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Pupillometry and Hindsight Bias:
Physiological Arousal Predicts
Compensatory Behavior

Willem W. A. Sleegers' ®, Travis Proulx?, and llja van Beest'

Abstract

According to violation—compensation models of cognitive conflict, experiences that violate expected associations evoke a
common, biologically based syndrome of aversive arousal, which in turn motivates compensation efforts to relieve this arousal.
However, while substantial research shows that people indeed respond with increased arousal to expectancy violating events,
evidence for the motivating role of arousal is rarely found. In two within-subjects studies (N = 44 and N = 50), we demonstrate
evidence for the motivating role of arousal in this violation—compensation process among university students. Using pupillometry
and the hindsight bias phenomenon, we show that people respond with greater arousal when presented with expectancy violating
information. In turn, we show that the pupillary response is positively related to the amount of hindsight bias being displayed.
These findings provide further insights into the process underlying the hindsight bias and, crucially, support key predictions

following from threat—compensation models.
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Humans adopt a multitude of beliefs ranging from worldviews
to trivial facts. They may believe that the world is fair, that
behavior follows from attitudes, and that people eat an average
of eight spiders per year in their sleep. This range of beliefs
reflects a ubiquitous need for consistent meaning, the world-
views that organize our perception of the world (Meaning Main-
tenance Model; Heine et al., 2006). These worldviews are
comprised of expected relations between experiences, and when
these expectations are met, a sense of meaning is experienced.

But these expectations are not always correct. It turns out
the world is not always fair (Lerner, 1980) and that people
do not eat eight spiders in their sleep on an annual basis
(Sneed, 2014). These events violate the sense of meaning
and cause a state of discomfort. In turn, this discomfort
motivates subsequent compensatory behaviors in order to
restore meaning (Jonas et al., 2014; McGregor et al.,
2012; Proulx et al., 2012). One form of compensatory beha-
vior is to assimilate events so that they appear consistent
with initial expectations (Park, 2010; Piaget, 2000). For
example, a misfortune that befalls an innocent person can
be interpreted as deserving rather than unfair, such as a vic-
tim of rape being accused of having provoked it by dressing
provocatively. This assimilation maintains a sense of consis-
tency with the belief of a just world (Lerner, 1980). Addi-
tional strategies may be used, such as accommodating
one’s belief to the expectancy violation or by affirming

unrelated meaning frameworks (Heine et al., 2006; Proulx
& Inzlicht, 2012).

An important tenet of violation—compensation theories is
that expectancy violations induce a syndrome of aversive
arousal, motivating the execution of compensatory beha-
viors. If this is indeed the case, then at least two lines of
evidence should be found (Townsend et al., 2013). First,
expectancy violations should induce a state of heightened
physiological arousal. Second, this arousal should be linked
to the compensatory behavior. Evidence for the former can
be found in abundance, whether it is an expectancy viola-
tion caused by perceptual anomalies (Sleegers et al.,
2015), cognitive dissonance (Gerard, 1967), self-view
inconsistencies (Ayduk et al., 2012), worldview violations
(Townsend et al., 2010), or category-based violations
(Mendes et al., 2007).

Evidence for the second link is rarely observed. In fact, the
evidence for the role of arousal comes mostly from indirect
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assessments of arousal rather than direct measures. Some evi-
dence has been found using self-report measures to index the
aversive arousal and its association with compensatory beha-
vior (Laurin et al., 2008; McGregor et al., 2013, Experiment
4; Plaks et al., 2005). For example, Plaks et al. (2005, Experi-
ment 3) found that self-reported anxiety mediated the relation-
ship between expectancy violation and an increased need for
certainty.

Others have found indirect support for the second link utiliz-
ing the misattribution of arousal paradigm (Kay et al., 2010;
Losch & Cacioppo, 1990; Proulx & Heine, 2008; Zanna &
Cooper, 1974). For example, Proulx and Heine (2008) pre-
sented participants with an implicit perceptual anomaly and
administered a placebo. Those who were informed that the pla-
cebo caused side effects of arousal did not affirm a valued
moral belief compared to those who were not informed of such
side effects.

