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Abstract 

Curiosity is a powerful source of motivation and allows us to explore and acquire knowledge 

without relying on extrinsic incentives. So far, studies have mostly focused on the curiosity felt 

towards a specific object. Using a paradigm that sequentially activates curiosity on a trial-by-

trial basis with trivia questions, we showed that the curiosity of one trial carries over to the next 

trial, even if each trial presents completely independent information. This carry-over effect was 

observed both when curiosity was measured through self-reports and a behavioral task (i.e. 

willingness-to-pay task). The results were also replicated when participants’ curiosity was not 

resolved, eliminating the role of general positive emotions. Theoretical implication of this 

carry-over effect was discussed.  

 

Keywords: epistemic emotions; curiosity; interest; reward; intrinsic motivation  

 

 

 

 

 

  



3 

CURIOSITY CARRY-OVER EFFECT 

 

Curiosity is an emotional feeling we experience almost every single day. For example, 

we desire to know the results of the football match of our favorite team or cannot get over the 

cruelty of a cliff hanger in last night’s episode of Game of Thrones. These examples show us 

two key characteristics of curiosity: a) it is a drive for information (e.g., “Did my team win?”) 

and b) it is directed towards a specific object (e.g., the football match)1. Critically, curiosity is 

a momentary feeling but it is remarkably powerful (Loewenstein, 1994). There has been 

accumulating body of evidence showing that the transient feeling of curiosity induced by 

simple and inconsequential stimuli (e.g., trivia questions) can influence a variety of human 

behavior (for reviews, see Kidd & Hayden, 2015; Sakaki, Yagi & Murayama, 2018) such as 

memory (Kang et al., 2009; Gruber, Gelman, & Ranganath, 2014), decision making (Marvin 

& Shohamy, 2016; Wiggin, Reimann, & Jain, 2018), and physiological reactions (Kang et al., 

2009). Other work also showed that people are generally motivated to seek information even 

if it entails mental and physical costs (Hsee, & Ruan, 2016). The feeling of curiosity has also 

been considered as an initial precursor of the more developed and individualized interest 

(Renninger & Hidi, 2016), and indeed, researchers have shown the beneficial effects of 

curiosity in applied settings such education and work places (Reio & Callahan, 2004; Shah, 

Weeks, Richards, & Kaciroti, 2018).  

However, these previous studies mostly focused on the effect of curiosity on the target 

objects toward which curiosity is directed. For example, McGillivrary, Murayama, and Castel 

(2015) showed that when presented with trivia questions, the curiosity felt towards gaining the 

answer of the trivia question increases both memory recovery of the answer and judgements of 

learning the answer. Also, Baranes, Oudeyer and Gottlieb (2015) showed that participants 

direct their gaze quicker to a position where they expect the presentation of an answer they are 

highly curious about than to the location of an answer participants reported low curiosity 

towards. As curiosity is often defined as an object-specific feeling (Caldwell & Burger, 2009; 
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Loewenstein, 1994; Schmitt & Lahroodi, 2008), such a focus of the previous research is 

reasonable and natural. 

 In the current study, we argue that curiosity has a more generalized influence beyond 

the target object toward which curiosity is directed. More specifically, we demonstrate a 

phenomenon, the curiosity carry-over effect, in which curiosity triggered by a stimulus carries 

over to the feeling of curiosity for a temporally consecutive, but completely independent 

stimulus. Although there has been little research that has directly tested such carry-over effect, 

some previous studies implicated the possibility that momentary feeling of curiosity can have 

general lingering effect. For example, Gruber, et al. (2014) showed that curiosity triggered by 

trivia questions enhances memory performance of neutral face stimuli that temporally follow 

but are completely irrelevant with the trivia questions. Also, Wang and Huang (2018) showed 

that curiosity influences people’s decision making which is completely unrelated to the source 

of curiosity. In their study, they used a variety of methods to elicit curiosity – riddles, movies 

etc. – with half of the participants receiving the resolution to their curiosity immediately 

afterwards – e.g. solution to the riddle, end of the movie clip etc. After this session, they 

performed an unrelated decision-making task. Consistently across the set of studies, 

participants whose curiosity had not been resolved were more likely to pick highly indulgent 

food or to sacrifice a part of a potential monetary reward in a lottery for a more immediate 

outcome.  

