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Abstract: We investigated children’s information seeking in response to a surprising claim 

(Study 1, N = 109, 54 female, Range = 4.02—6.94 years, 49% White, 21% Mixed Ethnicity, 

19% Southeast Asian, September 2019—March 2020; Study 2, N = 154, 74 female, Range = 

4.09—7.99, 50% White, 20% Mixed Ethnicity, 17% Southeast Asian, September 2020—

December 2020). Relative to younger children, older children more often expressed skepticism 

about the adult’s surprising claims (1-year increase, OR = 2.70) and more often suggested 

exploration strategies appropriate for testing the specific claim they heard (1-year increase, OR = 

1.42). Controlling for age, recommending more targeted exploration strategies was associated 

with a greater likelihood of expressing skepticism about the adult’s claim.  
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Older children verify adult claims because they are skeptical of those claims 

Young children can learn on their own, either through observation (Paradise & Rogoff, 

2009) or experimentation (e.g., Schulz, 2012). Alternatively, they can learn from what other 

people tell them (e.g., Harris & Koenig, 2006). They can also integrate information they acquire 

on their own with information they are told and, in doing so, consider the relative merit of each 

information source (e.g., Bridgers et al., 2016). Moreover, whether they are learning on their 

own, learning from other people, or combining information from these two sources, they weigh 

newly acquired information against their prior knowledge and beliefs (Gelman, 2009). When 

new information conflicts with what children know and believe, three outcomes are possible: 

children can dismiss the information they have just acquired and maintain their initial beliefs; 

revise their beliefs in light of the newly acquired information; or seek additional information. 

The current studies seek to extend our understanding of children’s information seeking in 

response to a surprising claim, a topic that we know little about even though it covers an 

important class of learning experiences.  

Factors influencing children’s endorsement of counterintuitive claims 

Through the claims made by other people, children can learn about various aspects of the 

world. Some of these claims are surprising to children because they conflict with their first-hand 

experiences of, and intuitions about, the world. For example, the earth appears to be flat but is in 

fact round. Children typically reject claims that directly contradict their perceptions and 

intuitions (Pea, 1982) but are more accepting of claims that are moderately or minimally 

surprising (Jaswal, 2004). Importantly, conceptual insights like children’s understanding of the 

appearance-reality distinction – their understanding that something can look like one thing but 

actually be something else (Flavell, 1986) – and the explanations that adults provide in support 
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of surprising claims help children represent and accept such claims (Lane et al., 2014). In 

addition to paying attention to what they are told, children also consider who they are talking to. 

For example, when learning about counterintuitive properties of objects and animals, children as 

young as 3-years-old are more likely to endorse informants’ claims when those informants have 

relevant as opposed to irrelevant expertise (Lane & Harris, 2015). Communitywide endorsement 

of counterintuitive and counter-perceptual claims is also effective in promoting and sustaining 

children’s endorsement of such claims (e.g., Harris & Koenig, 2006). This is because repeated 

exposure to a claim increases belief (Fazio & Sherry, 2020), as does testimony from multiple 

informants (Bernard et al., 2015). Indeed, without additional testimony, children’s endorsement 

of counter-perceptual claims decreases over time (Ronfard et al., 2017).  

Children’s information seeking in response to surprising claims 

Children frequently seek out additional information by asking questions or by engaging 

in exploratory play following their observation of surprising phenomena (Ronfard et al., 2018b; 

Schulz, 2012). Less research has examined children’s information seeking in response to 

surprising claims. Some surprising claims cannot be empirically verified by young children. For 

example, children cannot easily obtain firsthand evidence for angels, germs, or the Roman 

Empire (Harris et al., 2017). In such cases, they can only obtain additional information by 

seeking out additional forms of testimony through question-asking or by querying knowledge 

artifacts such as books. But how do children respond when they are faced with a surprising claim 

that they can verify through firsthand exploration— for example, the claim that a larger object 

floats while a smaller one sinks?  

Prior research on this topic has revealed a cross-culturally robust age difference: 7-year-

old children are significantly more likely than 4-year-old children to explore objects when their 
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intuitions about them have been contradicted rather than confirmed by an adult’s claim 

(Hermansen et al., 2021; Ronfard et al., 2018; 2020a; 2021). However, as we detail below, this 

age-related difference may be restricted to the type of claim and tasks used in those studies. In 

those prior studies, 4- to 8-year-old children were presented with a set of Russian dolls that 

differed in size. When asked about their relative weight, children – almost without exception – 

identified the biggest doll as the heaviest. The experimenter then either confirmed their intuition, 

“Yes, the biggest doll is the heaviest,” or contradicted it, “Actually, that one is not the heaviest. 

The smallest doll is the heaviest.” Following this testimony, children typically endorsed what 

they had just been told. Thus, they endorsed the experimenter’s assertion that the largest doll was 

the heaviest in the confirming condition but that the smallest doll was the heaviest in the 

counterintuitive condition – regardless of their initial assertion and regardless of age. 

However, when children were subsequently left alone by the experimenter, a clear age-

related difference in their behavior emerged. In order to investigate the experimenter’s claim that 

the smallest doll was the heaviest, children needed to pick up the smallest doll and the biggest 

doll. They could do so successively by picking up the smallest doll and later picking up the 

biggest doll, or they could pick up the smallest doll and the biggest doll at the same time. 

Younger children (4- and 5-years-old) occasionally picked up the smallest and the biggest doll 

one after the other but when they did, they were equally likely to do so across conditions in two 

out of three prior studies (no evidence of successive exploration in Ronfard et al., 2018; 2020a; 

but see Ronfard et al., 2021). Moreover, younger children almost never picked up the smallest 

and the biggest doll simultaneously, whether their intuitions had been confirmed or contradicted. 

In contrast, older children (6- to 8-years-old) engaged in successive and simultaneous 

exploration of the smallest and biggest dolls more often in the counterintuitive as opposed to the 
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confirming condition (Ronfard et al., 2018; 2021). In sum, the frequency and the type of 

exploration that children engage in following a surprising claim change between 4- and 7-years 

of age. Younger children rarely engage in selective exploration following a surprising claim, 

whereas older children often do so. Although younger children’s exploration is seemingly 

unsystematic, older children’s selective exploration suggests a deliberate attempt to verify the 

surprising claim.  

