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Some epistemic emotions, such as surprise and curiosity, have attracted increasing scientific attention,
whereas others, such as confusion, have yet to receive the attention they deserve. In addition, little is
known about the relations between these emotions, their joint antecedents and outcomes, and how they
differ from other emotions prompted during learning and knowledge generation (e.g., achievement
emotions). In 3 studies (Ns = 102, 373, 125) using a trivia task with immediate feedback, we examined
within-person interrelations, antecedents, and effects of 3 epistemic emotions (surprise, curiosity, and
confusion). Studies 2 and 3 additionally included 2 achievement emotions (pride and shame). Using
multilevel modeling to disentangle within- and between-person variance, we found that achievement
emotions were associated with accuracy (i.e., correctness of the answer), whereas epistemic emotions
were related to high-confidence errors (i.e., incorrect answers a person was confident in) generating
cognitive incongruity. Furthermore, as compared with achievement emotions, epistemic emotions were
more strongly and positively related to subsequent knowledge exploration. Specifically, surprise and
curiosity were positive predictors of exploration. Confusion had positive predictive effects on exploration
which were significant in Studies 1 and 3 but not in Study 2, suggesting that the effects of confusion are
less stable and need to be investigated further. Apart from the findings for confusion, the results were
fully robust across all 3 studies. They shed light on the distinct origins and outcomes of epistemic
emotions. Directions for future research and practical implications are discussed.
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within-person analysis

Surprise when learning something unexpected, curiosity when a
question remains unanswered, and confusion after encountering
contradictory information are typical examples of epistemic emo-
tions. Epistemic emotions are major drivers of knowledge acqui-
sition about the self and the world (Brun, Doguoglu, & Kuenzle,
2008). These emotions relate to the knowledge-generating quali-
ties of cognitive tasks and activities (Morton, 2010) and are
thought to be critically important for learning, conceptual change,
and cognitive performance (Pekrun & Stephens, 2012).
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to explore their common antecedents and outcomes. Finally, re-
search systematically comparing the origins and outcomes of epis-
temic emotions with the correlates of other emotions is lacking.
For example, in addition to feeling surprised, curious, or confused,
individuals whose knowledge is challenged may also feel ashamed
when something they thought to know turns out to be incorrect, or
proud if their knowledge is confirmed. As such, achievement
emotions may also be prompted in situations involving cognitive
incongruity.

It is increasingly recognized that different emotions influence
cognitive processes in different ways (Angie, Connelly, Waples, &
Kligyte, 2011; Lench, Flores, & Bench, 2011). As such, more
research is needed to disentangle the antecedents and outcomes of
different emotions, including different emotions that have the same
object focus (e.g., different epistemic emotions) and emotions that
have different object foci (e.g., epistemic and achievement emo-
tions). Gaining deeper understanding of the circumstances under
which different emotions are experienced and how these emotions
influence important outcomes may reveal new opportunities for
enhancing cognitive processes in various contexts that demand
cognitive performance (e.g., school, university, and the work
place).

In the present research, we sought to address these gaps in the
literature by examining antecedents and interrelations of three
prototypical epistemic emotions (surprise, curiosity, and confu-
sion) and two achievement emotions (pride and shame). We also
examined the influence of these emotions on knowledge explora-
tion. We used within-person analysis to attain a more precise
understanding of functional relations between variables that is not
afforded by traditional between-person designs (Molenaar, 2004).
To examine the robustness of findings and their generalizability
across different measures of exploratory behavior, we investigated
these relations in three independent experimental studies.

Epistemic Emotions

The term epistemic emotions was originally coined by philoso-
phers to refer to affective states that can motivate critical reflection
and inquiry (see Brun et al., 2008; Morton, 2010). In line with this
notion, Pekrun and Stephens (2012) defined epistemic emotions as
emotions that relate to knowledge and the generation of knowl-
edge. These emotions result from the cognitive qualities of
knowledge-related tasks and information processing. Specifically,
epistemic emotions can be prompted by discrepant, contradictory
information generating cognitive incongruity. Cognitive incongru-
ity is produced when task information deviates from prior expec-
tations or beliefs or when task-related feedback indicates that one’s
beliefs are incorrect (high-confidence errors; Marshall & Brown,
2006). Other incongruity-inducing scenarios include impasses and
obstacles to goal attainment that involve contradictory information
(D’Mello & Graesser, 2012). Encountering contradictory informa-
tion can interrupt the ongoing cognitive process, result in a real-
location of attention to the unexpected information, and potentially
lead to exploration and enhanced processing of this information.

The impact of contradictory information on cognitive process-
ing and behavior may depend upon the emotions that are elicited.
Tasks that produce cognitive incongruity can trigger a number of
different epistemic emotions. These include surprise and curiosity,
confusion when the cognitive incongruity persists, anxiety when

the incongruity is extreme and the information deeply disturbs
existing beliefs, frustration when resolution of incongruity seems
impossible, and enjoyment and delight when the incongruity is
resolved (D’Mello & Graesser, 2012; Pekrun & Stephens, 2012;
Scheffler, 1991; Silvia, 2013). Although curiosity and confusion
are not part of traditional lists of emotions (e.g., Ekman, 1999),
several studies indicate that these epistemic states qualify as emo-
tions as defined by multicomponent approaches to emotion (Plut-
chik, 2001; Russell, 2003; Scherer, 2009), because they involve
affective feelings, physiological arousal, specific motivational im-
pulses, and specific facial expressions (Markey & Loewenstein,
2014; Reeve, 1993; Reeve & Nix, 1997; Rozin & Cohen, 2003).
Epistemic emotions can motivate a broad range of activities with
epistemic functions. These activities include epistemic cognition,
“which refers to what individuals think knowledge is and how they
think that they and others know” (Hofer & Bendixen, 2012,
p. 227), as well as actual knowledge-seeking behavior.

In the present research, we focus on surprise, curiosity, and
confusion as triggered by high-confidence errors, that is, unex-
pected feedback on trivia questions that were answered incorrectly
although participants had been confident that their answers were
correct. We also investigated the effect of these emotions on
participants’ exploration of correct answers. In contrast to emo-
tions such as frustration or delight, these three emotions are epis-
temic in nature; they are associated with antecedents (e.g., cogni-
tive incongruity) and outcomes (e.g., knowledge generation) that
are particularly important to epistemic emotions.

Surprise is elicited by unexpected or schema-discrepant events
(Berlyne, 1954, 1960; Meyer, Reisenzein, & Schiitzwohl, 1997;
Noordewier & Breugelmans, 2013; Noordewier, Topolinski, &
Van Dijk, 2016; Scherer, 2009; Stiensmeier-Pelster, Martini, &
Reisenzein, 1995). Surprise has been found to fixate individuals’
gaze (i.e., visual attention) on the unexpected event (Horstmann &
Herwig, 2015), promote recall of unexpected events (Par-
zuchowski & Szymkow-Sudziarska, 2008), elicit interest (Ren-
ninger & Hidi, 2016), and prompt curiosity (Berlyne, 1954, 1960;
Loewenstein, 1994). On the basis of these findings, we expected
surprise to be the initial emotional reaction to high-confidence
errors, to trigger curiosity and confusion, and to promote subse-
quent exploration of knowledge.

Curiosity has been defined as a “drive to know” (Berlyne, 1954,
p-187). Curiosity is aroused by unexpected information or events
that reveal gaps in one’s knowledge (Loewenstein, 1994). Epis-
temic curiosity is regarded as a means to support learning in
educational contexts (von Stumm, Hell, & Chamorro-Premuzic,
2011), has been found to promote the exploration of new knowl-
edge (Berlyne, 1954, 1960; Litman, Hutchins, & Russon, 2005),
and to enhance memory for new information (Gruber, Gelman, &
Ranganath, 2014; Kang et al., 2009; Marvin & Shohamy, 2016;
Middlebrooks, McGillivray, Murayama, & Castel, 2016). Accord-
ingly, in the present research, we expected curiosity to be triggered
by high confidence errors. We expected this effect to be mediated
by surprise. Furthermore, we expected curiosity to relate positively
to subsequent knowledge exploration.

Confusion occurs when a person is confronted with novel and
complex information that is not easily understood (Silvia, 2013) or
when new information is incongruent with previous knowledge
and the incongruity cannot be immediately resolved (Pekrun &
Stephens, 2012). Confusion can relate positively to task engage-



ment (Bosch & D’Mello, 2017; D’Mello & Graesser, 2012), and
learning outcomes (Craig, Graesser, Sullins, & Gholson, 2004;
D’Mello et al., 2014), because impasses (and the associated state
of confusion) require active engagement and effortful cognitive
processing to be overcome (Brown & VanLehn, 1980; Mandler,
1990). For confusion to be productive, however, it is crucial that
incongruity is ultimately resolved (D’Mello & Graesser, 2014;
D’Mello et al., 2014). One possibility for resolving incongruity is
the exploration of new knowledge (Berlyne, 1954, 1960). In the
present research, we expected that the effect of high-confidence
errors on confusion is mediated by surprise, and that confusion
relates positively to subsequent knowledge exploration.