One potential explanation of the carry-over effect is the rewarding nature of curiosity 

(Hidi, 2016; Murayama, FitzGibbon, & Sakaki, 2018). Recent research in cognitive 

neuroscience (Gruber, et al., 2014; Kang et al., 2009) has revealed that curiosity involves the 

so-called the dopaminergic reward network in the brain (e.g., the ventral striatum, orbitofrontal 

cortex), suggesting that the lure of curiosity is grounded by the feeling of expected reward (i.e. 

acquisition of knowledge). For example, Kang et al. (2009) found a heightened activation of 
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the left caudate, putamen and globus pallidus in response to high curiosity trivia questions in 

comparison to low curiosity trivia questions. Importantly, previous research indicated that the 

feeling of motivation caused by expected reward (often called “incentive salience”) may be 

related to tonic dopamine responses, which have a temporally sustaining effect (Chiew, Stanek 

& Adcock, 2016; Lohani et al., 2018). Indeed, a number of studies have found that expectation 

of reward has temporally prolonged effects on behavior even beyond the relevant context 

(Mather & Schoeke, 2011; Wittmann, et al., 2005). Also, the literature on Pavlovian-

instrumental transfer (PIT) showed that a rewarding cue has a general motivating effect on 

behavior that is unrelated to the reward (i.e. general PIT; e.g., Nadler, Delgado, & Delamater, 

2011; for a review see Cartoni, Balleine & Baldassarre, 2016). These findings indicate that 

curiosity has context-independent effects through the sustained activation of the dopaminergic 

system in the brain.  

Current study 

In this study, we test the idea of the curiosity carry-over effect, the idea that curiosity 

triggered by a stimulus carries over to the curiosity triggered by a temporally consecutive but 

independent stimulus. This curiosity carry-over effect not only challenges the idea that 

curiosity is object specific, but also makes the case for a general motivating function of 

curiosity. In this research, we conducted a set of studies in which participants are presented 

with (independent) trivia questions one by one on a computer screen and are asked to indicate 

their curiosity for the trivia question. We used trivia questions because (1) they have been used 

successfully in previous studies to evoke curiosity and (2) we can independently manipulate 

the curiosity on a trial-by-trial basis.  We then compute the autocorrelation (or autoregression) 

of curiosity between the trials to examine whether the curiosity experienced in one trial 

influenced the curiosity experienced in the next trial. We examined the curiosity carry-over 

effect when curiosity was satisfied (Study 1) and when it was not (Study 2 & 3). Additionally, 
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we used two different methods to measure curiosity: Studies 1 and 2 employed self-reports 

whereas Study 3 used a bidding paradigm (Becker, DeGroot, and Marschak, 1964) to eliminate 

potential response bias inherent in self-report methods.  

  Study 1 

To test the hypothesis, we first decided to re-analyze the large sample database that we 

established in a previous study (Fastrich, Kerr, Castel, & Murayama, 2018). The previous study 

examined how curiosity (or “pre-answer interest”) 1 influenced memory performance of the 

trivia questions that triggered the feeling of curiosity but did not conduct any analyses that 

investigate the relationship between the adjacent trials.  

Methods 

The previous experiment consisted of two separate sessions which were held at least 

two weeks apart. However, the current re-analysis only uses the data from the first session. As 

such, we will only describe the participants and procedure of this session.  

Participants. Participants were 1,897 (61.5% females; 37.4% male; 1.2% unspecified) 

U.S adults with an average age of 36.76 (SD = 12.15) years, who were recruited through 

Amazon.com’s Mechanical Turk. The majority of the participants were Caucasian (84%), 

followed by African American (6%), Asian/Pacific Islanders (5%) and American 

Indian/Alaskan Native (1%); the rest (3%) identified as “others/unknown”. Participants 

received $1 for their participation. 

