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Abstract 

Curiosity can be defined as a drive to engage in exploratory behaviors and has been associated 

with an increased state of arousal (Berlyne, 1954). Exploratory behaviors, such as feedback 

requests, are associated with an information gain and the reduction of uncertainty. Although 

previous research has demonstrated the effects of emotions on the value of information gain 

(Marvin & Shohamy, 2016), and that the manipulation of arousal affected confidence (Allen 

et al., 2016) suggesting uncertainty can be affected independent of task difficulty, no previous 

study independently manipulated arousal to test its effect on curiosity. Given the effects of 

curiosity on motivation and learning, understanding how arousal influence curiosity would be 

beneficial for applications in fields such as education. In the present study, we hypothesized 

that emotionally-induced arousal has an impact on curiosity by influencing uncertainty and the 

value of information gain. A sample of 17 students were presented with arousing supraliminal 

emotional cues prior to rating confidence about their answers to trivia questions and deciding 

on feedback choices. Feedback requests were associated with a time delay, in a way that 

participants were required to trade off time for information. Results showed that uncertainty 

levels did not reliably predict feedback choices. Further analyses failed to demonstrate an effect 

of arousal on feedback choices. Finally, the pupillary response to events suggested that arousal 

levels did not differ significantly across conditions. Results can be due to the small sample or 

the test sensitivity. Possible improvements to the experimental paradigm are discussed, and 

directions for future research are considered. 

 Keywords: curiosity, arousal, Karolinska Directed Emotional Faces, uncertainty, 

feedback. 

Abstrakt 

Nyfikenhet kan definieras som driften att utforska och har associerats med känslomässig 

upphetsning (eng. Arousal, Berlyne, 1954). Utforskande beteenden, såsom att ta reda på utfall 

av en handling (feedback), är förknippade med en informationsvinst och minskad osäkerhet. 

Även om tidigare forskning har visat effekter av känslor på värdet av information från 

utforskning (Marvin & Shohamy, 2016) och att manipulationen av upphetsning påverkar 

subjektiv osäkerhet (Allen et al., 2016), som tyder på att osäkerhet kan påverkas oberoende av 

svårighetsgrad i en uppgift, så har ingen tidigare studie oberoende testat effekten av 

upphetsning på nyfikenhet. Med tanke på betydelsen av nyfikenhet för motivation och 

inlärning, vore det användbart att förstå betydelsen av upphetsning på nyfikenhet för 

tillämpningar inom exempelvis utbildning. I den här studien antog vi att känslomässig 

upphetsning påverkar nyfikenhet genom att påverka subjektiv osäkerhet och värdet av 

information. Experimentet utfördes på ett urval av 17 studenter. Supraliminala känslomässiga 

signaler användes för att inducera upphetsning innan deltagarna skattade sin osäkerhet om 

svaret på en triviafråga och beslutade om feedbackval. Feedbackförfrågningar var förknippade 

med en tidsfördröjning, så att deltagarna fick avväga tid mot information. Resultaten visade att 

osäkerhetsnivåerna inte på ett tillförlitligt sätt predicerade återkopplingsval. Ytterligare 

statistiska analyser misslyckades med att visa en effekt av upphetsning på återkopplingsval. 

Slutligen tydde de pupillära responserna på att upphetsningssignalerna inte hade någon effekt 

på pupillstorlek. Resultaten kan bero på att samplet varit för litet eller brister i testets känslighet. 

Eventuella förbättringar av det experimentella paradigmet och förslag på framtida forskning 

diskuteras. 

Nyckelord: nyfikenhet, upphetsning, Karolinska Directed Emotional Faces, osäkerhet, 

feedback. 
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Exploring the effect of emotionally induced arousal on curiosity 

One of the first psychology researchers to conceptualize curiosity was Berlyne (1954), 

who described it as an aversive state associated with increased levels of arousal. The purpose 

of the present study was to test whether emotionally-induced arousal has an impact on curiosity 

independent of the object of curiosity. Following Berlyne’s view, this aversive state of curiosity 

is elicited by complex, ambiguous, or conflicting stimuli. He claimed that the access to relevant 

information results in the reduction of uncertainty and is therefore rewarding. In more recent 

research, curiosity has been defined as a drive to engage in exploratory behaviors even when 

there is no direct external reward. Instead, it is assumed to be motivated by the reward 

associated with information gain (Berlyne, 1966; Loewenstein, 1994; Gottlieb, Oudeyer, & 

Baranes, 2013). That is, information gains are thought to be intrinsically rewarding.  

