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BALANCING MAJORITY SIZE AND INFORMANT QUALITY 2

Abstract
We investigate how 4- and 5-year-old US and Canadian children (N = 157) balance the quality of
informants’ knowledge with the number of endorsements when deciding which of two boxes
contains the better option. When children must choose between two different boxes endorsed by
groups of equal sizes, children prefer to choose boxes endorsed by informants with visual access
to the boxes over informants with hearsay (Experiments 1-3). However, children’s choices were
biased towards the larger group when the size of the group conflicts with the quality of the
group’s knowledge (Experiment 4). Children were more likely to conform to a majority opinion
when compared to both US adults (Experiment 5; N =301), and a normative computational
model that evaluates the number of independent observations made by informants. These
findings suggest that preschoolers can evaluate the knowledge source of multiple informants, but
may assume that the presence of a majority endorsing an option is inherently informative over
and above the quality of the knowledge possessed by the group’s members.

Keywords: social learning; testimony; consensus; conformity bias

Public Significance Statement
This study suggests that young children’s intuitions about what kinds of information to trust is
similar to adults’ in some ways; children considering that people with direct access to a piece of
information should be relied upon more than people whose information hearsay. However,
unlike adults, our study finds that children consider that a larger number of people endorsing one
option over another is inherently informative. This finding offers us insight into children’s
emerging understanding about how to evaluate the quality or credibility of a piece of information

based on its source.
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Can Children Balance Majority Size with Information Quality in Learning about

Preferences?

If all your friends jumped off a bridge, would you jump too? Although “no” is a common
answer to this question, it often makes sense to follow a majority, because we assume that others
are broadly rational, and have good reasons for doing what they do. In the event of a majority
engaging in counterintuitive behavior, for example, we may reason that the majority of people
are unlikely to all make a bad decision, and so they may instead have knowledge, expertise or
evidence that we lack (for instance, that the bridge is on fire). In fact, conforming to a majority
can at times be a sensible learning strategy, especially if you have little or incomplete
information. For children, who have comparatively little expertise and fewer life experiences,
learning from others’ actions can be especially beneficial, offering the opportunity to acquire
large amounts of information without having to engage in time-consuming, costly, and possibly
even dangerous trial-and-error. This capacity for social learning is a cornerstone of human
society, and it has been proposed to be a driving force in our cultural evolution and ultimate
success as a species (Boyd & Richerson, 1985; Boyd et al., 2011; Csibra & Gergely, 2009;
Tomasello, 1999).

However, depending on how the people we are learning from came to their own
decisions, there are cases where following a majority can also lead us astray (Bikhchandani et al.,
1992; Anderson & Holt, 1997). People can be ignorant, make mistakes, or even intentionally
mislead others, and children may receive information from multiple people whose testimony
conflicts. If children are not discerning in evaluating majority information they may accept
inaccurate information, and conform to an incorrect majority. Here we examine whether children

are sensitive to the source and quality of informants’ knowledge, and how they use this to assess
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BALANCING MAJORITY SIZE AND INFORMANT QUALITY 4

the quality of not only individual informants, but also of groups of informants who differ in
knowledge source and quality.

A large body of literature about children’s epistemic trust has found that children
selectively trust informants, and are sensitive to a wide variety of cues to informant reliability
(for reviews see e.g., Harris et al., 2018; Landrum et al., 2015; Mills, 2013; Robinson & Einav,
2014; Sobel & Kushnir, 2013). Starting at around three years, children consider informants’
record of accuracy when choosing informants (e.g., Koenig & Harris, 2005; Pasquini et al.,
2007), suggesting that they prefer informants who have demonstrated they have general
knowledge. At around age four, children begin to recognize and trust informants who have
expertise in a topic; for instance, children understand that people with different roles or
occupations like doctors or zookeepers have different knowledge and can answer different types
of questions (Aguiar et al., 2012; Boseovski & Thurman, 2014). Children also use information
about an informant’s accuracy to determine how they integrate future information: for example,
they ask an informant who has been previously accurate about names for object labels (Corriveau
et al., 2011), and an informant who has been successful at fixing objects for help with repairs
(Kushnir et al., 2013). Similarly, children are willing to accept evidence that conflicts with their
prior beliefs more often from previously accurate informants than inaccurate ones (Li & Yow,
2018).

One valuable cue to informant quality that children are able to use is perceptual access.
For example, if a child knows that a potential informant has seen inside a box, then that person’s
statements about the contents of the box are more useful than someone who has not looked
inside. By age three, young children understand that visual experience provides informants with

knowledge (e.g. O’Neill et al., 1992; Pillow, 1989; Sodian & Wimmer, 1987); consequently,
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BALANCING MAJORITY SIZE AND INFORMANT QUALITY 5

they prefer to get their information from people who have seen something directly (e.g., Butler et
al., 2018, 2020; Povinelli & deBlois, 1992; Robinson et al., 2008; but see Palmquist & Jaswal,
2012).

However, in many situations, children may not have information about the past accuracy
or knowledge states of a potential informant. In situations like this, children may instead rely on
other cues to information quality, such as evaluating what the majority of people believe
(Corriveau et al., 2009). Intuitively, it often makes sense to follow a majority, because they may
have based their decisions on information or evidence the learner does not have access to (e.g.,
Morgan et al., 2012), and recent theoretical work has suggested that conforming to a majority is
one of several contextually successful learning strategies (e.g., Henrich & Boyd, 1998; Hoppitt
& Laland, 2013; Kendal et al., 2018; Rendell et al., 2011; Whalen, Griffiths & Buchsbaum,
2018).

Developmentally, 3- and 4-year olds prefer novel object labels (Corriveau et al., 2009;
Pham & Buchsbaum, 2020) given by a majority over those given by a dissenter, and 2-year olds
are more likely to imitate a majority’s actions over those of an equally successful minority (Haun
et al., 2012). Children are also more likely to precisely reproduce actions when they are
demonstrated by a group rather than a single individual, particularly when the demonstrations are
presented normatively (Herrmann et al., 2013); likewise, children endorse majorities more
consistently in conventional domains such as language tasks, compared to domains where asocial
learning is also possible, such as causal learning (Pham & Buchsbaum, 2020). Children may also
endorse a majority’s judgment when their own perceptual evidence is uncertain (Bernard et al.,
2015; Morgan et al., 2015). In fact, both adults and children may sometimes conform to a

majority that conflicts with their own direct perceptions, although such effects do not appear to
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BALANCING MAJORITY SIZE AND INFORMANT QUALITY 6

change individuals’ private beliefs (e.g., Corriveau & Harris, 2010; Haun & Tomasello, 2011)
and diminish dramatically in size in the absence of unanimity (Asch, 1956; see also Bond &
Smith, 1996; Whiten, 2019). Nevertheless, the finding that children broadly look to imitate the
behavior of majorities has led to the suggestion that young children may have a consistent bias to
conform in multiple contexts, regardless of informant quality, as this would be a quick, efficient,
and generally accurate social learning heuristic (e.g., Walker & Andrade, 1996; Haun &
Tomasello, 2011).

However, groups can also provide unreliable information. To ensure the reliability of
information, children must go beyond endorsing whatever the majority of people endorse: they
must also consider the quality of each person’s information. Nevertheless, the existing evidence
about children’s ability to make inferences about groups’ information quality is mixed. Some
studies suggest that as young as 4 years of age, children preferentially attend to quality of
information over the size of the group endorsing the claim: for instance, 4-year-old children will
copy a successful dissenter over an unsuccessful majority in an instrumental learning task (Wilks
et al., 2014), are less likely to endorse a majority’s description of an object’s function if that
function is implausible (Schillaci & Kelemen, 2014), and will endorse the identity of a drawing
given by the artist rather than that given by a conflicting majority (Einav, 2014).

Others have found evidence showing that children under age six are swayed by the
presence of a majority, even when there are other cues to information quality available: for
example, 4-year-olds did not consistently endorse an informant with a past history of success
over a conflicting majority with unknown expertise (Burdett et al., 2016; Sampaio et al., 2019).
Likewise, Bernard and colleagues (2015) found that 4-year-olds endorsed a previously unreliable

majority rather than a previously reliable minority, while 6-year-olds endorsed the previously
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reliable minority. Another cue to information quality is the degree of statistical independence of
sources: that is, understanding that multiple informants who received their data from a single
source do not inherently have more information than a single informant with a single source.
Here, young children also appear to display a bias towards conforming beyond what is rational.
For example, 4- and 5-year-old children endorsed a majority that shared a single data point as
often as a majority with independent data points (Otsubo et al., 2017). Aboody and colleagues
(2022) also found a developmental transition in the consideration of information quality: 6-year-
old children believed an individual whose claim was supported by multiple independent
informants more than multiple individuals whose claims relied on a single informant. However,
4-year-olds did not display a clear preference for either the majority with a single source or an
individual with multiple sources.