Materials. We prepared for a pool of 303 trivia questions. The pool consisted of 

questions that (i) had answers with less than three words; (ii) contained only nouns as answers; 

(iii) were not specific to culture or age groups, and (iv) had answers that did not match the 

answer of other trivia questions in the pool. The trivia questions covered broad range of topics 

and no two trivia questions shared very similar topics.   
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Procedure. The experiment was conducted online and was created using Collector, 

a PHP-based open source program for creating experiments online (Gikeymarcia/Collector, n. 

d.). For each participant, 66 trivia questions were randomly sampled from the pool and 

presented one by one in a random order. This procedure ensures possible inflation of Type-1 

error rates due to item specific effects (Murayama, Sakaki, Yan, & Smith, 2013). Each trial 

started with the presentation of the trivia question and participants were asked to provide their 

best guess for the answer in a text box (this text box appeared 2 seconds after the presentation 

of the trivia question). If they did not know the answer for the question and could not come up 

with a best guess, they were told to leave the field blank. Participants had 12 seconds to submit 

a guess. Once they pressed the submit button or the time ran out, participants were asked to 

rate their confidence in their guess (“How confident are you that you know the correct 

answer?”) and curiosity about the actual answer (“How curious are you about the answer?”). 

Immediately after the ratings, the answer to the trivia question was displayed. After 2 seconds 

participants were prompted to indicate their interest level for the answer (“What level of 

interest did you feel when you were presented with the answer?”). Ratings were given on a 

scale from 1-10, with 1 indicating “not confident/curious/interesting at all,” and 10 indicating 

“extremely confident/curious/ interesting”. The trivia question was displayed to the participant 

throughout the trial to ensure that it would be remembered correctly. See Figure 1 for an 

overview of the study designs across the three studies. 

Data.  Accuracy of participant’s guesses was scored jointly by a built-in computer 

program and one research assistant. The first author then checked the consistency of coding for 

all the answers. In our statistical analysis, we excluded the trials where participants provided 

the correct answer. In addition, we excluded the trials where the previous trial does not exist 

(i.e. the first trial) or was excluded due to the correct guessing, because we are interested in the 

relationship between the consecutive trials. One participant (0.05%) did not have any 
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consecutive trials and thus was excluded from the analysis. On average, 27.89 trials (SD =  

8.41; min = 2; max = 52) were included in the analysis per participant. 

Results 

 Descriptive Statistics. For the trials included in the main analysis, on average 

participants reported relatively high curiosity about the answers (MCuriosity = 6.80; SDCuriosity = 

1.96) and high interest in the answers (MInterest = 6.67 SDInterest = 1.88) while confidence was 

low (MConfidence = 2.82; SDConfidence = 1.20). For the following analyses, curiosity, confidence 

and interest variables were standardized.  

Correlations. Within-person correlations between the variables were estimated using 

the maximum likelihood method via MPlus (Version 7.1.1; Muthén & Muthén, 1998–2012). 

Table 1 reports the results. Even after we excluded a number of trials that were not consecutive, 

the correlation results replicated Fastrich et al. (2018). Specifically, the curiosity to know the 

answer was highly related to the interest after seeing the answer, r = 0.529, p < 0. 01, while 

confidence in their answer positively predicted people’s curiosity, r = 0.145, p < 0. 01, and 

interest, r = 0.161, p < 0. 01, although the effect sizes are smaller.  

 Importantly, curiosity (t) had a positive and significant relationship with curiosity (t+1), 

r = 0.217, p < 0.01, as well as with interest (t+1), r = 0.142, p < 0.01, indicating that curiosity 

for a trivia question has a carry-over effect on the curiosity and interest for the subsequent trivia 

question, despite that the selection and the presentation order of trivia questions are completely 

randomized for each participant. One possible interpretation of the finding is that the positive 

correlation simply reflects the long-term transient change of general response bias. However, 

the correlation between confidence (t) and confidence (t+1) is much smaller despite the fact 

that confidence was assessed at the same time with curiosity, r = 0.049, p < 0.01, and 

significantly different from the carry-over effect of curiosity, t(3552) = 19.30, p < 0.01, 

indicating that the carry-over relationship observed in curiosity ratings cannot be fully 
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explained by the transient change in general response bias.  Additionally, we tested if the same 

effect could be found if the correlation is reproduced with a randomised dataset. For this, we 

randomised the order of the trials for each participant and computed the correlation. This 

process was repeated a hundred times and examined the distribution of the correlation from the 

randomized datasets. With this null distribution, the observed averaged correlation from the 

data was still statistically significant (p < .05). 

