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Abstract

Young children understand principles of fairness, including merit, equality, and charity. However, equity, which considers
starting opportunities, is less explored. In a pre-registered study with 96 children aged 5-7 (55 girls, 41 boys; 33% Asian, 43%
White; data collected in the United States between 2019 and 2023), we explored two potential cognitive mechanisms of equi-
ty-based fairness: proportional reasoning and cognitive control. While proportional reasoning was associated with evaluating
more positively those with lower starting opportunities, cognitive control increased the likelihood of identifying the nicer
individual in trials that did not call for equity reasoning. Our findings suggest a developmental trend in how children use rela-
tional information to evaluate generosity and are discussed in light of how cognitive skills influence social behavior.
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Lay summary

This study investigated what predicts children’s abilities to engage in evaluating others on the basis of equity (i.e., figuring out
who gives more with respect to how much they already had). We found that 5- to 7-year-old children struggled with making equity
judgments. However, their proportional reasoning was associated with evaluating others with respect to equity, whereas cogni-

tive control was linked to making simple social evaluations that required paying attention to who gave more.

One challenging aspect of understanding inequality is the ability
to appreciate and adjust for unequal starting opportunities. To
evaluate who may be kinder between two people—one who
shared two cookies and only had two cookies compared to some-
one who also shared two cookies but had 10 cookies—one must
attend not only to the surface features of their actions but also to
each person’s starting opportunities (in this case, the number of
cookies to begin with). More generally, the fact that two people (or
groups of people) have differing access to resources pervades
many real-life decisions, including resource redistribution, evalu-
ation of job candidates, and judgments of merit and deserving-
ness in schooling contexts.

The ability to make evaluations that account for and adjust for
starting opportunity forms the basis of what we refer to as equity
judgments. Although children can make sophisticated social
evaluations of other people based on a number of principles,

including helpfulness (Dunfield & Kuhlmeier, 2010), equality
(Rakoczy et al.,, 2016), and merit (Baumard et al., 2012;
Kanngiesser & Warneken, 2012), they struggle with making equi-
ty-based decisions (Chernyak et al., 2020; Hurst et al., 2020b;
McCrink et al., 2010). For example, preschool-aged children’s
social evaluations of others’ sharing often reflect an attention to
the amount shared, without appreciation for the context in which
the sharing decision was made. In an influential study, McCrink
and colleagues (2010) examined children’s reasoning about
equity across four different situations. In each, children were pre-
sented with two agents who had varying amounts of resources
(i.e., Agent A had 4 chips vs. Agent B had 12 chips) and gave some
amount to the child (i.e., Agent A shared three chips vs. Agent B
shared one chip). Children were then asked to judge which agent
was nicer. Five-year-olds generally made evaluative inferences
based on information about how much someone gave (e.g.,
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someone who gave 3/4 was nicer than someone who gave 1/12)
as well as information about how much they had to begin with
(e.g., someone who gave 1/4 was nicer than someone who gave
1/10). However, they had trouble integrating the two pieces of
information (giving behavior and starting opportunity). In other
words, they did not make equity-based judgments when the
amount the agent gave conflicted with the amount the agent
started with. Recent work has begun to chart out the develop-
mental trajectory of equity-based reasoning (e.g., Elenbaas et al.,
2020; Elenbaas & Killen, 2019), but little is known about the
developmental mechanisms that drive its emergence. Moreover,
equity-based reasoning continues to show individual and politi-
cal differences even in adults (Rasinski, 1987). One possibility is
that children’s motivations are pervaded by early wealth biases
(Ahl & Dunham, 2019), which dictate that they prefer those who
have more or those who give more, rather than those who expend
higher costs to give more. This is consistent with research reveal-
ing that preschool-aged children are less likely, relative to older
children, to consider the cost of actions when evaluating them
(Starmans & Bloom, 2016; Wong et al., 2023; though see also
Chernyak & Kushnir, 2013; Zhao & Kushnir, 2023 ), and tend to
normalize existing resource inequalities rather than actively
seeking to correct them (Paulus & Essler, 2020).