These examples are, however, the exception rather than
the rule as evidence for the mediational link of arousal
remains elusive (also see McGregor et al., 2013, p. 550).
There are multiple potential reasons for why the link
between arousal and compensatory behaviors is rarely
found. These include methodological reasons such as poor
measurement reliability or low power (Mauss et al., 2005)
and also reasons directly related to the topic of investiga-
tion. For example, self-report measures can provide a com-
pensatory opportunity to respond to the expectancy
violation. By explicitly reporting that the violation was not
distressing, one can persuade oneself to feel less distress
(Elliot & Devine, 1994; Galinsky et al., 2000).

With regard to direct measures of arousal, there may also be
a limitation that prevents the discovery of an arousal-compen-
satory behavior link: Physiological arousal measurement tools
themselves evoke arousal. The placing of electrodes on the skin
or one’s head between metal braces can be arousing or is
expected to evoke arousal. Consequently, it is possible that par-
ticipants attribute arousal caused by a manipulation to the mea-
surement tool, ironically showing the efficacy of misattribution
studies that in other contexts serve as evidence for the role of
arousal in the threat—compensation process. To illustrate,
Croyle and Cooper (1983) performed a standard cognitive dis-
sonance paradigm and found the predicted pattern of attitude
change. This effect disappeared in a subsequent study, which
contained a physiological arousal assessment in the form of
skin conductance. The authors interpreted this absence of an
effect due to participants misattributing their arousal to the
physiological recording device.

In summary, according to violation—compensation theories
of cognitive conflict, expectancy violations induce a state of
aversive arousal (Link 1) that motivates compensatory beha-
vior (Link 2). Myriad findings are in support of the first link,
but the second link remains uncertain in terms of direct empiri-
cal support. In the present article, we investigate this link using
a design that takes into account the limitations of prior work.
We use eye tracker technology to assess arousal in response

to expectancy violations and use repeated measurements of
compensatory behavior.

Pupillometry and Psychophysiological Arousal

Modern eye trackers are easier to use and, more importantly,
less invasive than before. Unlike previous models that often
required the participant’s head to be fixed in place, modern eye
trackers use screen-based solutions that can record eye proper-
ties from a distance, without restraining the participant.

Eye trackers can measure a state of arousal using pupillome-
try. Pupillometry is the measurement of pupil size and its reac-
tivity. The size of the pupil is about 3 mm in standard lighting
conditions and can range from 1.5 mm to 9 mm (Wyatt, 1995).
Since the late 1800s, it has been shown that pupil size can serve
as a proxy for a state of psychophysiological arousal due to tiny
fluctuations that cannot be explained by changes in luminance
(Beatty & Lucero-Wagoner, 2000). These variations stem from
two smooth muscles in the iris: a sphincter and dilator muscle.
The dilator muscle is under adrenergic control by the sympa-
thetic nervous system, which, when active, leads to the stimu-
lation of the dilator muscle and a parallel inhibitory effect on
the sphincter muscle via a parasympathetic mechanism (Sirois
& Brisson, 2014). The relationship between pupil size and
arousal stems from its association with the locus coeruleus—
norepinephrine (LC-NE) system (Gilzenrat et al., 2010; Mur-
phy et al., 2014). The LC is a subcortical structure and is the
principal site for the production and release of NE (Sara,
2009). The LC-NE is involved in various arousal processes
including stress responses, memory retrieval, and attention and
more generally underlies the regulation of engagement or with-
drawal from a task (for a review, see Aston-Jones & Cohen,
2005). As a result, pupil size increases have been observed fol-
lowing the presentation of positively and negatively valenced
pictures (Bradley et al., 2008), the experience of pain (Chap-
man et al., 1999; Ellermeier & Westphal, 1995; Hofle et al.,
2008), task error (Brown et al., 1999; Critchley et al., 2005),
and perceptual inconsistencies (Preuschoff et al., 2011; Raisig
etal., 2010, 2012; Sleegers et al., 2015)—making pupillometry
a valid, and nonintrusive, tool to assess arousal.