In these prior studies, the counterintuitive testimony that children received was designed 

to contradict their expectations about the relative weight of particular dolls. To assess the 

surprising claim that the smallest doll was the heaviest, children needed to engage in a specific 

type of assessment – a direct comparison of the smallest doll and the biggest doll. Arguably, the 

age difference in children’s exploration of a surprising claim about weight may reflect age-

related differences in the ease with which children can devise and execute such comparative 

assessments. Thus, in Study 1, we investigate children’s selective exploration following a non-

comparative surprising claim. If younger children struggle with devising and implementing 

comparative assessments, they might engage in selective exploration when faced with a 

surprising claim that does not involve the comparison of two objects. Alternatively, younger 

children might be less likely than older children to engage in selective exploration following 

surprising claims regardless of whether they involve the comparison of two objects.  

The current study 

To test these competing hypotheses, in Study 1, we presented 4- to 7-year-old children 

with a simple claim that was easier to assess than the weight comparison required in prior 

studies. Our experimental design followed that of Ronfard et al. (2018), but the stimulus 

materials and experimenter’s testimony were different. Children were presented with 3 objects: a 
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rock, a piece of sponge-like material and a hacky sack (a small ball filled with beads that is used 

to play a game with your feet). The experimenter asked whether the rock was hard or soft. 

Children who stated that the rock was hard were presented with a claim that either confirmed or 

contradicted that intuition. They were then left alone in the room. If younger children are more 

likely to test claims that contradict their intuitions when such claims do not require a comparison 

between two objects, then we should observe that, regardless of age, children’s selective 

exploration is greater when the claim contradicts rather than confirms their intuitions.  

Study 1 

Method 

Preregistration and Data Availability 

Our preregistered analyses, data, and syntax files for this study are openly available at the 

Open Science Framework: preregistration, https://osf.io/kj75u; data and syntax files, 

https://osf.io/x5udp/?view_only=bfc75f87b67f4b638160ebc0bd090be5.  

Participants 

We recruited a total of 109 children (54 female, Mage = 5.46 years, Range = 4.02 - 6.94 

years) from the Greater Toronto Area (Canada). Data were collected between September 2019 

and March 2020. Children were randomly assigned to one of two conditions: counterintuitive 

testimony or confirming testimony. Age was analyzed as a continuous variable measured in 

years. We had originally planned to test 120 children across three age groups: 40 4-year-old 

children, 40 5-year-old children, and 40 6-year-old children, with half of each age group (20 

children) in each condition. However, due to the COVID-19 pandemic, our laboratory was shut 

down by our university for in-person testing in March of 2020. At the time of submission, in-

person testing has yet to resume. We ended up testing 39 4-year-old children (19 in the 

confirming testimony condition, 20 in the counterintuitive testimony condition), 31 5-year-old 

https://osf.io/kj75u
https://osf.io/x5udp/?view_only=bfc75f87b67f4b638160ebc0bd090be5
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children (18 in the confirming testimony condition, 13 in the counterintuitive testimony 

condition), and 39 6-year-old children (20 in the confirming testimony condition, 19 in the 

counterintuitive testimony condition).  

The participants came from an ethnically diverse community and a variety of cultural 

backgrounds. Parents reported on the ethnicity of their child (108 out of 109, or 99% of parents 

answered this question): 49% described their child as White, 21% as having Mixed Ethnicity or 

Race, and 19% as Southeast Asian. Parents reported on the level of education that they and their 

partner had completed (108 out of 109, or 99% of parents answered this question): of the 

children whose parents completed our survey, 18% had parents who did not attend university 

(i.e., a 4-year university degree program), 34% had one parent who attended university, and 48% 

had two parents who attended university. Parents also reported their annual family income in 

Canadian dollars (88 out of 109, or 81% of parents answered this question) as either: under $45 

000 (6%), between $45 000 and $90 000 (25%), or over $90 000 (69%). In 2018, the median 

income for families in Canada was $97,400 (Statistics Canada). Twelve additional children were 

recruited but not included in our analyses because the children did not want to finish the study (N 

= 3) or failed to identify the rock as hard in their initial judgment (N = 9). An additional 23 

children were recruited but not included due to experimenter error, for example, failure to follow 

the experimental script (N = 12) and allowing children to bring a toy into the testing room (N = 

5). 

Materials 

We used 3 distinctive objects: a rock, a piece of sponge-like material and a hacky sack. 

The objects were arranged on a tray placed on a table approximately 25 inches from the table 

edge nearest to the child, with the rock always being the object in the center (see Supplementary 
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Online Materials for a picture of the stimuli). The experimenter and the child sat next to each 

other at the table. The experimental sessions were recorded using 3 wall-mounted cameras.  

Procedure 

This study was approved by the Ethics Committee of the University of Toronto (“Social 

learning in children and adults: Behavioral studies”, #37434). Guardians of participants gave 

informed consent in writing before children participated in the study. Children gave verbal 

assent. 

Children were brought to a testing room and introduced to an unfamiliar female 

experimenter (E). This experimenter was already in the testing room when parents and their 

children arrived. Children had never seen E before. The experimental procedure consisted of 5 

phases: (i) initial judgment with E; (ii) E’s testimony; (iii) post-testimony judgment with E; (iv) 

opportunity to explore the objects on their own; (v) final judgment with E. A brief description of 

each phase follows. 

Initial Judgment with E. The experimenter asked children: “Do you think this rock is hard 

or soft?” E’s Testimony. Children were randomly assigned to receive either counterintuitive 

testimony or testimony that confirmed their intuition. In the counterintuitive testimony condition, 

the experimenter told children: “Actually, this rock is soft, not hard.” Note that this statement 

was false. In the confirming testimony condition, the experimenter told children: “That's right, 

this rock is hard.” Post-testimony Judgment with E. All children were again asked: “So, do you 

think this rock is hard or soft?” Opportunity to Explore the Objects on Their Own. The 

experimenter told children that she had to leave the room to make a quick phone call and would 

be back in one minute. The experimenter then said: “Here, I’ll move the objects closer to you,” 

and moved the tray with the objects closer (to about 6 inches from the child). She then left the 
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room, closing the door behind her. The experimenter returned to the room approximately 70 

seconds later: Confirming, M = 72.96 seconds, SD = 10.1; Counterintuitive, M = 71.69 seconds, 

SD = 6.22. Final Judgment with E. Children were asked again: “So, do you think this rock is 

hard or soft?” For children in the counterintuitive condition, the experimenter then explained that 

she must have made a mistake and that, upon closer inspection, the rock was in fact hard. 