Auto-regression analysis. The previous correlational analysis indicated that post-

answer interest (t) also exhibits a positive and significant correlation with curiosity in the next 

trial (r = 0.20, p < .01). Given that curiosity and post-answer interest are highly correlated 

within the same trial, one may argue that the carry-over effect of curiosity is an artefact 

produced by the positive mood generated by the presentation of the answer (i.e. post-answer 

interest). To address this possibility, mixed-effects models were conducted to examine the 

effect of the current curiosity (t) on the curiosity in the next trial (t+1) after controlling for post-

answer interest (t) and other variables. In the mixed-effects models, the dependent variable was 

curiosity (t+1), and all the predictors --- curiosity (t), confidence (t) and interest (t)--- were 

centered within persons to decompose within-person effects from between-person effects 

(Raudenbush & Bryk, 2002). Both random intercepts and random slopes were specified when 

statistically significant. Analyses were conducted with the lme4 package (Bates, Maechler, 

Bolker, & Walker, 2015) for R (R Core Team, 2012).  

Model results are shown in Table 2. The first model is a simple model which only 

included curiosity (t) as a predictor. Replicating our correlational results, curiosity of the 

current trial was a positive and significant predictor of curiosity in the next trial, β = 0.204, p 

< 0.001. Then, in the second model, we included both confidence and interest of the same trial 

to control for these effects. Number of trials was also included as our preliminary analysis 

showed that curiosity decreased over the duration of the experiment (r = -0.045, p < 0. 01) and 
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this could artefactually inflate the relationship between trials (Wang & Maxwell, 2015). The 

results from this model still showed a positive and significant curiosity carry-over effect, 

although the effect size reduced to some extent, β = 0.123, p < 0.01. Interest (t) also positively 

predicted curiosity (t+1), β = 0.116, p < 0.01, indicating that some (but not all) of the carry-

over effects could be explained by post-answer interest in response to the answer presentation. 

Both confidence (t), β = -0.016, p < 0.001, and trial number β = -0.012, p < 0.001, showed 

negative relationships with curiosity (t). . 

Discussion 

 Results from Study 1 demonstrated a curiosity carry-over effect: Specifically, curiosity 

one feels towards a specific trivia question spills over to the feeling towards a temporally 

contiguous but unrelated trivia question. This carry-over effect could not be fully explained by 

general response bias or positive feelings generated by the presentation of the answer (i.e. post-

answer interest). These findings indicate that the state of curiosity seems to linger beyond the 

border of its satisfaction.  

One potential limitation of Study 1 is that we used only post-answer interest ratings to 

address the effects of positive mood generated by the answers. Obviously, participants 

experience a myriad of different feelings when they are presented with the correct answer, and 

these feelings cannot be fully captured by a single self-reported question. It is also possible that 

the strong emotional feeling associated with the answer presentation might have distorted the 

way participants rated the curiosity of trivia questions. Specifically, their curiosity rating may 

have partially reflected their “expected” feeling to satisfy curiosity, rather than the pure 

emotional desire to know the answer. As Study 1 was the re-analysis of the data that were 

collected for a different purpose, this is an inherent limitation of the study. To directly address 

these points, in Study 2, we aimed to replicate the curiosity carry-over effect without presenting 

the answer to participants after each trial. This design eliminates any emotional response 
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associated with the feedback presentation, allowing us to test the curiosity carry-over effects 

in a more rigorous manner.  

 

Study 2 

Methods 

Participants. In the previous experiment, the auto-regression was not large in size (β 

= 0.204) but the standard deviation between participants was relatively small. As a result, the 

effect size pertinent to the main statistical test (i.e. statistical test of auto-regression at the 

group-level) is medium (effect size = 0.38 in Cohen’s d metric). With the estimated effect size, 

required sample size was 57 to achieve 80% statistical power. To ensure sufficient statistical 

power, eighty-one participants were recruited over Prolific.ac. Nine participants were excluded 

due to technical issues and another five were excluded because they did not follow the 

instructions (e.g. repeatedly provided high confidence ratings for questions where they had not 

reported any guess). All of these exclusions were made before the statistical analysis. This 

resulted in a final dataset of 67 participants (45 female; M = 34.9; SD = 10.74).  