A consequence of pupillometry is the need for repeated
trials in order to obtain a reliable measure of arousal. This
means a within-subjects design is preferred in which the link
between arousal and compensatory behavior is repeatedly
assessed. The majority of studies on compensatory behavior
use between-subject designs in which compensatory beha-
vior is measured once, so using common compensatory beha-
vior assessments is not ideal. Therefore, we will instead rely
on a different paradigm to assess compensation behaviors,
based on a well-known psychological phenomenon: the hind-
sight bias.

Hindsight Bias as a Compensatory Response

Hindsight bias, or the “knew-it-all-along” effect, is the ten-
dency for individuals with outcome knowledge (hindsight) to
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claim that they did in fact know the outcome or estimated its
occurrence with a higher probability than they would have esti-
mated without the outcome information (foresight). Several
processes have been proposed to underlie the hindsight bias
(Hawkins & Hastie, 1990; Roese & Vohs, 2012). It has been
suggested that the hindsight bias is caused by a relatively auto-
matic and unconscious sensemaking process (Fischhoff, 1975),
and research on individual differences in the tendency to
demonstrate hindsight bias has revealed that people high in
need of predictability and control more frequently show hind-
sight bias (Musch, 2003). These findings suggest that motiva-
tional processes may underlie the hindsight bias, similar to,
or perhaps even identical to, the processes underlying compen-
satory responses following expectancy violations.

Assessing hindsight bias as a compensatory response has the
methodological benefit of allowing for a repeated measures
design. Using the so-called memory paradigm, participants first
answer a series of questions to establish their prior beliefs, fol-
lowed by a second presentation of these questions together with
their correct answers. After the presentation of the correct
answer, the participant is prompted to report their original
response. If the recalled response is different from the initial
response and closer to the correct answer, a hindsight bias has
been demonstrated. For our purposes, the advantage is that
there is no limit to how many questions can be asked, except
for taking into account participant fatigue and the question
pool. This makes it a viable design to repeatedly assess com-
pensatory affirmation behaviors.

Present Studies

In two studies, we use pupillometry and the hindsight bias to
investigate the role of physiological arousal in the relationship
between expectancy violations and compensatory assimilation
behavior. We hypothesize that incorrect answers violate the
expectations of the participant, resulting in greater pupil dila-
tion. This increased pupil dilation should motivate participants
to indicate a different response than initially given, in the direc-
tion of the presented correct answer, that is, display a hindsight
bias. Such a relationship would provide the first direct support
violation—compensation theories, whereby compensation beha-
viors are shown to be a direct response to aversive arousal in
response to an expectancy violation.

Study |

Method
Participants

Students (N = 44, 31 women, M,,. = 20.93 years) at Tilburg
University participated in exchange for course credit or a mon-
etary reward. The majority of participants (34) were undergrad-
uate students in psychology. Sample size was based on prior
research using pupillometry (Bradley et al., 2008; Laeng
et al., 2011; Partala & Surakka, 2003). No additional data were
collected after data analysis had begun.

Design and Procedure

The present study consisted of a full within-subjects design,
with a hindsight bias paradigm to present expectancy violations
and to measure compensatory behavior. Specifically, we used a
memory hindsight bias design (Calvillo, 2013; Pohl, 2007) in
which participants answered a series of factual questions, first
before seeing the correct answers and again later after seeing
the correct answer to each question. Each question was pre-
sented individually. After participants indicated what they
believed to be the correct answers, the eye tracker was cali-
brated and participants saw each question again, followed by
the presentation of the correct answer to said question. Pupil
size was measured during the presentation of the correct
answer. Immediately following the correct answer, the partici-
pant had to indicate what their original answer was. At the end,
participants filled in several demographic questions.

Materials

Almanac questions. The questions for the hindsight bias task
were selected from various online sources and books on the
topic of misconceptions (e.g., van Maanen, 1994). We selected
80 almanac questions (Online Appendix A) that we believed
participants thought they could answer or guess but that varied
in terms of whether they would answer correctly. In other
words, we selected questions that varied in the extent that the
correct answer would surprise them.