Coding 

Two research assistants who were blind to the experimental condition and children’s 

judgments about the rock’s hardness coded children’s exploration of the objects using video 

recordings. The first research assistant coded 100% of the videos, while the second coded 24% 

of the videos. Coding was completed using Computer Software for Video Based Observational 

Research Projects (Mangold INTERACT, 2020). The research assistants coded how long it took 

each child to touch each of the 3 objects and how long they spent touching each object. Inter-

rater agreement, as measured by Cohen’s Kappa (κ), was excellent, κ = 0.82. Coding was time-

linked and thus inter-rater agreement was based on the overlap between the start and end time of 

each action by each coder. From these data, we extracted our 3 outcome measures: the object that 

children touched first; how quickly they touched the rock (if they did so); and how long children 

interacted with each object.  

Individual Differences Measures 

We asked parents to complete three surveys: caregiver’s endorsement of authoritarian 

values (Feldman & Stenner, 1997; Cronbach’s Alpha = .56); the “Rules and Respect” subscale of 

the Early Parenting Attitudes Questionnaire (Hembacher & Frank, 2020; Cronbach’s Alpha = 

.50); and the Inventory of Children’s Individual Differences - Short Version (ICID-S; Deal et al., 
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2007), a measure of the Big Five personality traits in children (Cronbach’s Alpha > .68 for each 

subscale). The low reliability of the two measures assessing caregivers’ attitudes (Cronbach’s 

Alpha < .60) prevented our use of them in our subsequent analyses. Exploratory analyses of the 

association between children’s Big Five personality traits and their exploration of the surprising 

claim are included in Supplementary Online Materials. 

Results 

We analyze children’s: (i) post-testimony judgments; (ii) exploration of the objects; (iii) 

spontaneous post-exploration remarks to E; (iv) post-exploration judgments as a function of 

children’s exploration. R Statistical Software (R Core Team, 2021) was used for all analyses. 

Children’s Post-testimony Judgments 

By design, all children initially stated that the rock was hard (as noted above, we 

excluded 9 children who did not). Almost all children who heard testimony that confirmed their 

initial judgment continued to make the same judgment as before. In contrast, few of the children 

who heard counterintuitive testimony continued to make the same judgment as before (see Table 

1). A logistic regression model revealed a main effect of condition, indicating that children in the 

confirming condition were significantly more likely to maintain that the rock was hard than 

children who received counterintuitive testimony, OR = .01, z = -6.90, p < .001. There was 

neither a main effect of age (entered as a continuous variable) on children’s post-testimony 

judgments, nor was there an interaction between age and condition. In sum, irrespective of age, 

most children endorsed the experimenter’s testimony, whether it confirmed or disconfirmed their 

prior judgment. 

Measures of Children’s Exploration 
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To investigate children’s exploration as a function of condition, we analyzed: (i) the 

proportion of children who touched each object first; (ii) how quickly they touched the rock (if 

they did so); (iii) how long children interacted with the rock relative to the other objects. (See 

Figures 1(a), 1(b) and 1(c)). 

Figure 1 goes here. 

Proportion of children who touched each object first. We conducted a series of 

multinomial logistic regressions to assess whether there was a difference between conditions in 

which object children touched first (rock, sponge, hacky sack or none). Our initial model 

included condition (confirming vs. counterintuitive testimony), age (continuous) and the 

interaction between condition and age as predictors. The interaction between condition and age 

was not statistically significant. The predictors of our second model were condition and age. This 

model revealed a significant effect of condition but no effect of age. Thus, our final model only 

included condition. Children were significantly more likely to touch the rock first in the 

counterintuitive testimony condition than in the confirming testimony condition, OR = 7.24, z = 

3.21, p = .0013, Figure 1(a). In fact, in the counterintuitive testimony condition, children touched 

the rock more often than would be expected by chance. The rock was the first of the three objects 

that they touched 44% of the time, whereas chance would predict only 25%, Binomial Test, p = 

.0012.  

Latency to touch the rock. To assess whether there was a difference across conditions in 

how long it took for children to touch the rock, we regressed latency to touch the rock on 

condition (confirming vs. counterintuitive testimony) and age (continuous). Latency to touch the 

rock was calculated as the amount of time that elapsed between the experimenter pushing the 

objects closer to the child and the child first touching the rock. Children who did not touch the 
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rock were not included in this analysis. The interaction between condition and age was not 

statistically significant. The predictors of our second model were condition and age. This model 

revealed a significant effect of condition but no effect of age. Thus, our final model only 

included condition. Significantly less time elapsed before children in the counterintuitive 

condition touched the rock as compared with children in the confirming condition, b = 9.84, z = -

2.84, p = .0045, Figure 1(b). 

Amount of time spent touching the objects. To assess variability in the amount of time 

children spent touching the objects, we used an independent samples t-test to compare the 

proportion of children’s total exploration time (summing across the 3 objects) that children 

devoted to the rock across the two conditions. This analysis confirmed that children spent a 

significantly greater proportion of time exploring the rock in the counterintuitive rather than 

confirming testimony condition, t(76) = -2.45,  p = .015, Figure 1(c). Age was unrelated to the 

amount of time children spent exploring the rock in the confirming and counterintuitive 

conditions.  

Post-exploration Remarks 

Upon the experimenter’s return after the exploration phase, a very small number of 

children spontaneously commented on the rock’s hardness (e.g., “The rock is hard. You tricked 

me!”; Confirming: N = 2; Counterintuitive: N = 5). Spontaneous post-exploration remarks were 

coded by assigning 1 to children who said anything about the rock’s hardness to the 

experimenter when she returned to the room, and 0 to children who did not do so. 