The mixed pattern of results among children around 4 years of age may reflect multiple
possibilities. In many previous studies, the size of a majority and the quality of the statistical
information provided by informants was not clearly differentiated; therefore, the degree to which
endorsement of a majority would reflect conformity, rather than the normative choice given the
data presented to children, has not been clear. As a result, it has been difficult to differentiate
whether young children have a strong conformity bias (as suggested by e.g., Walker & Andrade,
1996; Haun and Tomasello, 2011) above and beyond what is rational, or whether children
balance information quality and majority size, which differ across these experiments, in a more
nuanced way. Therefore, to what degree young children account for the quality of individual
informants’ knowledge when evaluating groups of informants—and to what degree they are
conformists, who assume that the presence of a majority is in and of itself an endorsement of an

option—is still an open question.
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BALANCING MAJORITY SIZE AND INFORMANT QUALITY 8

As discussed above, one important measure of information quality is knowledge source,
such as whether someone has direct experience, for instance through perceptual access, or only
indirectly, such as through hearsay. For instance, if your friend tells you that the bridge is on fire,
you might trust her information more if she actually saw the bridge burning than if she merely
heard it was burning from another friend. Direct knowledge is also a stronger indicator of
reliability than mere consensus; in some cases, a consensus of informants with second-hand
knowledge may be no better informed than a single informant with first-hand knowledge.
Weighing both consensus and knowledge source would be a more complicated but also more
effective strategy.

Here, we examine how children reconcile multiple conflicting informants who vary in the
source and quality of their knowledge. In a series of six studies, we explore how children extend
trust to informants based on the quality of their knowledge source, and how they weigh this
information against majority and minority opinions. We will particularly focus on children’s
understanding of individuals with direct knowledge versus indirect knowledge (i.e., hearsay).
Given preschool age children’s previous success making inferences from a variety of cues to
informant reliability (e.g., see Koenig & Harris, 2005; Jaswal & Neely, 2006; Birch, Vauthier &
Bloom, 2008, for some relatively well-known examples in addition to those discussed above), in
Experiments 1-3 we first explore whether children in this age range can successfully use source
knowledge to evaluate testimony from a group of informants.

We then outline two competing computational models of learning from testimony which
predict how (1) a rational learner who is able to normatively evaluate both information quality
and majority size, (2) a conformity-biased learner who treats majority size as a heuristic

indicating quality, and (3) a learner that mixes both the normative and conformist strategies
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BALANCING MAJORITY SIZE AND INFORMANT QUALITY 9

might evaluate evidence in a number of scenarios when information quality and group size
conflict. In Experiments 4-6, we test the predictions of these models for children’s behavior, by
examining whether children’s inferences are similar to those of the normative model, or
whether—and to what degree—they instead display a bias to conform to a majority, even when
that majority provides lower quality information. Finally, we compare children’s responses as
well as the model predictions to the performance of adults on these same tasks. By comparing
the model’s predictions with children’s and adults’ responses, we can illuminate the extent to
which their choices to follow the majority are a rational result of the majority’s additional
informativeness, and under what conditions they are not.
Experiment 1: Direct knowledge vs. hearsay

In Experiment 1, participants watched as informants gave opinions about which of two
boxes contained the better option. Equal numbers of informants endorsed each box, but one box
was endorsed by informants who had looked in the boxes and had direct knowledge of what was
inside, whereas the other box was endorsed by only one informant with direct knowledge while
the other three received hearsay about which box was better. Choosing the box endorsed by the
direct group would suggest that children are monitoring individual informants’ knowledge
quality and not just the number of endorsements per item.
Methods

Participants. Participants were 22 preschoolers (mean age = 49 months; range = 43 — 66
months) recruited from a large US metropolitan area, and were tested in the lab, their preschools
or at local museums. The sample size was chosen as it is appropriately powered to detect
moderate-to-large effect sizes over repeated trials (power > 0.80 for detecting average correct

performance of 70% or greater relative to chance; see Supplementary Material). A range of
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ethnicities representing the demographics of the local population was represented (see
Supplementary Material). Three additional children were excluded due to experimenter error (2)
and fussiness (1).

Materials. Materials included two black boxes, each of which contained a toy (a toy
vehicle or a stuffed animal) or a snack (Goldfish cracker or Froot Loop™). Informants were
eight 77 tall paper dolls (four male, four female), made available online by illustrator Kyle
Hinton, glued to a wood block base.

Procedure. Children participated in two trials: a snack trial and a toy trial. Trial order
was counterbalanced. In each trial, the experimenter first showed the participant the two boxes
and explained that each box contained a [toy/snack], but that she did not know what was inside.
Then, the child watched as dolls gave opinions about which box contained the better option. A
group of four dolls endorsed one box and a second group of four endorsed the other. In the direct
group, all four dolls received direct (visual) knowledge before giving their opinions. One at a
time, each doll walked over to each box and looked inside, then stood beside the same box and
said, “I think this [toy/snack] is better!”.

In the indirect group, only the first doll in the group received direct knowledge of the
box’s contents. The first doll looked inside both of the boxes, then stood next to the box not
endorsed by the direct group and said, “I think this [toy/snack] is better!” This doll then crossed
paths with a second doll, and the experimenter made indiscriminate whispering sounds to convey
that the two dolls were conversing. The second doll gave their opinion, saying, “[S]he said this
[toy/snack] is better, so I think this [toy/snack] is better,” and passed on their hearsay to a third

doll, who stated his or her opinion, and then passed the hearsay on to the fourth doll. Each group
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included equal numbers of male and female dolls, and group order (direct or indirect first) was
counterbalanced. The side of the box endorsed by the direct group was also counterbalanced.

After all dolls gave opinions, the experimenter brought all eight dolls back on stage and
placed them in front of the box they endorsed, and reminded children that the dolls were all
standing in front of the box they had said was better. With both groups of dolls still visible, the
experimenter asked the child to choose the box they wanted to try. Once children selected a box,
they were presented with the object inside. They were not shown the contents of the unchosen
box. The experimenter cleared all materials from the table, and proceeded to the second trial.
Results and Discussion

Results for Experiment 1 are summarized in Table 1. Children were scored on the
number of trials (0-2) in which they chose the box endorsed by informants with direct
knowledge. Children were significantly more likely to choose the direct box over the indirect
box, one sample t-test, #(21) = 3.18, d = 0.67, p = .002. There was no significant difference in
responses for the two trial types (snack vs toy), Fisher exact test, p = .31 (odds ratio = 0.39).

When choosing between two boxes, each endorsed by four informants, children prefer the
box endorsed by informants with direct knowledge of the boxes’ contents. This suggests that
children monitor the knowledge quality of individual informants within a group, and not just
group size. Additionally, this suggests that they understand that visual access is a more reliable
source of information than hearsay, even when learning about non-factual domains like
preferences.

Experiment 2: Hearsay vs shared knowledge
In Experiment 1 we manipulated two different cues to the reliability of the indirect group.

First, the indirect group was making their response based on hearsay, and second the indirect
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group was making their response based on a shared source of knowledge: they all received their
information from the first informant. Both hearsay and shared information can reduce the
reliability of a group’s testimony, so given the results of Experiment 1 it is not possible to
determine if children are sensitive to hearsay, shared information, or both. In order to examine
the role of hearsay in a situation without shared knowledge, in Experiment 2 each indirect
informant gives testimony based on hearsay from a different (unseen) individual.

Methods

Participants. Participants were 24 preschoolers (mean age = 58 months; range = 46 to 70
months; 14 female, 10 male) recruited from a large Canadian metropolitan area, and were tested
in the lab, their preschools and local museums (preliminary data indicated that children in these
geographic regions did not differ in Experiment 1 performance). A range of ethnicities
representing the demographics of the local population was represented (see Supplementary
Material). 11 additional children were tested but excluded due to experimenter error (N =9), or
fussiness (N = 2).

Materials. All materials were the same as in Experiment 1.

Procedure. The procedure of Experiment 2 was identical to Experiment 1, except that in
the indirect group, the first informant did not look into either box, informants did not cross each
other after producing testimony and did not whisper information to each other. Instead, each
informant said “My friend [Jane] said that this [toy/snack] is better, so I think this one is better”.
The name [Jane] was replaced by a different name (e.g., Tom) for each informant, always of the
opposite gender of the informant.

Results and Discussion
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Results for Experiment 2 are summarized in Table 1. Children were scored on the
number of trials (0-2) in which they picked the box endorsed by informants with direct
knowledge. Children significantly selected the box endorsed by the direct group, one sample t-
test, #(23) = 2.1, d = .42, p = .023. There was no significant difference in responses for the two
trial types, Fisher exact test, p = 0.5 (odds ratio = 0.93).

