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Abstract
Children frequently select learning sources based on epistemic cues, or cues pertaining to informants' knowledge. Previous research has shown that preschoolers preferentially learn from informants who have been accurate in the past, appear confident, or have had visual access to relevant information. The present series of studies aimed to investigate the relation between these three types of epistemic selective learning abilities in a total of 176 children ages 3 to 6. Results indicate that children’s performance was mostly uncorrelated across the different selective learning tasks, and tasks measuring theory of mind and executive function were not found to predict any selective learning skills. Implications for the reliability and current conceptual understanding of these selective learning tasks are discussed.
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Savvy or haphazard? Comparing preschoolers’ performance across selective learning tasks based on different epistemic indicators.
The topic of selective social learning has attracted a lot of attention from cognitive development researchers in recent years. Selective social learning (also called selective trust; e.g., Koenig & Sabbagh, 2013) refers to a preference to acquire information from some people over others. A wealth of studies have demonstrated that young children modulate their social learning based on all sorts of source attributes: The age of the person providing information (Jaswal & Neely, 2006), their dominance status (Bernard et al., 2016), the typicality of their actions (Henderson, Graham, & Schell, 2015) and even their attractiveness (Bascandziev & Harris, 2016). Of greatest interest to many researchers has been children’s tendency to select informants based on cues hereafter labelled as epistemic, i.e., cues that pertain or potentially pertain to the informant’s knowledge. The fact that even very young children apparently prefer to learn from more knowledgeable rather than more ignorant informants (Poulin-Dubois & Brosseau-Liard, 2016) suggests that some critical thinking abilities are present very early in life. 
The purpose of the present research is to investigate individual differences in children’s performance across diverse selective learning tasks based on epistemic cues. We first briefly review a few of the more commonly-researched epistemic cues (see Mills, 2013, and Nurmsoo, Robinson, & Butterfill, 2010 for recent thorough reviews). 
Past accuracy
All else being equal, preschoolers prefer to learn from someone who has a history of providing accurate information, such as correct labels for common objects, rather than from someone who has been ignorant or inaccurate in the past (for instance mislabeling or misusing familiar objects). This competence was first demonstrated in a series of seminal studies by Koenig, Harris and colleagues (e.g., Koenig & Harris, 2005a) and conceptual replications were soon presented by numerous researchers, showing that the phenomenon replicates across multiple methodological variations (e.g., Birch, Vauthier, & Bloom, 2008; Corriveau & Harris, 2009). Recent work has demonstrated that a preference to learn from a more accurate individual emerges in the toddler years and potentially even in infancy (Brooker & Poulin-Dubois, 2013; Tummeltshammer, Wu, Sobel, & Kirkham, 2014), although this preference does not emerge in all contexts (see for instance Krogh-Jespersen & Echols, 2012). 
Confidence
An informant’s confidence (or lack thereof) can also serve as an epistemic cue: People are more likely to act and sound confident when they are knowledgeable than when they are ignorant. Toddlers and preschoolers prefer to learn from confident over unconfident individuals: For instance, preschoolers are sensitive to verbal confidence indicators such as claiming “I know!” or producing uncertainty-related sounds such as “Hmmm…” (Jaswal & Malone, 2007; Matsui, Yamamoto, Miura, & McCagg, 2016; Sabbagh & Baldwin, 2001). Children from age 2 onwards also attend to non-verbal indicators of confidence, including facial expressions and body language (Birch, Akmal, & Frampton, 2010; Brosseau-Liard & Poulin-Dubois, 2014; Hübscher, Esteve-Gibert, Igualada, & Prieto, 2017). 
Direct Access to Information
A third party’s perceptual access to information allows children to infer the causal process of knowledge acquisition. Preschoolers understand the link between an individual’s visual access to information and that individual’s knowledge and use this cue in at least some learning situations (Brosseau-Liard & Birch, 2011; Pillow & Weed, 1997). In some circumstances, preschoolers can even distinguish the type of knowledge gained with visual access from that gained via other modalities, such as touch (Robinson, Haigh, & Pendle, 2008).
Relation Between Epistemic Indicators
Researchers have recently tried to build theoretical models and frameworks to better organize the field’s understanding of selective social learning, particularly that based on epistemic indicators (Harris, Koenig, Corriveau, & Jaswal, 2018; Mills, 2013; Shafto, Eaves, Navarro, & Perfors, 2012; Sobel & Kushnir, 2013). Many researchers have also begun to investigate individual differences on some types of selective learning tasks, particularly those based on informant accuracy (Canfield, Saudino, & Ganea, 2015; Crivello, Phillips, & Poulin-Dubois, 2017; Reifen Tagar, Federico, Lyons, Ludeke, & Koenig, 2014). The stated goal of much of this research is to better conceptualize and understand the mechanisms underlying the selective learning skills that children have demonstrated in now countless studies. 
The present research also aims to build a better understanding of the skills underlying selective learning performance; however, we take a different approach to this question than most past studies. Specifically, instead of directly investigating which skills underlie performance on any given task, our goal is to chart the commonalities in performance between selective learning tasks. In other words, is children’s performance across different selective learning tasks related or not? By answering this, we aim to help determine whether researchers should be looking for a common set of mechanisms or completely different mechanisms across tasks. 