Unsurprisingly, given these small numbers, a logistic regression revealed no effect of condition 

(confirming vs. counterintuitive testimony), age (continuous), or their interaction on children’s 

post-exploration remarks. 
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Post-exploration Judgments 

Recall that after her return, the experimenter again asked children about the rock. To find 

out whether children in the counterintuitive testimony condition increased their endorsement of 

the rock as hard following the opportunity to explore it, we used repeated logistic regression to 

regress children’s judgements of the rock as hard in the counterintuitive condition on the context 

of those judgements (immediately following the testimony vs. after the opportunity to explore), 

age (continuous), and the interaction between context and age. This analysis was not 

preregistered. Age did not interact with other variables and was not a significant predictor. Thus, 

age and its interactions with other variables were removed from our final model. This analysis 

revealed a main effect of context. Children were significantly more likely to state that the rock 

was hard after they had an opportunity to explore than before they had that opportunity, OR = 

11.02, z = 2.56, p = .01, Table 1. To better understand the effect of using the opportunity to 

explore, we examined whether those children who had touched the rock during the exploration 

phase were more likely to state that it was hard than children who did not touch it (pre-

registered). A larger percentage stated that the rock was hard among those who had vs. had not 

touched it (41% vs. 22% stated), but this difference was not significant.  

Discussion 

We found that 4-year-old children engage in selective exploration to the same extent as 7-

year-old children when faced with a surprising claim that does not involve the comparison of two 

objects. Irrespective of age, counterintuitive testimony significantly impacted children's 

exploration. As compared with children in the confirming testimony condition, children who 

were told that the rock was soft: (i) were more likely to touch the rock before the other objects; 

(ii) were quicker to touch it; (iii) directed a greater proportion of their exploration to the rock. 
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How should these findings be interpreted, especially given prior work showing that selective 

exploration following a surprising claim about the relative weight of different-sized dolls 

increases with age (Ronfard et al., 2018)? 

One explanation is that as children age, they get better at exploration involving the 

comparison of two objects (Hypothesis 1). Prior research suggests that, with increasing age, 

children improve in their ability to design experiments that can adjudicate between competing 

hypotheses (Sodian et al., 1991). Accordingly, it may be that although younger children are 

motivated to test comparative as well as non-comparative claims, they struggle to devise and 

execute appropriate comparative assessments. Thus, despite wanting to test comparative claims, 

they often fail to do so.  

An alternative hypothesis is that younger and older children explore surprising claims for 

different reasons (Hypothesis 2). According to Hypothesis 2, younger and older children’s 

exploration of the surprising claim in Study 1 is motivated by different reasons even if it looks 

similar. Younger children explore because they already believe the surprising claim and want to 

explore its implications, e.g., by poking an allegedly soft rock or by picking up a small but 

allegedly heavy doll. In contrast, older children explore with the goal of assessing the truth of 

what they have been told, e.g., by poking an allegedly soft rock or by comparing the weight of 

the smallest and biggest doll. Thus, Hypothesis 2 predicts different justifications from younger 

and older children following exploration. Indeed, children appear to display greater skepticism 

with increasing age (Bernard et al., 2015).  

To distinguish between these two hypotheses, we presented 4- to 7-year-old participants 

with short vignettes in which an adult made a surprising claim that was either relatively easy to 

assess, because it involved a claim about a single object (e.g., “the smallest doll is very heavy”), 
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or more difficult to assess because it involved a comparative claim (e.g., “the smallest doll is 

heavier than all of the other ones”). Participants were then asked what the child should do when 

left alone with the objects. Their responses were coded based not just on whether they suggested 

that the child explore the adult’s claim but also on their justifications for such exploration. 

Hypothesis 1 predicts no effect of age on children’s suggestion about the need to explore 

comparative and non-comparative claims and no effect of age on children’s justifications. 

However, it does predict an effect of age on how children explore. If younger children struggle to 

test surprising comparative claims because they struggle to devise and implement comparative 

tests, then we should observe an interaction between age and the type of claim children heard. 

For claims about a single object, younger and older children should suggest single object 

exploration. In contrast, with increasing age, children should be more likely to suggest 

comparative exploration for comparative claims.  

Hypothesis 2, like Hypothesis 1, predicts no effect of age on children’s suggestion about 

the need to explore comparative and non-comparative claims. However, it does predict an effect 

of age on children’s justifications. If older children explore with the goal of assessing the truth of 

what they have been told, then older children should be more likely to justify exploration as a 

means of verifying the adult’s claim than younger children, e.g., “lift up the smallest doll to see 

if it really is (very heavy/the heaviest)”. Moreover, if younger children explore because they 

already believe the surprising claim and want to explore its implications, they should be more 

likely to justify exploration as a means of observing the implications of the surprising claim 

whilst accepting it as true, for example, “because the smallest is the heaviest”. Hypothesis 2, like 

Hypothesis 1, also predicts an effect of age on how children explore. Older children should be 
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more likely to suggest the most efficient testing strategy for each type of claim (direct 

exploration for simple claims and comparative exploration for comparative claims).  

In sum, both hypotheses predict no interaction between age and the recommendation to 

explore across cases. Likewise, both hypotheses predict an interaction between age and 

exploration strategy across case types: older children will suggest more appropriate means of 

testing comparative cases. Where the hypotheses differ is in their predictions regarding 

justifications: whereas Hypothesis 1 predicts that there will be no effect of age on the 

justification for exploration (i.e., to test claims) across case types, Hypothesis 2 predicts that 

older children will be more prone to suggest testing as a means of verifying adult claims.  

Study 2 

Method 

Preregistration and Data Availability 

Our preregistered analyses, data, and syntax files for this study are openly available at the 

Open Science Framework: preregistration, https://osf.io/e9763; data and syntax files, 

https://osf.io/agbm9/?view_only=8cf62f4f054f489288f1b58f2a6ae017. 

Participants 

We recruited 154 children (74 female, Mage = 5.92 years, Range = 4.09 - 7.99 years) from 

the Greater Toronto Area (Canada), the same area as Study 1. Data were collected between 

September 2020 and December 2020. We obtained a sample that was relatively diverse in family 

background. Parents reported on the ethnicity of their child (132 out of 154, or 86% of parents 

answered this question): 50% described their child as White, 20% as having Mixed Ethnicity or 

Race, and 17% as Southeast Asian. Parents also reported on the level of education they and their 

partner had completed and on their income level (153 out of 154, or 99% of parents answered 

https://osf.io/e9763
https://osf.io/agbm9/?view_only=8cf62f4f054f489288f1b58f2a6ae017
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these questions). Of the children whose parents answered, 20% had parents who did not attend 

university (i.e., a 4-year university degree program), 35% had one parent who attended 

university, and 45% had two parents who attended university. Parents also reported their annual 

family income in Canadian dollars as either: rather not mention (33%), under $45 000 (6%), 

between $45 000 and $90 000 (9%), or over $90 000 (52%). 20 additional children were 

recruited but not included in our analyses because parents provided help during the study (N = 

9), the experimenter deviated from the script (N = 3), the children were not eligible for the study 

(N = 3), or the children did not want to finish the study (N = 5).  