Fifty-eight participants were Caucasian, two Asian/Pacific Islanders, one African 

American, and six identified as ‘Other’. Two participants reported that English is not their 

mother language. Participants received £2.50 for their participation. 

Materials and Procedure. The materials consisted of 244 trivia questions developed 

by Fastrich et al. (2018). This is a subset of the trivia questions that we used in Study 1 (for 

detailed information about the selection procedure, see Fastrich et al., 2018).  

The basic procedure was the same as in Study 1. However, unlike Study 1, participants 

were not presented with the answer at the end of every trial. Instead, they were able to view the 

answers after a block of twenty-five questions. All answers were presented on the same page 

and participants were allowed to take as much time to view the page as they wanted. Because 
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we omitted the presentation of the answer for each trial, participants did not provide their 

ratings on post-answer interest. The experiment consisted of 3 blocks, resulting in a total of 75 

trials.  

Results 

Descriptive Statistics.  On average, compared to Study 1, curiosity ratings were lower 

(M = 4.24; SD = 1.33). The same pattern was observed for confidence (M = 1.88; SD = 0.64). 

In the following analysis, both curiosity and confidence ratings were standardized.  

Correlations. Within-person correlation matrix is reported in Table 3. Basically, the 

correlation pattern replicates that of Study 1: Curiosity (t) is positively correlated with curiosity 

(t+1), r = .196, p < .01, indicating a carry-over effect. On the other hand, the autocorrelation of 

confidence ratings is much weaker, r = 0.04, p = .04 and indeed, is statistically smaller than the 

autocorrelation of curiosity (p < 0.01). As before, we also performed a randomized test of the 

autocorrelation. The analysis confirmed that the autocorrelation of curiosity is still statistically 

significant (p < .05). 

Auto-regression analysis. Again we conducted mixed-effects models to test whether 

curiosity in the current trial can positively predict curiosity in the next trial after controlling for 

other variables. Model results are shown in Table 3. The first model tested the prediction 

without including any controlling variables. The results replicated the pattern observed in 

within-person correlation: curiosity (t) had a positive and significant predictive relationship 

with curiosity (t+1), β = 0.174, p < 0.01. Importantly, the effect held significant even after 

including confidence and the trial number β = 0.164, p < 0.001. The effect size was similar or 

slightly bigger than that in Study 1. In this model, confidence (t) did not show a significant 

relationship with curiosity (t+1), β = 0.009, p = 0.331. In addition, curiosity decreased over 

the duration of the experiment, β = -0.005, p < 0.01.  

Discussion 
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Study 2 replicated the curiosity carry-over effect even in the situation where curiosity 

is not immediately satisfied. These results indicate that curiosity has a transient lingering effect 

independent of the emotional feelings generated by the satisfaction of curiosity. However, both 

Study 1 and 2 rely only on self-report measures of curiosity to test curiosity carry-over effect. 

Although we showed that the results cannot be explained by the long-term change in the general 

response bias tendency, subjective measure is commonly susceptible to other types of response 

bias (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003), and have been criticized in the literature 

of epistemic emotions (Renninger & Hidi, 2011). Thus, Study 3 aims to replicate our findings, 

utilising a behavioral bidding task (willingness-to-pay “WTP” Paradigm) to assess participants’ 

curiosity. 

Study 3 

Methods 

Participants. We performed a power analysis on the basis of the effect size obtained 

in Study 2 (0.61 in Cohen’s d metric). With the estimated effect size, required sample size was 

25 to achieve 80% statistical power. Accordingly, to achieve sufficient statistical power, we 

recruited sixty-nine participants over Prolific.ac. Eighteen participants were excluded prior to 

the data analysis because they either (i) did not understand the instructions (50%); (ii) reported 

technical problems (33%); (iii) failed to make any bid for any question - all values are zero 

(11%); and (iv) reported that they had looked up answers during the experiment (6%). Thus, 

the final dataset consisted of 51 participants (31 female; M = 34.3; SD = 12.24).  