In spite of the plethora of studies investigating selective learning in its various forms, very little is known to date about the links between children’s use of different epistemic indicators in their learning. Partly, this is because until recently research on selective learning focused on group means and age-related change, with the aim of charting what children on average are capable or incapable of doing at different ages. Even recent research investigating individual differences has almost invariably focused on one selective learning task at a time (investigating, for instance, whether a specific selective learning task based on informants’ past accuracy correlates with a measure of theory of mind). To our knowledge, the consistency of individual differences across selective learning tasks has not been investigated. 
There are theoretical reasons to expect children to perform similarly across selective learning tasks measuring attention to epistemic cues. Assuming that children are indeed interpreting these cues in epistemic terms, and assuming that some children are consistently better than others at attending to such epistemic cues, then children’s performance should correlate across tasks. A single series of experiments cannot, of course, evaluate the relations between all possible indicators used for selective learning: We therefore selected three epistemic indicators, namely accuracy, confidence and visual access to information. All three indicators are potentially epistemic but they relate to knowledge in very different ways: Accuracy provides individual-level information about skill, confidence is an affective correlate of knowledge, and visual access provides causal information about the situational mechanism for information acquisition. It is an empirical question if, for a child, making sense of these three cues builds on the same central conceptual understanding of knowledge, or alternatively if these three cues have to be learned and understood separately. 
The present series of experiments thus aims to evaluate the behavioral consistency of children’s performance across these tasks. Experiment 1a aimed to estimate the size of correlations between the selective learning tasks chosen for this experiment series.
Experiment 1a
Method
Participants.
Thirty-nine preschoolers (2;10 to 4;11 months; M=3;11; 16 males, 23 females) were recruited from four daycares in a large Canadian metropolitan area. Five additional children were tested but eliminated because they did not answer one or more test trials (N=4) or were outside the target age range (N=1). To our knowledge, all children were typically developing. We could not systematically collect demographic information, however the daycares served areas with a variety of income levels and racial/ethnic groups. The metropolitan area comprises large proportions of both English- and French-speaking families (as well as many bilingual and multilingual families); in this context, we administered the study in the language best understood by each participant. For the present experiment, 32 of the 39 children were administered the study in French and 7 in English. 
Materials and Procedure.
Participants were tested individually in a quiet area of their daycare center, in an experimental session lasting approximately 15 to 20 minutes. An experimenter administered three selective learning tasks in a fixed order: Selective Learning – Confidence (SL-Confidence), Selective Learning – Visual Access (SL-Visual), and Selective Learning – Accuracy (SL-Accuracy). These three tasks are described below. Task order was fixed to minimize individual differences due to the ordering of tasks, and therefore remove one potential source of “noise” in the data. For counterbalancing purposes, two versions of the script were created, as explained below. Note that we chose not to use a commonly-used selective learning task format, that of “ask” questions followed by “endorse” questions (e.g., Koenig & Harris, 2005a): we believed that integrating “ask” questions for all three selective learning tasks would have resulted in an awkward and repetitive experimental script, not to mention the increased length. Since we were administering multiple tasks in a row, keeping the procedure short was considered essential. 
SL-Confidence. Two videotaped adult females served as informants. Videos were shown on a laptop placed directly in front of the children. On each of four trials, children were shown a picture of an unfamiliar animal and told they would find out a fact about it (e.g., find out where a certain kind of eagle lives). On video, the informants (presented one after the other at the centre of the screen) provided two different responses (e.g., “It lives in Africa” vs. “It lives in Asia”). One of the informants would respond in a confident manner, as shown through her body language (raised index finger, assured facial expression), tone of voice (rapid and certain), and vocabulary (e.g., “Oh, I know! It lives in Africa!”), whereas the other responded with cues indicating lack of confidence (e.g., “Hmm, I guess it lives in Asia?”, stated while shrugging and looking puzzled). The informants spoke in a fixed order and gave fixed answers but the identity of the confident informant was counterbalanced across children (i.e., the first informant was confident in Version 1 and hesitant in Version 2). After hearing from both informants, the experimenter asked children to select an answer, i.e., “What do you think? Do you think it lives in Africa or Asia?” (order of presentation of answer options alternating across trials). Participants were given a score of 1 for endorsing the response of the confident informant, and a score of 0 for endorsing the unconfident one, for a total out of 4 points.
SL-Visual. Two child-sized puppets served as informants. On each of four trials, the experimenter presented the child with a small colourful cardboard box and stated that one object was located inside. Two pictures (labelled “A” and “B”) were placed on either side of the box, each depicting a different object (side counterbalanced between children: those in Version 1 saw pictures “A” on their right, and those in Version B on their left). Both puppets then interacted with the box, one gaining information about its contents by looking inside (without the child being able to see), whereas the other stood on the box and therefore did not gain information about the contents. The experimenter then asked each puppet in turn to identify the contents of the box, and each puppet pointed to one of the two pictures. The children were then asked which object they thought was inside the box. The order in which the puppets acted as well as the side each puppet was presented on were kept constant across children, but the identity of the “looker” and the side that each puppet pointed on alternated between trials (i.e., puppet #1, always presented on the child’s right, looked inside the box on trials 1 and 3 and stood on the box on trials 2 and 4, and pointed to the right-side picture on trials 1 and 2 and to the left picture on trials 3 and 4). For each trial, children scored 1 for endorsing the response of the puppet who looked in the box, and 0 for endorsing the puppet who stood on the box, for a total out of 4 points. 