Another non-mutually exclusive possibility for the relatively
later development of equity-based social judgments is that doing
so relies on another later-developing cognitive ability: childrens’
proportional reasoning (Damon, 1975; Inhelder & Piaget, 1964;
Singer-Freeman & Goswami, 2001; Spinillo & Bryant, 1991). While
implicit sensitivity to proportions emerges as early as 6 months of
age (McCrink & Wynn, 2007; Wellman et al., 2016), preschoolers
seem not to pay attention to proportion when evaluating social
situations. Children’s struggle with reasoning about proportional
information mimics their response patterns in equity-based judg-
ments: preschoolers often exhibit interference from whole num-
ber information, leading them to incorrectly judge proportions
(Boyer et al., 2008; Hurst & Cordes, 2018 ; Jeong et al., 2007). This
overreliance on whole numbers is not limited to children, as evi-
dence suggests that the extent to which people encode propor-
tionalinformation shows individual differences even in adulthood
(e.g., Hurst et al., 2020a; 2023; Hurst & Cordes, 2016). When mak-
ing equity-based social evaluations, younger children tend to
focus on the absolute amount shared rather than on integrating
information about both the amount shared and the initial endow-
ments. This focus on absolute quantity is consistent with the chal-
lenges children face when reasoning about proportions,
particularly in attending to denominators. In support of the possi-
bility that proportional reasoning and equity judgments are
linked, recent findings show that drawing children’s attention to
relations by using resources that are presented in a continuous
format (Hurst et al., 2020b), encouraging children to count start-
ing opportunity resources, or creating a social motivation to
attend to proportional information (through presenting equity
tasks framed in a collaborative context; Ng et al., 2011), improves
children’s equity-based judgments in social evaluation tasks.

There are also at least two possible ways that proportional rea-
soning may be related to equity judgments. One possibility is that
absolute numerical information is more salient to children, analo-
gous to a “whole number bias” (Ni & Zhou, 2005), and that this
salience, regardless of the context, draws children’s attention
away from the relevant proportional information. An alternative

and related possibility is that children who struggle with propor-
tional reasoning are less likely to use it—or use it correctly—in
equity contexts. These two factors—spontaneous attention to
proportional information and fluency in using proportional infor-
mation when relevant—are difficult to disentangle. In the current
study, we include two measures of proportional reasoning that
tap into each of these dimensions.

In addition to proportional reasoning, we considered cognitive
control. Cognitive control refers to a set of interrelated cognitive
processes, including the ability to ignore irrelevant information,
inhibit impulses, proactively plan for the future, and working
memory (Simpson & Carroll, 2019). Here, we focused specifically
on inhibitory control, or the extent to which people can override a
prepotent response. Specifically, we reasoned that cognitive con-
trol could help children override a general “wealth bias” or prefer-
ence for those who have more resources (Ahl & Dunham, 2019).
We included a facet of cognitive control—inhibitory control—due
to its relationship to proportional reasoning (Abreu-Mendoza
et al.,, 2020), and thus we wanted to investigate whether any
potential relationships between proportional reasoning and
equity judgments might instead be driven by cognitive control.
Alternatively, inhibitory control may serve as an additive predic-
tor alongside proportional reasoning; specifically, it may be help-
fulin allowing children to attend to multiple pieces of quantitative
information and may specifically help children inhibit their
“whole number bias” when making equity judgments (i.e., inhibit
that one person gave more cookies to consider the fact that
another person gave proportionally more).

In this work, we investigated developmental differences in
equity-based decisions in a social evaluation task and three cog-
nitive abilities: proportional comparison, focusing on proportion,
and cognitive control. We presented 5- to 7-year-old children with
a social evaluation task adapted from McCrink et al. (2010), in
which they viewed two agents with differing initial resources
(juice boxes or sandwiches) who then shared some number of
those resources with a third person. Children were asked to make
three social evaluations of the giver (who was nicer, who was a
better sharer, and whom they would like to be friends with). We
chose this age range because we wanted to capture the develop-
mental time period when children undergo changes in equity rea-
soning (Chernyak et al., 2020; Chernyak & Blake, 2017; McCrink
et al., 2010; Ng et al., 2011), proportional reasoning (e.g., Boyer
et al., 2008; Hurst & Cordes, 2018), and cognitive control (Gerstadt
et al., 1994; Lagattuta et al., 2011). We were interested in examin-
ing whether children selected the poorer person (i.e., the one with
less starting resources) in each trial. After the social evaluation
task, children completed three cognitive tasks: a proportional
comparison task, a focusing on proportion task (Hurst & Cordes,
2019), and a cognitive control task (Lagattuta et al., 2011). We
included two separate measures of proportional reasoning meant
to assess two distinct but interrelated aspects of proportional rea-
soning skills: a Focus on Proportion Task, which assessed the
extent to which children spontaneously opted to use proportions
instead of absolute number (Hurst et al., 2023; Hurst & Cordes,
2019), and a Proportion Comparison Task that measured children’s
competence in using proportional information when the task spe-
cifically required it. We expected both proportional tasks to be
positively related to equity-based social evaluation. However, we
did not have strong predictions about the effect of cognitive con-
trol. Together, these three cognitive tasks provide unique insight
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into the various cognitive skills that may be relevant for making
equity-based judgments.