Procedure 

This study was approved by the Ethics Committee of the University of Toronto (“Social 

learning in children and adults: Behavioral studies”, #37434). It was conducted over Zoom. 

Guardians of participants gave informed consent online using the Qualtrics survey platform 

before children participated in the study. Children gave verbal assent.  

An experimenter introduced themselves over Zoom and explained that they would be 

showing the child pictures and asking questions about them. Parents were reminded that they 

should not help their child answer the questions. The experimenter then shared their screen over 

Zoom and presented each child with 8 vignettes. Each vignette consisted of 2 images: one of an 

adult and child looking at objects on a table, and one with just the child looking at the objects 

(see Figure 2, and Supplementary Online Materials for all stimuli and scripts). There were 4 sets 

of objects, each with its own target property (hardness, density, odor and weight, see Table 2).  

For each vignette, children were told that the adult made a surprising claim. Each of the 4 sets of 

objects were presented twice, once with a surprising non-comparative claim, for example, “the 
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rock is soft”, and once with a surprising comparative claim, for example, “the sponge is harder 

than the rock”. Children never heard a non-comparative claim about a given set immediately 

after a comparative claim about that same set (or vice versa). Children were randomly assigned 

to one of 4 presentation orders. For each vignette, the experimenters followed a preset script (see 

Figure 2).  

Figure 2 goes here. 

Coding 

Children's responses were coded along two dimensions: (1) the type of exploration 

suggested; (2) the justifications offered for engaging in such exploration.  

Children’s suggestions about what exploration the child should engage in were coded into 

4 mutually-exclusive categories: (i) no exploration, for example, saying “nothing” or suggesting 

playing with the objects as opposed to investigating the surprising property, for example, making 

a tower with the objects; (ii) unrelated exploration, exploring objects not mentioned in the claim, 

for example, smelling only the lemon when told that the flower smells bad; (iii) single object 

exploration, exploring only the object mentioned in the claim, for example, touching the rock 

described as soft or the sponge described as the hardest; (iv) comparative object exploration, 

exploring the object mentioned in the claim and at least one additional object, for example, 

touching the sponge described as the hardest and the rock. Inter-rater agreement, as measured by 

Cohen’s Kappa (κ), was excellent, κ = .87. Category ii was not preregistered. 

Children’s justifications for engaging in exploration were coded into 4 mutually-

exclusive categories: (i) to verify the claim while explicitly expressing skepticism at the adult’s 

claim, for example, “To see if it actually sinks”, “To see if the rock really is soft”, “Because the 
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small one doesn’t look heavier”; (ii) to gather information without explicitly expressing 

skepticism about the adult’s claim but stating that exploration would be informative, for 

example, “To see how heavy it is”, “To see if it sinks”, “To see if it smells the best”; (iii) to 

observe the implications of the surprising claim whilst accepting it as true, for example, “To see 

how the leaf goes down the quickest and the brick goes down the slowest”; (iv) other, for 

example, “Because it is fun”, “I don’t know.” All videos were double coded. Inter-rater 

agreement, as measured by Cohen’s Kappa (κ), was excellent, κ = .88. Category iii was not 

preregistered. 

Results 

We analyzed: (i) the type of exploration children suggested and (ii) their justifications for 

why the child should explore in this way. All analyses were conducted using STATA 17 

(StataCorp., 2021). 

The Pattern of Exploration Children Suggested 

Using repeated measures multinomial logistic regression, we regressed the type of 

suggestion children made (4: no exploration, unrelated exploration, single object exploration, 

comparative object exploration) on their age (continuous), claim type (2: non-comparative vs. 

comparative), as well as the target property of the object (4: weight, hardness, density, odor). Our 

analyses revealed significant effects for target property, 𝜒2(9) = 77.90, p < .001, claim type, 𝜒2 

(3) = 92.41, p < .001, and age, 𝜒2 (3) = 46.26, p < .001. None of the interaction terms were 

statistically significant.  

Figure 3 goes here. 
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We depict the effect of target property in Figure 3. Children were more likely to suggest 

an exploration strategy (unrelated object exploration, single object exploration or comparative 

object exploration) when responding to density versus weight vignettes, OR = 6.29, z = 7.72, p < 

.001, to density versus hardness vignettes, OR = 6.42, z = 7.80, p < .001, and to the density 

versus odor vignettes, OR = 5.28, z = 7.04, p < .001. Children’s responses did not differ 

significantly across the hardness, weight, or odor vignettes. In sum, children were especially 

likely to suggest some form of exploration – as opposed to no exploration – for the density 

vignettes. 

Figure 4 goes here. 

For each target property, children heard two vignettes. In one vignette, the adult made a 

surprising non-comparative claim. In the other vignette, the adult made a surprising comparative 

claim. In Figure 4, we display the main effect of claim type. Children were equally likely to 

suggest an exploration strategy across non-comparative and comparative claims (the combination 

of unrelated object exploration, single object exploration, and comparative object exploration), 

OR = 0.84, z = 1.14, p = .25. However, children suggested different exploration strategies for the 

two types of claims. They were more likely to suggest exploring objects unrelated to the claim or 

engaging in comparative object exploration following a comparative claim than following a non-

comparative claim, OR = 2.85, z = 4.70, p < .001, OR = 2.53, z = 5.13, p < .001, respectively. 

Children were less likely to suggest single object exploration following a comparative claim than 

following a non-comparative claim, OR = 0.22, z = 8.85, p < .001. 