SL-Accuracy. Two other puppets were introduced to children. In a familiarization phase, the puppets were shown four familiar objects one at a time. One puppet labelled the four objects correctly, and the other puppet labelled the same objects incorrectly (e.g., calling a car “a shoe”). The puppets “spoke” in a fixed order during familiarization and were presented on a fixed side (puppet #1 on the child’s left and puppet #2 on the child’s right) but the identity of the accurate puppet was counterbalanced across participants (i.e., puppet #1 was accurate in Version 1 and inaccurate in Version 2). In the test phase, the puppets were then presented with four unfamiliar-looking objects one at a time. For each novel object, each puppet provided a different novel label (e.g., “That’s a mirp!” vs. “That’s a preek!”), which the child was asked to repeat. Children were then asked to associate a label with the object. On each trial, children scored 1 for endorsing the label provided by the previously accurate informant and scored 0 for endorsing the label provided by the inaccurate informant, for a total out of 4 points.[footnoteRef:1] [1:  The presentation of the informants differed across the three tasks: videotaped adults served as informants for one task and puppets for two tasks. Puppets seemed the best choice for SL-Visual in order to have a live demonstration with tangible boxes – it would not have been practical to have multiple adult informants physically present, and past research has mainly demonstrated children’s successful understanding of visual access in a live (rather than virtual) context (e.g.,O’Neill, Astington, & Flavell, 1992; Robinson et al., 2008). “Real” people were however necessary for SL-Confidence because puppets cannot demonstrate non-verbal confidence/hesitation cues. SL-Accuracy could conceivably have been designed with either type of informant; we made a choice to use puppets out of convenience.] 

 Results
Mean scores presented in Table 1. According to one-sample t-tests with Sidak-Bonferroni correction (adjusted critical p=.017), children as a group did not significantly trust the most credible informant on any of the tasks. We found Version differences: Children administered Version 1 performed more poorly on SL-Confidence (Ms: 1.78 vs. 2.81, t(37)=2.36, p=.023), but (non-significantly) better on SL-Visual (Ms: 2.39 vs. 1.76, t(37)=1.98, p=.056), than children administered Version 2 (no difference was found for SL-Accuracy, p=.908). We will return to this version effect later in the manuscript. 
The main purpose of this study was to see whether children’s performance covaries across these different epistemic-based selective learning tasks. Correlations are presented in Table 2. Although both SL-Confidence and SL-Accuracy correlated positively with children’s age, they did not correlate with each other. SL-Visual did not correlate significantly with SL-Accuracy, SL-Confidence, or age. Language groups were too unbalanced to formally test for language differences, however correlations remain low and non-significant when only considering the 32 French-speaking participants (rs between -.070 and .011, ns).  
Discussion
The goal of the present experiment was to provide a first estimate of correlations between different epistemic-based selective learning tasks. Results did not reveal any significant correlations, even though to an adult’s interpretation all three tasks rely on an understanding of knowledge. One must of course be cautious when drawing conclusions from null results: It is possible that performance on these tasks does correlate in the population but too weakly to be detected in the present experiment. The reported confidence intervals (see Table 2) indicate that it would have been unlikely to obtain the present results if population correlations between tasks were in fact very large, however there could exist true correlations that are too small to be detected with the admittedly very small sample of the present study. The size of the sample was determined by the number of participants available in the specific daycares where the study was conducted; sensitivity analyses using G*Power (Faul, Erdfelder, Lang, & Buchner, 2007) suggest that, with a sample size of 39, there is 80% power to detect a correlation of |.43|. 
Furthermore, the low mean performance relative to past research could be attributed to a few factors, in addition to the small sample size. Notably, children were performing multiple selective learning tasks within a session rather than a single task, increasing the required attention span and processing demands. Anecdotally, the “quiet” areas of the daycare centers were not always so quiet, raising the additional possibility of distraction. The reported correlations with age and a cursory glance at age-specific means suggest that performance was somewhat higher for 4-year-olds than 3-year-olds; past research has frequently found weaker performance in 3-year-olds relative to older preschoolers (e.g., Koenig & Harris, 2005a). 
Experiment 1b
To address limitations raise above, we replicated Experiment 1a’s procedure in a larger sample with a wider age range, in a quiet university laboratory where distractions are minimized. Additionally, to help uncover potential cognitive contributors to selective learning performance, we administered additional measures of children’s theory of mind and executive function. Multiple researchers have raised the possibility that these two particular skills (or rather combinations of skills) could underlie epistemic evaluation and selective social learning. Executive function (EF) has been found to correlate with the ability to detect a lie and reject it (Heyman, Sritanyaratana, & Vanderbilt, 2013), and it appears to take cognitive effort in preschool children to doubt an informant over their own contradictory experience (Jaswal et al., 2014). Theory of mind (ToM) has been hypothesized to explain individual differences in the use of accuracy information (Koenig & Harris, 2005b). A few studies support this possible link: for example, Brosseau-Liard, Penney and Poulin-Dubois (2015) showed that preschoolers with more advanced ToM were more likely to endorse novel labels from a previously accurate puppet but not from one demonstrating physical strength. Similar findings were obtained by other researchers ( DiYanni, Nini, Rheel, & Livelli, 2012; Lucas, Lewis, Pala, Wong, & Berridge, 2013; but see Pasquini, Corriveau, Koenig & Harris, 2007).  
Method
Participants. 
Fifty-seven children ages 3 to 6 (3;0-6;11 months; M=4;8, 29 males, 28 females) participated. None had participated in Experiment 1a, and all were reported to be typically developing. Seven additional children were eliminated because they did not complete all selective learning tasks. Of the 57 participants, 46 were administered the study in English and 11 in French. Participants were tested in a university laboratory in the same metropolitan area as Experiment 1a. Demographic information for participants is presented in Table 3 (note that salaries in the area where the data was collected trend high compared to the national average). Sensitivity analyses conducted after the study was completed determined that a sample size of 57 is associated with a power of 80% to detect a population correlation of |.36|. 