Forty-six participants were Caucasian, three Asian/Pacific Islanders, two African 

American, one multiracial, and one as ‘Other’. Two participants reported that English is not 

their mother language. Participants received £2.50 for their participation.   
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Materials and Procedure. The same materials and basic procedure were used as in 

Study 2. However, unlike Study 2, participants did not rate their curiosity for each trivia 

question. Instead, we implemented a WTP paradigm (Becker, DeGroot & Marschak, 1964). 

Specifically, participants were told that they could see the answers of trivia questions 

by bidding points. These points were provided by the experimenter in advance and unused 

points would later be converted into a bonus (maximum £0.50) and paid to the participant at 

the end of the experiment. For each trivia question, participants were able to bid 0 to 9 points. 

At the end of the experiment, 20 questions would be randomly drawn, and for these 20 

questions, the participant’s bid would be compared to the bid of a simulated bidder (random 

number drawn from 0-9). Participants can see the answer of the trivia questions for which their 

bid is equal to or higher than the simulated bidder. At the same time, for those trivia questions 

of which participants could see the answer, they also need to pay for the points corresponding 

to the bid of the simulated bidder. It was made clear to the participant that they should bid as 

much they thought the answer was worth to them, as the more they bid the higher the chance 

they would get to see the answer. But participants were also aware that this investment entails 

some costs as they could potentially lose a larger amount of their monetary bonus. In short, this 

WTP paradigm allow participants to express their desire (curiosity) to see the answer of trivia 

questions more objectively than other self-reported rating scales (Fisher, 1993). Similar 

paradigms have been used in various domains with the aim to assess motivation in a rigorous 

manner (Anderhub, Güth, Gneezy, & Sonsino, 2001; Kang, Rangel, Camus, & Camerer, 2011; 

Voigt, Murawski, & Bode, 2017). We included practice and intervention trials to make sure 

that participants accurately understood the procedure.  

Results and Discussion 

Descriptive Statistics. On average participants bid 3.54 points (SD = 2.00) to see the 

answer to a trivia question. Confidence levels were similar to Study 2 (M = 1.07; SD = 0.63).  
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Correlations. The correlation between confidence and bidding was not significant, r = 

0.119, p = 0.138. The autocorrelation of confidence was also not statistically significant, r = 

0.046, p = 0.056. These findings generally replicate the pattern of correlation observed in 

previous studies. Importantly, the amount of bidding in the current trial (bidding (t)) was 

positively associated with the bidding in the next trial (bidding (t+1)), suggesting a curiosity 

carry-over effect even with the behavioral assessment of curiosity, r = 0.121, p < 0.001. Once 

again, a correlation analysis of a randomised dataset was found to be not significant (r < 0.001).  

Auto-regression analysis. The results of the mixed effects models can be found in Table 4. 

When we only included bidding (t) to predict bidding (t+1), replicating the within-person 

correlation results, current bidding is a significant positive predictor, β = 0.105, p < 0.001. 

When confidence (t) and trial number were added as predictors, the effect of current bidding 

on next-bidding remained statistically significant, β = 0.109, p < 0.001. These results indicated 

the robustness of curiosity carry-over effect, even using an objective behavioral method to 

assess curiosity. The effect of trial number on next-bidding showed a negative trend but was 

not statistically significant, β = 0.003, p = 0.082. Confidence (t) was a negative predictor of 

bidding (t+1), consistent with Studies 1 and 2, β = -0.058, p= 0.028. 

General Discussion 

 Over the course of three studies we have shown that the curiosity experienced towards 

a specific object can spread towards other objects. This may happen if the curiosity was already 

satisfied before a new object was introduced (Study 1), or when the curiosity was still ongoing 

(Study 2 & 3). This finding shows that the results are independent of the relief of curiosity. The 

carry-over effect was also found employing both self-reports (Study 1 & 2) and a ‘willingness-

to-pay’ paradigm (Study 3), demonstrating the robustness of the effect. The curiosity carry-

over effect has been implied in the previous literature (e.g., Gruber et al., 2014; Wang & Huang, 
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2018), but the current study provided direct evidence by using an experimental paradigm that 

tests the hypothesis in a rigorous manner.  