As in Experiment 1, we find that children choose the option endorsed by the direct group
when given an option of following informants with direct visual access over informants with
indirect visual access. The result holds true even when source of information is disentangled

from shared knowledge.

Experiment 3: Hearsay from multiple sources vs. one source

Experiment 2 clarified that children are sensitive to direct versus indirect sources of
knowledge. In Experiment 3 we examine whether they are sensitive to shared knowledge. As in
Experiments 1 and 2, participants in Experiment 3 watched as informants gave opinions about
which of two boxes contained the better option. In Experiment 3, the informants differed in the
independence of each informants’ source of knowledge. All informants gave testimony based on
second-hand knowledge (hearsay), but one box was endorsed by informants who each received
hearsay from different sources (i.e. independent), whereas the other box was endorsed by

informants who each received hearsay from the same source (i.e dependent).

Methods

Participants. Participants were 24 preschoolers (mean age = 51 months; range = 40 — 62
months; 14 female, 10 male). Participants were recruited from a large US metropolitan area, and

were tested in the lab, their preschools and local museums. A range of ethnicities representing
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the demographics of the local population was represented (see Supplementary Material). An
additional three children were tested, but were excluded due to fussiness.

Materials. Like Experiments 1 and 2, materials included two black rectangular boxes,
each of which contained a snack or a sticker (results from a preliminary condition of Experiment
1 using stickers showed that a condition using stickers did not differ significantly from the original
snack or toy conditions). Two additional paper dolls were used, for a total of ten.

Procedure. Children participated in two trials: a snack trial and a sticker trial. The
procedure of Experiment 3 was identical to Experiment 1 with the following changes. In the
testimony phase of the experiment, the child watched as the experimenter introduced four dolls
(the source dolls), who each looked inside both of the boxes. These four dolls were then put in a
separate area on one side of the demonstration table, where they were still visible to the child.

Then, six informant dolls came on stage one at a time. Each encountered a source doll
who was “taking a walk” away from the source doll area towards the informant doll. The
informant doll whispered with this source doll. Of the six informant dolls, three endorsed one
box, and three endorsed the other. These two groups differed in which source doll(s) they
whispered with before giving their opinions. In the independent group, the three informant dolls
received information by each individually whispering with their own, independent source
doll. In the dependent group, all three informant dolls whispered with the same source doll.
Group order and side of box endorsed by independent group (left or right) were
counterbalanced.

After each informant doll talked with a source doll, (s)he endorsed a box by saying to the
source doll: “Oh, you think this box is better? Well, then, I think this box is better, too.” Then,

the informant doll remained in front of the box they endorsed, while the source doll returned to
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the source doll area of the table. Once all six informant dolls had given opinions, the
experimenter removed the source dolls from the table. Children were then reminded of which
box each group of informant dolls had endorsed and asked to choose a box, as in Experiments 1
and 2. Source dolls in trial 1 were always informant dolls in trial 2, and genders of dolls in
independent and dependent groups (2 males, 1 female vs. 2 females, 1 male) were also changed

between trials.

Results and Discussion

Results for Experiment 3 are summarized in Table 1. Children were scored on the
number of trials (0-2) in which they picked the box endorsed by informants with independent
knowledge. Children were more likely to select the box endorsed by the independent group, one
sample t-test, #23) = 2.33, d = 0.49, p = .014. There was no significant difference in responses
for the two trial types, Fisher exact test, p = 0.5 (odds ratio = 0.93).

When all informants have only indirect knowledge of the box contents, children correctly
endorse the group whose knowledge comes from independent testimony. This result suggests
that the difference in Experiment 1 is not solely due to children’s understanding of hearsay, but
also due to their understanding of independence and dependence between informant’s testimony.
Taken together, Experiments 1-3 suggest that children have a robust sensitivity to the source of
informants’ knowledge, and can use source and quality of knowledge to accurately evaluate
groups of informants.

Modeling the Quality of Informant Testimony

Experiments 1, 2 and 3 find that children are sensitive to both the dependency between

informants, and to the source of informants’ knowledge—whether their testimony is based on

directly observed evidence or on hearsay. In both of these cases, children seem to understand that
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dependent informants, or indirect informants, provide less information than their independent or
direct counterparts.

This setup provides a unique way to examine how children learn from multiple
informants, and the types of biases they might have. Numerous studies (reviewed in the
introduction) have found that children often, but not always, prefer a majority of informants over
a minority. In many cases, agreeing with a majority can actually be rational: if each informant
provides an independent source of information, a majority is supported by a greater amount of
evidence than a corresponding minority. This means that it can be hard to assess whether or not
children are biased towards majorities above and beyond what is rational.

To disentangle the amount of information a majority provides from the number of
demonstrators in the majority, we need to examine cases where we know that the majority of
informants provide less information than the minority, so that it is irrational to follow the
majority based on their information quality. Here, we focus on the case where the indirect group
has more informants than the direct group but, because they give their testimony based on
hearsay, they nonetheless provide less information than the direct group. In this case, children
might normatively determine that they should endorse the choice of the minority with direct
information. Alternatively, if children have a conformity bias in these tasks, children may
conclude that, even if a larger group of indirect informants provides less total information than a
smaller group of direct informants, the mere presence of a majority is informative in its own
right.

Therefore, in order to assess whether children have a conformity bias in these tasks, we
need to be able to identify cases where children should normatively endorse a smaller direct

group of informants over a larger indirect group, and make predictions for the extent of that
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preference. By developing several scenarios where a rational learner should endorse groups to
greater or lesser degrees, we can evaluate children’s behavior in greater detail than just whether
or not they endorse a majority, providing a more precise measure of the degree to which children
deviate from normative inference.

Next, we present a normative model which analyses how a rational learner should make
decisions based on indirect and direct testimony, without a conformity bias. We then compare
the predictions of this model to children’s performance, and to the predictions of a conformity
biased model, in a series of new experiments (Experiments 4-6) to assess whether children
conform to the majority more than is rational. The model we build follows from previous
Bayesian models of learning from testimony (e.g., Buchsbaum et al. 2012, Shafto et al., 2012,
Whalen et al. 2018) where learners use Bayes’ rule to perform inference over multiple
hypotheses and select a behavior. Bayes’ rule indicates that the probability that a hypothesis, 4, is
true, given some data, such as informant testimony ¢, is proportional to the probability of the
testimony given the hypothesis times the prior probability of the hypothesis, or

p(RID) « p(tlR)p(R). (1
p(h|?) is the posterior probability, p(z|h) is the likelihood, and p(4) is the prior probability of the
hypothesis.

In general, hypotheses represent claims about the world, and the data represents
observations. In this case, the hypotheses represent beliefs about which item is in which box, and
the data are the testimonies given by the informants. Unlike previous models of learning from
testimony, here the informants make claims about their preferences rather than factual claims. To
capture differing preferences, we assume that a proportion A of the population prefers one item,

while the rest prefer the other. We call the item preferred by the proportion A the target item.



388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

BALANCING MAJORITY SIZE AND INFORMANT QUALITY 18

Source Knowledge Model

Under our experimental setup (modeled on Experiments 1-3), the learner evaluates two
hypotheses, 4., that the target item is in the box endorsed by the direct group, and /4, that the
target item is in the box endorsed by the indirect group. The probability of each hypothesis can
then be calculated via Bayes’ rule. For example, evaluating the hypothesis that the box chosen by
the direct group is preferred yields the posterior probability

p(hqlta, t;) < p(talha)p(t;lha)p(he) (2)
where t; = (t;q, ..., tin) refers to the testimony of the indirect group, and t; = (tgq, ---, tan)
refers to the testimony of the direct group. In other words, the posterior probability of the
hypothesis that the box chosen by the direct group is preferred rests on both the prior probability
of the target item’s location—which we assume to be equal for both locations, p(h;) = p(hy),
and the likelihood of the testimony provided by the two groups if the preferred item really is in
the box endorsed by the direct group.

