue.

It appears that climate change communications designed to motivate diverse audiences will
benefit from being structured as stories. Across three experiments, we found that narratives
framed as stories consistently outperformed factual narratives for encouraging action-taking in
all audiences. We suggest that this is because they more effectively trigger autonomic
reactivity and emotional arousal. The results of this research also propose a key role for end
valence as a moderator of the relationship between physiology and action. Studies by Bradley
et al. (1996) as well as Shoemaker (1996) provide evidence that humans allocate more
attentional resources to negative messages as an adaptive survival response. In order to

Climatic Change (2019) 154:19–36 31



maintain “allostasis,” most of the brain’s activity is dedicated to the intrinsic activity of
prediction. Using past experience and the Bayesian logic (Deneve 2008), it continuously runs
predictive models, and select among competing simulations, thereafter implementing an
associated plan of action (Barrett 2016). External stimuli do not easily interrupt this process
(Barrett 2017). Interoceptive predictions about internal bodily sensations produce affective
feelings, which are the “brain’s best guess about the state of [bodily] budgets” (Barrett 2017).
These interoceptive predictions monitor potential threats to allostasis and determine the
“affective niche”—what an individual is affectively engaged with at a particular moment in
time (Barrett 2017). However, on its own, affect lacks meaning. For the brain to order action, it
must perceive the need and construct an instance of emotion, which is then expressed through
involuntary changes in the autonomic nervous system (ANS) (Barrett 2017). Our results
suggest that negative end valence plays a key role in facilitating affective engagement and
the perceived need for action. At the same time, having a sense of efficacy is extremely
important for motivation to act in the face of a threat (Bandura 1986). Feeling overwhelmed by
the enormity of a problem can cause paralysis. To what extent and under what conditions is
negative valence more motivational than positive valence? These issues should be explored in
greater depth.

Although we observed a clear association between narrative structure and self-reported
narrative transportation, this did not translate into pro-environmental behavior in either of the
studies where this was measured. Instead, we found autonomic reactivity to be a better
indicator of emotional arousal and cognitive processing as well as a predictor of pro-
environmental behavior. Self-report has limitations when it comes to providing insights into
a highly complex, immersive, largely sub-conscious, psychological process. Nevertheless,
given the fact that our findings did not replicate prior work on this subject (vanLaer et al.
2014), future research should consider triangulating self-report with more objective measures
of affective engagement and emotional arousal to gain a better understanding of how these
correlate with the construct of narrative transportation. More, the behavioral measures used in
the controlled settings of these studies were necessarily operationalizations of engagement
with climate change (e.g., recycling, newsletter subscription, charitable donations to organi-
zations fighting climate change); proxies, inferior to direct measures which might be included
in field studies (e.g., decreased air and automotive travel, reduction in meat consumption).

To accommodate the variation inherent in naturalistic stimuli, an intentionally broad
definition of the narrative structure was applied in these studies. Future research could
contribute to a greater understanding of how essential story elements such as character
identification, goals, and motivations influence risk perception in climate change narratives.
Given the important implications for practitioners, further studies could benefit by investigat-
ing all of these questions using controlled stimuli in a real-world setting. Finally, as the issue of
climate change is characterized by extreme ideological polarization with important implica-
tions for identity and social affiliation (Kahan 2015), future work should consider how these
influence risk perception and bodily response to climate change stories (Kahan et al. 2007;
Slovic 1999).

This research advances our understanding of how narrative structure influences engagement
with climate change through emotional arousal, which likely incites pro-environmental be-
havior as the brain’s way of optimizing bodily budgets. These findings have important
implications for science communication scholars and practitioners alike. In a twist of irony,
structuring narratives as factual presentations ignore what science tells us about the important
role of affective and emotional engagement for optimizing communication and decision-
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making. To maximize the likelihood of action-taking, our results suggest that science com-
municators should consider enrobing the presentation of information in story structure instead.
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