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Significance

Many of our everyday 
experiences unfold over time 
(e.g., watching a movie), and even 
when we are curious about the 
outcome, we often avoid 
information that would lead to 
immediate resolution (e.g., 
spoilers). In contrast, most 
theoretical accounts suggest that 
curiosity motivates gaining 
information as soon as possible. 
We examined curiosity while 
participants watched videos of 
drawings that resolved into 
familiar objects. We found that 
over evolving information, 
curiosity is dynamic and shares 
variable relations with emotions 
and confidence. Moreover, rather 
than being an aversive state to 
be tolerated until resolution, 
curiosity can be experienced as 
both negative and positive. 
Throughout these dynamic 
relationships, higher curiosity 
reliably promoted the patience to 
let information unfold over time.
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When people feel curious, they often seek information to resolve their curiosity. Reaching 
resolution, however, does not always occur in a single step but instead may follow the 
accumulation of information over time. Here, we investigated changes in curiosity over 
a dynamic information-gathering process and how these changes related to affective and 
cognitive states as well as behavior. Human participants performed an Evolving Line 
Drawing Task, during which they reported guesses about the drawings’ identities and 
made choices about whether to keep watching. In Study 1, the timing of choices was 
predetermined and externally imposed, while in Study 2, participants had agency in the 
timing of guesses and choices. Using this dynamic paradigm, we found that even within 
a single information-gathering episode, curiosity evolved in concert with other emotional 
states and with confidence. In both studies, we showed that the relationship between 
curiosity and confidence depended on stimulus entropy (unique guesses across partici-
pants) and on guess accuracy. We demonstrated that curiosity is multifaceted and can be 
experienced as either positive or negative depending on the state of information gather-
ing. Critically, even when given the choice to alleviate uncertainty immediately (i.e., view 
a spoiler), higher curiosity promoted continuing to engage in the information-gathering 
process. Collectively, we show that curiosity changes over information accumulation to 
drive engagement with external stimuli, rather than to shortcut the path to resolution, 
highlighting the value inherent in the process of discovery.

curiosity | information seeking | uncertainty | emotion | decision-making

Curiosity, the desire to know, is a fundamental driver of human behavior. Curiosity guides 
our behavior toward reducing the uncertainty in our environment (1–5) and toward the 
pursuit of new knowledge (6–8). Across a variety of studies that have examined the sub-
jective state of curiosity, a clear pattern emerges: Curiosity directs choice to obtain infor-
mation, when the alternative is to forgo information (9–13). While this experimental 
work has advanced our understanding of curiosity's influence on information seeking, it 
has also led to a predominant theoretical view of curiosity as a state that hastens the res-
olution of uncertainty (14–16).

Theoretical accounts of curiosity as motivating an urgent need to resolve uncertainty 
(e.g., seeking outcomes or answers) stand in contrast with real-world examples where 
prolonged anticipation and uncertainty are paradoxically preferred (17, 18), such as in 
narratives (17), close contests in sports, (19) and video games (20, 21). In fact, people 
even specifically avoid early resolution (22, 23) by adopting self-control mechanisms to 
decrease the likelihood of information exposure (24, 25). Willingness to prolong uncer-
tainty has been supported by recent experimental work showing that participants often 
preferred hints to the full answer when curious (26). The desire to avoid premature reso-
lution of uncertainty is so ubiquitous that we explicitly label such information via “spoiler 
alerts.” We propose that examining the dynamics of curiosity as information accumulates 
could provide key insights for understanding this paradox.

Understanding the temporal dynamics of curiosity in response to an evolving state of 
knowledge could offer insight not only into the behavioral manifestations, but also the 
subjective experience of curiosity. Curiosity has been associated with both positive and 
negative affect (6, 16, 27, 28), but with unclear determinants. By querying curiosity across 
information gathering, it becomes possible to explore whether, for example, people simply 
tolerate delays because attaining the answer is rewarding (26, 29–31), or whether there 
is joy to be experienced in the state of curiosity itself (27, 28). Characterizing the dynamic 
affective experience of curiosity during information gathering could clarify when curiosity 
reflects aversive deprivation and when curiosity encourages joyous exploration.

Examining the dynamics of curiosity requires an expanded approach to assessing infor-
mation seeking in behavioral experiments. Often, curiosity can be elicited by withholding 
a single piece of critical information (e.g., a trivia answer or the outcome of an anticipated 
gamble) that, when revealed, instantaneously resolves uncertainty (5, 10, 11, 13, 32–34). 
Moreover, in paradigms that involve a delay between the induction and relief of curiosity, 
no new information is gained during the delay period, such that waiting is simply an D
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aversive cost (11, 35–37). Yet, many everyday experiences evolve 
over time—as in movies, novels, and sporting events—and infor-
mation progresses irregularly toward a resolution. Thus, to capture 
changes in curiosity, its subjective experience, and its behavioral 
manifestations, a task that would allow information to evolve and 
move across time was necessary.

We developed a dynamic perceptual task, the Evolving Line 
Drawing Task (ELDT), in which participants watched videos of 
line drawings that slowly resolved into objects. During video 
watching, participants periodically provided subjective ratings of 
their experience, made guesses about the identity of the drawing, 
and made choices to stop the video early or keep watching the 
drawing unfold. Probing these states across ongoing information 
gathering provided insights into how curiosity evolves in concert 
with informational states to guide choice behavior. We also manip-
ulated the consequence of stopping a video early between partic-
ipants. In one group, stopping a video meant receiving no further 
information about the drawing (Forgo Resolution), akin to previ-
ous studies examining the choice between receiving information 
or not (10, 11, 13). In another group, stopping early meant par-
ticipants could immediately jump to the end of a video, revealing 
the full drawing without having to wait (Jump-to Resolution) (26).

The design of the ELDT was built to address three open ques-
tions about the mechanisms of curiosity. First, to understand how 
curiosity develops, we tested how changes in curiosity relate to 
changes in the amount and quality of information available to an 
individual. Second, we investigated whether curiosity embedded 
within an evolving informational state would drive preferences for 
continued information seeking or immediate resolution of uncer-
tainty. Third, we explored how the affective experience of curiosity 
interacted with informational states during ongoing information 
gathering. We addressed these questions across two experiments. 
In Study 1, the timing of the choices to continue watching or stop 
early was externally imposed (Predetermined Timing), and in Study 
2, participants had agency over exactly when to make these choices 
(Free Timing). Across both studies, we demonstrated curiosity’s 
dynamic relationship with informational state, we revealed a clear 
curiosity-driven preference to delay receiving resolution, and we 
provided evidence that curiosity can embody either positive or 
negative affect depending on one’s confidence and agency.

Results

To examine how curiosity directs information seeking as informa-
tion evolves, we developed the Evolving Line Drawing Task 
(ELDT) where participants watched animated continuous single-
line drawings unfold over time. Participants (N = 2,043) watched 
a minimum of 25 videos, each between 20 and 30 s in length (See 
Materials and Methods for participant exclusions and demograph-
ics). During video watching, participants submitted Mid-Video 
Decisions that included using analog scales to report on their 
curiosity, their confidence about the drawing’s identity, and one 
of three randomly determined affective states (enjoyment, tension, 
or frustration) assigned between participants (Fig. 1A) (Materials 
and Methods). They also provided a guess about the identity of the 
drawing given their current informational state.

After providing responses to all four questions, participants 
chose whether to continue watching or stop that video and move 
to the next trial. We manipulated the Stop Outcome between 
participants, such that in one group (Forgo Resolution), stopping 
the video ended information gathering and moved subjects to the 
Post-Video ratings. In the other group (Jump-to Resolution), 
stopping brought participants immediately to the end of the video 
to see the final drawing fully revealed before moving to the 

Post-Video ratings. If a participant chose to continue watching a 
video on their first Mid-Video Decision, they could be probed 
with the same questions at a later time point. Participants were 
told that their choices and guesses would not impact their com-
pensation. Updating guesses was described as an expected part of 
the video-watching process and participants would not be penal-
ized for wrong guesses.

The agency for when Mid-Video Decisions occurred was 
manipulated between Study 1 (Predetermined Timing, N = 
1,033) and Study 2 (Free Timing, N = 1,010) (Fig. 1A). The aim 
of Study 1 was to uniformly sample time points across the entire 
video-watching timeline. As such, participants were informed 
that there would be intermittently placed pauses (determined by 
the computer) throughout the video (1 to 3 per video) where 
they would be asked to answer Mid-Video Decisions. The aim 
of Study 2 was to investigate whether the experience of informa-
tion gathering changed if participants had agency over the timing 
of when to submit Mid-Video Decisions. Here, instead of expe-
riencing randomly placed pauses, a textbox remained visible 
underneath the video, and participants could freely submit 
guesses and Mid-Video Decisions. Participants in both studies 
were divided into the two Stop-Outcome conditions (Forgo 
Resolution: Study 1 N = 501, Study 2 N = 485; Jump-to 
Resolution: Study 1 N = 532, Study 2 N = 525). Study 2 was 
otherwise identical to Study 1.

As the key findings were consistent across both studies, we first 
present combined results from Study 1 and Study 2. We then 
directly compare the Studies to test the effects of timing agency 
on choice behavior.