Figure 5 goes here. 
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In Figure 5, we display the main effect of age. As shown in Figure 5, when averaging 

across non-comparative and comparative claims, older children were significantly more likely 

than younger children to suggest an exploration strategy (the combination of unrelated object 

exploration, single object exploration, and comparative object exploration) as opposed to no 

exploration strategy, OR (for a 1-year increase) = 1.85, z = 4.09, p < .001. To better understand 

this main effect of age across claim type, we examined the effect of age for single object 

exploration, comparative object exploration, and unrelated exploration (Figure 5). This analysis 

suggests that the age-related increase in recommending exploration across claim type was driven 

by an increase in children suggesting comparative object exploration across claim type, OR (for a 

1-year increase) = 2.49, z = 4.71, p < .001. The probability that children recommended single 

object exploration, OR (for a 1-year increase) = .94, z = 0.54, p = .59, or exploration unrelated to 

the claim did not change with age, OR (for a 1-year increase) = .96, z = 0.26, p = .80. 

Figure 6 goes here. 

To better understand age-related differences in how well children targeted their 

exploration strategies to each type of claim, we coded for each claim whether children suggested 

the most efficient and informative exploration strategy. Children received a 1 if they suggested 

single object exploration for non-comparative claims or suggested comparative object 

exploration for comparative claims. They received a 0 if they did not suggest an exploration 

strategy, suggested comparative object exploration for a non-comparative claim, suggested single 

object exploration for a comparative claim, or suggested exploration unrelated to the claim. We 

then regressed the probability that children suggested the most efficient and informative strategy 

on their age using a mixed-effects logistic regression model. This exploratory analysis confirmed 

that older children were significantly more likely than younger children to suggest the most 
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efficient exploration strategy for a given claim, OR (for a 1-year increase) = 1.42, z = 4.19, p < 

.001, Figure 6.  

 In summary, the analyses of children’s recommendations revealed several notable age 

differences. Irrespective of the object property mentioned in the vignette, older children were 

more likely than younger children to suggest some form of exploration, more likely to suggest 

comparative exploration, and more likely to suggest appropriately targeted exploration (i.e., 

single object exploration for non-comparative claims vs. comparative object exploration for 

comparative claims). To better understand these age changes, and to differentiate between 

Hypotheses 1 and 2, we turn to the justifications that children gave for engaging in exploration. 

Children’s Justifications for Exploring the Claim 

After participants were asked what the child in the vignette should do, all children were 

asked why the child should do that. Recall that these justifications were coded into 4 categories: 

to gather information, to verify the claim, to observe the implications of the surprising claim, and 

other. Using a repeated measures multinomial logistic regression model, we regressed the 

probability that children provided each explanation on children’s age (continuous), the type of 

claim (2: non-comparative vs. comparative), as well as the target property of the object (4: 

hardness, density, odor, weight). Our analyses revealed a significant main effect of age, 𝜒2 (3) = 

63.43, p < .001, Figure 7.  

Figure 7 goes here. 

With increasing age, children were significantly less likely to justify exploration as a 

means of observing the implications of the adult’s claim, i.e., exploring the object because they 

believed the surprising claim to be true, OR (for a 1-year increase) = .54, z = 2.37, p = .018. In 



CHILDREN’S MOTIVATION TO EXPLORE SURPRISING CLAIMS 

24 
 

contrast, with increasing age, children were significantly more likely to justify exploration as a 

means to gather information, OR (for a 1-year increase) = 1.62, z = 2.61, p < .01, and to verify 

the adult’s claim, OR (for a 1-year increase) = 2.92, z = 4.37, p < .001. In sum, with increasing 

age, children were more likely to justify exploration on the basis of an empirical justification (to 

gather information or to verify the claim), OR (for a 1-year increase) = 2.70, z = 4.78, p < .001 

Associations Between Children’s Exploration Recommendations and Their Justifications 

 Is it possible that children realize that the claims they heard can or should be tested but do 

not know how to do so? That is, do children suggest non-exploration activities but nonetheless 

proceed to justify them by appeal to empirical validation? We do not find evidence to support 

this possibility, see Table 3.  

Table 3 provides preliminary descriptive evidence of a link between children’s 

suggestion that a claim be explored and their skepticism about those claims. In the analysis that 

follows, we test whether there was a significant association between recommending exploration 

strategies targeted to each claim and providing an empirical justification for such exploration, 

controlling for age. To test this (analysis not preregistered), we used a repeated measures 

multinomial logistic regression to regress the justifications that children provided on whether or 

not children tailored their exploration strategy to the claim. Age was added as a control variable. 

Controlling for age, suggesting targeted exploration for a claim (as compared to not doing so) 

predicted a lower likelihood of justifying exploration by providing an “other” explanation, 31% 

vs. 50%, z = 9.66, p < .001, an equal likelihood of mentioning wanting to observe the 

implications of the surprising claim, 4% vs. 4%,  z = 1.65, p = .10, but a significantly increased 

likelihood of justifying exploration as means of gathering data, 47% vs. 35%, z = 4.92, p < .001, 

or verifying the truth of the claim, 18% vs. 11%, z = 5.94, p < .001. By implication, when 
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children recommended targeted testing strategies, they viewed them as providing an empirical 

assessment of the truth of what they had been told.  

General Discussion 

Across two preregistered studies, we set out to clarify when and why children engage in 

firsthand exploration following a surprising claim. In Study 1, we found that, across all ages 

tested (4- to 7-years-old), children increased their exploration of an object following a claim that 

contradicted rather than confirmed their intuitions about that object. This increase was evident in 

three different measures. This pattern contrasts with prior research on children’s exploration 

following a surprising comparative claim which indicated a clear age-related difference in how 

younger and older children explored following a counter-intuitive claim (e.g., Ronfard et al., 

2018; 2021).  

In Study 2, we evaluated two explanations for this pattern of results. The first explanation 

posited that younger children rarely test surprising comparative claims because they struggle to 

devise and implement comparative tests (Hypothesis 1). According to this explanation, younger 

children recognize that exploration is needed following surprising comparative and non-

comparative claims. They can generate simple, non-comparative tests for non-comparative 

claims but struggle to devise more complex, comparative tests. As a result, they engage in less 

frequent exploration than older children. Thus, Hypothesis 1 predicted an interaction between 

age and claim type: with increasing age, children should be more likely to suggest comparative 

exploration for comparative claims, but there should be no effect of age for non-comparative 

exploration of single object claims (replicating the results of Study 1). Our analyses did not find 

support for this explanation. There was no interaction between age and the type of claim children 

heard when predicting the type of exploration strategy children recommended. Instead, we found 
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a main effect of claim type and a main effect of age. Thus, both younger and older children 

suggested different strategies for comparative and non-comparative claims (Figure 4). Across 

both types of claims, older children were more likely than younger children to recommend 

exploration following a surprising claim (Figure 5).  

