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Supplementary Online Materials 
 
Section 1.  Coding guide 
A coder blind to conditions coded children’s behaviors during the test phase using a video 
annotation software, VCode (Hagedorn, Hailpern, & Karahalios, 2008). A second coder blind to 
conditions coded 1/3 of the videotapes. Children’s exploitation and exploration were coded on 
separate tracks. 
 
Exploitation  
• Includes: 

- Whenever a child’s action made the bulb light up 
- Pressing or moving hands/body on the button with the intention of making the bulb light up 

• Excludes: 
- Hand(s) resting on the button with no further actions 
- Grabbing the button or bulb for other, exploratory purposes 

 
Exploration 
• Includes: 

- Touching other parts of the toy 
- Tracing or outlining shapes on the toy  
- Putting finger(s) in the hole of the toy  
- Looking into the hole 
- Moving the toy (e.g., picking up, changing its direction) 
- Playing with the known function but not for the original purpose 

• Excludes: 
- Hand(s) resting on the box with no further actions 
- playing with the occluder 

 
Joint Exploitation & Exploration:  

Occasionally a child may be playing with the known function with one hand while interacting 
with other parts of the toy with the other hand. In this case, both events were coded at the same 
time on separate tracks. Total exploitation time includes both when a child was exploiting alone 
and when the child was exploiting and exploring simultaneously. Similarly, total exploration time 
includes both when a child was merely exploring and when the child was doing both. 
• Includes: 

- Pressing on the button with one hand while putting finger(s) in the hole with the other hand 
- Pressing on the button with one hand while picking up the box with the other hand 

• Excludes: 
- Pressing on the button with one hand while hovering the other hand over the light bulb or 

playing with the lighting 
 
Disengagement:  

Frames that were coded neither as exploitation nor exploration were considered 
disengagement. 
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Section 2.  Results including disengagement time 
For both experiments, the statistical results do not change if we include disengagement time in 
total playtime to calculate Percent Exploration (i.e., Percent Exploration (%) = Exploration (s) / 
Total Playtime (Exploration (s) + Exploitation (s) + Disengagement (s)) * 100).  More specifically, 
similar to the results reported in the main paper, while children’s total playtime (including 
disengagement) did not differ between conditions (Surprise: M = 94.2s, SD = 36.7; Happy: M = 
87.0s, SD = 40.7); t(53.4) = .70, p = .487, 95%CI [-13.53, 28.03], Welch Two Sample t-test), 
children spent a larger proportion of time exploring the toy in the Surprise condition (M = 48.4%, 
SD = 24.4) than in the Happy condition (M = 32.9%, SD = 26.7; t(53.6) = 2.27, p = .027, 95%CI  
[1.83,  29.25]) in Experiment 1. The same pattern of results was found during the first 30 seconds 
of the test phase (Surprise: M = 51.5%, SD = 27.2; Happy: M = 34.8%, SD = 32.2; t(52.6) = 2.10, 
p = .041, 95%CI [.72, 32.66]). Also similar to the results in the main paper, in Experiment 2, while 
children’s total playtime (including disengagement) did not differ between conditions (Surprise: 
M = 97.3s, SD = 32.3; Happy: M = 91.9s, SD = 34.5); t(53.8) = .61, p = .544, 95%CI [-12.44, 
23.35]), children spent a larger proportion of time exploring the toy in the Prior Knowledge 
condition (M = 48.5%, SD = 21.6) than in the No Prior Knowledge condition (M = 27.0%, SD = 
19.0; t(53.1) = 3.95, p < .001, 95%CI [10.60, 32.44]). The same pattern of results was found during 
the first 30 seconds of the test phase (Surprise: M = 50.2%, SD = 29.5; Happy:  M = 26.6%, SD = 
26.1; t(53.2) = 3.17, p = .002, 95%CI [8.69, 38.54]).  
 
Section 3. Children’s behaviors during the first 30 seconds of the test phase 
Suggested by Gweon et al. (2014), the beginning of the test phase tends to show clean patterns of 
results. So, besides analyzing children’s behaviors during the entire test phase (2 minutes at most), 
we also followed Gweon et al. (2014)’s analyses, looking at children’s behaviors in the first 30 
seconds. In both experiments, we found similar patterns of results as those in the whole test phase, 
suggesting that children showed predicted responses in the first 30 seconds as well as in the entire 
test phase.  
 