Temporal Dynamics of Informational State

We first explored how participants’ informational state changed 
as a video progressed by leveraging the unique properties of each 
video. We characterized informational state by how close a par-
ticipant was to identifying the drawing using features of each 
individual stimulus (stimulus entropy) and based on subject-
specific measures (guess accuracy and confidence). Stimulus 
entropy was computed using the number and frequency of unique 
guesses made at each time point (across all participants) (33), 
allowing for the examination of variance in guessing and the 
change in variance as participants approached resolution (Materials 
and Methods). In Study 1, participants made an average of 1.5 
guesses per video (SD = 0.6, Range = 1 to 3) and in Study 2, 
participants made an average of 1.3 guesses per video (SD = 0.6, 
Range = 1 to 6). For more descriptive measures about guessing 
see SI Appendix, Guessing Descriptive Information for Study 1 and 
Study 2. To visualize the unique dynamics reflected in each line 
drawing, we pooled the data across Study 1 (Predetermined 
Timing) and Study 2 (Free Timing) (Fig. 1 B and C); the patterns 
for each individual study are nearly identical (SI Appendix, 
Temporal Dynamics of Guess Accuracy and Stimulus Entropy).

We first examined changes in stimulus entropy across time, 
hypothesizing that entropy should decrease as more information 
about the stimulus identity was revealed. We indeed found that 
stimulus entropy decreased significantly across time (β = −0.59, 
95% CI [−0.59, −0.58], z = −307.65, P < 0.001). Additionally, 
we saw substantial variation in stimulus entropy and its temporal 
evolution within our stimulus set. To illustrate this point, we pres-
ent the collection of unique guesses for two sample videos at a 
single time point (Fig. 1B).

We next tested whether participants would report more correct 
guesses as the video progressed and stimulus entropy decreased. 
We found that guess accuracy increased across time (β = 2.31, D
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Fig. 1. Evolving Line Drawing Task and temporal dynamics of videos. (A) Participants watched a series of videos of a single-line drawing unfold over time. During 
video play, participants experienced Mid-Video Decisions where they guessed the identity of the drawing and provided ratings about their curiosity, confidence, 
and one of three affective states assigned between subjects (frustration, enjoyment, or tension). Participants were then given the choice to continue watching the 
video or stop the video and move to the next trial. The consequence of stopping the video early (Stop-Outcome) was manipulated between subjects. In the Forgo 
Resolution condition, stopping a video early cut off further information gathering, and participants moved to the next trial without seeing the complete drawing. 
In the Jump-to Resolution condition, stopping a video early transported the participant to the end of the video, revealing the completed drawing immediately. At 
the end of each trial, participants reported their experience in Post-Video ratings and provided a final guess. Control over the timing of Mid-Video Decisions was 
manipulated between Study 1 and Study 2. In Study 1 (Predetermined Timing), the video would pause at predetermined random times and required the participant 
to provide a guess and ratings before they could continue watching. In Study 2 (Free Timing), participants could pause to submit Mid-Video Decisions whenever 
they wanted. (B) Stimulus entropy, a measurement of the variance and frequency of identities guessed, across the reported guesses for each video (gray lines) as 
a function of time. To highlight the variance across videos, an example time point is displayed for the “Rose” and “Game Controller” video. At 13 s into the “Rose” 
video, there were nine unique guesses made across a total of 281 guesses, while in the “Game Controller” video, there were 44 unique guesses made from a total 
of 116 guesses. Word clouds were generated using the aggregated guesses from all participants that reported a guess at that time point. For visualization purposes 
only, guesses that occurred less than two times and guesses of “I don’t know” were excluded from the word-cloud. (C) The proportion of correct guesses made at 
each time point for each video (gray lines). To highlight the variance in the time course to resolution across videos, we used the same example videos to illustrate 
the time it took to reach 80% guess accuracy. For the “Rose” video, it took 11 s (40% of video length), and for the “Game Controller” video, it took 21 s (69% of video 
length). For both (B) and (C), the black line represents the mean across all videos. The yellow and blue lines depict the two example videos, “Game Controller” and 
“Rose” respectively, with points and screengrabs marked to demonstrate the difference in entropy for a single time point (B) and difference in time to reach 80% 
resolution between the two videos (C). For more information, see SI Appendix, Temporal Dynamics of Guess Accuracy and Stimulus Entropy.D
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95% CI [2.28, 2.35], z = 127.59, P < 0.001), indicating that 
participants were indeed reaching resolution about the identity of 
the drawings. This was further confirmed by the participant’s con-
fidence ratings (β = 0.50, 95% CI [0.49, 0.51], z = 149.58, P < 
0.001), which also increased over time (SI Appendix, Temporal 
Dynamics of Subjective States). However, like entropy, this varied 
substantially across videos (Fig. 1C). Collectively, our results illus-
trate that participants are reaching resolution about the identities 
of these drawings, but the path to resolution varies as a function 
of the specific video properties (i.e., how a drawing unfolds). Our 
next series of analyses investigated how curiosity relates to such 
evolving informational states.

Dynamics of Curiosity

In general, both Studies elicited moderate to high levels of 
curiosity (Study 1: M = 70.54/100, SD = 27.12; Study 2: M = 
69.90/100, SD = 26.10). Curiosity ratings of 0 (out of 100) were 
extremely rare across both studies (2% of trials). At the beginning 
of a video (within the first 3 s), curiosity ratings started relatively 
high (Study 1: M = 70.00, SD = 28; Study 2: M = 67.28, SD = 
5.44), while confidence ratings (out of 100) about the identity 
started relatively low (Study 1: M = 16.00, SD= 24.65; Study 2: 
M = 35.13, SD= 34.83). For more descriptive information about 
ratings see SI Appendix, Temporal Dynamics of Subjective States.

We first aimed to investigate how an evolving informational 
state could shape changes in curiosity. To test this, we constructed 
a linear mixed-effects model for each Study with participant as a 
random intercept to examine how confidence, guess accuracy, and 
stimulus entropy predicted curiosity ratings. These models also 
included Stop-Outcome condition (Forgo vs. Jump-to) to see 
whether curiosity was also dependent on the information-seeking 
choices available to a participant. Additional model information 
and all parameter estimates are provided in SI Appendix, Tables S3 
and S6.

Based on prior findings, we hypothesized that curiosity would 
be positively associated with factors that signaled uncertainty (33) 
and would be negatively related to factors that signaled a resolution 
of uncertainty (5, 31, 38). Indeed, we found that curiosity was 
positively related to stimulus entropy (Study 1: β = 1.15, 95% CI 
[0.79, 1.51], z = 6.19, P < 0.001; Study 2: β = 1.84, 95% CI [1.43, 
2.25], z = 8.74, P < 0.001) and negatively related to confidence 
(Study 1: β = −3.63, 95% CI [−4.02, −3.23], z = −17.82,  
P < 0.001; Study 2: β = −3.21, 95% CI [−3.68, −2.75], z = −13.64, 
P < 0.001); however, we did not find a main effect for guess accu-
racy (Study 1: β = −0.46, 95% CI [−1.04, 0.11], z = −1.58,  
P = 0.113; Study 2: β = −0.20, 95% CI [−0.79, 0.39], z = −0.66, 
P = 0.508).

We further tested whether these features could modulate one 
another’s impact on curiosity. We found a significant interaction 
between stimulus entropy and subjective ratings of confidence 
(Study 1: β = 1.67, 95% CI [1.38, 1.97], z = 11.00, P < 0.001; 
Study 2: β = 1.28, 95% CI [0.98, 1.59], z = 8.21, P < 0.001) 
(Fig. 2A). Post hoc analyses indicated that across both studies, 
high stimulus entropy dampened the relationship between confi-
dence and curiosity (Study 1: β = −3.35, z = −11.00, P < 0.001, 
Study 2: β = −3.35, z = −11.00, P < 0.001), suggesting that high 
stimulus uncertainty can sustain curiosity even when confidence 
of knowing is high. We also found a significant interaction 
between confidence and guess accuracy (Study 1: β = −2.89, 95% 
CI [−3.50, −2.28], z = −9.30, P < 0.001; Study 2: β = −1.48, 95% 
CI [−2.08, −0.89], z = −4.86, P < 0.001), such that when confi-
dence is low, people reported more curiosity for correct compared 
to incorrect guesses (Study 1: β = 2.38, z = 5.46, P < 0.001; Study 

2: β = 1.26, z = 3.25, P = 0.006) but when confidence is high, 
people reported less curiosity for correct compared to incorrect 
guesses (Study 1: β = −3.39, z = −7.98, P < 0.001; Study 2:  
β = −1.71, z = −3.71, P = 0.001) (Fig. 2B). This suggests that 
curiosity is not only evoked during the experience of uncertainty 
(i.e., low confidence) but can also arise before high confidence 
errors. Finally, in both Studies, we did not find a difference in 
curiosity ratings between Stop-Outcome conditions (Study 1: β 
= 0.17, 95% CI [−2.17, 2.52], z = 0.14, P = 0.886; Study 2: β = 
−1.67, 95% CI [−0.86, 4.19], z = 1.30, P = 0.196).