Materials and Procedure. 
After arriving to the laboratory and a short warm-up phase, children were invited to the testing room where they sat across from the experimenter. Parents were typically seated behind their child and completed a demographics questionnaire as well as two scales described below.
Children completed six tasks in a fixed order: SL-Confidence, two EF tasks (Milk-Juice and Day-Night), SL-Visual, a ToM scale, and SL-Accuracy. The materials and procedures for the three selective learning tasks were identical to those of Experiment 1. The remaining tasks are described below. The experimental session took approximately 30 minutes. Children were offered a break after SL-Visual, however most chose not to take it.
EF tasks. Two executive function tasks were modelled after Gerstadt, Hong and Diamond (1994). The Day-Night task is a widely-used child-friendly measure of inhibitory control. In addition, we modelled a working memory task that was similar in format to the Day-Night task but without the inhibitory component.
Milk-Juice task. This task required children to remember and apply a naming rule, and can therefore serve as a proxy for working memory. A deck of 20 cards was created, depicting abstract designs: Half had a black-and-white grid pattern and the other half had irregular squiggles. The first four cards were used for training. Children were first shown one of the two designs and told that whenever they saw this design they had to say either “Milk” or “Juice” (counterbalanced across children). They were then shown the second card and told to associate the other label with this card. Two practice trials were then administered, with feedback when necessary, followed by 16 test trials where children were shown cards one at a time and asked to label them. Children received a score out of 16 for the number of correctly labelled cards. 
Day-Night task. The procedure for the Day-Night task was identical to the Milk-Juice task, except that children had to use the label “day” whenever they were shown a drawing of the moon and stars and “night” whenever they were shown a picture depicting the sun. This tasks therefore requires both keeping in mind a naming rule and inhibiting an overlearned association (i.e., the sun with the word “day” and the moon and stars with the word “night”). Children again received a score out of 16 for the number of correctly labelled cards. 
ToM scale. We administered the ToM scale developed by Wellman and Liu (2004) consisting of five tasks with increasing level of difficulty. Children’s scores were calculated based on the easiest task that they faiedl (i.e., if children failed the easiest task, they scored 0; if they passed the easiest task but failed the second-easiest, they scored 1; and so on for a total score out of 5 points). The tasks are described below in ascending order of difficulty.
Diverse Desires. Children were introduced to a small doll as “Mr. Jones” and told he wants a snack. Children were asked which of two depicted snacks, a carrot and a cookie, they would prefer; whichever snack they chose, they were told that Mr. Jones prefers the opposite snack. They were then asked which snack Mr. Jones would pick. To succeed, the child must select the snack that they themselves do not prefer. 
Diverse Beliefs. Children were told that a doll “Linda” is looking for her cat and were asked where they believed the cat is hiding, with pictures depicting bushes and a garage. Whichever hiding place they selected, they were told that Linda believes the cat to be in the other location. Children then predicted where Linda would look for her cat. To succeed, the child needs to state that Linda will look in the location opposite to their own belief. 
Knowledge Access. Children were first shown a small box containing a toy dog. They were asked first to guess what is inside the box and then shown the contents. Afterwards, the box was closed and children were introduced to another small doll, “Polly”. They were told that Polly never saw inside the box, and were whether Polly knows what is inside the box and whether Polly saw inside the box. To succeed, children must answer “no” to both questions. 
False Belief. Children are shown a Band-Aid box and asked to guess its contents. They then look inside and see an unexpected item (a toy horse). A new doll is introduced as “Peter”. Children are told that Peter has never seen inside the box, and they are asked two questions: “What does Peter think is inside the box, Band-Aids or a horse?” and “Did Peter see inside the box?”. To succeed at the task, children must answer that Peter will believe there to be Band-Aids inside the box and must deny that Peter has seen inside the box. 
Real-Apparent Emotion. Children were shown schematic faces depicting “happy”, “okay”, and “sad” and were asked to label them. They were then told a story in which a little boy is teased by another child and does not like it but does not want other children to call him a “baby”. After the story, children were asked to point to the schematic face that best shows how the little boy feels inside and looks on the outside. To succeed, children must indicate that the child looks happier than he really feels. 
Parental questionnaires. While their child participated, parents completed the Children’s Social Understanding Scale (CSUS; Tahiroglu et al., 2014) as well as six subscales of the short-form Children’s Behaviour Questionnaire (CBQ; Putnam & Rothbart, 2006). The CSUS is a parental questionnaire evaluating children’s ToM. It includes 42 items, among which six are reverse-coded, describing a variety of behaviors and asking parents whether they “Strongly Disagree” (1), “Moderately Disagree” (2), “Moderately Agree” (3) or “Strongly Agree” (4) that the item describes their child well. Scores are calculated by averaging items, for a total score between 1 and 4. The CBQ is a parental-report measure assessing temperament in children 3 to 7 years of age and the short form includes 94 items measuring 15 temperament characteristics. In this study, we are using 38 items comprising six subscales: shyness, low intensity pleasure, anger/frustration, attentional focusing, inhibitory control, and impulsivity. The subsets of attentional focusing, impulsivity, and inhibitory control are attributes that may correlate with children’s EF skills. The other three subscales are included as filler items. Scores on each subscale are calculated by averaging items (reverse-coding first where necessary), for subscale scores between 1 and 7.