The presently most influential theory of curiosity is probably Loewenstein’s (1994) 

information gap theory – according to which curiosity occur when one becomes aware of a gap 

"between what we know and what we want to know" (Loewenstein, 1994). According to this 

theory, people are more likely to be curious about information if they estimate that there is a 

high probability that this information will satisfy their curiosity. If a person has a great amount 

of information about a particular topic for instance, their level of uncertainty (or entropy) is 

low, which makes them less likely to seek more information. Thus, high confidence decreases 

the expected satisfaction associated with information gain. However, the relationship between 

uncertainty and curiosity is not linear but instead follows an inverted U-function (Loewenstein, 

1994), such that curiosity is strongest when people have a moderate level of uncertainty. In 

contrast, a level that is too low or too high elicits little curiosity (Kang et al., 2009). 

A variety of studies have identified curiosity as one of the main factors for exploration 

and it has been associated with improved learning and memory (Jepma, Verdonschot, 

Steenbergen, Rombouts, & Nieuwenhuis, 2012; Kang et al. 2009; Gruber, Gelman, & 

Ranganath, 2014). Furthermore, a curious state has been shown to 

enhance learning of incidental material (Gruber et al., 2014), showing that curiosity has an 

effect not only on the information people are curious about but also on information available 

during a curious state. This supports the idea that curiosity may be more than just directed 

towards a particular object or information; it may be regarded as a general intrinsic 

motivational state. This idea is supported by several recent studies in neuroscience (Kang et al. 

2009; Gruber et al., 2014). 

In another line of research, internal physiological states (as indicated by a variation in 

heart rate or skin conductance for example) have been shown to affect confidence (Allen et al., 

2016). After reproducing previous results showing that participants became less confident 

when the difficulty increased, Allen et al. (2016) demonstrated that increasing their arousal 

levels just before a trial (with disgusted faces cues) countered this effect. Thus, manipulation 

of arousal affected their confidence, independent of task difficulty. This suggests that 

confidence is not solely determined by task difficulty but also by physiological states. As 

highlighted previously, curiosity is associated with uncertainty (Loewenstein, 1994; Kang et 

al., 2009). Therefore, the manipulation of arousal could also have an effect on curiosity. 

In a recent study, Marvin and Shohamy (2016) demonstrated that people remember 

more strongly valenced information better than neutral information. An explanation is that 

information with high valence is usually associated with a higher state of arousal. Furthermore, 

they showed that more positive information enhanced information-seeking and curiosity, 

concluding that valence had an effect on the value of information itself. However, their study 

did not measure arousal but only the positive vs. negative valence of information, and its 
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relationship to curiosity. Independently manipulating arousal and valence will allow to test 

their respective effect on curiosity.  

There are several ways to experimentally induce and measure arousal, such as using 

subliminal or supraliminal presentation of arousing images (ie. images eliciting an emotional 

response). In the present study, we used stimuli above detection threshold as no particular 

superiority of the other method has been found (Balconi & Ferrari, 2012; Meneguzzo, Tsakiris, 

Schioth, Stein, & Brooks, 2014). Ways to measure arousal include skin conductance, heart rate 

measurements, or pupil dilation – the latter being greater during high-curiosity states (Kang et 

al., 2009). Here, the pupillary response was measured to test the effect of our cues on arousal 

(Allen et al., 2016; Murphy, Vandekerckhove, & Nieuwenhuis, 2014). 

To measure curiosity, subjects must be required to make a trade-off. Generally, the cost 

associated with a certain action affects the willingness to engage in this action. Previous 

research has shown that people are willing to wait, or even pay, for information which they 

found rewarding (Kang et al., 2009). In this study, feedback requests were associated with a 

time delay, in a way that participants were required to trade off time for information. As they 

had to be willing to wait for an information which did not change the outcome, feedback request 

was used to quantify the value of information gain. 