We followed up these analyses to specifically examine how the 
updating of guesses shaped the growth and subsidence of curiosity 
using trials where participants reported more than one guess 
(SI Appendix, Intra-Trial Analyses). We found that curiosity declined 
when updating from an incorrect to a correct guess (Study 1:  
β = −3.60, z = −20.04, P < 0.001; Study 2: β = −2.41, z = −13.9,  
P < 0.001) but increased in Study 1 (Study 1: β = 1.12, z = 9.86, 
P < 0.001) and was unchanged in Study 2 (Study 2: β = 0.25,  
z = 1.24, P = 0.216) when participants updated from an incorrect 
to another incorrect guess. This suggests that curiosity can be 
sustained or even grow as participants continue to explore poten-
tial (but ultimately wrong) identities.

Taken together, these results demonstrate that curiosity can 
change across an evolving informational state, that curiosity is 
impacted both by factors internal to a specific participant (here, 
subjective confidence and guess accuracy) as well as externally driven 

High
Low

High
Low

Incorrect
Correct

Incorrect
Correct

A B

C D

Fig. 2. High stimulus entropy weakened while accuracy strengthened the 
negative relationship between curiosity and confidence. Stimulus entropy, a 
measurement of the variance and frequency of identities guessed, modulated 
the relationship between confidence (z-scored) and curiosity in Study 1 (A) 
and Study 2 (B). When stimulus entropy is high, confidence shared a weaker 
negative relationship with curiosity than when stimulus entropy is low. For 
visualization purposes only, stimulus entropy was binned into high and low 
through a median split. Curiosity was also shaped by an interaction between 
confidence and guess accuracy in both Study 1 (C) and Study 2 (D). When 
confidence was low, curiosity was lower for incorrect compared to correct 
guesses, but when confidence was high, curiosity was higher for incorrect 
compared to correct guesses. For visualization purposes only, confidence was 
binned into plus one and minus one SD. Error bars denote 95% CI. (*) P < 0.05, 
(**) P < 0.01, and (***) P < 0.001.
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features of the informational landscape (here, stimulus entropy), 
and that curiosity is not a one-dimensional reflection of subjective 
uncertainty. Finally, agency over the occurrence of Mid-Video 
Decisions, whether through Predetermined pauses or Freely by the 
participant, did not alter the interactions among curiosity and infor-
mational state, suggesting that these observed relationships are 
unlikely to be an outcome of specific probing intervals/timing.

Curiosity and Continuous Information Seeking 

We next investigated across our two Studies how curiosity influ-
enced choices to continue or stop a video as information evolved. 
For our Forgo Resolution condition, we hypothesized that, con-
sistent with prior research on discrete information seeking (e.g., 
trivia Q&A paradigms), high curiosity would predict continuing 
to watch a video since this was the only path to receive resolution 
(Fig. 3A) (11, 36). For our Jump-to Resolution condition, we 
hypothesized that high curiosity would either predict a decreased 
probability of continuing to watch a video, demonstrating a sen-
sitivity to the costs of delays and thus a preference for the fastest 
path to resolution (outcome-focused) (14, 15, 39), or that curi-
osity would predict an increased probability of continuing to 
watch a video, signaling that experiencing the process of informa-
tion unfolding may also confer value (process-focused) (17, 26) 
(Fig. 3A).

Across both Studies, we found that high curiosity predicted 
continuing to watch a video in the Forgo Resolution condition 
(Study 1: β = 0.81, 95% CI [0.76, 0.87], z = 27.02, P < 0.001, 
Study 2: β = 0.87, 95% CI [0.79, 0.95], z = 21.05, P < 0.001) 
(Fig. 3 B and C), suggesting that curiosity encourages uncertainty 
resolution during continuous information gathering, similar to 
that observed during discrete information seeking (10, 11, 36). 
Crucially, we found that even when participants had the option 
to receive immediate resolution (Jump-to Resolution), higher 
curiosity still increased the likelihood of continuing a video (Study 
1: β = 0.64, 95% CI [0.59, 0.70], z = 22.59, P < 0.001; Study 2: 
β = 0.50, 95% CI [0.43, 0.57], z = 13.55, P < 0.001) (Fig. 3 B 
and C). These results suggest that people do not always seek imme-
diate resolution for their curiosity and that curiosity can instead 
encourage prioritizing the process of information gathering over 
instant obtainment of the outcome (26).

We next sought to contextualize the relationship between curi-
osity and choice behavior alongside the changes in informational 
state and to test whether the potential interplay between curiosity 
and informational state would be dependent on choice outcome 
(Forgo vs. Jump-to). We fit a mixed-effects logistic regression with 
participant as a random intercept that included the participant’s 
curiosity ratings, confidence ratings, guess accuracy, stimulus 
entropy (at the time of the Mid-Video Decision), as well as all 
two-way interactions with the Stop-Outcome condition 
(SI Appendix, Tables S4 and S7 for full model information and all 
parameter estimates). Consistent across both Studies, we found 
that even when accounting for informational state, curiosity 
remained a significant predictor of continuing a video (Study 1: 
β = 0.50, 95% CI [0.41, 0.60], z = 10.54, P < 0.001; Study 2:  
β = 0.50, 95% CI [0.37, 0.63], z = 7.41, P < 0.001). In addition 
to curiosity, stimulus entropy also increased the likelihood of con-
tinuing a video (Study 1: β = 0.11, 95% CI [0.03, 0.18], z = 2.75, 
P = 0.006; Study 2: β = 0.33, 95% CI [0.27, 0.40], z = 10.31,  
P < 0.001). Conversely, correctly guessing the identity of the draw-
ing (Study 1: β = −2.08, 95% CI [−2.24, −1.91], z = −25.14,  
P < 0.001; Study 2: β = −1.94, 95% CI [−2.16, −1.73], z = −17.66, 
P < 0.001) and high confidence (Study 1: β = −0.79, 95% CI 
[−0.88, −0.70], z = −17.53, P < 0.001; Study 2: β = −0.78, 95% 
CI [−0.90, −0.67], z = −13.59, P < 0.001) both predicted stopping 
a video early (Fig. 4).

We followed up this analysis to test whether curiosity would still 
predict continuation when participants had reached resolution 
(defined as correct guesses with subjective confidence ratings in the 
top 25 percentile). Indeed, even when examining only highly confi-
dent, correct guesses, curiosity predicted continuing a video not only 
when it was the only path to view the entire video (Study 1 Forgo 
Resolution: β = 0.96, z = 9.92, P < 0.001; Study 2 Forgo Resolution: 
β = 0.71, z = 7.42, P < 0.001) but even when the completed drawing 
was immediately accessible (Study 1 Jump-to Resolution: β = 0.62, 
z = 7.23, P < 0.001; Study 2 Jump-to Resolution: β = 0.27, z = 3.25, 
P = 0.001). In sum, high curiosity can promote continuing a video 
beyond simple resolution, encouraging an investment in experiencing 
the entire unfolding of information.

We then compared our two Stop-Outcome conditions and we 
found that participants in the Jump-to Resolution condition were 
overall less likely to continue videos compared to the Forgo Resolution 

A B C

Curiosity promotes continuing 
when only path to resolution

Curiosity as process 
over outcome

Curiosity as fastest 
path to resolution

******

Fig. 3. Curiosity promoted decisions to continue watching videos even when the alternative was to receive immediate resolution. (A) Hypothesized results for 
curiosity across Stop-Outcome conditions based on different predictions of curiosity and uncertainty resolution. During the Forgo Resolution condition, since 
continuing to watch was the only path to receiving resolution, high states of curiosity would encourage choices to continue. Under the Jump-to Resolution, if 
curiosity is outcome focused, high states of curiosity would predict stopping videos early to receive immediate resolution. In contrast, if curiosity values the 
process toward resolution, high states of curiosity would promote choices to continue watching information unfold. Mean continuation rates as a function of 
subjective reports of curiosity (z-scored), split by Stop-Outcome condition for Study 1 (B) vs. Study 2 (C). Across both studies, curiosity ratings predict continuation 
both when that was the only path to resolution (Forgo Resolution) and even when there was a choice to immediately resolve uncertainty (Jump-to Resolution).D
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condition (Study 1: β = −1.68, 95% CI [−2.07, −1.29], z = −8.48,  
P < 0.001; Study 2: β = −1.44, 95% CI [−1.93, −0.95], z = −5.76,  
P < 0.001), suggesting that having the option to resolve uncertainty 
immediately reduced the likelihood of prolonging information gath-
ering. Furthermore, we found that the Stop-Outcome manipulation 
significantly interacted with guess accuracy (Study 1: β = 1.25, 95% 
CI [1.03, 1.46], z = 11.42, P < 0.001; Study 2: β = 0.97, 95% CI 
[0.72, 1.23], z = 7.45, P < 0.001). Interestingly, post hoc analyses 
indicated that in the Jump-to Resolution condition compared to the 
Forgo Resolution, participants were significantly less likely to continue 
watching a video after an incorrect guess (Study 1: OR = 5.36,  
z = 8.50, P < 0.001; Study 2: OR = 4.01, z = 5.59, P < 0.001) but 
not after a correct guess (Study 1: OR = 1.54, z = 2.16, P = 0.092; 
Study 2: OR = 1.52, z = 1.80, P = 0.217) (Fig. 4 A and B). We also 
found that curiosity was modulated by Stop-Outcome (Study 1:  
β = −0.17, 95% CI [−0.26, −0.07], z = −3.35, P < 0.001; Study 2:  
β = −0.32, 95% CI [−0.45, −0.19], z = −4.98, P < 0.001), such that 
curiosity was a stronger predictor of choice in the Forgo compared to 
the Jump-to Resolution condition indicated by as steeper slope (Study 
1: β = 0.17, z = 3.35, P < 0.001, Study 2: β = 0.32, z = 4.98,  
P < 0.001), yet remained a significant predictor in both conditions 
(Forgo: β = 0.59, z = 14.35, P < 0.001; Jump-to: β = 0.43, z = 11.77, 
P < 0.001) (Fig. 3 B and C). To summarize, while the option to receive 
immediate resolution (Jump-to Resolution) did decrease decisions to 
continue a video under uncertainty, curiosity remained a positive pre-
dictor of continuing a video, consistent across Study 1 and Study 2.