Direct Evidence. The likelihood term, p(t4|hy)p(t;|hy)—the probability of observing a
particular set of testimony given the hypothesis that the target item is in the box preferred by a
direct group—depends critically on how the learner assumes informants generate their testimony.
For simplicity, we assume that direct informants observe the contents of the boxes accurately,

and report their preferences accurately. This means that the probability that an informant with
direct evidence endorses the box containing the target item is simply p (td i |htj) = A, where A
refers to the hypothesis that the target item is in the box endorsed by direct informant ;’s
testimony, t,;. The direct informants do not hear any other information, so their testimony is not

based on the testimony of others, which means that p(t4]h;) is just the product of the likelihood

of the individual testimonies,
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p(talhg) = [17=10(tajlha). (3)

Indirect Evidence. In the case where informants receive indirect evidence in the form of
whispers, their testimony is based solely on the information provided by other informants. Future
informants must use that information to first infer which item is in which box, and then endorse a
box according to their own preference. However, if the learner is also told each informant’s
preference, as in our experiments, then they are already aware of all the information that each
indirect informant had to make their decision, so that subsequent informants provide no new
information. According to the Source Knowledge model, a learner should therefore disregard all
but the first informant in the chain, so that

p(tilha) = p(tir|ha), 4)
where p(t;|h,) is the likelihood of the indirect group’s testimony as a whole.
Incorporating Preference

Finally, we assume that the learner, like the informants, also has a preference, preferring
the target item with probability A. To choose a box, learners first infer the probability that each
box holds the target item, and then use their preference to determine which box they select. The
probability that the learner chooses the box endorsed by the direct informants is just the
probability that the box contains the learner’s preferred item given the testimony (i.e., we assume
that some proportion of learners, 1 — A, do not prefer the target item, so they will choose the box
they believe not to contain the target item). Taken together, a learner operating under the

assumptions of this model should pick the direct informants’ box with probability,

A-p(hglta t) + (1 =2 - (1 = p(halta t)), )
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where p(hgy|tg, t;), is the posterior probability of the target item being in the box endorsed by

the direct informants.

Conformity-Biased Model

Alternatively, if children’s choices are biased towards conforming to majorities, then they may
consider the mere existence of additional informants as being evidence to support the position of
these informants, even if their evidence was gathered indirectly. We model conformity bias as
treating indirect evidence identically to direct evidence, with the likelihood of the indirect
group’s testimony being calculated identically to the likelihood of the direct group’s testimony,

i.e., by computing the product of the likelihoods of the individual testimonies (Equation 3).

Mixed Model

Lastly, it is possible that children are uncertain about whether to use a source-knowledge based
strategy or a conformity-biased strategy when group sizes are unequal. In such a situation, rather
than solely weighing the number of independent sources providing information about a
preference, or solely relying on the number of informants endorsing an option, children might
implement a mixture of these strategies, weighing both the number of independent sources and
the absolute number of informants in their reasoning, either within or across individuals. Models
including a mixture of strategies have predicted children’s learning across a number of social and
causal learning scenarios (e.g. Lieder et al., 2015; Nussenbaum et al., 2020); similarly, children
might engage in a mixture of strategies to evaluate the testimony they receive. We model this
possibility by introducing a parameter, w, that represents the proportion of the weight placed on
the choices predicted by the Source Knowledge model compared to the Conformity-Biased

model. At w = 1, this model is equivalent to that of the Source Knowledge model, while at w =
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0, it is equivalent to the Conformity-Biased model. For simplicity, and to avoid adding another
free model parameter, we use a fixed value of w = 0.5 to reflect an equal mixture of the two
models (i.e., averaging their results) throughout the main text (see Supplementary Material for

alternate analysis).

Modeling Direct and Indirect Informants

Since in our experiments the two groups of informants always endorse opposite boxes,
and since p(h;) = p(hy), it is possible to further simplify the posterior probability into a closed

form

_ Ma-nk
p(h’dltd' tl) - lj(l—l)k-i-(l—ﬂ.)jﬂk (6)

where j and k are the numbers of informants considered to have independent access to the
boxes’ contents in each group.

For example, under the assumptions of the Source Knowledge model, the number of
direct informants with independent access to the boxes’ contents in Experiments 1-3 is equal to
the number of direct informants, so j = 4 (Experiments 1 and 2) or 3 (Experiment 3), while the
number of indirect informants with independent access to the boxes’ contents is just the first
indirect informant, so £ = 1 (Experiments 1 and 3). In Experiment 2, indirect informants’
knowledge is ambiguous, but as there is no evidence that any of the indirect group has obtained
knowledge about the boxes’ contents, we set k = 0.

However, as mentioned previously, a conformity-biased learner may treat all informants
as having information of equivalent quality. Thus, in the Conformity-biased Model, both j and &

equal the number of direct and indirect informants, respectively. Since the size of the direct and
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indirect groups is equivalent in Experiments 1-3, j = k£ =4 in Experiments 1 and 2 and j =k =3

in Experiment 3 for the Conformity-biased model.

Model Predictions

We can now use our models to make a priori predictions about how a rational learner
might make inferences when group size and information quality are at odds, and compare these
predictions to children’s performance, to see whether children do in fact prefer a majority above
and beyond the information they provide. Experiment 1 provides a baseline case with equally
sized direct and indirect groups, where we can be sure that a majority bias could not be playing a
role in children’s inferences. We therefore first use this experiment to estimate the value of the
preference parameter, and then, given that value, make predictions for cases where group sizes
differ. Fitting the preference parameter to children’s choices in Experiment 1 yields a value of A
= (.75, a relatively high value consistent with our intuition that children believe preferences for
items such as food and toys are broadly shared.

Model predictions, along with experimental results are presented in Figure 2. Using the
best fitting parameter value of A = 0.75 for Experiments 1-3 we confirm that, when group sizes
are equal, children do not behave consistently with the Conformity-biased model (log likelihood
=-94.41), which predicts that children will perform at chance between the direct and indirect
groups. Instead, their behavior more closely matches the predictions of the Source Knowledge
model (log likelihood = -87.69), choosing the group with a greater amount of direct sources in
Experiments 1 through 3, (1) = 13.43, p < 0.001.

In addition to the four direct and four indirect informants (4 vs. 4) case of Experiments 1
and 2 and the three direct and indirect informants (3 vs. 3) case of Experiment 3, we also

examined the cases of three direct vs five indirect informants (3 vs. 5), four direct vs six indirect
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informants (4 vs. 6), and on direct vs seven indirect informants (1 vs. 7). We chose these ratios in
order to vary the relative size of the majority while keeping either the number of direct
informants (4 vs. 6) or the overall number of informants (3 vs. 5 and 1 vs. 7) consistent with
Experiment 1. We examine the model predictions for each case in more detail, below.

In the case of 4 vs. 6 and 3 vs. 5, we find that the Source Knowledge model continues to
predict a preference for the direct informants, though at a slightly lower rate than in the 4 vs. 4
condition. This drop is primarily due to their being one less direct informant in the direct group.
Conversely, the Conformity-biased model predicts that children should favor the indirect
majority, because the additional two informants are treated as providing additional information.

The case of 1 vs. 7 deviates substantially from the previous cases. In this case, the learner
is presented with one informant with direct knowledge in the direct group, and one informant
with direct knowledge in the indirect group (the first indirect informant). The Source Knowledge
model predicts that a learner should ignore the remaining indirect informants and be at chance
between the two groups, while the Conformity-biased model predicts a heavy preference for the
indirect majority.

The three additional cases outlined above provide a range of predictions to investigate
whether children have a bias to conform to the majority’s behavior above what is rational when
group sizes are unequal. Given children’s success in Experiments 1-3, it is possible that
preschool-age children might successfully use source knowledge when it is available, and
understand that the mere presence of a majority does not provide additional evidence, if
members of the majority acquired their endorsements from indirect knowledge. If so, children’s
behavior should closely reflect the predictions of the a priori Source Knowledge model. On the

other hand, it is possible that children only use source knowledge when group sizes are equal,
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and may switch to a conformist strategy when these sizes are unequal; in this case, children’s
choices could be more similar to the predictions of the Conformity-biased model.

Finally, if children do engage in a mixture of strategies, children’s choices when the
source knowledge and majority conflict would look different from both possibilities. In this case,
children would be predicted to choose at chance between the two groups in the 3 vs. 5 and the 4
vs. 6 conditions. However, in the 1 vs. 7 conditions, children would be predicted to choose the
indirect group significantly more often than chance, but do so less strongly than the Conformity-
biased model. This results in predictions for children’s performance across experiments that

differentiate the three possible models (Figure 2).

Experiment 4: Source versus consensus

Experiments 1-3 find that children are sensitive to both the dependency between
informants, and to the source of informants’ knowledge—whether their testimony is based on
hearsay. In both cases, children seem to understand that dependent informants, or indirect
informants, provide less information than their independent or direct counterparts. We therefore
use both of these cues to informant quality in Experiment 4, to examine how children respond to
cases where the indirect group has more informants than the direct group but, because they give
their testimony based on hearsay, they provide less information than the direct group.

Experiment 4 examines how children respond when presented with an option endorsed by
a majority of indirect informants versus an option endorsed by a minority of direct informants.
To directly compare children’s performance to the predictions of our model, we examined the
cases of three direct vs five indirect informants (3 vs. 5), four direct vs six indirect informants (4
vs. 6), and one direct vs seven indirect informants (1 vs. 7). As we anticipated that the presence

of unequal groups would be more challenging for children, we increased the sample size



545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

BALANCING MAJORITY SIZE AND INFORMANT QUALITY 25

collected per condition to 32. Due to recruitment difficulties, one condition (4 vs. 6) had a
smaller sample size; a replication of this condition with a full sample of 32 children is reported in
the Supplementary Material, with comparable results.