Achievement Emotions

Achievement emotions relate to achievement activities and their
success and failure outcomes (Pekrun, 2006, 2018). As such,
achievement emotions differ from epistemic emotions in terms of
their object focus (Brun et al., 2008). Knowledge and the gener-
ation of knowledge are the objects of epistemic emotions; in
achievement emotions, success and failure are the objects. Some
emotions can be either epistemic or achievement-related, depend-
ing on the focus of attention. For example, frustration resulting
from an unsolvable problem would be considered epistemic,
whereas frustration resulting from personal failure would be con-
sidered an achievement emotion (Pekrun, Vogl, Muis, & Sinatra,
2017). In the present research, we considered two prototypical
emotions related to success and failure, namely pride and shame.
Although situations involving cognitive incongruity are thought to
trigger epistemic emotions, they can also induce achievement
emotions if they are interpreted in terms of personal success or
failure (e.g., being proud if one’s knowledge is confirmed, which
can be interpreted as success, or feeling ashamed when knowledge
turns out to be incorrect, which can be interpreted as failure).

Achievement-related pride is triggered by success (e.g., master-
ing a skill, getting a good grade; Tangney, 1999; Tracy & Robins,
2004, 2007) that is attributed to internal causes, such as one’s own
ability or effort (Pekrun, 2006; Weiner, 1985, 2010). Pride in one’s
success promotes achievement because it enhances task-oriented
motivation (Oades-Sese, Matthews, & Lewis, 2014). Experimental
studies have shown that pride can lead to greater perseverance
even on effortful and unpleasant tasks related to the initial source
of pride (Williams & DeSteno, 2008). Similarly, in educational
settings, students’ pride has been found to promote their interest in
the topic, intrinsic and extrinsic motivation, effort, and academic
achievement in the subject (e.g., Pekrun, Lichtenfeld, Marsh, Mu-
rayama, & Goetz, 2017; Pekrun, Murayama, Marsh, Goetz, &
Frenzel, 2019). As such, the experience of pride after success
promotes motivation to engage and persevere in ongoing and
related tasks and materials. Given that pride is a rewarding feeling,
the function of such engagement likely is to again be successful
and experience pride. In general, feeling proud about a recognized
accomplishment is an incentive to pursue further action in the
valued domain (e.g., Carver & Johnson, 2010; Williams & De-
Steno, 2008). In the present research, we expected pride to result
from correctly answering the trivia questions, irrespective of prior
confidence. Furthermore, because of its positive effects on moti-
vation, we expected pride after correct answers to relate positively
to subsequent knowledge exploration.

Achievement-related shame is triggered by failure that is attrib-
uted to internal causes (e.g., lack of ability; Pekrun, 2006; Weiner,
1985, 2010). Shame is a complex emotion that has been associated
with approach (to regain the positive image that one has lost) and
avoidance tendencies (to avoid further losses if the positive image
cannot be regained; De Hooge, Zeelenberg, & Breugelmans,
2010). In line with these findings, shame can reduce intrinsic
motivation, but also strengthen extrinsic motivation to invest effort
to avoid failure if one is confident about one’s ability (Turner &
Schallert, 2001). As such, we expected shame to occur after
incorrect answers, irrespective of prior confidence or level of
cognitive incongruity involved, that is, both when participants
were confident in their answers (high-confidence errors) and when
they were not confident in their answers (low-confidence errors).
Because of the variable effects of shame on motivation, we did not
formulate a directional hypothesis on the relationship between
shame and knowledge exploration.

Within- Versus Between-Person Approaches to
Investigate Emotions

Emotion theories proffer explanations about the antecedents and
effects of emotions, and many studies have been carried out to test
the propositions of these theories (for an overview, see Barrett,
Lewis, & Haviland-Jones, 2016). A disparity exists, however,
between emotion theory and related research: Emotion theories
targeting antecedents and effects generally refer to within-person
psychological functioning, whereas empirical research focused
largely on between-person designs (see, e.g., Murayama et al.,
2017; Voelkle, Brose, Schmiedek, & Lindenberger, 2014). This is
problematic because “[t]hese two correlations [i.e., within-person
vs. between-person correlations] are statistically independent, and
their direction and magnitude can vary widely” (Schmitz & Skin-
ner, 1993, p. 1010).

We argue that within-person approaches are vital for examining
the psychological mechanisms underlying epistemic and achieve-
ment emotions (see also Fastrich, Kerr, Castel, & Murayama,
2018; Tanaka & Murayama, 2014). For example, we hypothesize
that high-confidence errors prompt curiosity, which implies a
positive relation between these errors and curiosity. Although this
prediction seems plausible, previous studies based on between-
person designs have shown that people who make fewer errors
(i.e., high achievers) are more curious (von Stumm et al., 2011),
suggesting a negative relationship between errors and curiosity.
This discrepancy occurs because between-person studies focus on
individual differences, ignoring the variation of curiosity, its an-
tecedents, and its effects within persons. Thus, to adequately
investigate how epistemic emotions arise and function, it is im-
perative to use a within-person approach to examine the relations
between variables.

Aims and Hypotheses of the Present Research

In three studies, we examined the antecedents, interrelations,
and effects of multiple epistemic emotions (surprise, curiosity, and
confusion) and achievement emotions (pride and shame, in Studies
2 and 3). The primary focus of our research was on epistemic
emotions. As such, we decided to implement a low-stakes exper-
imental setting by introducing the experimental task as a trivia task



and refraining from explicitly emphasizing performance outcomes
(i.e., success and failure). A high-stakes experimental setting may
have been more suited to amplify achievement emotions but may
have reduced the occurrence of epistemic emotions. However,
pride and shame may also occur in low-stakes contexts (even if
with lower intensity), for example, due to individual propensities
to generally value achievement outcomes.

To elicit the target emotions, all three studies provided feedback
on participants’ responses to trivia questions. We expected the
antecedents of epistemic and achievement emotions to differ.
Specifically, we expected epistemic emotions to be elicited by
high-confidence errors. To prompt high-confidence errors, we
included trivia items that explicitly addressed common errors in
general knowledge. In contrast, we expected achievement emo-
tions to be elicited by correctly (success) or incorrectly (failure)
answering the questions, irrespective of the confidence participants
had in their answers. Furthermore, we expected all three epistemic
emotions to promote knowledge exploration. Specifically, we ex-
pected the effects of surprise on exploration to be mediated by
curiosity and confusion. We did not expect a direct effect of
surprise on exploration (i.e., an effect not mediated by curiosity or
confusion). To our knowledge, there is no theory or empirical
evidence that would support such a direct effect. Rather, there is
theoretical support for the hypothesized links between surprise and
curiosity (Berlyne, 1954, 1960; Loewenstein, 1994) and surprise
and confusion (e.g., D’Mello & Graesser, 2012). Curiosity and
confusion, in turn, have been linked to knowledge exploration in
previous work (e.g., Berlyne, 1954, 1960; Litman, Hutchins, &
Russon, 2005). As for the achievement emotions considered, we
expected pride experienced after correct responses to also promote
exploration. With regard to the relation between shame and knowl-

A Epistemic Emotions

+(b)

+(a)

High confidence
error

Surprise

+(c)

B Achievement Emotions

+()

Accuracy

-(g)

Figure 1.

edge exploration, no specific hypotheses were formulated. The
focal hypotheses tested were as follows (see Figure 1):

Hypothesis 1. Antecedents of epistemic emotions: High-
confidence errors positively predict surprise, curiosity, and
confusion (Figure 1, paths a through c).

Hypothesis 2. Outcomes of epistemic emotions: Surprise pos-
itively predicts curiosity and confusion (Figure 1, paths b and
¢), and curiosity and confusion positively predict exploration
(paths d and e). As such, curiosity and confusion are mediators
in the surprise-exploration relation (paths b + d and ¢ + e,
respectively). We did not expect a direct effect of surprise on
exploration.

Hypothesis 3. Epistemic emotions as mediators in the effects
of high-confidence errors on exploration: High-confidence
errors positively predict knowledge exploration. Epistemic
emotions are mediators in the error-exploration relation (Fig-
ure 1, paths a + b + d and a + ¢ + e, respectively).

Hypothesis 4. Antecedents of achievement emotions: Cor-
rect answers (success) positively predict pride, and incor-
rect answers (failure) positively predict shame (Figure 1,
paths f and g).

Hypothesis 5. Outcomes of achievement emotions: Pride pos-
itively predicts knowledge exploration; we leave as an explor-
atory question whether the relationship between shame and
knowledge exploration is positive or negative (Figure 1, paths
h and i1).

Curiosity
+(d)
Exploration of
knowledge
+(e)
Confusion
Pride + (h)
Exploration of
knowledge
Shame +/0/- (1)

Main hypotheses. Surprise, curiosity, and confusion are expected to occur after high confidence

errors and to promote exploration after these errors. Pride is expected to occur after correct answers and to
promote exploration after these answers. Shame is expected to occur after incorrect answers; no prediction is
made for the direction of effects of shame on exploration.