Finally, we examined whether subjective curiosity interacted with 
a participant’s informational state to direct choice, revealing 

differences between Study 1 and Study 2. In Study 1, we found 
that curiosity significantly dampened the effect of guess accuracy 
(β = 0.17, 95% CI [0.06, 0.27], z = 3.14, P = 0.002) and confidence 
(β = −0.10, 95% CI [−0.16, −0.04], z = −3.09, P = 0.002) on choice 
behavior but did not interact with entropy (P < 0.05). In contrast 
to Study 1, there was no significant interaction between curiosity 
and the individual signals of resolution, guess accuracy, or confi-
dence (all P > 0.05) in Study 2; instead, we found a significant 
interaction between curiosity and stimulus entropy (β = 0.07, 95% 
CI [0.01, 0.13], z = 2.19, P = 0.029), such that curiosity was a 
stronger predictor of choice when entropy was high (β = 0.13, z = 
2.19, P = 0.029). Thus, when experiencing greater agency over the 
timing of their decision, the influence of curiosity (on choice), was 
more strongly modulated by features related to stimulus uncertainty 
and less so by the subjective experience of uncertainty.

Affective Experience of Curiosity and 
Informational States 

To start, we explored how affect ratings changed across time. We 
found that enjoyment increased across time (β = 3.64, z = 15.62, 
P < 0.001), while frustration and tension decreased (Frustration: 
β = −3.94, z = −13.61, P < 0.001; Tension: β = −1.51, z = −5.26, 
P < 0.001) (for figures see SI Appendix, Temporal Dynamics of 
Subjective States), suggesting that across the passage of time, pos-
itive affect increased and negative affect decreased, consistent with 
prior work (35). Given the dynamic relationships between curi-
osity and informational state in driving information gathering, 
we next explored how these dynamics shaped the affective expe-
rience of watching the videos. We fit three mixed-effects linear 
regression models with participant as a random intercept to inves-
tigate the relationships among curiosity, informational state, and 
these three affective states (See SI Appendix, Tables S5 and S8 for 
full model information and all parameter estimates).

Within these models, we also included Stop-Outcome condi-
tion and all two-way interactions with Stop-Outcome condition, 
to test whether the affective experience of information gathering 
depended on the outcome of choice behavior (SI Appendix, 
Affective Experience by Stop Outcome Conditions).

Enjoyment. Given that the experience of discovery is thought 
to be positive (29, 40), we first investigated whether the process 
of reaching resolution would be associated with enjoyment. We 
indeed found that both confidence (Study 1: β = 3.83, 95% CI 
[3.28, 4.38], z = 13.67, P < 0.001; Study 2: β = 2.80, 95% CI 
[2.25, 3,36], z = 9.34, P < 0.001) and guess accuracy (Study 1:  
β = 3.39, 95% CI [2.42, 4.36], z = 6.89, P < 0.001; Study 2:  
β = 1.66, 95% CI [0.70, 2.63], z = 3.37, P < 0.001) were positively 
associated with enjoyment. Notably across both Studies, we also 
found that curiosity was positively associated with enjoyment 
(Study 1: β = 7.24, 95% CI [6.64, −7.84], z = 23.57, P < 0.001; 
Study 2: β = −1.20, 95% CI [−1.61, −0.78], z = −5.69, P < 0.001). 
This finding provides support for the notion that the state of 
curiosity is not always experienced as aversive (16, 32, 34) and can 
be joyful as characterized in trait mappings of curiosity (6, 27, 28).  
We further found a significant interaction between curiosity 
and confidence (Study 1: β = −0.84, 95% CI [−1.21, −0.46],  
z = −4.39, P < 0.001; Study 2: β = −1.20, 95% CI [−1.61, −0.78], 
z = −5.69, P < 0.001) (Fig. 5 A and B). Unpacking this interaction 
revealed that the relationship between curiosity and enjoyment 
was stronger under low confidence (Study 1: β = −1.68, z = −4.39,  
P < 0.001; Study 2: β = −2.39, z = −5.69, P < 0.001). Collectively, 
these results reflect that over information gathering, both curiosity 
and reaching resolution can act to increase the sense of enjoyment.

A B

C D

***
***

***
***

Fig. 4. Accurate guessing and higher confidence decreased the likelihood of 
continuing to gather information. Mean continuation rates as a function of 
guess accuracy for Study 1 (A) and Study 2 (B). Correctly identifying the drawing 
decreased rates of continuing to watch videos. This was further modulated 
by the Stop-Outcome condition (Forgo vs. Jump-to) such that participants in 
the Jump-to-Resolution condition had decreased rates of continuing to watch 
a video specifically after reporting incorrect but not correct guesses. Higher 
subjective reports of confidence (z-scored) predicted a lower likelihood of 
continuing to watch a video in both Study 1 (C) and Study 2 (D). This was 
consistent across both Stop-Outcome conditions. Of note, reaching resolution 
decreased but did not abolish continuation, even when the alternative was 
Jump-to-Resolution. Moreover, alongside these effects, curiosity still predicted 
the choice to continue watching (see Fig. 3). Error bars denote 95% CI. (*) P < 
0.05, (**) P < 0.01, and (***) P < 0.001.
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Tension. We next explored the dynamics of subjective tension 
throughout information gathering. We found that tension was 
positively associated with curiosity (Study 1: β = 5.07, 95% 
CI [4.33, 5.81], z = 13.47, P < 0.001; Study 2: β = 3.26, 95% 
CI [2.25, 4.26], z = 6.36, P < 0.001) and negatively associated 
with confidence (Study 1: β = −3.37, 95% CI [−4.08, −2.66],  
z = −9.34, P < 0.001; Study 2: β = −3.41, 95% CI [−4.20, −2.62], 
z = −8.49, P < 0.001). Together, these findings suggest that 
curiosity is accompanied by feelings of tension, likely a result of 
the subjective experience of uncertainty.

Frustration. Finally, we explored how curiosity and informational 
state shaped feelings of frustration. In Study 1, we found 
that curiosity (β = −0.98, 95% CI [−2.73, −0.80], z = −2.37,  
P = 0.018), confidence (β = −8.23, 95% CI [−2.73, −0.80],  
z = −20.61, P < 0.001), and guess accuracy (β = −1.74, 95% CI 
[−2.73, −0.80], z = −2.48, P = 0.013) were all negatively related 
to feelings of frustration. Conversely, in Study 2, we found that 
only confidence (β = −5.44, 95% CI [−2.73, −0.80], z = −12.52, 
P < 0.001) shared a negative relationship with frustration. These 
findings suggest that feelings of frustration are consistently 
mitigated as participants move closer to resolution about the 
drawing’s identity.

When we further examined the interplay among curiosity and 
informational state, we found that confidence significantly 

modulated the relationship between curiosity and frustration 
(Study 1: β = 1.53, 95% CI [−2.73, −0.80], z = 6.10, P < 0.001; 
Study 2: β = −0.86, 95% CI [−2.73, −0.80], z = −3.18, P = 0.001), 
but the direction of this interaction differed across Study 1 and 
Study 2 (Fig. 5 C and D). In Study 1, we found that when confi-
dence was low, curiosity shared a negative relationship with frus-
tration (β = −1.93, z = −5.25, P < 0.001), but when confidence 
was high, curiosity shared a positive relationship with frustration 
(β = 1.13, z = −3.03, P = 0.001). Opposite to Study 1, in Study 
2, we found that under low confidence, curiosity was positively 
related to frustration (β = 1.14, z = 2.85, P = 0.004), but curiosity 
did not share a relationship with frustration under high confidence 
(β = 0.58, z = −1.41, P = 0.159). Taken together, high curiosity 
can relate to higher states of frustration, but this is dependent on 
both the level of confidence and whether the ability to submit 
Mid-Video decisions is under the control of the participant. 
Overall, curiosity can be experienced as frustrating when one is 
confident but does not have agency or when one is not confident 
but must choose when to submit Mid-Video decisions.

Collectively, these results show that the affective experience of 
information gathering reflects a dynamic interplay between curi-
osity, one’s momentary informational state, and the control avail-
able to relieve it. In particular, curiosity can share associations with 
both positive (enjoyment) and negative (frustration) affective 
states.

Comparison of Predetermined vs. Free Timing 
(Study 1 vs. Study 2) 

Across Study 1 (Predetermined Timing) and Study 2 (Free 
Timing), we demonstrated consistent relationships between curi-
osity and informational states as well as a persistent role of curi-
osity in promoting choices to continue a video even when 
immediate resolution was available. When we investigated the role 
of affect in information gathering, we saw differences in the pat-
terns of association across Study 1 and Study 2. To better under-
stand how agency over the timing of decisions shapes the 
information-gathering experience, we directly compared Study 1 
and Study 2, first examining differences in reaching resolution 
and then in the affective experience associated with each Study.