 These results are consistent with the idea that curiosity has inherent rewarding 

properties (Gottlieb, Oudeyer, Lopes, & Baranes, 2013; Hidi, 2016, Murayama et al., 2018), 

which not only reinforce information seeking behavior for a specific object, but also strengthen 

the information seeking behavior in a general manner. Relatedly, in the literature of curiosity, 

researchers often make a distinction between specific curiosity (i.e. curiosity toward specific 

novel stimuli) and diversive curiosity (i.e. curiosity involving exploration to find novel stimuli) 

(Berlyne, 1960). Similarly, Langevin (1971) and Ainley (1987) distinguished curiosity with a 

broad and a narrow focus. Although this distinction has been empirically established, especially 

in the assessment of individual differences (e.g. Litman, & Spielberger, 2003), our findings 

suggest that they may not be the two different types of curiosity but be grounded by the 

common mechanism, as curiosity toward a specific object simultaneously facilitates the 

motivation for novel stimuli in general. Indeed, in their reward learning model of curiosity, 

Murayama et al. (2018) argued that the distinction between specific curiosity and diversive 

curiosity may simply reflect the difference in the extent of generalization in the rewarding value 

of information seeking behavior,  

 Our findings also provide some practical implications, as interest and curiosity 

have been regarded as one of the key elements in educational practice (Boekaerts & Boscolo, 

2002; Hidi, 2006; Silvia, 2008). Specifically, our findings indicate that materials that stimulate 

curiosity can have an effect above and beyond the current learning context, potentially 

producing generalized learning benefit (see also Hidi, 2001). Some may argue that simply 

inserting interesting elements (so-called “seductive details”) into a learning material can 

distract learners and impair the learning of essential elements (Garner, Gillingham & White, 

1989; Harp & Maslich, 2005; Harp & Mayer, 1997; 1998). However, recent findings suggest 
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that the detrimental influence of seductive details is somewhat limited. For example, 

researchers have indicated that seductive details impair learning performance only for students 

who already experience a high cognitive load (Park, Flowerday, & Brünken, 2015; Park, 

Moreno, Seufert, & Brünken, 2011). In a low cognitive load condition, on the other hand, 

students’ performance was similar regardless of whether seductive details were inserted or not. 

Moreover, they found that seductive details increased interest and positive emotions about the 

learning topic, which could potentially support long-lasting engagement. Based on these 

findings, Park et al. (2015) suggest that more interesting seductive details can increase the 

general interest in the topic, providing some sort of learning benefit. Our results, however, 

provide a support for the potential benefits of seductive elements in learning from a different 

angle.  

We used trivia questions in our experiments because previous studies showed the 

effectiveness of these materials to trigger participants’ curiosity.  However, trivia questions can 

stimulate only a limited aspect of curiosity. For example, previous studies have found that 

curiosity can be associated with both positive and negative feelings (e.g. Levitt et al., 2009; 

Litman & Jimerson, 2004; Loewenstein, 1994). Some researchers also suggest that curiosity 

can be different depending on the type of stimulus (e.g., perceptual curiosity and epistemic 

curiosity; Berlyne, 1960); Furthermore, other researchers argued that curiosity is associated 

with different emotions depending on the stages of the psychological process (Noordewier & 

van Dijk, 2015). Future studies should examine the robustness and generalizability of the 

findings using different types of experimental materials to trigger curiosity.  
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Footnotes 

1 In the literature, the distinction between specific curiosity (i.e. curiosity toward specific novel 

stimuli) and diversive curiosity (i.e. curiosity involving exploration to find a novel stimuli) is 

often made (Berlyne, 1960) . In the current paper, we will focus on specific curiosity. See the 

General Discussion for a more nuanced view.   

2 Note that in the original paper curiosity was called pre-answer interest. As the paper focusses 

on the interplay between pre-answer and post-answer epistemic emotions, we aimed to avoid 

the confusion about the terminology of curiosity and interest.  
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Table 1 Correlations between the variables of confidence (t), curiosity (t), interest (t), 

confidence (t+1), curiosity (t + 1) and interest (t + 1) in Study 1. 