Method

Participants

As pre-registered, we recruited 96 children (mean age =6.31 years,
range =4.70-7.99; 55 girls, 41 boys) from a database of child par-
ticipants, public parks, preschools, local children’s museums, and
online platforms. Children were tested either via a moderated
Zoom interview (n=77) or in-person at a local children’s museum
or in the lab (n=19). Twelve additional children participated but
were excluded due to failure to complete the tasks (n=5), experi-
menter error (n=3), equipment malfunction (n=2), parental
interference (n=1), and prior participation in a similar version of
the task (n=1). Participants were compensated with either a $5
Amazon gift card (online participants) or a small toy or prize
(in-person participants). We used a fully within-subjects design,
and sample size was chosen based on prior work using a similar
experimental design and analytic strategy (Chernyak & Blake,
2017). Data collection occurred between August 2019 and
November 2023.

Parents were provided with an optional demographics form,
and 51% self-disclosed their child’s race/ethnicity. Of those, 33%
reported their child as Asian or Pacific Islander, 2% as Black, 43%
asWhite, 10% as Hispanic/Latinx,and 12% as “Other.” Additionally,
of the 46% of parents who self-disclosed their household income,
44% reported it as over $120 K, 18% as $90-$119 K, 20% as $60-
89 K, 11% as $30-59 K, and 7% as less than $30 K.

Procedure

Children first completed a social evaluation task, adapted from
McCrink et al. (2010). Children then completed the remaining
three tasks in a randomized order.

Social evaluation task

Children were given eight trials presented via PowerPoint slides.
In each trial, two child characters (represented via silhouettes)
with differing initial resources shared items (juice boxes or sand-
wiches) with a friend who did not have any resources. Each trial
presented three new characters (always two givers, one receiver).
The eight trials included four trial types (two trials per type): (1)
baseline trials in which the starting opportunities were the same
but the number of items shared varied (i.e., one person shared
one out of four sandwiches and another shared two out of four);
(2) absolutely equal trials in which the absolute amount shared
was the same but the starting opportunities differed (e.g., one out
of two vs. one out of four); (3) proportionally equal trials in which
the proportion shared was the same but the absolute amount dif-
fered (i.e., one out of two vs. two out of four); and (4) conflict trials
in which one person shared more proportionally, but the other
shared a greater absolute amount (i.e., one out of two vs. two out
of six). Following prior work on social evaluation judgments (e.g.,
Chernyak & Ashqar, 2025; Hurst et al., 2020b; Wong et al., 2023;
Zhao & Kushnir, 2023), children were asked (1) which person was
nicer, (2) which person was better at sharing, and (3) which person
they would want to be friends with (in that order). After answering
the three questions, children were told they would now continue

on to the next trial. In each trial, children were first shown both
characters’ initial endowments and told that each character
shared some of their resources (sandwiches or juice boxes) with a
friend who was previously described as not having any.

Our critical dependent variable was whether children would
choose the poorer person in each trial type for each question. In
the proportionally equal and the conflict trials, both the initial
resources and the number of resources shared were different
between the two givers. Thus, to consider equity in social judg-
ments, children needed to consider both the amount a person
had and the amount a person gave. Given that this is likely a chal-
lenging task for young children, as suggested by prior work
(Chernyak & Ashqar, 2025 ; McCrink et al., 2010), we expected chil-
dren to struggle with making equity-based judgments in these
two trials. In the absolutely equal trial, the number of resources
shared was the same and the only difference between givers was
the number of resources they started with, which may have facili-
tated children’s attention to this information. Thus, we hypothe-
sized that children were more likely to select the person with less
starting opportunities on the absolutely equal trial compared to
the proportionally equal and the conflict trials. In the baseline
trial, there was no “poorer person” because the starting opportu-
nities were the same across the two givers (e.g., both had four
items). In this trial, children only needed to focus on the amount
shared because it was the only thing that varied. This trial func-
tioned as a baseline condition to assess whether children were
able to make judgments based on the number of resources
shared. Because there was no “poorer person”, for the purposes of
comparison with the other trials, we coded the more “correct”
answer (i.e., the person who gave more resources) as akin to the
“poorer person” in the other trial types. Given that we did not
observe strong differences across Question Types (i.e., nicer, bet-
ter atsharing, desire to be friends), as pre-registered, we collapsed
the three question types for each participant (however see
Supplementary Materials for exploratory analyses on Question

Type).