Study 1

Study 1 focused on epistemic emotions. More specifically, this
study examined high-confidence errors as an antecedent of sur-
prise, curiosity, and confusion, and subsequent motivation to ex-
plore the correct answer as an outcome of these emotions.

Method

Participants. One hundred two participants (67 women) from
a German university completed the study online (age range 19 to
30 years; M = 23.33, SD = 2.55). Participants were recruited and
sent a link to the online questionnaire via the university’s mailing
list and a university-related Facebook page. Participants were
informed that the study would take approximately 12 min to 14
min and, as an incentive, they were told that after completing the
study they would be entered in a lottery to win one of two €20
(US$23) gift cards for a well-known Internet shopping company.

Materials. The trivia task used consisted of 20 single-
sentence statements compiled from various sources that tap into
general knowledge in several domains (Ebert & Klotzek, 2008,
2010; Nelson & Narens, 1980; Poppelmann, 2009). To ensure
sufficient within-person variance, we selected statements that var-
ied in the degree to which they produced high-confidence errors.
Specifically, we included statements that are likely to produce
high-confidence errors because they target widespread errors in
general knowledge (e.g., “Chameleons match their color to their
environment”) as well as statements about well-known facts that
were not expected to particularly induce high-confidence errors
(e.g., “Jupiter is the largest planet of our solar system”; for a list of
items, see Table S2 in the online supplemental material). One
particular advantage of this trivia task is that high-confidence
errors—and thus epistemic emotions—can be elicited repeatedly
by choosing trivia items from different domains (Reisenzein,
2000).

Procedure and measures. Participants were presented with
the 20 trivia statements and instructed to indicate whether the
statement was correct or incorrect. After making their decision,
participants were asked to indicate how confident they felt about
their answer using a six-point Likert scale (1 = very uncertain to
6 = very certain). Participants immediately received feedback
about the accuracy of their reply (“Your answer is correct” vs.
“Your answer is incorrect”). Next, participants were asked to rate
how they felt at that very moment. Using short one-item scales of
the Epistemic Emotion Scales (Pekrun, Vogl, et al., 2017), partici-
pants rated how surprised, curious, and confused they were on a
five-point Likert scale (1 = not at all to 5 = very strong). After
completion of the trivia question trials, participants were presented
with a list of those statements they had answered incorrectly.
Finally, to measure participants’ motivation to explore the correct
answers for these statements, they were asked to indicate on a
five-point Likert scale their motivation to explore the correct
answer for each of the answers that had been incorrect (“How
strong is your desire to receive an explanation for your incorrect
answer?”; 1 = very weak to 5 = very strong). As participants were
not provided with information about the correct answers, this
measure specifically tapped into motivation to explore rather than
actual exploratory behavior. The study was approved by the re-
search ethics committee of the Faculty of Psychology and Educa-
tion of the University of Munich.

Data analysis. The data have a two-level hierarchical struc-
ture with trivia statements (Level 1 [L1]) nested within indi-
viduals (Level 2 [L2]). We used multilevel modeling with
Mplus 8 (Muthén & Muthén, 2017) to model within- and
between-person relations in these nested data. Accuracy (0 =
incorrect, 1 = correct), confidence, and their interaction term
were modeled as predictors of emotions at L1. Accuracy and
confidence were standardized before creating the interaction
term. Subsequently, following recommendations for within-
and between-person multilevel modeling, the predictors were
centered within each individual to avoid confounding within-
and between-person effects (see Enders & Tofighi, 2007; Wang
& Maxwell, 2015). The intercepts of the predictors were al-
lowed to vary across individuals (L2). To control for possible
order- and time-dependent effects, we controlled for trial order
by including order as a covariate at L1 (Wang & Maxwell,
2015). Our sample included more than 100 participants on L2
with 20 trials on L1. This sample size is in line with Arend and
Schifer’s (2018) recommendations for two-level models to
ensure sufficient power (=.80) for detecting small, medium,
and large L1 effects (i.e., effects larger than .10, .30, and .50,
respectively). All data can be downloaded from https://osf.io/
vw2cn/.

We estimated two multilevel models to test our directional
hypotheses. In Model 1, we explored response accuracy, response
confidence, and the accuracy x confidence interaction as anteced-
ents of the emotions to test our hypothesis that high-confidence
errors induce epistemic emotions (Hypothesis 1). If high-
confidence errors prompt epistemic emotions, the accuracy x con-
fidence interaction should predict these emotions. The model in-
cluded within-person paths from all three predictors to the three
emotions and additionally included the covariances among the
predictors and among the residuals of the emotions. Because we
aimed to test our hypotheses at L1, L2 relations between variables
were simply estimated as covariances. The model was saturated.

In Model 2, we examined the simple effects of confidence in
incorrect answers, thus decomposing the Accuracy X Interaction term
to better understand its effects. This also made it possible to reduce the
number of parameters to be estimated. In addition to confidence and
emotions, the model included participants’ motivation to explore
(which had been assessed for incorrect answers only). As such, this
model more fully tested the proposed sequence of confidence in
incorrect answers, epistemic emotions, and exploration. The emotions
were organized sequentially, with surprise predicting curiosity and
confusion, which jointly predicted motivation to explore (Hypotheses
2 and 3). Indirect effects of confidence on exploration as mediated by
the emotions were tested using 95% bootstrap confidence intervals.
Again, the L2 relations between variables were estimated as covari-
ances. In supplemental analyses, we evaluated alternative models
testing other sequential orders of the emotions (see the online supple-
mental material).

To evaluate the fit of Model 2, we used the comparative fit
index (CFI), the Tucker-Lewis index (TLI), the root mean
square error of approximation (RMSEA), and the standardized
root mean residual (SRMR). For CFI and TLI, values greater
or equal to .95 for CFI are traditionally interpreted as indi-
cating good fit and values between .90 and .95 as indicating
moderate fit (Hu & Bentler, 1999). For RMSEA and SRMR,
as recommended by Hu and Bentler (1999), we interpreted
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Table 1

Descriptive Statistics and Within- and Between-Person Correlations

Variable M., SD., M,. SD,. M, SD,, ICC 1 2 3 4 5 6 7 8
Study 1
1. Accuracy® 0.54 050 .022 357 —.310 —.036 —.200
2. Confidence 384 158 3.74 156 379 157 230 .005 .016 .089 172 327
3. Surprise 1.60 1.00 267 1.44 210 133 224 —.432"" 079" 523" 828" 358"
4. Curiosity 194 121 3.00 138 243 139 292 —.455"" —.094"" 5317 5317 564"
5. Confusion 1.18 055 225 137 1.67 1.15 .85 —.507"" 2217 687" 485" 264
6. Motivation to
explore® 378 1.25 162 3607 366" 317 336"
Study 2
1. Accuracy® 0.57 050 .020 6147 —=312" —.147" —.246™ .016 —.237
2. Confidence 384 153 3.68 150 378 152 .158 .021 —.056 —.020 —.067 186™ —.164™ 127
3. Surprise 143 0.80 268 1.42 197 127 .178 —.519"" 1237 699" 1977 4977 548" 1527
4. Curiosity 191 1.17 3.2 132 243 138 .310 —.518"" —.054™ 585" 6437 5107 3937 357
5. Confusion 1.17 049 234 133 1.67 1.11 .136 —.554"" 229" 71497 558" 493" 6747 216"
6. Pride 240 124 1.06 032 1.83 1.17 .251 6617 1307 =409 =385 — 4617 3107 —.190"
7. Shame 1.04 024 168 105 131 078 .234 —.450"" 1137 4137 304" 455 —.400" 097"
8. Exploration™® 96 0.20 181 .088"" 1317 1917 1197 —.012" .010
Study 3
1. Accuracy® 0.52 050 .028 779 .026 134 357 366" 130 —.038
2. Confidence 369 142 377 142 373 142 141 -.075" .044 .029 114 244" 146 .070
3. Surprise 1.65 091 275 141 218 130 .100 —.447" 204" 655" 8217 414 560" 318
4. Curiosity 227 125 313 131 268 135 .325 —.404™" 014 607" 606" 301 380" 1207
5. Confusion 1.15 053 207 125 1.60 1.05 .099 —.473" 3057 676" 4627 5147 7347 307
6. Pride 220 121 1.03 022 163 106 .222 6017 070" =321 =252 — 355" 4107 .068
7. Shame 1.05 030 151 092 127 071 .153 —.362"" 1487 3527 295" 3787 —=312" 285"
8. Exploration® 147 122 181 108 1.63 1.17 .568 —.213"" —0I5 310 447 2537 —.100"" 1197
Note. Within-person correlations appear below the diagonal; between-person correlations appear above the diagonal. inc = coefficients for incorrect

answers; cor = coefficients for correct answers; tot = coefficients for all answers; ICC = intraclass correlation coefficient.

@ Proportion of correct answers per person (ranges = .15-.75, .25-.90, and .20-.80 in Studies 1, 2, and 3, respectively).
incorrect answers (no assessment of exploration after correct answers in Studies 1 and 2).