The main task consisted of general knowledge binary trivia questions about animals. 

Trivia questions have been used a lot in previous research about curiosity (Marvin & Shohamy, 

2016, Gruber et al., 2014; Kang et al., 2009) as they provide a rich stimulus likely to elicit 

curiosity. In addition, since they do not have any real utility, it supports the idea that 

information itself is the reward. Lastly, the use of trivia questions allows for sufficient time 

during trials to induce the pupil response and allow pupil recovery between trials (Allen et al., 

2016). 

It was ensured that trials were long enough to allow the pupil to go back to baseline 

before the next arousing cue and therefore stabilize pupil responses across trials. According to 

previous research, at least 6 seconds are necessary to enable pupil recovery between responses 

(Allen et al., 2016; Murphy et al., 2014). The present study had a minimum of 12 seconds 

between each arousing cue. 

Based on the reviewed research, the aim of the present study was to test whether 

emotionally-induced arousal had an impact on uncertainty and feedback choices. First, arousal 

should influence uncertainty and the value of information gain. Since there is a general effect 

of uncertainty on feedback choice (Marvin & Shohamy, 2016), we expected to see different 

feedback choices in the high arousal condition. Entropy was analyzed to test whether it was 

higher in a state of high arousal. To verify the impact of the stimuli, pupil dilation was 

measured. Specifically, a stronger dilation effect was expected following high arousing stimuli 

compared to neutral stimuli. 

Method 

Participants 

Students at Umeå University were recruited via advertising on billboards around 

campus. Seventeen individuals (10 female, age 19-34, M = 25.5, SD = 4.6) took part in the 

experiment. All participants had normal or corrected-to-normal vision and received 100 SEK 

in compensation for their participation. The experiment was approved by the ethical board and 
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followed the guidelines of the declaration of Helsinki. Participants’ informed consent was 

collected before starting the experiment. 

Instruments and materials 

Participants' head position was stabilized by means of a headrest attached to a table and 

placed at a 75 cm distance from a 532 x 299 mm LCD screen with 1920 x 1080 resolution. Eye 

movements and pupil responses were recorded using an Eyelink 1000 eye tracker recording at 

500 Hz sampling rate. The stimuli were presented, and the response recorded using the 

Psychtoolbox (Brainard, 1997) in MATLAB R2010 32b (Mathworks Inc., USA) for Windows 

on in-house developed scripts. 

Stimuli. Twenty face images (10 neutral and 10 emotional) were selected from the 

Karolinska Directed Emotional Faces (Lundqvist, D., Flykt, A., & Öhman, A., 1998). In 

accordance with the method used by Allen et al. (2016), we selected full-face pictures 

according to their arousing and intensity scores. In contrast to their method, our stimuli 

included both disgusted and happy faces, in order to test positive and negative valence and 

therefore verify that the effect could be attributed to arousal and not solely a negative stimulus. 

Disgust and happiness were rated as eliciting the highest mean arousal and intensity (Goeleven 

et al., 2008) which is why we selected those emotions for our stimuli. Images were processed 

in such a way as to remove hairline and background. They were cropped to 4.6 x 3.3 (height x 

width) degrees of visual field (DVA) oval shapes surrounded by a 10 pixels blur frame with 

the image editor GIMP (http://gimp.org). All images were presented in the center of the screen 

(see Figure 1). 

The main task consisted of 108 general knowledge binary trivia questions about 

animals. The questions were created from interesting facts about animals found on the internet, 

and varied in their level of difficulty in order to have a different entropy distribution across 

items. Difficulty was first assessed in a pilot study by exposing students outside of the study to 

the questions and asking them to rate uncertainty. Examples included "Are elephants lighter 

than the tongue of a blue whale?" or "Do polar bears and penguins live on the same continent?". 

Cues and questions were randomized to prevent any interaction on the outcome. 

Luminance control. As the pupillary response varies primarily in reaction to 

luminance, luminance was carefully controlled to ensure it did not add any effect on the pupil 

response. After setting them to grayscale, face images were processed to equate luminance and 

match histograms using the SHINE toolbox (Willenbockel et al., 2010) in MATLAB, following 

the method of Allen et al. (2016). All stimuli were displayed on an average grey background. 