Methods

Participants. Participants in the 3 vs. 5 condition were 31 preschoolers (mean age = 55
months; range = 44 to 62 months; 18 female, 13 male) recruited from a large US metropolitan
area, and were tested in the lab, their preschools and local museums. Three additional children
were tested but excluded due to experimenter error. Participants in the 4 vs. 6 condition were 24
preschoolers (mean age = 52 months; range = 42 to 61 months; 16 female, 8 male) recruited
from a large US metropolitan area, and were tested in the lab, their preschools and local
museums. Three additional children were tested but were excluded due to experimenter error.
Participants in the 1 vs 7 condition were 32 preschoolers (mean age = 56 months; range = 43 to
70 months; 10 female, 22 male) recruited from a large Canadian metropolitan area, and were
tested in the lab, their preschools and local museums. 3 additional children were tested but
excluded due to experimenter error.

Materials and Procedure. Materials were the same as in Experiment 1, except for the
addition of two dolls in in the 4 vs. 6 condition, and the use of stickers (as in Experiment 2)
instead of snacks in in the 1 vs. 7 condition. The procedure for Experiment 4 was identical to
Experiment 1, except with the number of informants in the direct and indirect groups varying

appropriately.
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Results

Results for Experiment 4 are summarized in Table 1. Children were scored on the
number of trials (0-2) in which they picked the box endorsed by informants with direct
knowledge.

3 vs. 5 Condition. Children were at chance in choosing between the box endorsed by the
direct group and the box endorsed by the indirect majority, one sample t-test, #(30) = 0.68, p
=.50, d = 0.12. There was no significant difference in responses for the two trial types, Fisher
exact test, p = .07 (odds ratio = 0.36).

4 vs. 6 Condition. Children were at chance in choosing between the box endorsed by the
direct group and the box endorsed by the indirect majority, one sample t-test, #23) =-0.94, d =
-.19, p = .36. There was no significant difference in responses for the two trial types, Fisher exact
test, p = .77 (odds ratio = 0.71).

1 vs. 7 Condition. Children preferentially chose the box endorsed by the indirect
majority, one sample t-test, #(31) =2.33, d = 0.41, p = .014. There was no significant difference
in responses for the two trial types, Fisher exact test, p = 1 (odds ratio = 1).

Discussion

Given children’s sensitivity to informants’ knowledge source in Experiments 1-3, we predicted
that children might continue to use source knowledge when it is available, preferring the item
endorsed by the higher quality direct informants, even when source knowledge and group size
are in conflict. Instead, we found that unlike children’s responses in Experiment 1, and in
contrast to the predictions of the normative Source Knowledge model, children in the 3 vs. 5 and
4 vs. 6 conditions of Experiment 4 were at chance when choosing between the boxes endorsed

by the direct and indirect groups. When a majority of informants with indirect knowledge is
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contrasted with a minority with direct knowledge, children’s preference for the box endorsed by
the direct informants decreases. These results suggest that a consensus has the power to diminish
children’s preferences for sources with higher quality knowledge, but does not shift children’s
judgments entirely—they do not simply endorse the majority’s choice.

However, non-significant results can be hard to interpret. On the one hand, these results
could be the result of a sensitivity to knowledge source combined with an over-weighting of
majority information (e.g., a conformity-bias), leading to children being torn between the option
endorsed by the majority and the one endorsed by higher quality informants. Alternatively,
perhaps children are simply unable to interpret groups with unequal numbers of informants, and
choose at random in these cases, as has been suggested elsewhere (Morgan, Laland, & Harris,
2015).

To ensure that children’s responses did not result from difficulties in task understanding,
we also conducted a replication of the 4 vs. 6 condition with a larger sample size and a number
of additional control questions, finding that children once again were not significantly more
likely to choose either the direct or indirect groups. Further, most children understood that the
indirect group had a larger number of informants and that the indirect informants were
whispering to each other which toy they liked better, suggesting that poor task understanding did
not contribute to the non-significant results observed in Experiment 4 (see Supplementary
Material for full methods and results).

These concerns are also addressed by the 1 vs. 7 condition. We find that in the 1 vs. 7
condition children preferentially go with the majority indirect group over the minority direct
group, even though the number of informants with direct visual access in both groups is the

same. Together, these results suggest that a consensus has the power to diminish children’s
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611  preferences for sources with higher quality knowledge, but does not shift children’s judgments
612  entirely—they do not simply endorse the majority’s choice, as predicted by the Conformity-
613  biased model.

614  Model Comparison

615 Comparing children’s performance to the Source Knowledge and Conformity-biased
616  models, children were substantially less likely to choose the minority direct group than the

617  predictions of the Source Knowledge model, but also more likely to do so than the Conformity-
618  biased model predicted. If children are considering both source knowledge and the size of a

619  group when making their decisions, their results may reflect a balancing or weighting of both
620  pieces of evidence.

621 In fact, a simple equal mixture of these two models captured children’s performance
622  across the uneven group size conditions very accurately, and significantly better than either the
623  source knowledge or conformity biased model individually. This outcome suggests that while
624  children may use source knowledge alone when there are no conflicting cues in the form of

625  uneven groups, children may use a mix of these strategies when source knowledge cues and
626  group size are in conflict.

627 As a result, using the source knowledge model (fit to Experiment 1) to predict children’s
628  performance in Experiments 1-3, and the mixture of source knowledge and conformity to predict
629  their performance in Experiment 4 and the replication of 4 vs. 6 (log likelihood -250.91)

630  provides a significantly better fit to children’s performance than making predictions using just

631  source knowledge (log likelihood -279.04, *(1) = 56.27, p < 0.001) or just conformity bias (log

632 likelihood -268.90, ¥%(1) = 35.97, p < 0.001).
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Alternatively, it is possible that children might be able to use source knowledge when
neither group is larger, but become conformists in the presence of a majority. To represent this,
we tested an alternative model in which children use source knowledge when group size is equal,
but rely on the conformity-biased model alone when group sizes are unequal. We found, once
again, that the combination of source knowledge and a mixture of source knowledge and
conformity outperformed a model that relied on source knowledge when groups were equally
sized and conformity alone when group sizes were unequal (log likelihood -259.55, y*(1) =
17.28, p < 0.001).

These findings suggest that at least as a group, children could be employing both
conformity-biased and source knowledge-based strategies. This supports the interpretation that,
even when group sizes are unequal, children continue to take source knowledge into account, but
that they may also treat the mere presence of a majority as an independent source of evidence for
the majority’s choice, even when the source of each member of the majority’s opinion is already
known. We will return to a discussion of why this might be the case in the General Discussion.

Experiment 5: Adults

In Experiment 4, children appeared to be swayed by the size of the indirect majority,
suggesting that they believe the size of the majority may provide additional information or an
additional cue to informant quality despite the fact that the minority had equal or better
information quality. A natural question is whether adults also conform to the majority in these
contexts. While some work has suggested that adults’ inferences about the independence and
dependence of sources are compatible with a normative model (Whalen et al., 2018), other recent
studies have suggested that adults can be vulnerable to the effect of a “false consensus”, wherein

a consensus that exhibits statistical dependency (i.e., all relying on a single source) is considered
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as believable as a “true consensus” of multiple independent sources (Yousif et al., 2019).
Nevertheless, adults more heavily weight the independence of a source when it is made clear that
informants are relying on the independent data they obtained to make their claims (Alister et al.,
2022; Desai et al., 2022). Here, we test whether adults find it challenging to distinguish between
the source quality of the direct and indirect groups to make decisions in tasks similar to
Experiments 1 and 4.

Methods

Participants. Participants were 241 adult US residents, recruited through Amazon
Mechanical Turk (MTurk) and paid $0.50 for their time. Participants were required to have over
a 95% lifetime acceptance rate on MTurk. Participants were randomly assigned to one of four
conditions: 60 participants to a four direct vs. four indirect condition, 60 participants to a four
direct vs. six indirect condition, 60 participants to a three direct vs. five indirect condition, and
61 participants to a one direct vs. seven indirect condition.

Materials. The experiment was an online survey administered using Qualtrics survey
software, with custom animations created using Javascript. The informants were a set of 10
distinct cartoon clip art characters (5 male, 5 female). There were also two pairs of cartoon boxes
that differed only in color: a red and blue pair, which participants were told contained games, and
a green and yellow pair, which participants were told contained snacks.