Results
Selective learning tasks. Results are presented in Tables 1 and 2. Children as a group performed significantly above chance on SL-Visual and SL-Accuracy, but not on SL-Confidence. Contrary to Experiment 1a, there was no significant difference in performance between the two counterbalancing versions (ps of .298, .449 and .363, ns). SL-Visual correlated significantly with age, but the other two tasks did not. As in Experiment 1a, the selective learning tasks do not correlate significantly with each other, all rs<|.060|. Once again, language groups were too unbalanced for formal comparisons, however correlations computed only on data from the 46 English participants were low and non-significant (rs from -.046 to -.002, ns).
Additional measures. As expected based on previous research, ToM performance correlated positively with age, r=.506, p<.001. Contrary to some previous research, however, there was no systematic difference between males and females (p=.352, ns). Also as expected, Day-Night task performance correlated positively with age, r=.517, p<.001; the correlation age and the Milk-Juice task, however, was not significant, r=.216, p=.106, ns. The correlation between these two tasks was also not quite statistically significant, r=.243, p=.068. Mean score on the CSUS was 3.18 (SD=.40). On the CBQ-Attention subscale, the average was 5.32 (SD=1.08); on the CBQ-Inhibition subscale, the average was 4.99 (SD=.90); on the CBQ-Impulsivity (reversed) subscale, the average was 3.42 (SD=1.18).  Age correlated positively with score on the CSUS, r=.302, p=.023, but not with the three CBQ subscales (all ps>.10). There were no significant sex differences (all ps >.10).
SL-Visual correlated positively with the ToM Scale, the Day-Night task and marginally with the CSUS. Note that these three latter measures also correlate positively with age, and this could therefore account for the correlations with SL-Visual: In fact, once controlling for age, all three correlations with SL-Visual become non-significant (ToM: partial r=.170, p=.214, ns; Day-Night: partial r=.109, p=.423, ns; CSUS: partial r=.157, p=.246, ns). Neither SL-Confidence nor SL-Accuracy correlated with any of the other measures. To ensure that differences in participant characteristics or cognitive abilities are not masking joint variation in selective learning performance, we computed the correlations between the three selective learning tasks after partialling out the behavioural and parent-report measures of theory of mind and executive function, as well as age and sex (one variable at a time). The partial correlations remain nearly identical to the zero-order correlations and non-significant.
Discussion
Once again, no significant correlations between the selective learning tasks were revealed, and the confidence intervals around the correlations suggest that it would have been unlikely to obtain the present results had true population correlations been much larger than .25 to .30. With the usual caveats involved in interpreting null results, this suggests that there may not be any substantial shared variance in the individual differences on each of these tasks.
As a side note, children’s performance on SL-Accuracy did not correlate significantly with theory of mind. This contradicts findings from several previous studies (Brosseau-Liard et al., 2015; DiYanni et al., 2012; Lucas et al., 2013). It will be worth investigating the circumstances under which children’s preferential learning from previously accurate informants can be predicted or not by their theory of mind performance, to see whether there are any systematic patterns of success and failure or if instead the existing literature is consistent with a real but small effect that is not expressed in every sample.
Experiment 2
Given the results of Experiment 1, several things are worth investigating further. First, it is important to make sure that the current results are not artifacts of superficial aspects of the tasks (such as the specific materials or informants). Second, having a larger number of trials for each task would maximize systematic variance in children’s scores, thus increasing reliability (Lord & Novick, 1968). For these purposes, parallel versions of all three selective learning tasks, using new materials, new informants and new information to be learned, were created for Experiment 2, and both versions were administered to children across two visits (the tasks from Experiment 1 administered at Visit 1, and the parallel versions at Visit 2 approximately one week later). Visit 1 thus aims to replicate Experiment 1, and Visit 2 to provide a conceptual replication with different materials. Additionally, by summing scores across Visits 1 and 2, more reliable indicators of children’s skill on each selective learning task are created. 
We decided to administer tasks over two visits rather than a single session to avoid excessive inattention and boredom, especially for the youngest participants. An additional advantage of summing scores across two separate occasions is that the resulting total scores are less strongly influenced by situational events specific to a given testing day (e.g., a child having missed a nap and thus being particularly cranky and inattentive on testing day). 
As mentioned earlier, selective learning tasks were administered in a fixed order in Experiment 1 (SL-Confidence first, SL-Visual second, SL-Accuracy third, with or without additional tasks in between). In Experiment 2, tasks are counterbalanced to test for order effects.
Method
Participants. A sample size of 72 was targeted to have one participant in each possible combination of task order and version (6 possible orders on each of the two visits and 2 script versions). Eighty children participated in Visit 1 (M age = 4;1; range 3;0-6;2 months; 39 boys, 41 girls). Of this number, 72 children returned for a second visit; the other 8 children did not return because of scheduling constraints. The second visit was aimed to be scheduled 7 days after the first visit, however this was not always possible, therefore the inter-visit interval ranged from 2 to 100 days (M=13 days; most participants returned less than 15 days after the first visit and only 6 participants returned more than one month later). Sensitivity analyses conducted during the planning of the experiment determined that a sample size of 72 is associated with 80% power to detect a true population correlation of |.32|. 
Fifty-four children were tested in laboratory and 26 in local daycares. To our knowledge, all children were typically developing. None had participated in Experiment 1. Demographic characteristics could not be collected of daycare participants, but were collected of the lab participants and are summarized in Table 3. Twelve additional children were tested but eliminated because of missing answers (9) or experimenter error (3). The sample was relatively evenly divided between primarily French-speaking (45) and primarily English-speaking participants (35). Having fairly balanced language groups allows for testing for any systematic differences based on study language.