The mean luminance was then verified with a photometer (M = 23.9 cd/m2, maximum 

luminance = 34 cd/m2), both within trials and across conditions to control for luminance 

artefacts on the pupillary responses. 

Procedure 

Prior to the experimental task, participants read some brief instructions. The 

instructions disclosed that requesting the answer to trivia questions would add some time to the 

experiment. Participants then completed a short training session which ended after the 

participant had made two feedback requests, to ensure they were aware of the cost associated 

with feedback. It was ensured that all participants understood the task and the functioning of 
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the scale before the experiment started by asking them to recount the trade-off situation and 

how they used the scales. 

Eye movements were monitored during the whole experiment. Before the experiment 

onset, an 9-point tracking test was used to calibrate the eye tracker for each subjects’ left eye. 

We used a gaze-contingent paradigm, in such a way that the trial only started if participants 

were looking at the fixation cross. That way, the trial did not start on a blink and allowed us to 

make sure participants saw the face stimuli. Additionally, the gaze contingent method 

controlled gaze position, such control being required to make accurate pupillary measurements. 

The task consisted of 108 trials (see Figure 1 for the trial design). For the arousal 

manipulation, we used a supraliminal facial cue at each trial onset, preceded by a variable 2–3 

seconds inter-trial interval to avoid habituation. Thus, each trial started with the presentation 

of a face image for 200 ms. Faces were pseudo-randomly permuted to make sure each of them 

appeared at least 5 times during the trials. They were shown in a way that was unrelated to the 

trivia-question. 

Following the facial cue, a screen showing a question along with the rating scale 

appeared, allowing participants to answer by giving their confidence in their response. The 

ends of the scale ("yes"/"no") meant that they were completely certain about the answer, while 

the center meant completely uncertain, with varying degrees of uncertainty in between. 

Responses were saved from 0 to 100 (0 = no, 100 = yes). To avoid any bias or preparation, the 

indicator appeared when participants first clicked on the scale. They had 9 seconds to give their 

answer and could slide the indicator along the scale as they wished during the time frame. At 

the bottom of the display was a timer counting down from 9 to 0. When it reached the end, they 

were given the possibility to see the correct answer ("Do you want to know the answer?"). If 

participants did not answer within the time frame, the next trial started, and the missed question 

was shown again at the end of all trials. In case of a feedback request, the waiting time to see 

the answer was 3 seconds, during which participants looked at a fixation cross, before the 

answer appeared during 1 second before moving on to the next trial. 

Following the main task, participants performed a face recognition test in which they 

were required to answer by clicking on a "yes"/"no" button to indicate whether they had seen 

the presented faces during the trials. The task consisted of 40 trials, 20 old pictures and 20 new 

ones (distractors). The test was intended to verify that subjects effectively paid attention to the 

face stimuli, such that the possibly arousing effect could be supported by those results. 

To conclude the experiment, participants filled out a computerized version of the Big 

Five Inventory (John, Donahue, & Kentle, 1991) - either in Swedish or English, depending on 

their native language - and ended with a short discussion and debriefing about the session. 

Personality data are not included in the present study. 

Figure 1. Schematic illustration of an experiment trial. 

Do you want 
to know the 

answer? 
Yes       No 

Do tigers also 
have stripes 
on their skin?   + + 

+ Yes 

2-3 sec.              0.2 sec.         1 sec .             9 sec.            self-paced 

 4 sec.               1 sec. 

yes no 

Yes 
 

No 
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Results 

Arousal manipulation. A series of analyses were first performed in order to assess 

whether arousing cues successfully altered arousal. To test that participants paid attention to 

the arousing face images - and therefore supported an effect of the cues - participants’ 

sensitivity (d’, d-prime) during the face recognition test was calculated for each participant (M 

= 1.37, SD = 0.69, min = 0.72). A one-sample t-test on d-prime showed significant results (t(6) 

= 5.308, p = 0.002), demonstrating that participants were able to discriminate old vs. new face 

stimuli on a level better than chance performance. These results suggest that arousing cues 

were noticed and identified by participants. Moreover, the lowest d-prime score demonstrates 

that every single participant displayed accurate recognition memory for the face stimuli. 