 
 

Figure S1: Results in the first 30s of the test phase (error bars indicate 
95% confidence intervals) 
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Section 4. Age effect 
We tested children from 3.0 to 4.9 years old. Because based on our pilot data we did not find any 
hint of a developmental change, we did not set the sample size of the study for detecting age 
differences. Our participants' ages were also not perfectly distributed across the two age groups. 
However, we report exploratory analyses of age here for readers who are interested in the potential 
presence or absence of developmental changes. We have also shared our data and code online for 
those who want to explore the data further. These analyses, however, should be interpreted with 
caution because of the small sample size and the slightly unbalanced distribution of age. 

With these cautions in mind, we now present our exploratory analysis of age. Due to the small 
sample size, we conducted model comparisons to find the best-fit model with the least number of 
variables. More specifically, we fit our data into three linear regression models and did model 
selections to find the best fit. Model 1 only has the predictor condition. Model 2 has condition and 
age. Model 3 has condition, age, and condition-by-age interaction. 

In Experiment 1, the best fit model for children’s exploration over the Entire Test Phase is 
Model 3 (with condition, age, and condition-by-age interaction as predictors). There was an effect 
of condition (Happy vs. Surprise, β = −143.25, SE = 59.18, t = −2.42, p = .019) and an interaction 
between condition and age (β = 29.09, SE = 14.07, t = 2.07, p = .044). We also looked at each age 
group separately. There was an effect of condition in 3-year-olds (β = −34.07, SE = 9.58, t = −3.56, 
p = .002) but not in 4-year-olds (β = −13.23, SE = 10.56, t = −1.25, p = .220). The interaction effect 
disappeared, however, when we focus on children’s exploration in the first 30 seconds. Here the 
best-fit model is Model 2 (with predictors condition and age only). There was an effect of condition 
(β = −26.32, SE = 8.41, t = −3.13, p = .003) and age (β = 20.69, SE = 7.79, t = 2.66, p = .010). 
Adding the interaction term did not improve the model fit (p = .218). These results suggest that 
children as young as three explored more following others’ surprise than following others’ 
happiness. Four-year-olds also showed this pattern in the first 30 seconds at test, yet the effect got 
weaker after the first 30 seconds.  

In Experiment 2, the best fit model for children’s exploration over the Entire Test Phase is 
Model 1 (with the predictor condition only). There was an effect of condition (Prior Knowledge 
vs. No Prior Knowledge, β = 22.33, SE = 6.73, t = 3.32, p = .002). Adding age and condition-by-
age interaction did not improve the model fit (p's > .371). Model 1 is also the best fit model for 
children’s exploration in the first 30 seconds. There was a main effect of condition (β = 24.00, SE 
= 8.08, t = 2.97, p = .004). Adding age and condition-by-age interaction did not improve the model 
fit (p′s > .247). These results suggest that consistently with our predictions, both 3- and4-year-olds 
can combine others’ surprise and prior knowledge to decide when to explore. 

In sum, these results are largely in line with the possibility that both 3- and 4-year-olds showed 
predicted responses. Yet, this absence of a developmental change should be interpreted with 
caution due to the small sample size and the slightly unequal distribution of age. 

 
Section 5. Children’s first behavior at test 
One might wonder whether children’s first action on the toy could also indicate children’s 
inferences about hidden causal functions. Our original analysis did not include this measure; 
while it is possible that children’s first action is aligned with their overall tendency to explore 
(i.e., children who show higher rates of exploration may also be the ones whose first action is 
to explore), we were concerned that some children may choose to play with the familiar, 
salient function first due to its perceptual salience and because they only had brief experience 
with it before the test phase. However, here we provide an exploratory analysis of children’s 
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first responses in the hope that these will be informative for other researchers who may 
consider similar analyses in their work. 

In Experiment 1, 15/28 children in the Prior Knowledge-Surprise condition explored first, 
while 11/28 children did so in the Prior Knowledge-Happy condition (difference between 
conditions: X2(1) = .65, p = .422). In Experiment 2, 20/28 children in the Prior knowledge-
Surprise condition explored first while 7/28 children did so in the No Prior Knowledge-
Surprise condition (difference between conditions: X2(1) = 10.30, p = .001). 

There are reasons to be cautious about interpreting these results. Although the Prior 
Knowledge-Surprise condition was identical between the two experiments, 15/28 children 
explored in Experiment 1 while 20/28 explored in Experiment 2; this random fluctuation 
likely contributed to the difference between experiments. This is consistent with our suspicion 
that at least in the current paradigm, children’s first action during the test phase is not the most 
reliable measure of children’s inferences about hidden causal functions. 
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