Hindsight bias task. The hindsight bias task consisted of two
parts, each consisting of 80 trials. In the first part, a trial con-
sisted of a single question, and participants were asked to indi-
cate what they believed to be the correct answer. Questions
were presented in random order, without a time limit. In the
second part of the hindsight bias task, a trial consisted of a sin-
gle question, shown for a minimal duration of 3,000 ms, after
which the participant could click with the mouse to continue.
Hereafter, there was a blank screen for a duration of 1,000,
1,500, or 2,000 ms, followed by a fixation cross (3,000 ms).
After the fixation cross, the correct answer to the quest was pre-
sented for a duration of 5,000 ms. Hereafter, participants were
asked to indicate what their answer was, identical to that in the
first part.

Hindsight bias. Hindsight bias was defined as the difference
between the second and the first response to each question, with
the requirement that the second response was closer to the cor-
rect answer than the first (Pohl, 2007). We created a
percentage-based solution to reduce the influence of questions
with extremely large numeric answers by dividing the amount
of hindsight bias by the absolute distance between the correct
answer and the participant’s initial response (Hell et al.,
1988). This means that correct responses are removed and that
typical responses should fall within the range of 0—1. If the
hindsight bias is greater than 1, it indicates an overcorrection
(e.g., if the first response is 30, the correct answer is 40, and the
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second response is 45). If the response is smaller than 0, it
means the second response was further away from the correct
answer than their first response. Some of these responses were
likely due to typos (e.g., missing a 0 with large numbers) and
guesses. If the participant guessed their first answer, it may
be more difficult for them to remember it after seeing the cor-
rect answer, resulting in a random change between the two
responses. Due to the difficulty of interpreting the meaning
of these responses in terms of a hindsight bias, we chose to
remove these trials for the main analyses. We report additional
analyses in the Supplemental Material (Online Appendix C) in
which we included the overcorrection response and set
responses smaller than 0 to indicate 0 hindsight bias.

Pupillometry. A Tobii T60 eye tracker (Tobii, Stockholm, Swe-
den) was used to record pupil data. The Tobii T60 is a nonin-
vasive eye tracker that is integrated in a 17" thin-film
transistor monitor, resembling a standard PC monitor. It
records at a rate of 60 Hz. Each measurement has a validity
indication that ranges from 0 (the system is certain that all data
belong to the particular eye) to 4 (gaze data are missing or
incorrect). Only recordings with a validity score of 0 or 1 were
used. Following guidelines of Kret and Sjak-Shie (2019), pupil
sizes of each eye separately were preprocessed by removing
dilation speed outliers, observations near gaps, and sparse clus-
ters (see Online Appendix B for more details). Then, missing
data were linearly interpolated and smoothened using a 10-
Hz low-pass filter. Hereafter, the pupil size was controlled for
baseline differences by subtracting the average pupil size
during a 500-ms preceding the answer period from the pupil
measurements during the answer period (Beatty & Lucero-
Wagoner, 2000). For data analysis, the pupil size was averaged
across a period of 500—4,000 ms during the presentation of the
correct answer.' The initial 500 ms was seen as the light reflex
period. Trials with more than 25% missing data were excluded.

Data Analysis

The data were prepared and analyzed in R (R Core Team,
2019). Both the data and the scripts are available at the Data-
verseNL repository.” Below, we report all data exclusions prior
to the main analysis. In addition, we test whether pupil dilation
was associated with being mistaken in order to validate the
response feedback as indeed affecting the participant’s physiol-
ogy. To this end, we created a binary variable that indicated
whether the participant gave a correct or incorrect answer on
each trial. A binary measure of error was created because the
magnitude of the error was heavily dependent on the question
that was asked.