® Coefficients for exploration after
¢ Proportion of requests for information after incorrect answers

relative to the number of incorrect answers (range = 0-1). On average, participants answered 8.57 (SD = 2.59) out of 20 questions incorrectly. Out of

these incorrectly answered questions, on average they explored 8.23 (SD = 2.62) questions (i.e., 96% of the incorrectly answered items).

4 Mean of the

sum score of explorations (range = 0-3). On average, participants answered 9.66 (SD = 2.50) out of 20 questions incorrectly. For these incorrectly
answered items, they explored 1.63 (SD = 1.17) pieces of information on average.

*p<.05 *p<.0l. **p<.00l.

values smaller or equal to .06 as indicating good fit and values
between .06 and .08 as indicating moderate fit. While these
recommended cut-off values provide information for gauging
model fit, it is important to bear in mind that one should
interpret general cut-off values carefully (Marsh, Hau, & Wen,
2004).

Results

Preliminary analysis. Although there was variation at the
between-person level for all emotions, the major part of the
variance was at the within-person level (intraclass correlations
[ICCs] ranged from .162 to .292; Table 1). Table 1 also shows
descriptive statistics as well as between- and within-person
correlations for the study variables. At the within-person level,
all correlations between confidence and epistemic emotions as
well as motivation to explore were significant. Correlations
between the observed variables were mostly positive at both
levels, with the exception of negative correlations between
accuracy and the epistemic emotions as well as a negative
within-person correlation between participants’ confidence in
their answers and their curiosity.

Antecedents of epistemic emotions (Model 1). Table 2 dis-
plays the within-person path coefficients for accuracy, confidence
and the Accuracy X Interaction interaction as predictors of epis-
temic emotions. Accuracy negatively predicted all three emotions,
suggesting that the emotions were generated by errors (i.e., incor-
rect answers). Furthermore, supporting Hypothesis 1, the Accu-
racy X Confidence interaction was a strong negative predictor of
all three emotions indicating that high-confidence errors elicited
epistemic emotions (i.e., there were positive effects of confidence
in incorrect answers on these emotions).

Effects and interrelations of epistemic emotions (Model 2).
Table 3 displays the path coefficients for Model 2. The model (see
Figure 2) showed a good fit to the data, x*(1) = 3.832, p = .050;
CFI = .997; TLI = .935; RMSEA = .055; SRMR,;,in = -010. As
expected, high-confidence errors positively predicted surprise, and
surprise, in turn, positively predicted curiosity and confusion. In
addition, high-confidence errors had a significant direct positive
effect on confusion, whereas the direct effect on curiosity was not
significant.

Supporting Hypothesis 2, curiosity and confusion were posi-
tive predictors of motivation to explore. In line with the



Table 2

Path Coefficients for Epistemic Emotions in Model 1

Surprise Curiosity Confusion
Predictor B B P 95% CI B B P 95% CI B B P 95% CI
Study 1
Accuracy —.472 —.399 .000 [—.451, —.347] —.508 —.428 .000 [—.482, —.375] —.508 —.483 .000 [—.524, —.442]
Confidence 104 .078 .000 [.035, .120] —.125 —.094 .001 [—.147, —.040] .262 .221 .000 [.182, .261]
Accuracy X Confidence —.494 —.420 .000 [—.471, —.368] —.282 —.239 .000 [—.288, —.190] —.332 —.317 .000 [—.362, —.272]
Confidence in incorrect answers 425  .503 .000 [.438, .568] 106 .145 .000 [.059, .231] 406 500 .000 [.441, .559]
Confidence in correct answers ~ —.289 —.479 .000 [—.540, —.418] —.256 —.365 .000 [—.428, —.302] —.077 —.234 .000 [—.308, —.161]
Trial order .031  .152 .000 [.119, .185] 023 113 .000 [.073, .153] .021  .115 .000 [.085, .145]
Study 2
Accuracy —.625 —.535 .000 [—.558, —.511] —.605 —.524 .000 [—.551, —.498] —.596 —.570 .000 [—.590, —.550]
Confidence 165 132 .000 [.110, .153] —.055 —.044 .001 [—.071, —.018] .268 .239 .000 [.218, .259]
Accuracy X Confidence —.495 —.423 .000 [—.444, —.403] —.296 —.257 .000 [—.279, —.234] —.385 —.368 .000 [—.389, —.348]
Confidence in incorrect answers 504 588 .000 [.558, .618] 182 270 .000 [.228, .311] 475 .601 .000 [.570, .631]
Confidence in correct answers — —.204 —.417 .000 [—.450, —.384] —.208 —.333 .000 [—.368, —.298] —.069 —.217 .000 [—.253, —.181]
Trial order .000 .002 .870 [—.017,.020] .000 —.002 .863 [—.020,.017] .002  .013 .098 [—.002,.029]
Study 3
Accuracy —.538 —.432 .000 [—.478, —.386] —.455 —.404 .000 [—.445, —.362] —.459 —.451 .000 [—.486, —.415]
Confidence 227 171 .000 [.137,.204] —.021 —.017 .384 [—.056, .021] 294 271 .000 [.237,.304]
Accuracy X Confidence —.646 —.520 .000 [—.557, —.483] —.426 —.379 .000 [—.417, —.340] —.354 —.349 .000 [—.381, —.317]
Confidence in incorrect answers  .647  .667 .000 [.627,.708] 308 .399 .000 [.340, .458] 484 565 .000 [.523,.606]
Confidence in correct answers — —.322 —.517 .000 [—.567, —.466] —.328 —.431 .000 [—.484, —.378] —.058 —.153 .000 [—.209, —.107]
Trial order —.002 —.009 .532 [—.037,.019] .002  .009 .630 [—.026, .043] —.007 —.041 .004 [—.068, —.013]
Note. B = unstandardized path coefficient; 3 = standardized path coefficient; CI = confidence interval.

surprise-exploration relation hypothesis, surprise had positive
indirect effects on motivation mediated by curiosity and con-
fusion. In line with the error-exploration relation hypothesis
(Hypothesis 3), confidence in incorrect answers positively pre-
dicted motivation. Specifically, confidence had both a direct
effect on motivation as well as indirect effects mediated by
surprise and curiosity and by surprise and confusion.

Discussion

Study 1 examined cognitive incongruity as an antecedent of
epistemic emotions and motivation for exploratory behavior as one
type of knowledge-generating activity resulting from these emo-
tions. In preliminary correlational analysis, there were differences
in the within- versus between-person relations of emotions with
response accuracy, confidence, and knowledge exploration.
Clearly, the within-person correlations were more consistent and
fully in line with the hypotheses. This highlights the importance of
using a within-person approach to investigate these linkages. The
results of multilevel modeling indicate that high-confidence errors
serve as antecedents of surprise, curiosity, and confusion within
persons (e.g., D’Mello & Graesser, 2012; Pekrun & Stephens,
2012). The results further suggest that surprise mediates the effects
of high-confidence errors on curiosity and confusion (see also
Loewenstein, 1994; Scherer, 2009). Furthermore, as hypothesized,
the findings indicate that both curiosity and confusion can have
positive effects on motivation to explore knowledge. High-
confidence errors increased the motivation to explore, and this
relationship was mediated by epistemic emotions. In sum, our
findings were in line with the hypotheses and suggest that cogni-

tively incongruous task information can trigger surprise, which in
turn can trigger curiosity and confusion, both of which contribute
to the motivation to explore new information.

Study 2

Study 1 included motivation to explore but not actual explor-
atory behavior as an outcome variable. Furthermore, Study 1 only
investigated epistemic emotions. To gain a better understanding of
epistemic emotions, it is important to compare their antecedents
and outcomes to those of other emotions that may or may not be
experienced in the same setting. Therefore, Study 2 aimed to
replicate the findings of Study 1 and to extend them by including
a measure of actual behavior as well as two achievement emotions,
namely pride and shame.

Method

Participants. Three hundred seventy-three participants (245
women) from a German university completed this study online
(age range 18 to 30 years; M = 22.20, SD = 2.75). Participants
were recruited and sent a link to the online questionnaire via the
university’s mailing list and a university-related Facebook page.
Participants were informed that the study would take approxi-
mately 12 min to 14 min. As an incentive, they were told that after
completing the study they would be entered in a lottery to win one
of two €20 gift cards for a well-known Internet shopping company.