Procedure. The procedure closely matched that used with children in Experiments 1 and
4, with the clip art characters replacing the dolls that children saw. Like children, adults each
participated in two trials, a snack trial and a game trial, with the order of trials counterbalanced.
Adults saw two boxes on opposite sides of the screen. For the direct group, each member of the

group was shown one at a time. A character appeared on the screen, then moved to each box
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while the cartoon text “*Looks inside box*” flashed above the character’s head. Then, the

"9

character stood by one box and said, “I think the [game/snack] in the [blue] box is better!” For
the indirect group, the first member was shown looking inside the boxes, declaring his or her
opinion, and moving to stand next to another indirect group member who appeared on screen.
The cartoon text “*whisper*” appeared above both their heads. The second doll then moved to
stand by one box, and gave their opinion, “[S]he said the [game/snack] in the [blue] box was
better, so I think the [game/snack] in the [blue] box is better”. This process repeated for the
remaining characters.

After all characters gave opinions, participants were shown an image with each group of
characters placed under the box they endorsed, with a reminder that this was the box each
character thought was better. Participants were then asked to “Please select the box with the
[game/snack] that you would like to try”. Group order and side/color of box endorsed by the
direct group were counterbalanced. In game trials, the red box always appeared on the left, and
in snack trials the green box always appeared on the left. For each participant, characters’ group
assignments were randomized.

Results and Discussion

Results are shown in Table 2 and Figure 3. Overall, in the 4 vs 4, 3 vs 5 and 4 vs. 6
conditions, adults chose the box endorsed by the direct group significantly more than chance
(one sample t-test, > 7.35,d > 0.94, p <.001 in all cases). In the 1 vs. 7 condition, adults were
at chance for choosing the majority or minority box, one sample t-test, /(60) = 1.21, d =0.15, p
=.23. Across experiments, we find that adults choose the option endorsed by the direct group,

even when the indirect informants are the majority. In the 1 vs. 7 condition, where there is one
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direct informant endorsing each option, adults ignore the additional indirect informants and are at
chance between the two options.

In comparing adult and child performance, a 2 (age group: adults or children) x 4
(Experiment: 1, 4-6) ANOVA revealed a main effect of age group; adults’ and children’s
responses differed significantly, F(1,382) = 40.66, MSE = 21.21, p <.001, n,> = 0.10. There was
also a significant interaction of experiment with age group, #(3,382) = 3.06, MSE = 1.59, p
=.028, np> = 0.024. Planned comparisons between age groups suggest that this effect was driven
by differences in the uneven group size conditions. Adults were significantly more likely than
children to choose the box chosen by the direct group in the 4 vs. 6 condition, F(1, 374) = 39.80,
p <.001, np> = 0.10, the 3 vs 5 condition, F(1, 374) = 12.00, p = .001, n,> = 0.031, and the 1 vs. 7
condition, F(1, 374) = 6.84, p = .009, np,> = 0.018, but there was no difference between age
groups in the 4 vs. 4 condition, F(1, 374) = 1.39, p = .24, n,> = 0.004.

In contrast to children, we find a very close qualitative and quantitative fit between
adult’s responses and the source knowledge model (Figure 3; log likelihood -262.18), indicating
that adults, unlike children, balance the number of informants and the quality of their knowledge
source. In contrast, the conformity-biased model was a comparatively poor fit for adults’
responses (log likelihood -443.41, y2(1) = 362.47, p < 0.001) The best fitting preference value is
approximately A = 0.84. This value is similar to the value found for children, and suggests that
the differences in children and adults’ inferences are not due to differing assumptions about the
extent to which preferences are shared.

Overall, the Source Knowledge model accurately captures adult, but not child,
performance across conditions, while a simple additive mixture of source knowledge and

conformity bias accurately captures children’s performance in the uneven group size conditions,
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providing further support for the finding that children are making a different kind of inference

than adults, one that takes into account source of knowledge, but also comparatively favors the

majority. In addition, the source knowledge model does accurately capture children’s judgments

in the equal group size conditions, supporting the interpretation that children are using source

knowledge appropriately in those cases, suggesting that the difference between children and

adults is not due to an inability to monitor and track multiple informants’ information quality.
General Discussion

These studies provide the first empirical evidence that as young as three years old,
children can weigh multiple informants’ opinions using the quality of their knowledge source to
assess the reliability of their testimony. We find that with equal numbers of informant
endorsements (Experiment 1), children favored a box recommended by informants who received
knowledge directly (visual access) over informants who had received knowledge indirectly
(hearsay from other informants). This remained true even if the indirect informants gained their
knowledge independently of each other, each getting their hearsay from a different source
(Experiment 2). Additionally, when children encountered informants who all received only
hearsay (Experiment 3), they favored opinions from informants who received hearsay from
several independent sources over informants who received hearsay from the same source.

When the box endorsed by a consensus of informants and the box endorsed by informants
with a higher quality knowledge source were pitted against one another, children were either at
chance in choosing between the boxes (Experiment 4: 3 vs. 5 and 4 vs. 6 conditions) or selected
the box endorsed by the indirect majority (Experiment 4: 1 vs. 7 condition). From a knowledge-
acquisition perspective, additional informants in the indirect group provide limited new

information; model predictions indicate that across conditions an idealized learner, who believes
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that the informants only have access to the information presented in the experiments, should
choose the box endorsed by the informants with the better knowledge source, not the majority.
Across conditions, adults consistently preferred the direct group, and behaved in accordance with
the predictions of a normative model sensitive to source knowledge. The fact that children did
not could indicate that they treat the presence of a majority as additional independent evidence
beyond the evidence provided by its individual members.

However, we also find that children do not simply conform whenever a majority is
present, and were not well captured by a purely conformity-biased model. Instead, children’s
inferences are best captured by a simple mixture of the Conformity-biased model and the Source
Knowledge model, suggesting that both the size of the majority group and the quality of the
informants’ knowledge influenced children’s inferences.

Previous research has investigated children’s selective trust in informants based on their
quality: their record of accuracy their confidence, and their source of knowledge. Another
research area has explored children’s use of majority information, finding that children often
conform to majority opinions and behaviors. This study bridges these areas of research and
demonstrates that children consider both individual knowledge quality and majority size. To
succeed in this task, children had to evaluate opinions from multiple informants at once, and to
consider each informant’s source knowledge. Furthermore, while previous studies asked children
to make factual judgments (e.g., what’s in a box), children in this study were asked to make a
preferential choice based on others’ opinions. This suggests that children look to others for social
information to inform their preferences, as well as facts.

These findings may help reconcile previous mixed results as to whether children have a

conformity bias, by suggesting that both information quality and majority size contribute to
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children’s inferences. For instance, comparing a majority that is unsuccessful on the current task
with a dissenter who succeeds (Wilks et al., 2014), may create a greater quality disparity than
comparing a previously unsuccessful minority to a majority with no known history (Burdett et
al., 2016; Sampaio et al., 2019), leading children to favor the minority in the former but not the
latter case. Similarly, a disparity in expertise on the task at hand (e.g., Wilks et al., 2014; Einav,
2014) may be a stronger cue to differing quality than a history of accuracy versus inaccuracy on
earlier tasks (Bernard et al., 2015). Finally, if children perceive both majority size and individual
knowledge as independent cues to quality, as our results suggest, then they will be less likely to
conform to a lower quality majority if that majority is also smaller (e.g., Schillaci & Kelemen,
2014, majority of 2 vs. minority of 1) and will display reduced conformity biases when the
majority’s claims lack epistemic strength (Kim & Spelke, 2020). In all of these cases, young
children might consistently overweight information provided by majorities—i.e., they may show
a majority bias—but, because children are sensitive to other characteristics such as information
quality and the extent of the majority, this will only sometimes lead children to display a
majority preference.

This set of experiments provides evidence that preschool age children weigh information
source and selective trust differently than adults. Since our model accurately captures adult, but
not child, performance, it provides further support for the finding that children are making a
different kind of inference than adults, one that comparatively favors the majority. There are
several possibilities for why children may place additional value on majority information relative
to adults. One possibility is that children’s tendency to overweight majority information is the
result of their emerging theory of mind development. To understand that the presence of a

majority does not provide additional evidence if the sources of each member’s beliefs are not
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independent from each other, children need to understand that informants’ beliefs are generated
from the evidence they observe. While children as young as three years old display an awareness
that the claims of individuals with perceptual access to information are more reliable (e.g.,
Pillow, 1989; Robinson et al., 2011; Butler et al., 2018), children’s perspective-taking abilities
are still developing considerably from ages 4 to 8 (Frick et al., 2014). Thus, although we found
no age effects in our experiments, correlating an explicit measure of theory of mind abilities
(e.g., theory of mind scale, Wellman & Liu, 2004; theory of mind sub-test NEPSY-II, Korkman
et al., 2007), with children’s tendency to conform to a majority with indirect information might
prove fruitful in future work.