Multilevel models were used to test the hypotheses. In each
model, we include by-participant and by-question random
intercepts. The /me4 package (Bates et al., 2015) was used for
the mixed-model analyses in combination with the /merTest
package (Kuznetsova et al., 2016) in order to obtain p values.
The normality assumption of the residuals was checked and
found to be untenable for the hindsight bias analysis, leading

us to also perform a robust multilevel model using the
robustlmm package (Koller, 2016). Because the robustimm
package does not provide p values, we extracted the
Satterthwaite approximated degrees of freedom from the non-
robust model and the ¢ value of the robust model to calculate
p values.

Results
Data Exclusions

Participants completed a total of 3,520 trials. To assure reliable
pupil observations, trials with more than 25% missing data
were removed (26.79%), leaving 2,535 trials. Of these trials,
five responses were removed because they indicated mistakes
(e.g., giving a response higher than 100 when a percentage was
asked). Participants were correct on 518 (20.47%) trials, mean-
ing a hindsight bias score could not be determined for these
trials. Of the possible hindsight bias trials, participants overcor-
rected on 31 (1.54%) trials and moved away from the correct
answer on 173 (8.60%) of the trials. Excluding these trials
resulted in 1,808 trials, of which 366 (21.48%) displayed a
hindsight bias.

Pupil Dilation and Error

To test whether being mistaken was associated with an increase
in pupil size, we conducted a linear mixed model with average
pupil dilation as the outcome variable and error (correct/incor-
rect) as the predictor. This revealed a significant effect of being
mistaken, b = .020, 95% confidence interval (CI) = [.0049,
.036], SE = .008, #292.06) = 2.58, p = .011. On trials in which
participants were incorrect, greater pupil dilation was observed
(M = .014) than on trials in which they gave the correct answer
(M = —.0060).

Pupil Dilation and Hindsight Bias

To test our main hypothesis, we conducted a linear mixed
model with hindsight bias as the outcome variable and pupil
dilation as the predictor. This revealed a significant relation-
ship between hindsight bias and pupil size, b = .098, 95% CI
[.032, .16], SE = .033, #(1,689.28) = 2.93, p = .0034. Partici-
pants’ pupillary reaction was positively related to the amount
of hindsight bias they displayed.

Inspecting the distribution of the residuals revealed that the
normality assumption was violated. We therefore reran the
same model using a robust linear mixed model and found that
the positive relationship between pupil size and hindsight bias
was now marginally significant, #(1,689.28) = 1.93, p = .053,
calling for a replication of the current work.

Study 2

Study 2 is a replication of the previous work, with several small
changes to improve the previous design. We therefore only
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note the differences between the two studies before reporting
the results.

Method
Participants

Fifty students (35 women, M4, = 20.7 years) at Tilburg Uni-
versity participated in exchange for course credit. Participant
recruitment took place in two phases: at the end of the aca-
demic year and at the start of the next academic year. No addi-
tional data were collected after data analysis had begun. A
difference with Study 1 is that both Dutch (N = 29) and inter-
national students (N = 21) participated.

Materials

Almanac questions. Because international students could partic-
ipate in the present study, several of the almanac questions
from Study 1 were removed in favor of less culture-specific
questions. In addition, 20 questions were added to a total of
100 almanac questions, compared to the 80 questions in Study
1.

Pupillometry. In addition to the Tobii T60 eye tracker, we used a
Tobii Pro Spectrum eye tracker. The Tobii Pro Spectrum is an
eye tracker integrated in a 24" screen and capable of recording
at 150 Hz. However, to match the recording rate of the T60,
both eye trackers recorded data at 60 Hz.

Data Analysis

Below we report the results of Study 2, as well as the results of
both studies taken together. To this end, we combined the two
data sets and conducted the same analyses as in both studies,
but with the addition of by-study random intercepts.

Results
Data Exclusions

Participants completed a total of 5,000 trials. As in Study 1,
trials with more than 25% missing data were removed
(28.20%), leaving 3,544 trials. Of these trials, no responses
were removed because they indicated mistakes, but one partici-
pant was removed for always responding with the same answer.
Participants were correct on 1,167 (33.08%) trials, meaning a
hindsight bias score could not be determined for these trials.
Of the possible hindsight bias trials, participants overcorrected
on 44 (1.86%) trials and moved away from the correct answer
on 248 (10.50%) of the trials. Excluding these trials resulted in
2,069 trials, of which 514 (24.84%) displayed a hindsight bias.