Materials, procedure, and measures. Study 2 used the same
task materials, procedure, and measures of confidence and emo-
tions as Study 1. The trivia statements were presented in a ran-



Table 3
Path Coefficients for Model 2 in Studies 1 and 2

Path B B P 95% CI
Study 1
Conf-Sur (a) 429 506 .000 [.441, .571]
Conf-Cur —.046 —.063 .194 [—.157,.032]
Conf-Con .196 240 .000 [.163, .318]
Conf-Mot .200 249 .000 [.163, .335]
Sur-Cur (b) .358 416 .000 [.331, .501]
Sur-Con (c) 499 520 .000 [.443, .597]
Cur-Mot (d) 247 225 .000 [.137,.312]
Con-Mot (e) 104 106 .008 [.028, .184]
Sur-Cur-Mot (b + d) .088 .000 [.050, .127]
Sur-Con-Mot (¢ + e) .052 .010 [.013, .092]
Conf-Sur-Cur-Mot (a + b + d) .038 .000 [.021, .055]
Conf-Sur-Con-Mot (a + ¢ + e) .022 .017 [.004, .041]
Study 2

Conf-Sur (a) .504 588 .000 [.558, .618]
Conf-Cur .005 .008 .752 [—.040, .055]
Conf-Con 222 280 .000 [.244, .317]
Conf-Pri .002 .010 .680 [—.036, .055]
Conf-Sha 159 300 .000 [.263, .340]
Conf-Expl .004 .030 .320 [—.030, .091]
Sur-Cur (b) .350 446 .000 [.395, .496]
Sur-Con (c) .503 545 .000 [.507, .583]
Cur-Expl (d) .032 171 .000 [.117, .226]
Con-Expl (e) .005 .034 154 [—.013,.081]
Pri-Expl (h) —.008 —.011 .756 [—.080, .058]
Sha-Expl (i) —-.007 —.029 .114 [—.065, .007]
Sur-Cur-Expl (b + d) 011 .000 [.006, .016]
Sur-Con-Expl (¢ + e) .003 156 [—.001, .006]
Conf-Sur-Cur-Expl (a + b + d) .006 .000 [.003, .008]
Conf-Sur-Con-Expl (a + ¢ + e) .001 154 [—.001, .003]

Note. Letters in parentheses denote paths predicted by the main hypoth-
eses (see Figure 1). B = unstandardized path coefficient; 3 = standardized
path coefficient; CI = confidence intervals (standardized lower- and upper-
bound coefficients for direct effects, and unstandardized coefficients for
indirect effects); Conf = confidence; Sur = surprise; Cur = curiosity;
Con = confusion; Pri = pride; Sha = shame; Mot = motivation to explore;
Expl = exploration.

domized order. Two amendments were made to the design. First,
after receiving feedback, participants additionally rated the extent
to which they felt proud and ashamed (1 = not at all to 5 = very
strong). Second, instead of asking for participants’ motivation to
explore after all the trivia question trials, participants were given
the opportunity to actually request and read an explanation why
their answer was incorrect directly each time after they received
negative feedback (“Would you like to know why your answer was
incorrect?” [0 = no vs. 1 = yes]). If requested, the explanation was
displayed. We ensured that participants had not participated in
Study 1 by asking them if they had participated in a similar study
before. Twenty-six individuals reported having done so and were
excluded from the present study. The study was approved by the
research ethics committee of the Faculty of Psychology and Edu-
cation of the University of Munich.

Data analysis. As in Study 1, the data were analyzed using
multilevel modeling with trivia statements (L1) nested within
individuals (L2). We used the same method of analysis as in Study
1. Pride and shame were added in the models. We included the
effects of confidence on pride and shame, and the effects of these

emotions on exploratory behavior (see Figure 1). Our sample
included more than 100 participants on L2 with 20 trials on L1.
This sample size is in line with Arend and Schifer’s (2018)
recommendations for two-level models to ensure sufficient power
(=.80) for detecting small, medium, and large L1 effects (i.e.,
effects larger than .10, .30, and .50, respectively). All data can be
downloaded from https://ost.io/vw2cn/.

Results

Preliminary findings. Replicating the findings from Study 1,
there was variation at the between-person level for all emotions
(ICCs ranged from .136 to .310), but the major part of the variance
was located at the within-person level. Table 1 shows descriptive
statistics as well as between-person and within-person correlations.
The findings indicate that there was sufficient score variation for
all study variables, although there was some restriction of variance
for the exploration scores due to ceiling effects (participants re-
quested information about the correct answer in most cases).
Correlations between the observed variables were mostly in line
with the findings of Study 1.

Antecedents of epistemic and achievement emotions (Model
1). Tables 2 and 4 display the standardized within-person path
coefficients for accuracy, confidence, and the Accuracy X Inter-
action interaction as predictors of the epistemic and achievement
emotions, respectively. As in Study 1, the model was saturated.
Replicating the findings of Study 1, accuracy negatively predicted
all three epistemic emotions. Furthermore, as in Study 1, the
Accuracy X Confidence interaction negatively predicted all three
emotions, showing that high-confidence errors elicited epistemic
emotions (i.e., there were positive effects of confidence in incor-
rect answers on these emotions). Supporting Hypothesis 1, this
finding indicates that high-confidence errors elicited epistemic
emotions.

Furthermore, in line with Hypothesis 4, accuracy positively
predicted pride and negatively predicted shame. In addition, the
Accuracy X Interaction interaction term positively predicted
pride and negatively predicted shame, indicating that pride was
more intensely experienced in case of correct answers the
participants were confident in, and shame was more intensely
experienced in case of incorrect answers the participants were
confident in.

Effects and interrelations of epistemic and achievement
emotions (Model 2). Table 3 displays the path coefficients for
Model 2. The model (see Figure 2) showed a good fit to the data,
x>(1) = 2.777, p = .095; CFI = 1.000; TLI = .980; RMSEA =
.024; SRMR;pin = .003). In line with Hypothesis 1, high-
confidence errors positively predicted surprise. Surprise, in turn,
positively predicted curiosity and confusion. High-confidence er-
rors were not a direct predictor of curiosity, supporting mediation
of the effects on curiosity by surprise. Pride was unrelated to
high-confidence errors, likely due to a floor effect in pride after
incorrect answers (M = 1.06; SD = 0.32). However, shame was
positively predicted by high-confidence errors.

Replicating the Study 1 findings and supporting Hypothesis 2,
curiosity positively predicted exploration. Confusion, however,
did not significantly predict exploration. In line with the surprise-
exploration relation hypothesis, surprise had a positive indirect
effect on exploration mediated by curiosity. The indirect effect of
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Figure 2. Relations between confidence in incorrect answers, epistemic emotions, and exploration at the
within-person level (Model 2) in Study 1 (upper panel) and Study 2 (lower panel). Residuals and correlations
between emotions are not depicted. ** p < .01. ** p < .001.

surprise on exploration mediated by confusion was not significant.
In contrast to surprise and curiosity, neither pride nor shame
predicted exploratory behavior.

Furthermore, in line with the error-exploration relation hypoth-
esis (Hypothesis 3), high-confidence errors had a positive predic-
tive effect on exploration that was mediated by surprise and
curiosity. The indirect effect of high-confidence errors on explo-
ration mediated by surprise and confusion was not significant.
Supporting the mediating role of surprise and curiosity, the direct
effect of high-confidence errors on exploration was not significant.

Discussion

Study 2 aimed to replicate the findings of Study 1 and to extend
them by exploring the differences in the antecedents and effects of
epistemic versus achievement emotions and by including actual
exploratory behavior as an outcome variable. In support of Hy-
pothesis 1 and replicating Study 1, high-confidence errors served
as antecedents of surprise, curiosity and confusion. As for achieve-
ment emotions, accuracy promoted pride and inaccuracy promoted

shame, in line with Hypothesis 4 and the control-value theory of
achievement emotions (Pekrun, 2006). Furthermore, the intensity
with which participants experienced pride and shame was also
dependent on participants’ confidence in their answers: High-
confidence errors induced more shame than low-confidence errors,
and high-confidence correct answers induced more pride than
low-confidence correct answers. However, the findings suggest
that the Accuracy X Confidence interaction more strongly influ-
enced epistemic emotions than achievement emotions (3 range —.257
to —.423 for the epistemic emotions and .127 to —.158 for pride and
shame; see Tables 2 and 4, respectively).

In line with Hypothesis 3, surprise positively predicted actual
exploratory behavior via curiosity. Confusion also had a positive
predictive effect on exploration; however, in contrast to Study 1,
this effect was not significant due to its small magnitude. One
possible explanation for small effect size could be variable effects
of confusion. For instance, confusion may lead to increased mo-
tivation if a person has positive expectancies to resolve cognitive
incongruity but reduced motivation if these expectancies are low



Table 4
Path Coefficients for Achievement Emotions in Model 1

Pride Shame
Predictor B B )4 95% CI B B )4 95% CI
Study 2
Accuracy .676 .662 .000 [.639, .685] -.316 —.457 .000 [—.485, —.430]
Confidence 128 117 .000 [.092, .142] .090 122 .000 [.097, .147]
Accuracy X Confidence .129 127 .000 [.099, .155] —.109 —.158 .000 [—.187, —.128]
Confidence in incorrect answers .002 .010 .679 [—.036, .055] .159 301 .000 [.263, .340]
Confidence in correct answers .159 285 .000 [.236, .334] -.017 —.126 .000 [—.166, —.086]
Trial order .002 011 204 [—.006, .029] .000 —.001 902 [—.020, .018]
Study 3
Accuracy 571 .609 .000 [.567, .652] —.234 —.352 .000 [—.396, —.307]
Confidence 116 116 .000 [.080, .153] .086 122 .000 [.082, .161]
Accuracy X Confidence 121 130 .000 [.080, .180] —.110 —.166 .000 [—.217, —.116]
Confidence in incorrect answers .007 .046 149 [—.017, .109] 142 249 .000 [.197, .301]
Confidence in correct answers 178 276 .000 [.212, .340] —.011 —.054 .057 [—.109, .001]
Trial order .004 .023 137 [—.007, .054] —.003 —.029 .059 [—.058, —.001]

Note. B = unstandardized path coefficient; B = standardized path coefficient; CI = confidence interval.