 

The pupillary response associated with the cues were extracted from the time of face 

presentation to the onset of the question/rating scale image, corresponding to 1.2 second. 

Analyses become difficult after this time frame, as noise in pupil data is added by eye 

movements due to reading and changes in luminance. Pupil recordings were imported into 

MATLAB and processed to remove noise and incomplete data. All trials containing missing 

data were excluded from analyses, and participants for which more than 45% of the trials had 

been deleted were also excluded, resulting in a mean rejection of 24.87% (SD = 13.44; 

minimum rejection: 4.63%; maximum rejection: 40.74%) across participants. As a result, all 

subsequent analyses were performed on N = 7 subjects. After setting the value for the pupil 

size, automatic blink removal was applied to detect and interpolate invalid values due to blinks. 

Then, a series of corrections was performed to remove steps within trials and bring pupil 

responses across trials to baseline by z-standardization across all trials for each participant, 

respectively. Figure 2 shows the average pupillary response for high and low arousal 

conditions. Neutral and highly arousing cues did not differ significantly with respect to their 

effect on pupil dilation, showing a similar pupillary response (Figure 2). The lack of significant 

difference between the arousing conditions suggests that the manipulation did not successfully 

alter arousal. 

Figure 2. Average pupillary response in high vs. low arousal conditions, from the arousing cue to the 

question/rating scale presentation. The grey curves represent the standard deviation. 

_ _ _ end of cue 
_ _ _ question 

_ _ _ end of cue 
_ _ _ question 
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       end of cue 
       question 

As there was no apparent effect of arousal - and to be able to use a bigger amount of 

data - both arousal conditions were merged to display the mean response across conditions 

(Figure 3). We observed an increased pupil dilation after the facial cue (peak at 304 ms post 

stimulus), followed by a decrease during 300 ms (604 ms post stimulus) and another slight 

increase right before the question appeared. 

 

Figure 3. Average pupillary response across conditions. The pupil response shows an increased dilation 

(peak at 304 ms post stimulus), followed by a decrease (peak constriction at 604 ms post stimulus) and 

a slight increase right before the question appeared. 

Behavioral results. Uncertainty, feedback requests, and response time histograms were 

plotted for each participant and each condition to check for outliers. One participant did not 

use the whole scale but only the ends to give his answers, making the confidence measure 

impossible, and the subject’s data was removed from further analysis. Similarly, two 

participants displayed extreme curiosity (100% feedback requests) and were not included in 

the analysis for the same reason. These eliminations resulted in N = 14 valid participant data 

sets. To allow for consistency in the subjects’ data, we decided to report analyses performed 

only on the 7 subjects included in the previous pupillary response analysis. However, the same 

analysis on the whole set of valid behavioral data (N = 14) showed similar results. 

The time participants took to decide on their feedback choice provided a measure of 

their uncertainty and willingness to get information. An ex-Gaussian distribution was fitted on 

response time (RT), to give a more accurate representation of the RT distribution ((Dawson, 

1988). A paired t-test was conducted on the ex-Gaussian fit parameters to compare response 

time between high vs. low arousal conditions (Table 1). No statistically significant difference 

was found (t(6) = -0.177, p = 0.87), suggesting response time was not affected by the arousal 

manipulation. 

The overall proportion of feedback requests was M = 0.78 (SD = 0.21). A paired-

samples t-test was conducted to compare the proportion of feedback requests in high and low 

arousal conditions (Table 1). No statistically significant difference was found between the 

conditions (t(6) = 2.20, p = 0.07), suggesting the arousal condition did not influence the 
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proportion of feedback requests. However, considering the lack of evidence for the 

manipulation of arousal, we cannot confirm that arousal does not influence feedback choices.  

The analysis of entropy (H) was then performed to test whether there is more entropy 

(or more uncertainty) in a state of high vs. low arousal. The overall entropy was M = 0.51 (SD 

= 0.26). A paired-samples t-test was conducted to compare entropy in high and low arousal 

conditions (Table 1). No statistically significant difference was found between the two 

conditions; t(6) = 0.986, p = 0.36.  