Materials and procedure. Children were tested in a quiet laboratory room or a quiet space in their daycare center. The materials and procedure at Visit 1 were identical to those of Experiment 1, except that the order of the tasks was counterbalanced (3 tasks = 6 possible orders). Additionally, one novel toy in the SL-Accuracy task was replaced because of concerns about its “pointiness” being a hazard for children. At Visit 2, children were once again administered three selective learning tasks in a counterbalanced order. SL-Confidence included videos of two new adult females (one confident and one unconfident, identity counterbalanced) providing information about four unfamiliar food items (e.g., stating whether a specific variety of squash is yellow or orange inside). SL-Visual included two new child puppets and four new boxes, each with two new pictures of objects supposedly located inside; the procedure was otherwise identical to that of Visit 1. SL-Accuracy included two new puppets, four new familiar objects and four new novel objects, each paired with two new novel labels; the procedure was otherwise identical to that of Visit 1. For any individual child, the identity of the “correct” individual in each task was flipped from Visit 1: for instance, if a child heard the first informant speak confidently at Visit 1, the second informant would be confident at Visit 2. Scores for each task were summed within visits, and across visits for the 72 participants who had attended both.
The 54 participants who were tested in lab were administered additional tasks (not run in daycares because of time constraints). At the end of Visit 1, children completed the same theory of mind battery as in Experiment 1b, except that the last trial was dropped because it proved confusing to many children. Twelve children’s ToM scores were eliminated because of experimenter error, and four children with a ToM score were among those who did not return at Visit 2. In addition, 29 English-speaking participants were administered the Peabody Picture Vocabulary Task (PPVT; Dunn & Dunn, 2007) at the beginning of Visit 2. Because only a subset of participants have scores on these measures, analyses involving these variables should be considered exploratory.
Results and discussion
Table 1 presents mean results by task and by visit. Mean performance on SL-Accuracy was above chance both on individual visits and summing across visits; SL-Confidence was above chance across visits and on Visit 1, but not on Visit 2 (using Sidak-Bonferroni correction). Children did not perform significantly above chance on SL-Visual Access. To ensure that the order of tasks did not influence results, three one-way ANOVAs were conducted predicting each task’s score with the position of the task in the visit (1st, 2nd or 3rd). None were significant (all ps>.20). Independent-samples t-tests confirmed that there were no mean differences on any of the tasks based on the language of the experiment (all ps>.10). The same version effects as in Experiment 1a emerged once again in Visit 1 scores (SL-Confidence: 2.39 vs. 2.87, t(78)=2.27, p=.026; SL-Visual: 2.49 vs. 1.79, t(78)=2.91, p=.005; no difference on SL-Accuracy, p=.391). No significant version differences were identified on Visit 2 (all ps>.10). 
Table 2 presents correlations between tasks within and between visits. As in Experiments 1a and 1b, Visit 1 task scores did not correlate significantly with each other, rs(N=80) between -.088 and .098, ns. Visit 2 scores did not correlate significantly either, rs(N=72) between .007 and .128, ns, and neither did the sum scores, rs(N=72) between -.056 and .212, ns. Tasks were also non-significantly correlated when computing separately by counterbalancing version. When computing separately by testing language, significant positive correlations emerged for English participants between the sum scores of SL-Confidence and SL-Accuracy (r=.373, N=33, p=.033); between SL-Confidence and SL-Accuracy on Visit 1 only (r=.345, N=35, p=.042); and between SL-Visual and SL-Accuracy on Visit 2 only (r=.357, N=33, p=.042). This contrasts with Experiment 1b, where, in English-speaking participants, no significant correlations were found between SL-Confidence and SL-Accuracy (r=-.009, N=46, ns) or SL-Visual and SL-Accuracy (r=-.002, N=46, ns). It is worth noting that many statistical comparisons are being made here and that the obtained p values are not far below .05. We will return to these English-specific correlations in the General Discussion.
Notably, correlations across visits on parallel tasks in the full sample were also low and non-significant (SL-Confidence: r=.185, p=.120; SL-Visual: r=-.119, p=.320; SL-Accuracy: r=.176, p=.140), suggesting important situational variability in performance on children’s selective learning tasks. Given that, as mentioned above, some children had a larger time interval than others between visits, we calculated correlations between absolute difference in performance on each task (best minus worst) and number of days between visits. All were non-significant (rs between -.08 and .09, ns), suggesting against systematic effects of inter-visit interval length on performance.
As in Experiment 1b, scores on SL-Visual correlated positively with age, and did so on both visits. These results suggest that the SL-Visual task as presented may be too difficult for 3-year-olds and only reliably understood by age 5. The task was modelled on a prior task used with 4- and 5-year-olds (Brosseau-Liard & Birch, 2011). Even though there is understanding of the link between visual access and knowledge at age 3 and even younger, it may be a fragile understanding that is not displayed in all tasks. Neither SL-Confidence nor SL-Accuracy correlated significantly with age, except for SL-Accuracy performance on the second visit only. 