We first investigated whether participants were waiting to reach 
resolution before they stopped a video early in Study 2. Focusing 
on the final guess provided during video watching, which signified 
a participant’s most updated idea about the identity of the draw-
ing, we found that the proportion of correct final guesses in Study 
2 was higher (more correct guesses reported) than in Study 1 
[chi-squared(1, 40,754) = 2,065.1, P < 0.001, Study 1: 49.2% 
correct last guesses; Study 2: 70.6% correct last guesses] (Fig. 6A). 
Given that participants in Study 2 provided overall more correct 
last guesses, we explored whether participants in Study 2 were 
gathering more information prior to stopping compared to Study 
1. Focusing only on trials where a participant stopped a video 
early, we found that in Study 2, participants watched more of a 
video before stopping [F(1, 21,673) = 1841, P < 0.001; Study 1: 
M = 48.9%, SD = 25.6% video watched at stop; Study 2: M = 
65.1%, SD = 21.7% video watched at stop] compared to Study 
1. Next, we examined whether reaching resolution, as measured 
by a correct guess, led to different rates of stopping videos early 
across our two studies. Using a logistic regression, we found a 
significant interaction between Study and guess accuracy (β = 
−0.55, 95% CI [−0.63, −0.47], z = −14.00, P < 0.001), indicating 
that continuation rates were lower in Study 2 compared to Study 
1 only when there was a correct guess reported (OR = 1.40, z = 
16.91, P < 0.001). When an incorrect guess was reported, we 

A B

C D
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Fig.  5. Confidence modulated the relationship between curiosity and 
enjoyment, and curiosity and frustration. Curiosity was positively related to 
enjoyment, but this association was modulated by confidence across Study 1 
(A) and Study 2 (B). When confidence is low, curiosity shared a stronger positive 
relationship with enjoyment than when confidence was high. The association 
between curiosity and frustration was driven by confidence in Study 1 (C) and 
Study 2 (D), but these effects were in opposing directions depending on agency 
of timing. In Study 1 with predetermined timing (C), when confidence was low, 
curiosity was negatively related to frustration, but when confidence was high, 
curiosity was positively related to frustration. In Study 2 with free timing (D), 
when confidence was low, curiosity was positively related to frustration but 
when confidence was high, curiosity was unrelated to frustration. Of note, 
because confidence increased with accumulating information, low confidence 
ratings were more common earlier in a video, while high confidence ratings 
predominated later. For visualization purposes only, confidence was binned 
into plus one and minus one SD. Error bars denote 95% CI. (*) P < 0.05, (**) P 
< 0.01, and (***) P < 0.001.
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found the opposite effect, such that continuation rates were higher 
in Study 2 compared to Study 1 (OR = 0.81, z = −6.26, P < 0.001) 
(Fig. 6B). This suggests that when participants had greater agency 
over their information-gathering experience, their choices to con-
tinue were more sensitive to reaching resolution.

Finally, using a series of linear regressions with Study as our 
predictor, we compared the overall affective experience between 
the two studies to assess whether the greater agency impacted how 
the information-gathering process felt. We found that participants 
in Study 2 reported overall higher ratings of enjoyment (β = 4.93, 
95% CI [4.33, 5.54], t = 15.89, P < 0.001) and lower ratings of 
frustration (β = −8.43, 95% CI [−9.19, −7.67], t = −21.71,  
P < 0.001), with no statistically significant difference in tension 
ratings (β = −0.65, 95% CI [−1.40, 0.09], t = −1.72, P = 0.09) 
(Fig. 6C). These findings suggest that allowing participants to 
freely decide when to make Mid-Video Decisions further height-
ened the enjoyment of watching these videos and reduced the 
experienced frustration, pointing to the additional reward value 
inherent in exerting agency (41).

Collectively, these results reveal that relative to Study 1, partici-
pants in Study 2 who were able to control their information gath-
ering reported a more positive affective experience, showed increased 
sensitivity to reaching resolution in choices to continue, and were 
more likely to wait longer to resolve the identity of the drawing. 
With greater agency over when to initiate Mid-Video Decisions, we 
might expect that participants would only provide guesses upon 
reaching a certain level of confidence. As such, this may be expected 
to weaken the association between curiosity and choices to continue. 
However, we found that participants still maintained the relation-
ship between curiosity and choices to continue a video even when 
they could control the timing of their Mid-Video decisions.

General Discussion

Using the experimental paradigm, the Evolving Line Drawing task 
(ELDT), designed to evoke and characterize the dynamics of curi-
osity, we showed how curiosity can evolve as a function of the infor-
mation available to a participant. We saw that curiosity rose with 
stimulus entropy, suggesting that moments of high environmental 
variance can sustain curiosity. Conversely, curiosity declined as con-
fidence in stimulus identity increased, suggesting that curiosity 

subsided (but did not dissipate) with the reduction in subjective 
experience of uncertainty. Crucially, we also demonstrated that 
within ongoing information gathering, higher curiosity predicted 
the choice to delay resolution not only when the alternative was to 
forgo resolution, but even when the alternative was to immediately 
resolve uncertainty and view the final drawing. The tendency for 
higher curiosity to prolong information gathering persisted even 
after participants were confident in the drawing’s identity. These 
findings support the notion that under continuously evolving infor-
mation, higher curiosity may increase the value of perceiving the 
temporal progression to completion, prioritizing the process of 
information gathering over hastening the outcome.

While curiosity encouraged continuing to watch videos, con-
fidence and guess accuracy did promote choices to stop videos 
early, indicating that the subjective experience of reaching resolu-
tion also changed the value of continued information gathering. 
In both experiments, curiosity shared a consistent positive rela-
tionship with enjoyment and tension; however, curiosity could 
relate both positively and negatively to frustration, depending on 
the concurrent level of confidence. Moreover, giving participants 
full agency over when they could guess and choose to continue or 
stop videos (Study 2) strengthened the relationship between res-
olution and choice, such that participants were more likely to 
continue watching when uncertain and more likely to stop once 
they believed a resolution was reached. Overall, these results 
demonstrate that curiosity changed over the course of information 
gathering, yet consistently discouraged truncating the 
information-gathering process in a context that afforded the 
opportunity for continued discovery.

Amplifying and extending prior work exploring curiosity using 
discrete-resolution tasks (e.g., trivia Q&A paradigms), we demon-
strate that when information is continuously evolving, curiosity 
motivates seeking resolution rather than forgoing it (10, 13, 14, 
36). Additionally, high levels of uncertainty, as measured through 
low levels of confidence and incorrect guessing, also increased 
choices to continue rather than forgo information seeking, sup-
porting past research (11, 32).

Expanding on recent work showing that curiosity encourages a 
preference for receiving partial information (hints) compared to 
immediately receiving the answer (26); here, we find that this pref-
erence for prolonging uncertainty persists throughout information 

***

***

***

***

A B C

***

Fig. 6. Comparing Study 1 (Predetermined Timing) and Study 2 (Free Timing) emphasizes the role of reaching resolution. (A) Proportion of correct last Mid-
Video guesses was significantly greater in Study 2 than Study 1. Proportions were computed as the total number of correct last guesses over the total number 
of last guesses, across all participants for each experiment. (B) Interaction between guess accuracy and agency on continuation rates. Compared to Study 1, 
participants in Study 2 were more likely to continue when they reported an incorrect guess and less likely to continue once they had reported a correct guess. 
(C) Affective experience across Study 1 and 2 revealed that in Study 2, the average reported enjoyment was higher, the average amount of frustration reported 
was lower, and there was no difference in the average amount of tension reported. (*) P < 0.05, (**) P < 0.01, and (***) P < 0.001.
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gathering. Thus, curiosity experienced during information gath-
ering can encourage prolonging the state of uncertainty, similar 
to how people prefer to experience movies, sports, or narratives 
that unfold across time (17, 19–22). However, higher curiosity 
still predicted continuing a video even after participants made 
correct, highly confident guesses. These findings demonstrate that 
the process of information gathering also holds value beyond 
attaining resolution of an event and suggest that curiosity increases 
the value of experiencing information unfold.

We also provide evidence for how the choice to stop informa-
tion seeking is made: Once resolution was reached there was a 
distinct decrease in the desire for more information. Moreover, 
when participants had full control of time spent watching (Study 
2), they were more likely to continue when uncertain but also 
more likely to stop when they resolved the drawing’s identity than 
when timing was constrained (Study 1). These findings suggest 
that people use the subjective experience of resolution as a marker 
of when the process of information gathering can be concluded, 
providing key insight into how people self-organize their infor-
mation seeking (7, 42).