 

Table 1.  

Descriptive statistics and paired t-test for response time, feedback choice and entropy (N = 7). 

 High arousal Low arousal t(6) 

Response time 

(seconds) 

M = 0.52 

SD = 0.13 

M = 0.52 

SD = 0.13 

-0.177 

Proportion feedback 

requests 

M = 0.79 

SD = 0.22 

M = 0.76 

SD = 0.21 

2.20 

Entropy 
M = 0.52 

SD = 0.27 

M =0.50 

SD = 0.25 

0.986 

Note. All t-values were non-significant for p < .05. 

Inferential statistics. A logistic regression was performed to determine whether 

feedback choices could be predicted by entropy (H). Specifically, we wanted to test whether a 

greater entropy was associated with more feedback requests. The regression analysis of 

feedback choices on entropy for each participant did not reveal a significant difference between 

the high vs. low arousal condition. Further, another regression across all participants was 

calculated to test the effect at the group level, also allowing us to have more data for each 

condition (Figure 4). Again, there was no statistically significant difference between the 

conditions, although the aggregated logistic function involved a higher amount data. This is in 

accordance with the results of the manipulation and as well as the other behavioral results. 

Since there were no significant effect of arousing cues, another regression analysis was 

performed with data collapsed across the arousal conditions for each participant. From the 

logistic regression, the regression coefficient estimates β (β0, β1) were used to plot the average 

effect of entropy on feedback choices (Figure 5). The shape of the curve suggests a positive 

effect of entropy on feedback requests, supporting the idea that the more uncertain participants, 

the more likely they are to request feedback. When looking at the distribution of the coefficient 

estimates β1 (a high β1 value suggesting a more reliable effect) across the seven subjects, three 

showed statistically significant p-values (p < .05). 
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Figure 4. Results of the logistic regression of the proportion of feedback choices on entropy (H) in high 

vs. low arousal. Overall, how likely participants (N = 7) were to request feedback per bits of H. 

 

 

Figure 5. Proportion of feedback requests as the logistic function of entropy based on sample average 

β0 and β1 parameters. 

Discussion 

The present study tested the impact of emotionally-induced arousal on uncertainty and 

feedback choices. We hypothesized that arousal had an effect on curiosity by affecting entropy 

and the value of information gain, leading to different feedback choices. Considering the lack 

of evidence for the arousal manipulation, as suggested by pupil response and RT, there was no 

expected effect on curiosity. Although the method did not reproduce previous work (Allen et 

Regression line 
         High arousal 
         Low arousal 
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al., 2016; Goeleven et al., 2008), the lack of significant effects in the present study was 

consistent across subjects and trials. 

 

The analysis of pupil response showed the effect of various external events on pupil 

dilation (Figure 2, Figure 3), which seem to correspond to the face stimulus and the 

question/rating scale display. The pupil response to the face stimuli (duration = 0-804 ms) is in 

accordance with previous research (Allen et al., 2016), however, it did not show a strong 

arousing effect of the emotional faces compared to the neutral ones. One possible explanation 

to these results is that our exclusion method of incomplete pupil data resulted in quite a high 

deletion rate. Therefore, analyses were not performed on many participants (N = 7) in 

comparison with similar studies (Allen et al., 2016). Furthermore, several other corrections 

could have been performed to remove noise and artefacts from the data, but could not be done 

due to a lack of time. Doing so would have allowed for a greater inclusion of participants in 

the analyses. 

Regarding the face stimuli, although the analysis on d-prime yielded statistically 

significant results, 43% of the participants had a hit rate of less than 50%. During the brief 

discussion at the end of the experiment, several participants reported difficulties remembering 

the faces. One participant also reported having stopped paying attention to them when he 

realized they were not related to the questions. Nonetheless, their very low rates of false alarms 

showed that their sensitivity was reasonably good. Globally, the face images seem to have 

elicited a lot of questions as for their relation to the questions, thus, using subliminal cues may 

have been a way to avoid that participants found their own interpretation of the task leading to 

disregarding the cues. Another possibility would have been to modify the duration of the cues 

to make sure participants took notice of them, although it might have led to greater emotional 

habituation. 