Pupil Dilation and Error

Similar to the results in Study 1, we found a significant effect of
being mistaken on pupil size, b = .025, 95% CI [.012, .038],
SE = .0066, #(318.64) = 3.72, p <.001. On trials in which

participants were incorrect, greater pupil dilation was observed
(M = .021) than on trials in which they gave the correct answer
(M = —.0040).

Pupil Dilation and Hindsight Bias

In contrast to Study 1, we found only a marginally significant
relationship between hindsight bias and pupil size, b = .059,
95% CI [—.005, .12], SE = .033, #(2,024.82) = 1.81, p =
.07. We did find that the residuals were again not normally dis-
tributed. We therefore reran the same model using a robust lin-
ear mixed model and did not find a significant positive
relationship, #(2,024.82) = 1.34, p = .183.

Results of Studies | and 2

Because Studies 1 and 2 were identical in all relevant respects,
we combined the data and reran the analyses for greater statis-
tical power. We expanded the model by including by-study ran-
dom intercepts to account for the fact that the data stem from
two separate studies. This analysis again revealed the effect
of being mistaken on pupil size, b = .023, 95% CI [.013,
.033], SE = .0051, #(486.69) = 4.41, p <.001, and also the pos-
itive relationship between pupil size and the hindsight bias
from Study 1, b = .078, 95% CI [.036, .13], SE = .024,
1(3,806.61) = 3.31, p < .001. More importantly, the robust
mixed model now confirmed the relationship between pupil
size and hindsight bias, #(3,806.61) = 2.32, p = .021.

Discussion

We aimed to demonstrate the first direct link between physio-
logical arousal and compensatory behavior. While the results
of each study separately were not conclusive, the results from
both studies combined did provide evidence for this link.
Greater pupil dilation in response to an unexpected correct
answer was associated with more hindsight bias. That is, parti-
cipants shifted their second answer more toward the factual
question’s correct answer, relative to their first answer, when
they showed a larger physiological response to the correct
answer to the question. This compensatory response following
increased arousal is consistent with violation—compensation
theories (Jonas et al., 2014; McGregor et al., 2012), specifically
with the shared assumption that inconsistencies evoke arousal
that causes compensation reactions.

That expectancy violations induce a syndrome of aversive
arousal is an important tenet of violation—compensation the-
ories. There is abundant evidence for this first link between
expectancy violations and arousal, whether the expectancy vio-
lation involves perceptual anomalies (Sleegers et al., 2015),
cognitive dissonance (Gerard, 1967), self-view inconsistencies
(Ayduk et al., 2012), worldview violations (Townsend et al.,
2010), or category-based violations (Mendes et al., 2007). Evi-
dence for the second link, between arousal and the subsequent
compensatory behavior, is rarely observed and limited to indi-
rect assessments of arousal such as self-report measures
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(Laurin et al., 2008; McGregor et al., 2013, Experiment 4;
Plaks et al., 2005) and the misattribution of arousal paradigm
(Kay et al., 2010; Losch & Cacioppo, 1990; Proulx & Heine,
2008; Zanna & Cooper, 1974). Our findings provide more
direct evidence for the often postulated relationship between
arousal and compensatory behaviors following expectancy
violations.

Two reasons might explain why we were able to demon-
strate a link between arousal and compensatory behavior. First,
recent developments in eye tracker technology have made this
technology exceptionally noninvasive. Consequently, an eye
tracker is less likely to evoke arousal that interferes with the
arousal process underlying violation—compensation reactions.
Second, we repeatedly presented participants with an expec-
tancy violation and an opportunity to compensate—a require-
ment for physiological measures to improve reliability.