(D’Mello et al., 2014; Pekrun & Stephens, 2012). With small
effect sizes, coefficients can be nonsignificant by chance (i.e., due
to sampling error). In addition, our results highlight the proposed
mediating role of surprise and curiosity in the relationship between
high-confidence errors and exploration (Berlyne, 1960; Litman et
al., 2005; Loewenstein, 1994).

As for achievement emotions, neither pride nor shame were
significantly related to exploration. For pride, one likely reason is
that exploration was only offered after incorrect answers. It seems
plausible that pride does not occur after incorrect answers, imply-
ing that it cannot contribute to explaining subsequent behavior.
This explanation is supported by the present data, which showed a
floor effect for pride ratings after incorrect answers. The result for
shame may indicate that this negative but activating emotion need
not have detrimental effects on knowledge generation. This is in
line with findings suggesting that shame, in contrast to negative
deactivating emotions like boredom (Pekrun, Hall, Goetz, & Perry,
2014; Pekrun, Lichtenfeld, et al., 2017; Tze, Daniels, & Klassen,
2015), has variable effects and may not reduce motivation and
performance under all circumstances (e.g., Turner & Schallert,
2001).

Study 3

Study 3 aimed to replicate the findings of Study 1 and 2 and to
further expand on them in two important ways. First, we included
a more extensive measure of exploratory behavior comprising
multiple opportunities to request information. Second, we exam-
ined exploratory behavior using this measure not only after incor-
rect answers but also after correct answers to obtain a more
comprehensive picture of the relations between performance feed-
back, emotions, and subsequent exploration. This makes it possible
to compare the relations between all of the study variables across
instances of correct and incorrect answers.

Method

Participants. One hundred twenty-five participants (90
women) from a German university completed this study online

(age range 18 to 30 years; M = 22.69, SD = 2.70). Participants
were recruited and sent a link to the online questionnaire via the
university’s mailing list and a university-related Facebook page.
Participants were informed that the study would take approxi-
mately 30 min. As an incentive, they were told that after complet-
ing the study they would be entered in a lottery to win one of two
€20 gift cards for a well-known Internet shopping company.
Materials, procedure, and measures. Study 3 used the same
materials, procedure, and measures as Study 2. However, partici-
pants were provided with the opportunity to request and read an
explanation after both correct and incorrect answers (“Would you
like to see the explanation now?” [no vs. yes]). If requested, the
explanation was displayed. In addition to this explanation, partic-
ipants were able to request up to two more pieces of information
for each statement. After the explanation had been displayed, they
were asked if they wanted more information (“Would you like to
receive more information concerning this topic?” [no vs. yes]). An
additional piece of information was displayed if the answer was
yes. Subsequently, using the same question they were asked one
more time if they would like to receive more information. The
initial explanations as well as the additional two pieces of infor-
mation consisted of 16 words each. On the basis of this design,
exploration was defined as the number of participants’ requests for
information (0 to 3 for each question). We ensured that participants
had not participated in Study 1 or 2 by asking them if they had
participated in a similar study before. Three individuals reported
having done so and were excluded from the present study. The
study was approved by the research ethics committee of the
Faculty of Psychology and Education of the University of Munich.
Data analysis. As in Studies 1 and 2, the data were analyzed
using multilevel modeling with trivia statements (L1) nested
within individuals (L2). We used the same method of analysis as
in Study 2. Model 2 assessing simple effects of confidence on
emotions and behavior was estimated separately for confidence in
incorrect answers (high-confidence errors; Model 2a) and confi-
dence in correct answers (Model 2b). Our sample included more
than 100 participants on L2 with 20 trials on L1. This sample size
is in line with Arend and Schifer’s (2018) recommendations for



two-level models to ensure sufficient power (=.80) for detecting
small, medium, and large L1 effects (i.e., effects larger than .10,
.30, and .50, respectively). All data can be downloaded from
https://osf.io/vw2cn/.

Results

Preliminary findings. Replicating the findings from Studies
1 and 2, variation of the emotion scores at the within-person level
outweighed variation at the between-person level (ICCs ranged
from .099 to .568). Table 1 shows descriptive statistics as well as
the between-person and within-person correlations. The findings
indicate that there was sufficient score variation for all study
variables. Correlations between the observed variables were
largely in line with the findings of Studies 1 and 2.

Antecedents of epistemic and achievement emotions (Model
1). Tables 2 and 4 display the standardized within-person path
coefficients for accuracy, confidence, and the Accuracy X Confi-
dence interaction as predictors of the epistemic and achievement
emotions, respectively. As in Studies 1 and 2, the model was
saturated. Replicating the Study 1 and 2 findings, accuracy nega-
tively predicted all three epistemic emotions. Furthermore, as in
Studies 1 and 2, and supporting Hypothesis 1, the Accuracy X
Confidence interaction was a negative predictor of all three emo-
tions, again confirming that high-confidence errors elicited epis-
temic emotions (i.e., there were positive effects of confidence in
incorrect answers on these emotions).

Furthermore, in line with Hypothesis 4 and the findings of Study
2, accuracy again positively predicted pride and negatively pre-
dicted shame. In addition, the Accuracy X Confidence interaction
term positively predicted pride and negatively predicted shame,
indicating that pride was more intensely experienced in case of
correct answers the participants were confident in, and shame was
more intensely experienced in case of incorrect answers the par-
ticipants were confident in.

Effects and interrelations of epistemic and achievement
emotions (Model 2). Table 5 displays the path coefficients
for Model 2. Both Models 2a and 2b showed a good fit to the
data (Model 2a, confidence in incorrect answers: Xz[l] = 951,
p = .329; CFI = 1.00, TLI = 1.00, RMSEA = .000, SRMR,,; i, =
.003; Model 2b, confidence in correct answers: x2[1] = 568, p =
A51; CFI = .1.00, TLI = 1.01, RMSEA = .000, SRMR i, = -003
(see Figure 3). In line with Hypothesis 1 and replicating the Study 1
and 2 findings, high-confidence errors positively predicted surprise. In
contrast, confidence in correct answers negatively predicted surprise.
Surprise, in turn, positively predicted curiosity and confusion in both
models. Pride was unrelated to high-confidence errors, likely due to
floor effects in the ratings for pride after incorrect answers (M = 1.03,
SD = 0.22). However, pride was positively predicted by confidence
in correct answers. Conversely, shame was positively predicted by
high-confidence errors but not significantly predicted by confidence
in correct answers, likely due to floor effects in the ratings for shame
after correct answers (M = 1.05, SD = 0.30).

Supporting Hypothesis 2 and in line with Studies 1 and 2,
curiosity positively predicted exploration, both after incorrect and
correct answers. In addition, confusion positively predicted explo-
ration; this effect was significant after incorrect answers but was
weak and not significant after correct answers, likely due to floor
effects in confusion after correct answers (M = 1.15, SD = 0.53).

Surprise also was a positive predictor of exploration. Specifically,
following incorrect answers, surprise had positive indirect effects
on exploration that were mediated by curiosity and confusion,
supporting the surprise-exploration relation hypothesis. Following
correct answers, surprise had a positive indirect effect on explo-
ration mediated by curiosity; the indirect effect mediated by con-
fusion was not significant. Supporting Hypothesis 5, pride posi-
tively predicted exploration after correct answers. Shame did not
significantly predict exploration.

In line with the error-exploration relation hypothesis (Hypoth-
esis 3), high-confidence errors positively predicted exploratory
behavior. Specifically, there were indirect effects of confidence in
incorrect answers on exploration that were mediated by surprise
and curiosity and by surprise and confusion. Further supporting
mediation, the direct effect of confidence in incorrect answers on
exploration was not significant. In contrast, confidence in correct
answers negatively predicted exploration. There was a direct neg-
ative effect of confidence in correct answers, an indirect negative
effect mediated by surprise and curiosity, and a nonsignificant
indirect negative effect mediated by surprise and confusion.