An alternative hypothesis is that younger and older children explore surprising claims for 

different reasons (Hypothesis 2): younger children explore because they already believe the 

surprising claim and want to explore its implications; in contrast, older children explore with the 

goal of assessing the truth of what they have been told. We found partial support for this 

hypothesis. On the one hand, we found that older children were significantly more likely than 

younger children to justify exploration as a means of verifying the adult’s claim than younger 

children (Figure 7) and that, controlling for age, suggesting a more targeted exploration strategy 

was associated with empirical justifications (exploring to gather information and to verify the 

claim). On the other hand, while we found that with increasing age children were less likely to 

justify exploration as a means of exploring the implications of the surprising claim because they 

already believed that claim, such justifications were relatively rare and were less frequent than 

empirical justifications even in our youngest age group (4-year-olds). By implication, a change 

in children’s motivation for exploring surprising claims may not be the best explanation for older 

children’s more frequent and targeted empirical evaluations of surprising claims.  

A better explanation may be that with increasing age, children become increasingly 

aware of their doubts about surprising claims and, as a result, their exploration of surprising 

claims becomes more targeted and efficient. That is, the exploration of younger children may be 

a reaction to implicit feelings of uncertainty rather than the result of a decision to implement a 

particular exploration strategy to verify a claim. Four-year-old children engage in selective 
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exploration after observing incomplete, inconsistent, or ambiguous data (Bonawitz et al., 2012; 

Cook et al., 2011; Schulz & Bonawitz, 2007). Arguably, such exploratory responses from 

preschool children index a reactive as opposed to a conscious and explicit uncertainty about the 

conclusions that they can draw from such data. Indeed, although preschool children explore 

uncertain stimuli (e.g., stimuli that are perceptually occluded), they do not express uncertainty 

about those same stimuli when directly asked about them (Lapidow et al., 2022). The same may 

be true of children’s responses to surprising claims. This lack of a conscious and explicit 

awareness of uncertainty in younger children may prevent them from making targeted decisions 

about how to test what they have been told. As a result, they are less likely than older children to 

demonstrate appropriate testing behaviors following comparative claims. In Study 1, exploration 

of the surprising claim that the rock was soft could easily be carried out by touching or poking a 

single object, namely the rock. This type of exploration does not require children to explicitly 

think about how to test the surprising claim. Thus, younger and older children demonstrated this 

behavior. By contrast, in earlier studies, the most direct test of the surprising claim that the 

smallest doll was the heaviest called for a comparative hefting of the smallest doll and the largest 

doll at the same time. Such a test is less intuitive than simply poking a single object and may 

require explicit deliberation. Indeed, only 6- to 8-year-old children demonstrated this behavior. 

This metacognitive account is also consistent with the results of Study 2: the age-related increase 

in more targeted exploration strategies and the age-related increase in children’s empirical 

justifications for exploration. However, it should be acknowledged that Study 2 did not directly 

test children’s monitoring of their uncertainty, and while the justifications provided by older 

children could be considered as evidence for an explicit awareness of uncertainty, a lack of these 

justifications in younger children does not necessarily imply a lack of awareness. 
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Nevertheless, a strength of the metacognitive account is that it could also explain why 

children’s responses in Study 2 differed slightly from prior work. Unlike Study 1 and prior work 

on children’s information seeking following surprising claims (e.g., Ronfard et al., 2018), Study 

2 examined children’s reasoning about, rather than their response to, surprising claims. 

Reasoning about a claim may be very different from acting in response to a claim. Indeed, prior 

work investigating children’s behavioral responses to surprising claims suggests an interaction 

between age and claim type. Age does not predict whether children will explore a surprising 

claim about a single object (Study 1), but it does predict the frequency and type of exploration 

children engage in following a surprising comparative claim (Ronfard et al., 2018, 2021). Yet in 

Study 2, we found an age-related increase in children’s suggestions about what another child 

should do following both comparative and non-comparative claims.  

One way to reconcile these data is to posit that asking participants to reason about what 

another child might do likely prompted participants to explicitly represent their own uncertainty 

about the surprising claim in order to consider how the child (who is likely feeling this same 

uncertainty) might react. This may have lowered younger children’s performance relative to 

Study 1 because in Study 1, younger children’s exploration may not have been driven by an 

explicit awareness of their uncertainty about the claim. Indeed, as confirmed by children’s 

justifications for exploring the surprising claim, older children more often articulated the need to 

explore for the explicit purpose of gathering additional information or to explicitly resolve 

uncertainty.  

Thus, our results suggest a similar developmental trajectory for children’s immediate 

behavioral reactions to observing events or hearing claims that violate their intuitions. In each 

case, younger children appear to engage in selective exploration following events and claims that 
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contradict their intuitions before they develop the ability to monitor and reflect on the uncertainty 

caused by such events and claims (e.g., Hembacher & Ghetti, 2014; Lapidow et al., 2022). As 

children age, they gain greater awareness of their uncertainty, a development which may be 

associated with more targeted testing of claims (Study 2) and may also underlie improvements in 

the efficiency of children’s information seeking more broadly, for example, their question-asking 

(Ruggeri et al., 2016).  

Are developments in children’s uncertainty monitoring enough to explain age-related 

differences in children’s responses to surprising claims? We believe the answer to that question 

is no. Following Kuhn (2022), we believe it is important for future research to distinguish 

between factors that influence children’s competence to test surprising claims (their recognition 

that a claim can be tested) and children’s disposition to test such claims (whether a surprising 

claim should be tested). To test claims competently, children may need to be able to explicitly 

represent their uncertainty about those claims. They also need to know when, where, and why 

various testing strategies can be deployed in order to efficiently search for information. These 

two aspects of competence take several years to develop as evidenced by research on the 

development of children’s scientific reasoning and intentional knowledge-seeking (Kuhn, 2014). 