Limitations and Future Research

In our studies, we relied on pupillometry to assess an aversive
state of arousal following negative belief feedback because
threat—compensation theories strictly postulate a state of aver-
sive arousal to motivate subsequent compensatory behaviors.
However, while pupillometry is a valid measure of physiologi-
cal arousal, it is not a direct measure of aversive arousal (e.g.,
Bradley et al., 2008). We believe our findings nevertheless
plausibly indicate a state of aversive arousal. Studies have
shown that negative belief feedback and states of surprise are
(at least initially) experienced as aversive (Hajcak & Foti,
2008; Noordewier & Breugelmans, 2013; Noordewier et al.,
2016). In addition, alternative explanations such as curiosity-
driven responses were ruled out by the data (see Online
Appendix C). We therefore believe our findings present a
strong contribution to models of threat—compensation.

It should be noted that we relied mostly on epistemic threats
rather than more severe existential threats such as those relating
to one’s identity or freedom. Epistemic threats were chosen in
order to be able to repeatedly present participants with threats
and compensation opportunities. This would not be feasible
when more impactful threats are used because the physiologi-
cal response would likely carry over between trials and affect
the relationship between arousal and compensation. Moreover,
the theoretical perspectives that guide this research share the
explicit premise that the response to epistemic threats general-
ize to other types of threats (Heine et al., 2006; Jonas et al.,
2014; Proulx & Inzlicht, 2012). In fact, it has been demon-
strated that the experience of inconsistency, such as those expe-
rienced by our participants, can evoke the same compensation
behaviors as existential threats (e.g., nonsense word pairs and
identity violations; Randles et al, 2011). Nevertheless, the
threat—compensation literature would benefit from more
empirical demonstrations of the kind presented here.

Aside from expectancy violations inducing physiological
arousal, and physiological arousal motivating compensatory
behavior, compensatory behavior should also reduce the phy-
siological arousal. We did not assess this third link. Using the

present studies’ design, it might be possible to demonstrate the
entire causal link by having participants again see the correct
answers. We predict that instead of the positive relationship
between pupil size and hindsight bias found in the present
study, a negative relationship between hindsight bias and pupil
size should be found.

Finally, in the present studies, we used the hindsight bias as
a way to repeatedly assess compensatory behaviors following
belief violations. It may be argued that due to the many trials,
participants may not have always remembered their initial
answer and that this ultimately shaped their hindsight bias
responses. However, research on the hindsight bias largely sup-
ports a biased reconstruction view rather than a memory
impairment process (Stahlberg & Maass, 1997). Our findings
also contribute to the research on the hindsight bias. Several
processes have been proposed to explain the hindsight bias
(Hawkins & Hastie, 1990), including motivational accounts
(Campbell & Tesser, 1983; Fischhoff, 1975; Musch, 2003).
Our results are consistent with a motivational interpretation
of the hindsight bias, thereby also contributing to research on
the hindsight bias phenomenon.

We did employ a memory design to measure hindsight bias.
Importantly, this memory-based design, although effective in
demonstrating a hindsight bias, might be less effective in evok-
ing a hindsight bias than other designs such as the hypothetical
design (Pohl, 2007), in which participants are asked to respond
as if they had not been told the correct answer. After all, a
memory task is about recalling a previously reported answer;
and when the time lag is not substantial, people can with rela-
tive ease recall their answer. For this reason, the memory
design can be potentially improved in future studies by extend-
ing the retention interval between the first and second
responses.

Conclusion

We found that the magnitude of hindsight bias was positively
related to the size of pupil change in response to seeing the
expected and unexpected correct answer to a set of questions.
This finding is consistent with violation—compensation theories
that postulate a role of aversive psychophysiological arousal in
producing compensatory behavior following expectancy
violations.
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Notes

1. We also conducted additional analyses in which we used the pupil
period before seeing the correct answer in order to rule out a
curiosity-driven alternative explanation. See Appendix C for these
analyses.

2. For review purposes, please see the following anonymized open
software framework page (https://osf.io/fb2nk/?view_only=7132
532e4cad49¢58752d0fod7f2cfdb).
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