Another possibility is that younger children are more motivated to affiliate themselves
with a majority than older children and adults (Bernard et al. 2015; but see e.g., Morgan et al.
2015 for an opposite finding of an increasing tendency to conform with age), so that, unlike
adults, children were independently motivated by source knowledge and a desire to affiliate with
the larger group. Indeed, Aboody et al. (2022) find that by six years old, children consistently
endorse a minority with more direct sources of information more often than a majority with
fewer direct sources of information. In addition, as we discuss above, children may have
different assumptions than adults about both the value of majority information and the quality of
adult informants’ information. Investigation of when these assumptions shift could deepen our
understanding of the belief system underlying children’s selective trust.

Further, while we find that children as a group are split about midway between a
conformity-biased strategy and an arguably more appropriate source knowledge strategy, this
does not tell us which mechanism individual children are using to make their choices. This could

either be implemented at a between-child level, with some children consistently using a source
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knowledge strategy, and others using a conformity-biased strategy, or at a within-child level,
where the child chooses which strategy to use on each trial, or where the child takes both source
knowledge and majority size into account on every trial. In the 4 vs. 6 condition of Experiment 4
as well as in its replication, there was a small non-significant trend towards children consistently
choosing either the indirect majority or the direct minority on both trials. This may suggest that
individual children are using different strategies in the most ambiguous situations, a finding
consistent with some previous work (Burdett et al., 2016).

Extensions of the type of mixture model we apply can be very useful for understanding
individual performance when learners have multiple decision-making strategies to choose from
(see e.g., Nussenbaum et al., 2020, for an example of children and adults using a mixture of
causal hypothesis testing strategies, and Lieder et al., 2015, for an example of children using a
mixture of social learning strategies). Future work could use a similar modeling approach to
examine the potential for individual differences in more detail.

The presence of a conformity bias in children may have striking implications for the
development of human culture. Many cultural traits, including language and societal norms, are
learned at an early age. Formal models suggest that a conformity bias may lead to the stability of
such traits over time (Boyd & Richerson, 1985; Henrich & Boyd, 1998), and recent work has
demonstrated a U-shaped trend in a bias toward the majority across 9 countries, with both
younger children and adolescents showing a greater frequency of majority-copying behavior
(Sibilsky et al., 2022). If children demonstrate a conformity bias at an early age, it may allow
them to quickly learn in-group norms, but may allow neutrally beneficial or even detrimental
behaviors to persist in the population. Given that a behavior learned from a majority in childhood

may persist through adulthood, a bias towards conformity in children that stems from incorrectly
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839  estimating the quality and amount of information provided by each informant would lead to

840  systematic changes in the adoption and maintenance of cultural traits through a population.

841  Though the results from this study do not directly address the transmission of social norms based
842  on informant reliability, future work can explore this issue.

843 Although a conformity bias may allow mildly detrimental behaviors to persist in a

844  population, it may yield benefits. In some cases (e.g., language), the benefit a behavior derives is
845  based solely on the extent to which other individuals in the population also use that behavior. An
846  early-appearing conformity bias may allow children to quickly adopt seemingly arbitrary

847  behaviors (e.g. social norms and customs) which can confer indirect benefits through social

848  bonding and acceptance (e.g., Clegg & Legare, 2016; Evans et al., 2021; Kenward, Karlsson &
849  Persson, 2011; Schmidt, Rakoczy, & Tomasello, 2011). Moreover, as young children are

850  learning about a wide variety of demonstrators, overestimating adults’ knowledge may still be
851  more beneficial than harmful; adults have a wider knowledge base than children, and can draw
852  on this knowledge to provide more accurate information.

853 Whether picking which snack to eat or deciding which toy to buy, children rely on

854  information they receive from other people every day. Together these experiments go beyond
855  asking whether or not children have a conformity bias, and explore children’s sensitivity to

856  multiple informants’ source and quality of knowledge. We find that preschool-age children

857  demonstrate an emerging ability to consider several types of information—directness of

858  knowledge and consensus—when assessing the reliability of testimony. Despite this, children
859  also have a conformity bias and trust a majority above and beyond the information they provide.
860  Together, these findings may have implications not only for understanding children’s social

861  learning but also for understanding the cultural transmission and maintenance of preferences and
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Table 1

Summary of children’s performance in Experiments 1-6.

Number of children choosing 0 1 2
the direct group’s box
Experiment 1 (4 vs. 4) 2 8 12
. . 11 10
Experiment 2 (all independent)
Experiment 3 (all indirect) 3 10 11
Experiment 4 (3 vs. 5) 8 12 11
Experiment 4 (4 vs. 6) 11 6 7
Replication of 4 vs. 6 14 11 7
Experiment 4 (1 vs. 7) 13 15 4
Table 2

Children’s and Adults’ choices in Experiments I and 4-5 compared. * indicates a significant

result, p< .05, ** indicates p < .01, *** indicates p < .001, via a one sample t-test against a

null value of 1.
Children’s average score  Adults’ average score for choosing
for choosing direct group, direct group, out of 2 (standard
out of 2 (standard error) €error)
Experiment 1 (4 vs. 4) 1.45%* (0.14) 1.67*** (0.07)
Experiment 4 (3 vs. 5) 1.10 (0.14) 1.65%** (0.07)
Experiment 4 (4 vs. 6) 0.83 (0.18) 1.65%** (0.07)
Experiment 4 (1 vs. 7) 0.72* (0.12) 1.13(0.10)
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Figure 1

Experiment 1 Design

'YYY

@000
“xr“
=~ =~y

(a) Direct Informants (b) Indirect Informants

Note. Informant cues for Experiment 1. Children watched as two different groups of informants
gathered data directly (blue arrows) or indirectly (red arrows), before endorsing one of the two
boxes. Members of the direct group (a) each independently observed the contents of the boxes
before endorsing one of the two boxes. In the indirect group (b), one informant directly observed
the boxes, and then endorsed the other of the two boxes. Subsequently, informants in this group
would whisper information to the next informant in the chain, who would also endorse the other

of the two boxes.
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Figure 2
Model Predictions and Children’s Choices for Experiments 1-4

Model Predictions and Child Data
B Conformity-biased Model M Source Knowledge Model M Mixture Model 1 Child Data

T
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Note. The preference parameter was fit to child performance in Experiment 1.
Figure 3

Model Predictions and Adults’ Choices in Experiment 5

Model Predictions and Adult Data
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Note. The preference parameter was fit to adult performance in the 4 vs. 4 condition.
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Appendix A: Model Details
Fitting to All Experiments

In the main body of the paper, we fit the preference parameter A to Experiment 1
performance, by minimizing the negative log-likelihood of the model when used to explain
children’s choices in the experiment. This allowed us to use Experiment 1 as a baseline case,
where a conformity bias could not be playing a role in children’s preference for the direct group,
and to use Experiments 2-4 to test predictions from this same model, without refitting. This
approach is a strong test of the model’s fit, and avoids potential overfitting.

However, we can also examine whether fitting the preference parameter to children’s
performance in all experimental conditions of Experiments 1-5 would better capture children’s
performance. When fit to all experiments, the source knowledge model predictions changed
substantially. In order to capture children’s at-chance performance in the 3 vs. 5 and 4 vs. 6
conditions, the best-fitting value of the preference parameter lowers to A = 0.59, representing a
belief that preferences are only weakly shared across people. This results in all of the testimony
being treated as if it is mostly uninformative, since the informants may not share preferences
with each other, or with the participant. As a result, the model predicts that children should be
near chance not only in the uneven group size conditions but also in Experiments 1-3—unable to
distinguish the direct and indirect groups even when group sizes are equal—a finding that goes
against our intuitions, and the empirical data for children. The difficulty in fitting the children’s
data across all experiments suggests that children’s behavior in the unequal groups conditions is
incompatible with the source knowledge model no matter the parameter values used. Detailed
predictions are shown in Figure Al. In contrast, fitting to all experimental conditions does not

alter model fit for adults, with the best fitting value still A = 0.84.



1124

1125

1126

1127

1128

1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140

1141

BALANCING MAJORITY SIZE AND INFORMANT QUALITY 54

Figure S3
Model predictions and children’s choices for Experiments 1- 4

Model Predictions and Child Data
B Source Knowledge Model Fit to Exp. 1 Il Source Knowledge Model Fit to All Exp. Child Data

i

Exp.1:4vs. 4 Exp. 2 Exp.3 4vs.6 3vs.5 1vs.7

=
o
o

o
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Proportion choosing the
Direct Informants' Box
o o
N 1
(6} (@]
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Note. The preference parameter was fit to children’s performance in Experiment 1 (blue) and
children’s performance across all experiments (black). The source knowledge model does not
accurately capture children’s actual performance across experiments (pale blue) in either case.
Fitting Mixture Model Parameter

In the main text, we assume that our mixture model has a fixed value of w = 0.5 to reflect an
equal mixture of the Source Knowledge and Conformity-biased models. Fitting the parameter to
all data from Experiments 4 and 5 (when group sizes are unequal) yields a parameter value of
w = 0.36, and yields a log-likelihood of -249.65. This parameter value does not significantly
improve model fit relative to a parameter value of 0.5 (log-likelihood = -250.91; (1) = 2.53, p
= .28), suggesting that adding another free parameter to the model does not provide a large

explanatory advantage.
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Appendix B: Replication of 4 vs. 6 Condition

To ensure that the additional complexity of the unequal group sizes did not make
Experiment 4 too hard for children to follow, we replicated the 4 vs. 6 condition of Experiment 4
with the addition of a number of control questions evaluating children’s understanding of the
relative size of the two groups, their memory for the groups’ endorsements, and their
understanding of the information passed between members of the indirect group.