Discussion

Study 3 aimed to replicate the findings of Studies 1 and 2 and to
expand on them by using a more extensive measure of exploratory
behavior. In addition, exploratory behavior was assessed both after
incorrectly and correctly answered items. In line with Studies 1
and 2, high-confidence errors positively predicted surprise, curi-
osity and confusion. As expected, the achievement emotions pride
and shame were triggered by positive and negative feedback,
respectively (Pekrun, 2006). In addition, pride and shame again
depended on participants’ confidence in their answers: High con-
fidence in incorrect answers induced more shame than errors
accompanied by low confidence; conversely, high confidence in
correct answers induced more pride than correct answers accom-
panied by low confidence. However, as in Studies 1 and 2, the
Accuracy X Confidence interaction influenced epistemic emotions
more strongly than achievement emotions (3 range —.349
to —.520 for the epistemic emotions and .130 to —.166 for pride
and shame; see Tables 2 and 4, respectively).

As expected, surprise and curiosity positively predicted actual
exploratory behavior, both after incorrect and correct answers.
Curiosity was a mediator in the effects of surprise. However, the
positive effect of confusion on exploration that we found in Study
1 was only partly replicated in Study 3. Confusion promoted
exploratory behavior after incorrect answers, but not after correctly
answered items. This result is not surprising because confusion is
not likely to occur after successful task performance, as docu-
mented in the floor effects for the confusion ratings after correct
answers. Furthermore, replicating the Study 1 and 2 findings,
high-confidence errors positively predicted exploration. As ex-
pected, epistemic emotions were mediators in the effects of errors
on exploration. In contrast, confidence in correct answers nega-
tively predicted exploration, suggesting that motivation to explore
is undermined when prior beliefs in the accuracy of one’s answer
are confirmed.

In line with our hypotheses, pride after correct answers posi-
tively predicted further exploration. In contrast, replicating the
Study 2 findings, incorrect answers did not result in pride, which
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Table 5
Path Coefficients for Model 2 in Study 3

Incorrect answers

Correct answers

Path B B p 95% CI B B P 95% CI
Conf-Sur (a) .647 .667 .000 [.627, .708] —.322 -.517 .000 [—.567, —.466]
Conf-Cur .014 018 .609 [—.052, .089] —.206 —-.271 .000 [—.334, —.207]
Conf-Con 179 210 .000 [.152, .268] .014 .038 343 [—.040, .116]
Conf-Pri .007 .046 .149 [—.016, .109] 178 276 .000 [.212, .340]
Conf-Sha 141 .249 .000 [.197, .301] —.011 —.054 .056 [—.108, .001]
Conf-Expl .010 .020 575 [—.050, .089] —.049 —.081 .027 [—.152, —.009]
Sur-Cur (b) 455 571 .000 [.490, .651] 378 310 .000 [.246, .374]
Sur-Con (c) 470 532 .000 [.468, .596] 224 .370 .000 [.263, .477]
Cur-Expl (d) 215 316 .000 [.247, .384] .304 383 .000 [.311, .455]
Con-Expl (e) .061 .100 .008 [.026, .174] .081 .051 .054 [—.001, .103]
Pri-Expl (h) —.109 —.032 377 [—.103, .039] .080 .085 .004 [.027, .144]
Sha-Expl (i) —.007 —.008 .820 [—.075, .060] —.165 —.058 176 [—.141, .026]
Sur-Cur-Expl (b + d) .098 .000 [.071, .125] 115 .000 [.082, .149]
Sur-Con-Expl (¢ + e) .029 .010 [.007, .051] .018 .058 [—.001, .037]
Conf-Sur-Cur-Expl (a + b + d) .063 .000 [.045, .081] —.037 .000 [—.049, —.025]
Conf-Sur-Con-Expl (a + ¢ + e) .019 .010 [.004, .033] —.006 .058 [—.012, .000]

Note.

B = unstandardized path coefficient; 3 = standardized path coefficient; CI = confidence interval (standardized lower- and upper-bound coefficients

for direct effects, and unstandardized coefficients for indirect effects); Conf = confidence; Sur = surprise; Cur = curiosity; Con = confusion; Pri = pride;
Sha = shame; Expl = exploration. Letters in parentheses denote paths predicted by the main hypotheses.

explains why pride did not contribute to explaining exploration
after incorrect answers. Finally, as in Study 2, shame was not
significantly related to exploration, supporting the assumption that
shame can have variable effects and need not be detrimental for
exploration and knowledge generation.

General Discussion

The present research aimed to examine antecedents and func-
tions of epistemic emotions. Our research questions and hypothe-
ses were grounded in theoretical considerations on epistemic emo-
tions (e.g., Berlyne, 1960; D’Mello & Graesser, 2012; Loewenstein,
1994; Pekrun & Stephens, 2012) and achievement emotions
(Pekrun, 2006; Pekrun & Perry, 2014; Weiner, 1985, 2010). Spe-
cifically, in three independent experimental studies, we used
within-person analysis to investigate cognitive incongruity
prompted by high-confidence errors during a trivia task as an
antecedent of multiple epistemic emotions, namely surprise, curi-
osity, and confusion. Exploration of knowledge was assessed as an
outcome of these three emotions. In addition, we compared the
epistemic emotions with two achievement emotions, pride and
shame, in terms of their antecedents and functions for exploration.
Apart from the relation between confusion and exploration, the
findings were remarkably consistent across all three studies and
fully supported our hypotheses.

Antecedents of Epistemic Emotions

As expected, the results point to distinct patterns of anteced-
ents for epistemic and achievement emotions: The trivia task
with immediate achievement feedback induced both epistemic
and achievement emotions but under different circumstances.
Specifically, as expected, pride was predicted by correct an-
swers (i.e., success), and shame was predicted by incorrect
answers (i.e., failure; e.g., Pekrun, Lichtenfeld, et al., 2017;

Pekrun et al., 2019). The effects of correct versus incorrect
answers on pride and shame were quite substantial (range of
standardized path coefficients —.352 to .662; see Table 4) and
fully consistent across Studies 2 and 3 which assessed these
emotions. Similar to shame, the epistemic emotions surprise,
curiosity, and confusion were also triggered by inaccuracy.
However, supporting our hypotheses, the effects of inaccuracy
on these emotions were specified by an interaction with prior
confidence in the accuracy of the answer. Surprise, curiosity,
and confusion were induced by high-confidence errors; the
intensity of these emotions depended on participants’ confi-
dence in the answers that turned out to be incorrect, implying
incongruity between prior beliefs and the correct answer. The
link between high-confidence errors and epistemic emotions
was also quite substantial (range of standardized path coeffi-
cients for the effects of the Accuracy X Confidence interaction
from —.239 to —.520, Table 2), and it was fully robust across
all three studies and all three epistemic emotions.

Furthermore, the effects of the Accuracy X Confidence inter-
action observed across Studies 2 and 3 indicate that confidence in
correct answers was positively linked to pride, and confidence in
incorrect answers was positively linked to shame. Importantly,
however, these relationships were relatively weak, and notably
weaker than those observed for surprise, curiosity, and confusion,
suggesting that confidence in one’s knowledge is less relevant for
the arousal of achievement emotions as compared with epistemic
emotions.

Taken together, these findings elucidate potential causes of
epistemic emotions and suggest that metacognitive processes play
an important role in their occurrence. The results highlight that
cognitive incongruity functions as an antecedent of epistemic
emotions that is both common to the three epistemic emotions
investigated, and more important to these emotions than to
achievement emotions. As such, the findings support the proposi-



Confidence Surprise
cor =-517""
e
‘s 210
Cop 2
A038
inc=.249""
cor=-.054

inc = .020; cor = -.081"

inc = .046
cor=.276"" st
inc — va
cor ™
inc=.667""

Pride
inc=-.032
Curiosity cor=.085"
inc =.571"" inc= 316"
cor=.310"" cor=.383""
Exploratory
behavior
inc=.532"" inc=.100""
cor=.370"" cor=.051
. inc = -.008
Confusion cor = -.058
Shame

Figure 3. Relations between confidence, epistemic emotions, and exploration at the within-person level in
Study 3. inc = path coefficients for incorrect answers (Model 2a). cor = path coefficients for correct answers
(Model 2b). Residuals and correlations between emotions are not depicted. * p < .05. ™ p < .01. ™ p < .001.

tion that cognitive incongruity is a prime driver of epistemic
emotions (Berlyne, 1960; D’Mello & Graesser, 2012; Loewen-
stein, 1994; Pekrun & Stephens, 2012; Silvia, 2013). More spe-
cifically, they highlight the critical role of judgments of confidence
in the accuracy of one’s knowledge for the experience of surprise,
curiosity, and confusion.

With regard to surprise, our results are congruent with em-
pirical evidence on the hypercorrection effect, that is, the phe-
nomenon that individuals are more likely to attempt to rectify
high-confidence errors as compared with low-confidence errors
(Butterfield & Metcalfe, 2001). The present studies support
Metcalfe, Butterfield, Habeck, and Stern’s (2012) observation
that error correction is in fact not a “cool” (i.e., unemotional)
cognitive process as originally proposed by Metcalfe and Mis-
chel (1999). Neurophysiological studies relating the hypercor-
rection effect to brain regions such as the medial frontal gyrus,
which is also involved in the conscious monitoring of emotional
states (Phan, Wager, Taylor, & Liberzon, 2002), further support
the proposed link between metacognition and epistemic emo-
tions.