As expected, both ToM and PPVT scores were strongly correlated with the child’s age (ToM: r=.540; PPVT: r=.616; both ps<.001). Exploratory correlations were calculated between these tasks and selective learning task performance. The ToM scale (N=38) correlated positively with the total score on SL-Visual (r=.331, p=.042); correlations were positive but non-significant with total scores on SL-Confidence (r=.125, ns) and SL-Accuracy (r=.231, ns). All three correlations became however nearly null after controlling for age (SL-Confidence: partial r=.045, ns; SL-Visual: partial r=.051, ns; SL-Accuracy: partial r=.040, ns). Scores on the PPVT (N=29) correlated positively, but not significantly, with all three selective learning tasks (SL-Confidence: r=.105, p=.588; SL-Visual: r=.360, p=.055; SL-Accuracy: r=.326, p=.084). Once again, however, these correlations decreased greatly after controlling for age (SL-Confidence: partial r=-.217, ns; SL-Visual: partial r=.086, ns; SL-Accuracy: partial r=.008, ns).  
Combined results across experiments
In order to get a more precise estimate of the correlation between selective learning tasks and to improve power to detect small correlations, we combined data from identical tasks across all experiments (i.e., the three selective learning tasks for Experiments 1a and 1b, and Visit 1 tasks for Experiment 2). Apart from variations in ordering and in the presence of additional tasks, the procedures were identical. This yields a total sample of 176 participants, with which sensitivity analyses determined that there is 80% power to detect a true population correlation equal to |.21|. A correlation of |.20| is typically considered to be a small effect. 
Means are presented in Tables 4, both for the entire sample and split between age groups (with 5- and 6-year-olds combined because the sample sizes for these age groups were otherwise too small to obtain meaningful results). In the total sample, performance was above chance on all three tasks, even SL-Visual (though note the small effect size and the age-specific means). The Version effects identified in Experiments 1a and 2 emerged once again in the combined sample: Performance on SL-Confidence was significantly worse for children administered Version 1 than Version 2 (2.18 vs. 2.73, t(174)=3.24, p=.001), and performance on SL-Visual was significantly better for those administered Version 1 than Version 2 (2.54 vs. 2.00, t(174)=3.42, p=.001). No significant difference was observed on SL-Accuracy[footnoteRef:2].     [2:  Upon further examination, the version effect on SL-Confidence emerges on the first two of four trials, where there appears to be a preference for the answer provided by the second informant. This could indicate a preference for the second individual, a preference for those two particular answer options, or a recency effect; regardless of the reason for this difference, it disappears on trials 3 and 4. Potentially, children may need a few trials to “catch on” to the confidence indicators and rely on more superficial strategies on the first few trials. As for the SL-Visual version effect, no clear explanation emerges: it is present on all trials but Trial 3, and therefore does not appear to systematically depend on one particular picture, on a preference for a particular side, or on a preference for a particular puppet, as these things alternated between trials. In general, it may be best to conclude that performance on the SL-Visual task is unreliable in this age group.] 

As seen in Table 5, none of the correlations between selective learning tasks were significantly different from zero in the combined sample. Given the results Experiment 2, analyses were also run separately based on study language (N=88 in both language groups; this equality was a fortuitous occurrence). None of the correlations were significant in either the French-speaking or English-speaking participants. Additional analyses confirmed that correlations between tasks were non-significant for both sexes, and for both counterbalancing versions (all rs between -.139 and .125), and partial correlations controlling for age were also non-significant whether looking at the full sample, by sex, by language, or by version. 
General Discussion
The present series of studies aimed to assess the consistency of children’s responses across various types of selective learning tasks, more specifically across tasks that evaluate the comprehension of different epistemic cues: confidence, past accuracy, and visual access to information. Researchers often implicitly or explicitly present such tasks as evaluations of children’s understanding of other people’s knowledge, thus assuming a certain type of cognitive mechanism driving children’s performance. However, previous research only recently started exploring these cognitive mechanisms, and this past research has not conclusively determined whether or not a single understanding of knowledge drives individual performance across various tasks supposedly measuring epistemic understanding. By examining correlations between different selective learning tasks, the present series of studies contributes important data on the stability of individual differences in selective learning performance, data that can help discern the most likely mechanisms underlying children’s selective social learning strategies. 
Before delving into explanations for the results of the present experiments, a few methodological issues need to be addressed. First, the central conclusion of the present paper relies heavily on the non-significance of statistical tests, and as always one must exert caution in interpreting null results. However, by combining data from three studies to obtain a much larger sample size than that of the typical cognitive development study, we calculated narrow confidence intervals, and, although we cannot state that true population correlations are exactly zero, we can conclude that it would have been quite unlikely to observe such small sample correlations had true population correlations been anywhere above a size typically considered “small” (r=.20). With a large number of correlations such as in this study, it is typically good statistical practice to apply a correction for multiple comparisons (e.g., Sidak-Bonferroni) to protect against type-I error rate inflation. Here, none of the correlations between selective learning tasks were significant using an α level of .05, except for Experiment 2, where some tasks on some visits in one of the two languages correlated positively with ps not far below .05. These would not have been considered significant with a more stringent α level, and since results did not hold across studies, we hesitate to draw conclusions from these particular correlations. 
Second, one may object to calculating correlation coefficients because the measured variables are not continuous, but consist of discrete integers between 0 and 4 (or 0 and 8 for the combined visits of Experiment 2). It is true that correlation coefficients are attenuated when used on categorical measures, however for many types of statistical analyses treating 5-point scales as continuous results in relatively little attenuation (Rhemtulla, Brosseau-Liard, & Savalei, 2012). Other types of correlation coefficients, such Spearman’s rank correlation, have the same problem with non-continuous data as the Pearson coefficient. For the sake of interest, we calculated linear-weighted kappa on all pairs of selective learning variables for all analyses reported in this paper, and the conclusions drawn are nearly the same as above: Only for one association (specifically, the comparison between the two visits for SL-Accuracy in Experiment 2) did the kappa confidence interval not include zero. 