 The slightly increased dilation right before the question presentation (duration = 804-

600 ms) suggests a possible preparation for the question that might be associated with a higher 

level of arousal (Figure 3). This could be related to an increased curiosity as for the question 

that was going to appear. Another interpretation is that participants were oriented towards 

performance and that the expectation of the question increased their arousal or stress level. 

 

The aggregate regression coefficient β (β0, β1) was plotted (Figure 5) to represent how 

much more likely participants were to request feedback per bits of entropy. The results seem 

to support the hypothesis of a general effect of entropy on feedback choices, and especially that 

people request more feedback when they are uncertain. However, p-values are individually 

significant for only three participants. In addition to individual differences in the perception of 

information cost and value, which can result in very low (or high) rates of feedback request, 

these results can be due to a low test sensitivity. A higher number of questions might allow for 

a more sensitive test.  

 Looking at the logistic regression results (Figure 4), there is a very high proportion of 

feedback requests (78% overall, SD = 0.21). Besides, one participant displayed a very low 

level of uncertainty (mean entropy M = 0.0075, SD = 0.02). As most participants displayed a 

lot of curiosity resulting in a high proportion of feedback requests, and globally also a high 

entropy, there may be a ceiling effect preventing a good sensitivity for the regression analysis. 

A way to counteract this effect would be to increase the cost associated with information gain 

by increasing waiting time, thereby following several studies using trivia questions which have 

used significantly longer times (Kang et al., 2009; Marvin & Shohamy, 2016; Gruber et al., 

2014). Doing so should reduce the proportion of feedback requests and allow for a better 

sensitivity of the tests. Another possibility would be to reduce or increase entropy, as it has 
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been associated with exploration rate (Loewenstein, 1994). Besides, further analyses could 

confirm that a question that is too difficult or too easy (with very high or very low entropy, 

respectively) is associated with less feedback requests. 

Looking at the response profiles and from what participants reported during the brief 

discussion at the end of the experiment, the use of a rating scale resulted in a lot of different 

interpretations on how to use it to give the answer, although they received clear instructions 

before the experiment started. For instance, some of them used every part of it while others 

simply answered at its ends and around 50% uncertainty on each side. The measure of entropy 

being based on those confidence ratings, it could vary a lot depending on how participants used 

the scale. Although, performing within-subject analyses can avoid this issue. 

The present study only considered ratings but did not take performance into account, 

therefore, it would be interesting in future research to measure whether feedback choices are 

influenced by prior results (when participants answered right or wrong), as success or failure 

might modulate confidence. 

 

 This study did not focus on response times (RT), however, further analyses could be 

done to investigate the interactions between RT, uncertainty, and feedback choices. Another 

interesting direction would be to analyze mouse movements to gain more insights on where 

and when participants move the mouse, for instance to identify at what point in time they are 

moving the cursor to the feedback buttons (yes/no) before they appear. This behavior could be 

motivated by different reasons, although they would be difficult to untangled. A first 

interpretation is that by preparing their response (i.e., moving the cursor where the button will 

appear), they can resolve uncertainty faster and therefore accelerate reward. Another aim of 

this behavior might be to simply reduce the cost associated with information gain, the 

anticipation of information value being secondary. 

 

The method used in this study makes it difficult to demonstrate the mechanisms 

underlying curiosity. As there is no variation in the information cost, we can assume feedback 

choices are decided according to information value. Nonetheless, participants can also choose 

a performance-oriented behavior (that is, finishing as fast as possible) and therefore not request 

feedback even when they are curious about an answer. On the contrary, and as expressed by 

several participants during the brief discussion at the end, they can decide to request feedback 

every time as they take the opportunity of participating in a study to learn interesting facts. This 

would obviously be different in a real-life situation where people are less likely to act like this, 

considering settings are usually more complex and information may come with a higher cost. 

Despite all this, in everyday life as well as in the lab, emotions affect our behaviors and 

decisions in a variety of situations. Although it might be complex to understand all mechanisms 

underlying curiosity, an effect of emotions seems to be a reasonable claim. In any case, 

understanding their interaction, if any, would shed light on some of curiosity’s mechanisms 

and would find numerous applications in fields such as education, medicine, or entertainment.  
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