Our study contributes to current theoretical accounts aimed at 
understanding the relationship between curiosity and uncertainty 
(1, 2, 5, 8, 15, 38, 43). Varying accounts have posited that curi-
osity is piqued 1) under intermediate levels of confidence as in 
the “information-gap” hypothesis (13, 15), 2) when uncertainty 
is maximal, as in prediction error accounts, (10, 33), or 3) when 
uncertainty is minimal and a person feels they are on the precipice 
of knowing, as in the Region of Proximal Learning (38, 44). 
Moreover, recent work has documented that the relationship 
between curiosity and confidence is contextual; depending on the 
future utility of information (5). Collectively, these findings sug-
gest that the relationship between curiosity and uncertainty cannot 
be described in a single functional form, suggesting instead that 
form is determined both by how curiosity is measured and the 
structure of the task. Expanding on this notion, we demonstrate 
that the relationship between uncertainty and curiosity can also 
change across an evolving informational state. Specifically, curi-
osity can be piqued by high states of variance or entropy but also 
when people report correct guesses but are not very confident (33, 
45, 46). This suggests that curiosity can flexibly transition from a 
more diversive curiosity (i.e., what could this drawing be?) to a 
more specific curiosity (i.e., is it going to be a dog?) (47), providing 
support to the notion that curiosity is multifaceted even within a 
single episode (2). Future work is needed to understand when 
these different mappings between curiosity and uncertainty arise 
and how both subjective states and stimulus features can direct 
ongoing information-seeking behavior.

In both of our experiments, information gathering elicited 
moments of enjoyment, tension, and frustration, depending on 
the informational state of a participant. Our findings reveal an 
experience of curiosity that was mainly positive rather than aver-
sive, but complex and dynamic, further suggesting that curiosity 
can take on a variety of affective flavors even within one episode. 
The positive relationship between curiosity and enjoyment stands 
in contrast with previous work characterizing a state of curiosity 
or prolonging uncertainty as aversive (15, 32, 34) and linked to 
unhappiness (16). Although the link between curiosity and 
enjoyment has been explored in personality trait differences in 
the desire for information (12, 27, 28), understanding 
within-person changes in the affective experience of curiosity is 
underexplored. Overall, we found that curiosity and confidence 
were both related to enjoyment, suggesting that both the state 
of wanting to know and the state of moving toward knowing 
can elicit enjoyment.

We found across both studies that curiosity was related to feel-
ings of tension, possibly due to the experience of uncertainty. 
Interestingly, we found that curiosity shared a complex relation-
ship with frustration, and this relationship also differed across 
Study 1 (Predetermined Timing) and Study 2 (Free-Timing). In 
Study 1, curiosity was negatively related to frustration under low 
confidence but positively related to frustration under high confi-
dence. In Study 2, we found the opposite: Curiosity was positively 
related to frustration under low confidence and not related under 
high confidence. We speculate that in Study 1, the positive map-
ping of curiosity and frustration under high confidence could 
reflect a more deprivation-like curiosity that is associated with 
wanting confirmation about the correctness of an answer (28, 48). 
In Study 2, our findings aligned with prior work reporting feelings 
of annoyance related to long delays (35). This difference between 
Study 1 and 2 suggests that when participants have more control 
over the timing of their guesses and videos, being far away from 
resolution could feel more agitating, while coming to and validat-
ing an answer could coincide with less conflict. However, we found 
that overall, increasing a person’s agency over the timing of choices 
in Study 2 increased the positive affect experienced and decreased 
the negative affect, similar to previous work emphasizing the value 
of exerting control (41, 45). Although these affective relationships 
with curiosity provide insights into the range of emotional expe-
riences that can be elicited by curiosity, we probed one emotion 
for each participant, making it challenging to compare the affec-
tive experience holistically. Future work will need to further char-
acterize the affective experience of curiosity to unpack how the 
emotional experience of curiosity can impact behavior.

The divergent effects of curiosity on information seeking gen-
erate new questions about boundary conditions: When does curi-
osity prioritize the process of information gathering over a rapid 
resolution of uncertainty? Prior work has demonstrated that expec-
tations around the structure of the environment can influence 
information-seeking choices (36, 46). An individual might deem 
prolonging uncertainty to be worthwhile when its resolution is 
definite, but not when resolution may not occur. Another impor-
tant factor to consider, and a main motivation for this paradigm, 
is what process is happening while the resolution of uncertainty 
is being delayed. Within the ELDT, information continued to 
unfold across time, allowing for active hypothesis testing and 
updating. This stands in contrast with delay periods in which the 
participant passively waits for resolution, without the opportunity 
to gather more information (11, 36, 37). Under conditions where 
no further information is obtained, receiving immediate informa-
tion, indeed, seems favored and is linked to anticipatory utility 
(37). Future studies will need to elucidate under what contexts 
curiosity promotes immediate uncertainty reduction or engaging 
in a prolonged gathering process.

What does it mean if curiosity sometimes directs choices toward 
and other times away from immediate resolution of uncertainty? 
One implication is that curiosity can prioritize understanding how 
information fits together. Curiosity has been linked to the process of 
sense-making (49), explanation-seeking (50–52), and in the creations 
of knowledge networks (53). All of these conceptualizations empha-
size the process of experiencing an evolving informational state in 
building representations of the world. The choice to suspend reso-
lution in this study, consequently, could reflect curiosity’s preference 
for and valuation of understanding the process of how each drawing 
comes to fruition. Delaying resolution to experience the process of 
information gathering can be a rational solution to maximize infor-
mation gain (5). Thus, curiosity as prioritizing the process of infor-
mation gathering offers an avenue to extend current theoretical and 
computational models of noninstrumental information seeking.D
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To conclude, by using the Evolving Line Drawing Task, designed 
to elicit curiosity over continuous information gathering, we reveal 
the dynamic evolution of curiosity along with information state. This 
experience of curiosity could reflect a state where prolonging uncer-
tainty presents opportunities for hypothesis generation, testing, 
exploration, and wonder. Such curious states may promote informa-
tion seeking beyond simple resolution to prioritize an understanding 
of how information fits together to create meaning.

Materials and Methods

Participants. Our study recruited a total of 2,153 US adults (Study 1: N = 
1,076, Study 2: N = 1,077) through the online labor marketplace, Prolific, in 
September of 2020. Participants completed the entire study online. In total, 
109 participants were excluded, 27 due to technical errors with the task that 
impeded reading or matching data files with Prolific IDs, 4 due to completing 
the task twice, 14 participants had unidentifiable guesses (e.g. “ahefxgfe”), 17 
participants could not identify more than 80% of the drawings (final answer 
= “I don’t know” or “none”), and 48 participants due to not providing a Mid-
Video Rating on 90% of trials (Study 2 only). This resulted in a final sample 
of 2,043 participants (Study 1: N = 1,033, Study 2: N = 1,010). Within our 
sample, 48% of our participants identified as women, 48% identified as men, 
and 4% identified as gender nonconforming or preferred not to say. The mean 
age of our participants was 32 y (SD, 11.4 y; range, 19 to 76 y). Our racial 
demographic breakdown showed that 69% of our participants identified as 
White, 13% as Asian, 8% as Black, and 10% as either mixed or other. Our study 
was estimated to take 35 min (or 55 min for the two-part study that included 
memory, see SI Appendix, Memory Task and Results), and participants were 
paid a flat $5.75 for completion of the study (or $9.00 for the two-part study). 
The study was approved by the Duke University Campus Institutional Review 
Board (protocol #2019-0297).

Evolving Line Drawing Task (ELDT). After informed consent and prior to start-
ing the task, participants were randomly assigned to one of two Stop-Outcome 
conditions: Forgo Resolution and Jump-to Resolution that determined the con-
sequence of choosing to end a video early. In the Forgo Resolution condition 
(Study 1: N = 501, Study 2: N = 485), participants were told that if they stopped 
the trial, they would receive no further information about the drawing. In the 
Jump-to Resolution condition (Study 1: N = 532, Study 2: N = 525), partici-
pants were told that stopping the video early would jump them to the end of the 
video where they would see the completed drawing immediately. Participants 
were told they would watch animated videos of single-line drawings unfold over 
time. Single-line drawings were collected through Google Image searches and 
then hand created into videos and standardized through iMovie (SI Appendix, 
Video Stimuli and Apparatus). They were informed of the expected length of each 
video as well as how many videos they were to view (minimum of 25 videos). 
Participants were told that during video watching, they would be expected to 
answer questions about the drawing as it was unfolding (Mid-Video Decisions). 
Answering all questions was required to advance through the task. Participants 
were told that their choices and guesses would not impact their compensation. 
Updating guesses was described as an expected part of the video-watching pro-
cess, and participants would not be penalized for wrong guesses (SI Appendix, 
Task Instructions).

Videos played automatically at the start of each trial. In Study 1, participants 
were informed that there would be randomly placed pauses, between 1 and 
3 per video, where they would be asked to answer the Mid-Video Decisions 
(Predetermined Timing). In Study 2, throughout video play, a textbox was present 
underneath the video. Participants were told to guess as soon as they thought 
of an identity for the drawing and to update that identity at least once per video 
(Free Timing). Once participants submitted a guess, they answered the other 
Mid-Video Decisions.

At Mid-Video Decisions, participants were asked to report on their curiosity 
(“How much do you want to know the outcome of the drawing?”), one of two ran-
domly assigned questions gauging their confidence about the drawing’s identity 
(“how confident right now,” “how much more time needed to know”), one of 
three randomly assigned affective states (enjoyment, tension, or frustration), and 
what they thought the identity of the drawing was given the current information 

(Guess). Curiosity, confidence, and affect were reported on sliding scales that 
ranged from 1 to 100 (for the time-needed confidence question, the scale was 
0 to 30 s). For our curiosity question only, participants could check a box labeled 
“Already Know” if they were certain they knew the identity of the drawing. This 
check could be made in addition to or instead of providing a curiosity rating on 
the scale, but answering at least one question was required for completing the 
Mid-Video Decision. Our focus for this manuscript was to investigate the role of 
curiosity in choice behavior; thus, analyses included only Mid-Video Decisions 
where a curiosity rating was made regardless of whether participants selected 
“Already Know” or not. Each question was displayed on top of the sliding scale 
for that question. Only the lower and upper bounds of the scale were labeled 
(e.g., Not at all/Very much). For guesses, we instructed participants to use the 
most descriptive and common single English word. Participants were required 
to submit a guess that was greater than 1 character.