 Confidence (t) Curiosity (t) Interest (t) Confidence (t + 1) Curiosity (t + 1) 

Confidence (t) 1 0.145 0.161 0.049 0.026 

Curiosity (t) 0.145 1 0.529 0.032 0.217 

Interest (t) 0.161 0.529 1 0.035 0.201 

Confidence (t + 1) 0.049 0.032 0.035 1 0.148 

Curiosity (t + 1) 0.026 0.217 0.201 0.148 1 

Interest (t + 1) 0.027 0.142 0.176 0.154 0.529 

Note:  All correlations reached statistical significance with one-sample t tests (p < .01). 
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Table 2 Mixed-effects modelling of curiosity (t + 1) ratings in Study 1. Model 1 only 

includes the curiosity (t) as a predictor while Model 2 explains curiosity (t + 1) ratings as a 

function of curiosity (t), confidence (t), interest (t) and trial number. 

 

Variable Estimate SE t-Value Estimate SE t-Value 

 Model 1 Model 2 

Fixed Effects       

(Intercept) 4.234 0.045 93.85 4.647 0.048 97.62*** 

Curiosity (t) 0.204 0.007 29.96 0.123 0.007 17.56*** 

Confidence (t)    -0.016 0.004 -4.30*** 

Interest (t)    0.116 0.007 17.58*** 

Trial    -0.012 0.000 -27.24*** 

       

Random Effects       

(Intercept) 3.738 1.933  3.745 01.935  

Curiosity (t) 0.037 0.192  0.028 0.169  

Interest (t)    0.022 0.147  

* p < .05  ** p < .01 *** p < .001. 
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Table 3 Correlations between the variables of confidence (t), curiosity (t), confidence (t + 1) 

and curiosity (t + 1) in Study 2 

 Confidence (t) Curiosity (t)  Confidence (t + 1) Curiosity (t + 1) 

Confidence (t) 1 0.148*** 0.041* 0.031 

Curiosity (t) 0.148*** 1 0.004 0.168*** 

Confidence (t + 1) 0.041* 0.004 1 0.149*** 

Curiosity (t + 1) 0.031 0.168*** 0.149*** 1 

* p < .05  ** p < .01 *** p < .001. 
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Table 3 Mixed-effects modelling of curiosity (t + 1) ratings in Study 2. Model 1 only 

includes the curiosity (t) as a predictor while Model 2 explains curiosity (t + 1) ratings as a 

function of curiosity (t), confidence (t), and trial number.  

 

Variable Estimate SE t-Value Estimate SE t-Value 

 Model 1 Model 2 

Fixed Effects       

(Intercept) 1.582 0.162 9.78*** 1.790 0.168 10.67*** 

Curiosity 0.174 0.028 6.28*** 0.164 0.028 5.92*** 

Confidence    0.009 0.020 0.44 

Trial    -0.005 0.001 -4.58*** 

       

Random Effects       

(Intercept) 1.719 1.311  1.712 1.309  

Curiosity 0.025 0.158  0.024 0.156  

* p < .05  ** p < .01 *** p < .001. 
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Table 4 Mixed-effects modelling of bidding (t + 1) ratings in Study 3. Model 1 only includes 

the bidding (t) as a predictor while Model 2 explains bidding (t + 1) ratings as a function of 

bidding (t), confidence (t), and trial number.  

 

Variable Estimate SE t-Value Estimate SE t-Value 

 Model 1 Model 2 

Fixed Effects       

(Intercept) 2.312 0.281 8.23*** 2.205 0.291 7.58*** 

Bidding (t) 0.105 0.032 3.32*** 0.109 0.031 43.54*** 

Confidence (t)    -0.058 0.030 -1.92* 

Trial    0.003 0.002 1.39 

       

Random Effects       

(Intercept) 4.022 2.006  4.009 2.002  

Bidding (t) 0.027 0.164  0.024 0.156  

* p < .05  ** p < .01 *** p < .001. 
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Figure 1: Study design across the three studies 

 