We now return to the interpretation of the central results of this series of experiments. If performance on the different epistemic tasks was primarily determined by a general comprehension of the concept of knowledge, one would have expected substantial correlations between these tasks. This is however not what was found: across three studies, correlations between the three selective learning tasks were nearly always close to zero. 
There are several possible explanations for these findings. First, these selective learning tasks may simply be unreliable. Conceivably, children may in fact rely on the same knowledge-based understanding for success across all tasks, but be distracted in their performance by a host of extraneous factors: The physical appearance of the informants, a preference to pronounce particular labels, order of presentation, or a desire to give “silly” answers, to name a few potential distractions. In other words,  “true” individual variance may be buried under so much noise. The results of Experiment 2, where alternate forms using the same selective learning cues administered on different occasions did not correlate significantly in a medium-sized sample, are consistent with this explanation.
There are a few ways to investigate the degree to which unreliability affects correlations. First, the reliability – test-retest and parallel forms – of each selective learning task should be investigated more thoroughly. Second, correlations could be compared between tasks that rely on substantially different materials and dependent variables, as here, and tasks where superficial differences are minimized to the largest extent possible. For instance, one could construct all three tasks to rely on similar-looking videotaped female experimenters providing labels for novel objects. If correlations increased substantially in such a scenario, one could conclude that superficial factors play an outsize role in determining children’s answers. If that was indeed the case, researchers would need to consider that these tasks may be poorly suited to assess individual differences as they are subject to strong situational variations. Yet, some research using variants of these tasks have found that individual differences correlated with other attributes, such as theory of mind (e.g., Brosseau-Liard et al., 2015). This makes the hypothesis of across-the-board unreliability unlikely (though it is, of course, possible that the published studies are the exception rather than the rule). 
A perhaps more interesting explanation for our results is that the tasks were uncorrelated because each in fact recruits a distinct reasoning on the part of preschoolers. As discussed earlier, we selected cues that, despite all being interpretable as “epistemic”, relate to knowledge in completely different ways. It is very possible that children come to understand each of these cues independently, without relying on a general conceptualization of knowledge per se. Even within a single task, it is possible that not all children recruit the same mechanisms to arrive at an answer: one recent theoretical proposal suggested that both a simple, heuristic-like mechanism and a more complex reasoning process could be recruited by the same social learning task (Hermes, Behne, & Rakoczy, 2018). It is equally possible that children interpret some tasks but not others in epistemic terms, or do not interpret any of them in relation to knowledge. Low-level explanations have been proposed for children’s reliance on past accuracy in selective learning situations, stating for instance that children fail to rely on inaccurate informants for the same reason that they stop playing with a broken toy or attending to any other statistically unreliable entity (e.g., Lucas & Lewis, 2010; Nurmsoo & Robinson, 2009). Children may also rely on systematic principles unrelated to attributions of knowledge to the speaker, such as the perceived relevance of a label for themselves (Henderson, Sabbagh, & Woodward, 2013). To our knowledge, detailed accounts of children’s reliance of visual access and confidence have not been proposed, but one could conceive of explanations that do not require an understanding of knowledge. For instance, a child could succeed on visual access by relying on their personal experience in which people who look inside boxes tend to successfully find objects, without reasoning about why that is the case.  For confidence, children could form associations, noticing that people exhibiting a particular body language tend to be most successful, or could interpret confidence as an indicator of dominance, authority or prestige (Chudek, Birch, Brosseau-Liard, & Henrich, 2013). In other words, there are multiple ways in which children could understand each of these tasks and still “succeed”, and we have scant data to determine which of these (if any) best represent children’s interpretation, or even if all children share the same interpretation.
As many authors have noted, the factors moderating performance on selective learning tasks may often be social rather than cognitive. Children are not solely motivated by the acquisition of knowledge but also use learning and imitation to further social goals (Jaswal & Kondrad, 2016; Koenig & Sabbagh, 2013). In fact, children’s explicit evaluations of knowledge are not always related to their social learning strategies (Einav & Robinson, 2010; Landrum, Mills, & Johnston, 2013). Interesting new research has shown that children’s likelihood to side with an accurate informant is positively correlated with the authoritarian values held by their parents (Reifen Tagar et al., 2014). Various cultural and socioeconomic variations in selective learning have also recently been uncovered (e.g., Corriveau, Kurkul, & Arunachalam, 2016; Lucas et al., 2013). These findings all suggest that there is more to selective learning performance than epistemic evaluation.
Contrary to some past studies, we did not ask explicit knowledge attribution questions at any time in the procedure. We believed that such questions could have influenced children’s interpretation of the task; a recent study confirms that children’s selective learning strategies are indeed influenced by explicit knowledge questions (Krogh-Jespersen & Echols, 2018). It would be interesting to investigate whether adding explicit knowledge attribution questions increases correlations between selective learning tasks, perhaps pushing children to make knowledge-based interpretation that they might not otherwise have made. 
In sum, the present research found uncorrelated individual performance across selective learning tasks, thus challenging (without completely ruling out) the idea that a single epistemic understanding drives success on these various tasks. Indications that performance on selective learning tasks may be unreliable deserves future investigation. Together, these findings help improve our understanding of what exactly children think when deciding from whom to learn. 
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