After providing responses to all four questions, participants then chose 
whether they wanted to continue watching the video or stop the video and move 
to the next trial. If a participant chose to continue watching a video on their first 
Mid-Video rating, on the next Mid-Video rating, they again were presented with 
the option to continue or stop. Across all Mid-Video Decisions, participants chose 
to continue watching a video 73% of the time. When participants did choose 
to stop, it was on average 60% or 14.8 s through a video. At the end of a trial, 
regardless of whether participants watched the video through or ended the trial 
early, participants were presented with the Post-Video ratings. Participants were 
asked to report on their video satisfaction, their surprise at the video outcome, the 
aesthetic appeal of the drawing, and their anticipated curiosity for the upcoming 
trial. Similar to the Mid-Video Decisions, all Post-Video ratings were reported on 
sliding scales that ranged from 1 to 100 with each question displayed on top. Only 
the lower and upper bounds of the scale were labeled (e.g., Not at all/Very much). 
Examination of the impact of Stop-Outcome condition and continuation on Post-
Video ratings can be found in SI Appendix, Post-Video Ratings Analysis but will not 
be discussed in the main text. Participants also provided a final answer as to what 
they thought the identity of the drawing was in a text box underneath the video. 
Feedback about the identity of the drawing was not provided to participants at 
any time. Participants thereby relied on their own sense of certainty to name the 
drawings. Each trial ended with the option to move to the next trial or replay the 
current video. During replay, participants simply watched the video; no pauses 
or guessing was permitted. Replay choices were made on 1.6% of trials and will 
not be discussed further.

At the end of the required 25 videos, all participants were given the option 
to terminate the video-guessing portion of the study or watch up to 10 extra 
videos. These extra videos were new drawings that were not part of the original 
set of 25 videos. Participants were informed that watching extra videos would 
not change their compensation. Each additional video trial functioned identically 
to the main 25 video trials except that after answering the Mid-Video Decisions 
or the Post-Video ratings, participants now also had the option to terminate the 
video-guessing portion of the task. Also, 32% of our participants chose to watch at 
least one additional video (M = 2.72 additional videos, SD = 2.90 videos, Range:  
1 to 10 videos).

Computation of Guess Accuracy and Stimulus Entropy. To compute 
guess accuracy, we first standardized all participant guesses and final answers 
(SI Appendix, Guess Standardization). In short, final answers were scored as 
correct if the answer matched the name of the drawing, if it matched a name 
in a list of alternative identification, or if the answer was provided after the 
participant had seen the completed drawing (either from watching the video 
all of the way through in the Forgo Resolution condition or anytime in the 
Jump-to Resolution condition). Across all final answers provided, accuracy was 
98%. Guess Accuracy was then determined by comparing each participant’s 
mid-video guesses to their final answer. Guess accuracy across all Mid-Video 
Decisions was 47.9%.

To compute stimulus entropy, we leveraged the collection of guesses made 
across all of our participants to create a crowdsourced measure for how varied 
the potential identities for a drawing were at any point in time (33, 54). For 
each second of each video, we counted the number of unique guesses made as 
well as how often each unique guess was made to compute the probabilities of 
each potential stimulus identity. These probabilities were then used to compute 
Shannon’s informational entropy with the given formula:D
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H(X) = −
∑

P
(

x
i

)

log
(

P
(

x
i

))

,

where xi reflected each unique potential identity. This measurement provided 
a collective sense of how participants converged on an identity as well as how 
varied the path was to reaching that identity.

Data Analysis. Before conducting all statistical analyses, predictors were either 
scaled or factorized. For this manuscript, we collapsed the two confidence questions 
into a single subjective confidence marker. Analyses were conducted with R v4.0.3 

and RStudio v1.3.1093. We created linear and logistic mixed effects regression 
models with the lme4 package (55) and obtained P-values with the lmerTest pack-
age (56). All mixed-effects models included random intercepts for participant. For 
all statistical analyses, we report standardized β values (and 95% CI around the 
slope estimate). Figures were produced in Python with Seaborn and Matplotlib.

Data, Materials, and Software Availability. Anonymized De-identified data 
and analyses scripts data have been deposited in Open Science Framework (DOI: 
10.17605/OSF.IO/RC73G, https://osf.io/rc73g/) (57).

1.	 J. Gottlieb, P.-Y. Oudeyer, Towards a neuroscience of active sampling and curiosity. Nat. Rev. 
Neurosci. 19, 758–770 (2018).

2.	 L. L. F. van Lieshout, F. P. de Lange, R. Cools, Why so curious? Quantifying mechanisms of 
information seeking. Curr. Opin. Behav. Sci. 35, 112–117 (2020).

3.	 T. Sharot, C. R. Sunstein, How people decide what they want to know. Nat. Hum. Behav. 4, 14–19 
(2020), 10.1038/s41562-019-0793-1.

4.	 D. Berlyne, A theory of human curiosity. Br. J. Psychol. 45, 180–191 (1954).
5.	 R. Dubey, T. L. Griffiths, Reconciling novelty and complexity through a rational analysis of curiosity. 

Psychol. Rev. 127, 455–476 (2020).
6.	 M. K. Noordewier, E. van Dijk, Deprivation and discovery motives determine how it feels to be 

curious. Curr. Opin. Behav. Sci. 35, 71–76 (2020).
7.	 K. Murayama, L. FitzGibbon, M. Sakaki, Process account of curiosity and interest: A reward-learning 

perspective. Educ. Psychol. Rev. 31, 875–895 (2019), 10.1007/s10648-019-09499-9.
8.	 M. J. Gruber, C. Ranganath, How curiosity enhances hippocampus-dependent memory: The 

prediction, appraisal, curiosity, and exploration (PACE) framework. Trends Cogn. Sci. 23, 1014–1025 
(2019), 10.1016/j.tics.2019.10.003.

9.	 J. K. L. Lau, H. Ozono, K. Kuratomi, A. Komiya, K. Murayama, Shared striatal activity in decisions 
to satisfy curiosity and hunger at the risk of electric shocks. Nat. Hum. Behav. 4, 531–543 (2020), 
10.1038/s41562-020-0848-3.

10.	 L. L. F. van Lieshout, A. R. E. Vandenbroucke, N. C. J. Müller, R. Cools, F. P. de Lange, Induction and 
relief of curiosity elicit parietal and frontal activity. J. Neurosci. 38, 2579–2588 (2018), 10.1523/
JNEUROSCI.2816-17.2018.

11.	 C. B. Marvin, D. Shohamy, Curiosity and reward: Valence predicts choice and information prediction 
errors enhance learning. J. Exp. Psychol. Gen. 145, 266–272 (2016).

12.	 H. K. Jach, C. G. DeYoung, L. D. Smillie, Why do people seek information? The role of personality 
traits and situation perception. J. Exp. Psychol. Gen. 151, 934–959 (2021), 10.1037/xge0001109.

13.	 M. J. Kang et al., The wick in the candle of learning: Epistemic curiosity activates reward circuitry and 
enhances memory. Psychol. Sci. 20, 963–973 (2009).

14.	 C. B. Marvin, E. Tedeschi, D. Shohamy, Curiosity as the impulse to know: Common behavioral and 
neural mechanisms underlying curiosity and impulsivity. Curr. Opin. Behav. Sci. 35, 92–98 (2020).

15.	 G. Loewenstein, The psychology of curiosity: A review and reinterpretation. Psychol. Bull. 116, 
75–98 (1994).

16.	 L. L. F. van Lieshout, F. P. de Lange, R. Cools, Uncertainty increases curiosity, but decreases happiness. 
Sci. Rep. 11, 14014 (2021).

17.	 J. Ely, A. Frankel, E. Kamenica, Suspense and surprise. J. Polit. Econ. 123, 215–260 (2015).
18.	 Z.-W. Li, N. R. Bramley, T. M. Gureckis, Expectations about future learning influence moment-to-

moment feelings of suspense. Cogn. Emot. 35, 1099–1120 (2021).
19.	 G. Su-lin, C. A. Tuggle, M. A. Mitrook, S. H. Coussement, D. Zillmann, THE THRILL OF A CLOSE GAME: 

Who enjoys it and who doesn’t? J. Sport Soc. Issues 21, 53–64 (1997).
20.	 C. Klimmt, A. Rizzo, P. Vorderer, J. Koch, T. Fischer, Experimental evidence for suspense as 

determinant of video game enjoyment. Cyberpsychol. Behav. 12, 29–31 (2009).
21.	 J. D. Lomas et al., "Is difficulty overrated? The effects of choice, novelty and suspense on intrinsic 

motivation in educational games" in Proceedings of the 2017 CHI Conference on Human Factors in 
Computing Systems (Association for Computing Machinery, 2017), pp. 1028–1039.

22.	 L. C. Maxwell, Spoilers ahead, proceed with caution: How engagement, enjoyment, and FoMO 
predict avoidance of spoilers. Psychol. Popular Media 11, 163–172 (2021), 10.1037/ppm0000362.