Furthermore, the results shed light on the dynamic interplay
of multiple epistemic emotions suggesting that surprise may
precede curiosity (Loewenstein, 1994) and confusion (D’Mello
& Graesser, 2012). However, in the present research, the data
on the temporal ordering of surprise, curiosity, and confusion
are correlational; as such, the approach pursued herein needs to
be complemented with experimental studies. Moreover, future
research will need to examine how curiosity can be fostered
without simultaneously promoting confusion. To this end, it
may be useful to consider additional antecedents of epistemic
emotions such as task-related expectancies of success (Muis,
Psaradellis, et al., 2015; Pekrun & Perry, 2014), distal anteced-
ents such as epistemic beliefs (Muis, Chevrier, & Singh, 2018;
Muis, Pekrun, et al., 2015; Trevors, Muis, Pekrun, Sinatra, &

Muijselaar, 2017), or personality traits that influence how in-
dividuals react to unexpected information (e.g., need for struc-
ture or openness to experience; Goctowska, Baas, Crisp, & De
Dreu, 2014; Goctowska, Baas, Elliot, & De Dreu, 2017).

Outcomes of Epistemic Emotions

Our findings further corroborate prior research suggesting pos-
itive effects of curiosity on knowledge-generating behavior (e.g.,
Litman et al., 2005). Specifically, the data demonstrate that both
surprise and curiosity related positively to subsequent motivation
to explore (Study 1) as well as actual exploratory behavior (Studies
2 and 3). These links were fully robust across all three studies and
across correctly as well as incorrectly answered trivia questions.
The findings further suggest that cognitive incongruity promotes
exploration, and that surprise and curiosity are mediators in this
relationship.

For confusion, the findings were somewhat less consistent.
Confusion did not relate to exploration after correct answers,
which is well explained by floor effects in the occurrence of this
emotion after correct answers. Confusion after incorrect answers
positively predicted exploration, in line with prior evidence indi-
cating that confusion can promote cognitive performance
(D’Mello et al., 2014); however, these effects were relatively
weak, and they were significant in Studies 1 and 3 but not in Study
2. These small effect sizes for confusion could be due to variable
effects of negative activating emotions, such as confusion, on
motivation and behavior (Pekrun & Stephens, 2012). As noted, it
is possible that confusion strengthens motivation to explore in
individuals who expect to successfully resolve their confusion but
undermines motivation and knowledge exploration in persons who
expect that the resolution of confusion is less likely. Low expec-
tations could drive these individuals to withdraw from, rather than
persist through, the task at hand. Analyzing persons with low and



high expectancies simultaneously will lead to low effect sizes,
which can vary in significance due to sampling error.

Supporting this interpretation, the confidence intervals for the
effects of confusion from the three studies overlap (see Tables 3
and 5), indicating that the effects were not significantly different
across studies and suggesting that the differences in effect size
were indeed caused by sampling error. As such, in line with extant
theoretical perspectives (Pekrun & Stephens, 2012), the present
results suggest that the effects of confusion on motivation can be
difficult to anticipate and to predict in any given sample and
context. To gain a better understanding of confusion, future re-
search should explore confusion during other cognitive tasks and
in relation to various types of motivation to perform these tasks
and different types of obstacles encountered during task perfor-
mance.

As for achievement emotions, pride experienced after correctly
answered items had positive effects on knowledge exploration, in
line with prior findings on positive relations between pride and
performance (e.g., Pekrun, Goetz, Titz, & Perry, 2002; Pekrun,
Lichtenfeld, et al., 2017; Pekrun et al., 2019). In contrast, there
were null relations between shame and exploration. Like the vari-
able effects of confusion, this finding is consistent with theoretical
perspectives and prior evidence that the effects of activating neg-
ative emotions can be complex and result in zero correlations with
overall measures of performance (Pekrun & Stephens, 2012;
Turner & Schallert, 2001).

In sum, the findings are well in line with our study hypotheses
and have been replicated across multiple independent studies
(three for epistemic emotions, two for achievement emotions), the
only exception being the somewhat variable results for the relation
between confusion and exploration that are likely attributable to
the small size of this relation. The results document reliable effects
of task feedback and prior confidence on surprise, curiosity, con-
fusion, pride, and shame as well as positive effects of surprise,
curiosity, and pride after correct answers on subsequent knowledge
exploration. Clearly, more research is needed to more fully under-
stand the relationship between confusion and epistemic behavior.

Implications for Research and Practice

The results of the present within-person analyses support emo-
tion theories that focus on within-person psychological functioning
(e.g., D’Mello & Graesser, 2012; Pekrun, 2006; Scherer, 2009).
Our correlational findings point to discrepancies across the within-
person and between-person levels, confirming that it is imperative
to decompose within- and between-person covariation when ex-
ploring the origins and outcomes of emotions. As epistemic emo-
tions are essentially situation-dependent (i.e., they change over
time in response to variations in external situations and internal
states), we contend that more research is needed that investigates
these emotions using within-person perspectives. This is likely to
be true for achievement emotions as well.

Our experimental approach of using tasks tapping into common
misconceptions to induce high-confidence errors reliably elicited
both epistemic and achievement emotions. To further probe the
robustness of the present findings across different sources of
cognitive incongruity, it would be useful to replicate the results
using different methods. For example, cognitive incongruity could
be induced by confronting persons with information that contra-

dicts their personal beliefs (Muis, Pekrun, et al., 2015) or by
confronting them with unexpected outcomes in various tasks (e.g.,
unexpected device malfunctions; D’Mello & Graesser, 2014).

The findings highlight the importance of epistemic emotions in
knowledge acquisition (Brun et al., 2008). They suggest that both
positive and negative epistemic emotions can promote knowledge
exploration, given that both curiosity and confusion had positive
effects in our studies. However, it is an important task for future
research to examine the impact of other negative emotions. In
contrast to confusion, negative emotions such as anxiety and
frustration likely have negative effects on knowledge exploration.
Similarly, it will be important to examine the role of arousal.
Specifically, future research should investigate the influence of
deactivating emotions, such as relaxation and boredom, in addition
to the activating emotions surprise, curiosity, and confusion con-
sidered here.

Our research demonstrates the impact of epistemic emotions on
one specific type of knowledge exploration, namely, seeking ac-
cess to correct solutions and additional information on the topic.
To further understand the role of epistemic emotions in knowledge
generation, future research should consider other types of knowl-
edge exploration. For example, it would be interesting to examine
whether surprise, curiosity and—possibly—confusion also pro-
mote exploration of information that is not just ‘one click away’
but that requires more complex and continued search for informa-
tion on the Internet or in libraries. In a similar vein, one important
step for future research involves replicating the present findings
for different types of tasks, including, for instance, physical ex-
ploration of space and objects (e.g., exploring a hallway that
provides a surprising but illusionary impression that the floor is
uneven).

The extended time span required for such types of exploratory
behaviors could lead to more complex cognitive and emotional
processes including recursive feedback loops of epistemic emo-
tions, their antecedents, and their effects (see also D’Mello &
Graesser, 2012). For example, surprise and curiosity prompted by
high-confidence errors could lead individuals to search the Internet
for the correct answer, and this search, in turn, could lead to further
surprises, new information gaps, and continued curiosity. Alterna-
tively, continued failure to find the correct answer may result in
persistent confusion and promote negative emotions such as frus-
tration and boredom, which can eventually prompt the individual
to give up and stop searching.

To more fully understand the role of epistemic emotions in
knowledge generation, it would also be important to analyze their
impact on other processes underlying knowledge generation (e.g.,
cognitive problem solving and memory processes). Expanding the
focus of future studies in this way constitutes a new avenue for
interdisciplinary research on epistemic emotions. In fact, recent
work in cognitive science, cognitive neuroscience, and computer
science has begun to explore curiosity as a factor that is critically
important to facilitate knowledge generation (e.g., Gruber et al.,
2014; Marvin & Shohamy, 2016; Oudeyer, Gottlieb, & Lopes,
2016; Stahl & Feigenson, 2015).

Regarding implications for practice, our research focused on the
origins and outcomes of emotional states, which might be more
amenable to interventions than emotional traits. As such, the
present findings provide an important step toward formulating
basic guidelines for practical interventions. For example, the find-



ings suggest that teachers should pay close attention to learners’
epistemic emotions to foster their self-regulated knowledge gen-
eration. According to the findings, including surprising elements in
learning situations (e.g., classroom instruction, museum Visits)
may benefit learning by prompting curiosity and engagement with
learning material through exploration (Loewenstein, 1994). Sur-
prise and curiosity could, for example, be triggered by violating
expectations (e.g., challenging naive theories) to induce cognitive
incongruity. However, our findings also call for a closer look at
confusion. As expected, our findings show that surprising events
can not only trigger curiosity but also confusion, which may not
always foster knowledge generation. Future research should ex-
amine how the present findings translate into antecedents and
outcomes of epistemic emotions in real-life settings (e.g., class-
rooms and occupational contexts), and how they could be used to
design settings that promote epistemic emotions and knowledge
exploration.
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