Between 4- and 8-years-old, children shift from intuitive scientists who engage in selective and 

informative exploration as an implicit response to uncertainty (Cook et al., 2011; Gopnik, 2012) 

to developing an explicit understanding of experimentation and of the relevance of evidence for 

claims (Astington et al., 2002; Sodian, 2018; Sodian & Wimmer, 1987; Sodian et al., 1991).   

Even if children have the capacity to empirically investigate claims, they may not always 

choose to do so. In fact, many older children in our sample and in past work did not choose to 

investigate the surprising claims. Whether children are inclined to investigate claims (and to 
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engage in scientific reasoning) is likely to be shaped by children’s values and epistemological 

understanding (Kuhn, 2022). For example, children growing up in homes that emphasize respect 

for authority over independence and curiosity are less likely to test surprising claims delivered by 

an adult (Ronfard et al., 2021). Children’s disposition to test claims may also hinge on their 

understanding that claims are supported by evidence – an understanding that is developing 

between 3- to 7-year-olds (Butler et al., 2020). Both the competence to test claims and children’s 

disposition to do so are likely to be fostered by children’s exposure to conversations about the 

relation between evidence and claims. Such conversations are likely to help children learn about 

various testing strategies and how to use them and to expose children to the epistemic values of 

their community. Supporting the role of conversation, prior research has shown that caregivers 

who engage in more talk about how evidence could be gathered to understand scientific 

phenomena (like the causes of climate change and the extinction of species) have children who 

are more likely to reference evidence when talking about scientific topics (Luce et al., 2013). 

Accordingly, we would predict within- and between-country differences in the extent to which 

children have the competence and disposition to seek evidence following surprising claims. One 

way to explore these two aspects would be to ask children not just how a child might test a 

surprising claim, but also whether they should do so.  

Conclusion 

Much of what children learn comes from the testimony of other people. Far from being 

gullible, young children are epistemically vigilant (Sperber et al., 2010); they do not believe 

everything they are told. They reject claims that directly contradict their perceptions and 

intuitions but are willing to endorse claims that don’t directly contradict their beliefs (Lane, 

2018). However, such endorsements are provisional. When left alone, 4-year-old children 
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display uncertainty about what they have been told by engaging in selective exploration. 

However, younger children’s testing of claims is less direct and efficient than the testing of older 

children. This age-related increase in the efficiency of children’s testing may be related to older 

children’s greater awareness of their uncertainty about what they have been told which may 

enable them to better target their exploration of surprising claims. Regardless of age, it is also 

clear that learning from testimony is an inherently social process. Children sometimes endorse 

claims they may not believe out of deference to authority. For example, in Study 1, some 

children verbally endorsed the rock as soft even after they had personally gathered contrary 

evidence. In these cases, it is unlikely that children actually believed that the rock was soft (see 

also Jaswal & Kondrad, 2016, Ronfard et al., 2021). This means that researchers need to 

carefully consider how social processes influence children’s endorsement, testing, and beliefs in 

surprising claims. Much work remains to understand the factors that drive developmental and 

individual differences in children’s ability and disposition to empirically evaluate testimony. 

What is clear is that learning from testimony is an active process that unfolds over time. Children 

don’t believe everything they are told. They wrestle with the implications of what they have been 

told and sometimes test those implications.  
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Table 1. Percentage of children who stated that the rock was hard for each of the 3 judgments by 

condition. 

 Initial  

Judgment 

Following 

Testimony 

Following 

Exploration 

Confirming 
100% 91% 93% 

Counterintuitive 100% 10% 37% 
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Table 2. Target property and claim type for each claim children heard.  

 

Target Property Claim Type Claim 

Weight Non-Comparative 
Actually, the smallest one is so heavy, it’s very 

hard to lift it up. 

Weight Comparative 

Actually, the biggest one is not the heaviest; this 

one, the smallest one, is the heaviest. It’s heavier 

than all of the other ones. 

Hardness Non-Comparative Actually, this rock is soft, it’s not hard. 

Hardness Comparative 
Actually, the hardest one is not the rock; this one, 

the sponge, is the hardest. 

Density Non-Comparative Actually, this yellow duckie will sink. 

Density Comparative 

Actually, the black brick will not sink to the 

bottom the fastest; this one, the maple leaf, will 

sink to the bottom the fastest. 

Odor Non-Comparative Actually, this flower smells bad. 

Odor Comparative 

Actually, the lemon is not the one that smells the 

best; this one, the picture of the orange, is the one 

that smells the best. 
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Table 3. Associations between recommended exploration strategies and justifications. 

‘Exploration Recommended’ means recommending unrelated exploration, single object 

exploration, or comparative exploration as opposed to recommending no exploration. 

 Other 

To Observe the 

Implications of 

the Claim 

To Gather 

Information 

To Verify the 

Claim 

Exploration Not 

Recommended 
71% 10% 14% 5% 

Exploration 

Recommended 
3% 11% 37% 49% 
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Figure 1. For each condition: (a) Proportion of children who touched each object first; (b) 

Latency for children to touch the rock; (c) Mean proportion of total exploration time devoted to 

the rock. Error bars represent 95% CI. 

Figure 2. Experimenter script and accompanying images for the non-comparative and 

comparative claim about weight. 

Figure 3. Probability (95% CI) that a child of average age (5.92 years old) recommended an 

exploration strategy (unrelated object exploration, single object exploration or comparative 

object exploration) for all 4 types of object properties, averaging across non-comparative and 

comparative claims.  

Figure 4. Probability (95% CI) that a child of average age (5.92 years old) recommended each 

exploration strategy (any exploration strategy, unrelated object exploration, single object 

exploration, and comparative object exploration) for non-comparative and comparative claims, 

averaging across object property. 

Figure 5. Probability (95% CI) that children between 4- and 8-years-old recommended any 

exploration strategy (unrelated object exploration, single object exploration or comparative 

object exploration), averaging across object property and claim type.  

Figure 6. Probability (95% CI) that the exploration recommendations of children between 4- and 

8-years-old are optimally targeted to a given claim, i.e., single object exploration for non-

comparative claims and comparative object exploration for comparative claims.  

Figure 7. Probability (95% CI) that children between 4- and 8-years-old justified exploring the 

objects to: (i) observe the implications of the surprising claim (ii) to gather information; and (iii) 

to verify the claim.  