Methods

Participants. Participants were 32 preschoolers (mean age = 58 months; range = 47 to 70
months) recruited from a large Canadian metropolitan area, and were tested in the lab, and local
museums. 10 additional children were tested but excluded due to experimenter error, and 3
children did not complete the experiment.

Materials and Procedure. Materials were the same as in the 4 vs 6 condition of
Experiment 4, except for the use of stickers (as in Experiment 2) instead of snacks. The
procedure for this experiment was identical to the 4 vs. 6 condition of Experiment 4, up until the
end of the second trial. Following the child’s second trial choice, they were asked three control
questions (1) “Do you remember, which people were whispering?” (2) “When the people were
whispering, what were they saying?” (3) “Which group has more people?”’. The dolls remained
in front of the boxes they had endorsed throughout these questions.

Results

As in the 4 vs. 6 condition of Experiment 4, children were at chance in choosing between
the box endorsed by the direct group and the box endorsed by the indirect majority, one sample t-
test, #(31) =-1.56, d = 0.28, p = .13. There was no significant difference in responses for the two

trial types, Fisher exact test, p = 1 (odds ratio = 0.88). When asked which informants were
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whispering, 25 of 31 children correctly chose the indirect group (1 child did not choose a group),
p <0.001, exact binomial test. When asked what the informants were whispering, 21 of 25
children gave an answer indicating that the informants were whispering which box contained the
better sticker or toy e.g., “the toy in this box is better”, while 4 children gave a neutral
descriptive answer e.g., “about the sticker” (an additional 7 children did not provide an answer).
Finally, 29 of 32 children correctly identified the indirect group as having more people, p <
0.001, exact binomial test.

Given previous findings that three-year-olds sometimes have more difficulty than four-
and five-year-olds in evaluating informant accuracy (e.g., see Corriveau et al., 2009; Koenig &
Harris, 2005), we also examined whether there was an effect of age on children’s tendency to go
with the more informative group, across experiments. We found an effect of experimental
condition F(6,181)=3.70, p < 0.01, np>= 0.11, but no effect of age when considering all of the
experiments, ANCOVA, age (in months) as a covariate, F(1,181)=1.49, p = 0.22, n,>= 0.008,

suggesting that age effects are not driving the differences in performance across experiments.
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Appendix C: Demographic Information
We did not collect detailed demographic information for these experiments. To provide an
approximate picture of the demographic breakdown of children participating in our experiment,
we include demographic information from other experiments collected in our lab at the same
time using similar recruitment methods:

The parents/guardians of 543 participants completed an optional demographic
questionnaire. 229 (42.1%) identified their children as Caucasian, 99 (18.2%) as East Asian, 72
(13.3%) as mixed/multiracial, 67 (12.3%) as South Asian, 20 (3.6%) as South-East Asian, 14
(2.6%) as Middle Eastern, 13 (2.4%) as Latin American, 4 (0.7%) African American or Black,
and 72 (13.3%) multi-racial, 10 (1.8%) as Other. 3 (0.5%) did not disclose their ethnicity.

Of the participants whose families completed the optional questionnaire, 70% were
monolingual English speakers and 30% of children were bilingual. The bilingual children spoke

a broad range of languages, with the most common being Mandarin (12%).
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Supplementary Material C: GLMM Analyses
In the main text, we report the results of two-sided, one-sample #-tests testing whether children
are significantly more likely to select the source with a larger number of direct informants. Here,
we present an alternative analysis using a generalized linear mixed model (GLMM). In this
model, we account for repeated measures; in each experiment, each child participates in two
trials, allowing us to account for variability within individuals’ baseline tendency to respond in a
certain way on both trials, as well as broader group outcomes. The model’s intercept term
reflects whether participants selected a group significantly above or below chance; as there were
two groups to choose from, chance = 0.5.

Our sample sizes were chosen to detect an effect size of d = 0.67 on a two-sided, one-
sample z-test with a power of >80%, for which a minimum sample size of 20 is necessary.
Although the t-test makes an assumption of normality which is violated for the data on which we
conduct the analyses, we show in Appendix D that a #-test has comparable true and false positive
rates to an equivalent GLMM on our data, justifying its use in this context. We report the #-test

results in the main manuscript, but also provide the GLMM results below.

Experiment 1

Estimate Std. Error Wald z p
(Intercept) 1.0521 0.4425 2.378 0174%*
Experiment 2
Estimate Std. Error Wald z p
(Intercept) 0.6008 0.3018 1.991 .0465*

Experiment 3

Estimate Std. Error Wald z p
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(Intercept) 0.7231 0.3527 2.05 .0404*
Experiment 4: 4 vs. 6
Estimate Std. Error Wald z p
(Intercept) -0.6153 0.6382 -0.964 335
Experiment 4: 3 vs. 5
Estimate Std. Error Wald z p
(Intercept) 0.2288 0.3193 0.717 474
Experiment 4: 1 vs. 7
Estimate Std. Error Wald z p
(Intercept) -0.5781 0.2605 -2.219 .0265*
Experiment 5: 4 vs. 6 (Adults)
Estimate Std. Error Wald z p
(Intercept) 7.464 1.547 4.825 1.4e-0.6%**
Experiment 5: 3 vs. 5 (Adults)
Estimate Std. Error Wald z p
(Intercept) 8.373 1.587 5.277 1.31e-0.7%**
Experiment 5: 1 vs. 7 (Adults)
Estimate Std. Error Wald z p
(Intercept) 0.4228 0.3253 1.3 194
Experiment 5: 4 vs. 4 (Adults)
Estimate Std. Error Wald z p
(Intercept) 2.0630 0.5555 3.714 .000204***
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Appendix D: Power Analysis Simulation Results

In these simulations we generated a group of thirty individuals who performed two trials,
we then analyzed whether the mean success rate of individuals was different from chance. We
assumed that each trial had some mean level of success (¢ > 0.5) and that there was some
individual level variation for the success of each trial (g; assumed to be normally distributed with
mean 0 and variance, v, between 0 and 1, also referred to as intra individual variation in the
figures). For each trial we calculated an individual specific success rate,

s; = invlogit(logit(p) + €;)
where invlogit is the inverse logistic function, and logit is the logistic function. We then
simulated the success or failure on the two trials from flipping a coin with probability s. We
analyzed if the group of 30 individuals significantly (p < .05) differed from chance using either a
t-test on the sum of the scores, or a binomial GLMM with individual as a random effect.

For each value of pu and v, we simulated 1,000 groups of children and report the
likelihood of detecting a significant effect. Although not shown, we also extended this simulation
to cases of larger groups (between 10 and 50 in intervals of 10), and more trials (between 1 and
5); the results were similar for these cases as well. All simulations were performed in R.

We find that both GLMM and #-tests perform similarly when varying both the size of the
effect (u between 0.5 and .9) and the individual level variation (v between 0 and 1), but that the
t-test has a slight but consistently higher rate of detecting a true effect when one is there.
Nevertheless, we find that across values of intra-individual variation, the analyses we conduct
are powered to detect a true effect when the mean proportion choosing an outcome is predicted

to be equal to or greater than 0.7 at >80%.
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1267 The results of this simulation suggest that both the GLMM and ¢-test are appropriate tests
1268  to use in this setting. Although we observe that the #-test has higher power, the difference is

1269  slight, and likely not substantial enough to be a strong reason for preferring one test over the
1270  other.

1271  Figure S1

1272 Type I (false positive) error rate for GLMM and t-test statistics

0.07

H GLMM
O t-tests

0.06
|

False Positive Rate
003 004 005
| ] ]

0.02
|

0.01
|

0.00
L

0 0.2 04 06 0.8 1

Intra Individual Variation

1273
1274  Note. Type 1 (false positive) error rate for both the GLMM and t-test statistics depending on the

1275  level of intra-individual variation. These values assume a significance threshold of p =.05. The
1276  error bars represent +/- 1 SE.

1277

1278  Figure S2

1279

1280  True positive detection rate for varying levels of intra-individual variation
1281
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Note. Likelihood of detecting a significant mean deviation from chance (.5) based on the true
mean of the effect (between .5 and 1.0) and the level of intra individual variation. At a true mean
of 0.5, this is the false positive rate.
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