23.	 B. K. Johnson, J. E. Rosenbaum, Spoiler alert: Consequences of narrative spoilers for dimensions of 
enjoyment, appreciation, and transportation. Commun. Res. 42, 1068–1088 (2015).

24.	 J. Boyd-Graber, K. Glasgow, J. S. Zajac, Spoiler alert: Machine learning approaches to detect social 
media posts with revelatory information. Proc. Am. Soc. Inf. Sci. Technol. 50, 1–9 (2013).

25.	 A. Bao, M. Ho, S. Sangamnerkar, Spoiler alert: Using natural language processing to detect spoilers 
in book reviews. arXiv [Preprint] (2021). https://doi.org/10.48550/arXiv.2102.03882 (Accessed 26 
May 2022).

26.	 J. Metcalfe, T. Kennedy-Pyers, M. Vuorre, Curiosity and the desire for agency: wait, wait … don’t tell 
me! Cogn. Res. Princ. Implic. 6, 69 (2021).

27.	 T. B. Kashdan et al., The five-dimensional curiosity scale: Capturing the bandwidth of curiosity and 
identifying four unique subgroups of curious people. J. Res. Pers. 73, 130–149 (2018).

28.	 J. A. Litman, Relationships between measures of I- and D-type curiosity, ambiguity tolerance, and 
need for closure: An initial test of the wanting-liking model of information-seeking. Pers. Individ. 
Dif. 48, 397–402 (2010).

29.	 W. Shen, Y. Yuan, C. Liu, J. Luo, In search of the ‘Aha!’ experience: Elucidating the emotionality of 
insight problem-solving. Br. J. Psychol. 107, 281–298 (2016).

30.	 Y. Oh, C. Chesebrough, B. Erickson, F. Zhang, J. Kounios, An insight-related neural reward signal. 
Neuroimage 214, 116757 (2020).

31.	 E. Vogl, R. Pekrun, K. Murayama, K. Loderer, Surprised-curious-confused: Epistemic emotions and 
knowledge exploration. Emotion 20, 624–641 (2019), 10.1037/emo0000578.

32.	 D. Bennett, S. Bode, M. Brydevall, H. Warren, C. Murawski, Intrinsic valuation of information in 
decision making under uncertainty. PLoS Comput. Biol. 12, e1005020 (2016).

33.	 S. Van de Cruys et al., Visual affects: Linking curiosity, Aha-Erlebnis, and memory through 
information gain. Cognition 212, 104698 (2021).

34.	 M. Jepma, R. G. Verdonschot, H. van Steenbergen, S. A. R. B. Rombouts, S. Nieuwenhuis, Neural 
mechanisms underlying the induction and relief of perceptual curiosity. Front. Behav. Neurosci. 6, 5 
(2012).

35.	 M. K. Noordewier, E. van Dijk, Curiosity and time: From not knowing to almost knowing. Cogn. 
Emot. 31, 411–421 (2017).

36.	 E. A. Lang, C. van Geen, E. Tedeschi, C. B. Marvin, D. Shohamy, Learned temporal statistics guide 
information seeking and shape memory. J. Exp. Psychol. Gen. 151, 986–995 (2021), 10.1037/
xge0001122.

37.	 K. Iigaya, G. W. Story, Z. Kurth-Nelson, R. J. Dolan, P. Dayan, The modulation of savouring by 
prediction error and its effects on choice. Elife 5 (2016).

38.	 J. Metcalfe, B. L. Schwartz, T. S. Eich, Epistemic curiosity and the region of proximal learning. Curr. 
Opin. Behav. Sci. 35, 40–47 (2020).

39.	 T. C. Blanchard, B. Y. Hayden, E. S. Bromberg-Martin, Orbitofrontal cortex uses distinct codes for 
different choice attributes in decisions motivated by curiosity. Neuron 85, 602–614 (2015).

40.	 A. H. Danek, T. Fraps, A. von Müller, B. Grothe, M. Öllinger, It’s a kind of magic-what self-reports 
can reveal about the phenomenology of insight problem solving. Front. Psychol. 5, 1408 
(2014).

41.	 L. A. Leotti, M. R. Delgado, The inherent reward of choice. Psychol. Sci. 22, 1310–1318 (2011).
42.	 G. M. Fastrich, K. Murayama, Development of interest and role of choice during sequential 

knowledge acquisition. AERA Open 6, 2332858420929981 (2020).
43.	 K. Murayama, A reward-learning framework of knowledge acquisition: An integrated account 

of curiosity, interest, and intrinsic-extrinsic rewards. Psychol. Rev. 129, 175–198 (2022).
44.	 J. Metcalfe, M. Vuorre, E. Towner, T. S. Eich, Curiosity: The effects of feedback and confidence on the 

desire to know. J. Exp. Psychol. Gen. 152, 464–482 (2023).
45.	 M. Jiwa, P. S. Cooper, T.T.-J. Chong, S. Bode, Choosing increases the value of non-instrumental 

information. Sci. Rep. 11, 8780 (2021).
46.	 R. Ligneul, M. Mermillod, T. Morisseau, From relief to surprise: Dual control of epistemic curiosity in 

the human brain. Neuroimage 181, 490–500 (2018), 10.1016/j.neuroimage.2018.07.038.
47.	 D. E. Berlyne, Curiosity and exploration. Science 153, 25–33 (1966).
48.	 G. Brod, Predicting as a learning strategy. Psychon. Bull. Rev. 28, 1839–1847 (2021), 10.3758/

s13423-021-01904-1.
49.	 N. Chater, G. Loewenstein, The under-appreciated drive for sense-making. J. Econ. Behav. Organ. 

126, 137–154 (2016).
50.	 E. G. Liquin, T. Lombrozo, A functional approach to explanation-seeking curiosity. Cogn. Psychol. 

119, 101276 (2020).
51.	 P. Schwartenbeck et al., Computational mechanisms of curiosity and goal-directed exploration. Elife 

8, e41703 (2019), 10.7554/eLife.41703.
52.	 A. Gopnik, “Explanation as orgasm and the drive for causal knowledge: The function, evolution, and 

phenomenology of the theory formation system” in Explanation and Cognition, F. C. Keil, Ed. (The 
MIT Press, 2000), vol. 396, pp. 299–323.

53.	 D. M. Lydon-Staley, D. Zhou, A. S. Blevins, P. Zurn, D. S. Bassett, Hunters, busybodies and the 
knowledge network building associated with deprivation curiosity. Nat. Hum. Behav. 5, 327–336 
(2021).

54.	 C. E. Shannon, A mathematical theory of communication. Bell Syst. Tech. J. 27, 379–423 (1948).
55.	 D. Bates, M. Mächler, B. Bolker, S. Walker, Fitting linear mixed-effects models using lme4. J. Stat. 

Softw. 67, 1–48 (2015), 10.18637/jss.v067.i01.
56.	 A. Kuznetsova, P. B. Brockhoff, lmerTest package: Tests in linear mixed effects models. J. Stat. Softw. 

82, 1–26 (2017).
57.	 A. Hsiung, J.-H. Poh, R. A. Adcock, S. A. Huettel, Curiosity evolves as information unfolds. OSF. 

https://doi.org/10.17605/OSF.IO/RC73G (Accessed 21 September 2023).

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 C
O

R
N

E
L

L
 U

N
IV

E
R

SI
T

Y
; E

-R
E

SO
U

R
C

E
S 

A
N

D
 S

E
R

IA
L

S 
M

A
N

A
G

E
M

E
N

T
 o

n 
Ja

nu
ar

y 
21

, 2
02

5 
fr

om
 I

P 
ad

dr
es

s 
13

2.
17

4.
25

2.
17

9.

https://doi.org/10.17605/OSF.IO/RC73G
https://osf.io/rc73g/
https://doi.org/10.1038/s41562-019-0793-1
https://doi.org/10.1007/s10648-019-09499-9
https://doi.org/10.1016/j.tics.2019.10.003
https://doi.org/10.1038/s41562-020-0848-3
https://doi.org/10.1523/JNEUROSCI.2816-17.2018
https://doi.org/10.1523/JNEUROSCI.2816-17.2018
https://doi.org/10.1037/xge0001109
https://doi.org/10.1037/ppm0000362
https://doi.org/10.48550/arXiv.2102.03882
https://doi.org/10.1037/emo0000578
https://doi.org/10.1037/xge0001122
https://doi.org/10.1037/xge0001122
https://doi.org/10.1016/j.neuroimage.2018.07.038
https://doi.org/10.3758/s13423-021-01904-1
https://doi.org/10.3758/s13423-021-01904-1
https://doi.org/10.7554/eLife.41703
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.17605/OSF.IO/RC73G

	Curiosity evolves as information unfolds
	Significance
	Results
	Temporal Dynamics of Informational State
	Dynamics of Curiosity
	Curiosity and Continuous Information Seeking
	Affective Experience of Curiosity and Informational States
	Enjoyment.
	Tension.
	Frustration.

	Comparison of Predetermined vs. Free Timing (Study 1 vs. Study 2)
	General Discussion
	Materials and Methods
	Participants.
	Evolving Line Drawing Task (ELDT).
	Computation of Guess Accuracy and Stimulus Entropy.
	Data Analysis.

	Data, Materials, and Software Availability
	Supporting Information
	Anchor 31