Counterbalancing

We created two fraction comparison types for each trial type: a
small and large number comparison (represented in Figure 1,
Panel A). We counterbalanced the order of the Trial Type, the
order of the bigger vs. smaller fraction pairs, the side of the
proportionally higher giver, and the side of the character that
gave first. Additionally, Block Type (sandwiches vs. juice boxes)
was presented in a fixed alternating order, starting with juice
boxes, such that the first, third, fifth, and seventh trials pre-
sented juice boxes, and the remaining trials had sandwiches.
Due to a minor procedural error, seven children received an
extra juice box trial on the eighth trial (and one fewer sandwich
trial). We confirmed that our results did not meaningfully
change when excluding these children, and also that Block
Type was not a significant effect in any of our analyses. We thus
included and reported the full sample.

Focus on proportion task

This task was modeled after Hurst and Cordes (2019) and assessed
the extent to which children spontaneously focused on propor-
tion at the cost of focusing on absolute number. The task was pre-
sented via Inquisit 5 (2016) .
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Children were introduced to an animal character (a bird called
Birdie on the computer screen) who “likes something, but not the
other things.” In a familiarization trial, children were shown a Bird
that consistently liked one kind of fruit (apples) and shown two
examples of what Birdie liked (a red apple and a yellow apple).
Then they were presented with two new fruit choices: a match to
what Birdie had been shown to like (a red apple) and a novel
object (a yellow banana) and asked “Birdie only likes one of these,
which other one would Birdie like?” The goal of this trial was to
familiarize children with the structure of the task without intro-
ducing any proportional or numerical information. We counter-
balanced whether the apple was shown on the left vs. right.

Children then completed five test trials. In each trial, children
were introduced to a different animal character who liked two
shapes colored in a specific amount and shown two examples of
what the character liked (e.g., a circle with three of four pieces
colored in yellow and a square with three of four pieces colored in
yellow). Note that at this point, children could interpret the ani-
mal as either liking shapes that have 75% coloring or shapes that
had three pieces colored in. Children were then asked which of
two shapes the character would also like: a proportional match
(e.g., a square that had 6 of 8 pieces colored in) or a numerical
match (e.g., a square that had 3 of 10 pieces colored in; Figure 1,
Panel B). We coded the number of trials on which children chose
the proportional match to create a Focus on Proportion Score. The
side of the proportional vs. numerical match and the ordering of
the trials were randomized via Inquisit software.

Proportion comparison task

Also modeled after Hurst and Cordes (2019), this task assessed
children’s non-symbolic proportional reasoning and was pre-
sented on a computer using Inquisit 5 (2016) . Children were
first introduced to a cardboard spinner divided into equal
pieces with a small black arrow (Hurst & Cordes, 2018). They
were informed that the yellow pieces represented “winning
pieces,” while the gray pieces represented “losing pieces.”
Following this introduction, the experimenter spun the arrow
twice and asked the child to interpret the outcome: “What hap-
pens if you land on yellow? And what happens if you land on
gray?” Children were given corrective feedback if they did not
answer correctly.

Following this introduction, children completed eight test tri-
als. During each trial, children were presented with two spinners,
one each on the left and right side of the computer screen, and
asked to judge which spinner would give them a better chance of
winning (i.e., the spinner with a higher probability of landing on
yellow; Figure 1, Panel C). Spinners appeared in three different
sizes (small, medium, and large) so that children could not relia-
bly compare the yellow area alone. On half of the trials, the pro-
portional information was consistent with the numerical
information, such that the spinners with a higher proportion of
yellow also had more piecesin yellow (e.g., 2/6 vs. 5/8; “consistent
trials”). On the other half of trials, the spinners with a greater pro-
portion of yellow had fewer yellow pieces (e.g., 5/10 vs. 4/5;

A Social Evaluation Task

Baseline Trial: 1/4 vs. 2/4

Absolutely Equal Trial: 1/2 vs. 1/4

Proportionally Equal Trial: 1/2 vs. 2/4 Conflict Trial: 1/2 vs. 2/6

=De
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fletete ool B e b Bl i o
Distribution
e e i Bfefe i fofe i fefefele
® ICAC] i @ i ol e fole

B Focus on Proportion Task

D Cognitive Control Task

®

2/3 '@ f =
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; ; Djj More Numerical Pieces
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Numerical Match ~ Proportional Match

\

Larger Proportion “Sad”

“Happy”

Figure 1 Example stimuli. Panel A shows the stimuli for the Social Evaluation Task. Panel B is an example of the Focus on Proportion Task and Panel C is
an example of the Proportion Comparison Task. Panel D shows the Cognitive Control task.
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“misleading trials”). We counterbalanced whether the correct
answer was on the left vs. right on each trial; trial order was rand-
omized. We coded for the number of trials on which children
chose the correct (proportionally larger) spinner to create a
Proportion Comparison Task Score.

Cognitive control

Children completed a cognitive control task modeled after
Lagattuta et al. (2011) that assessed the extent to which children
could inhibit a prepotent response and follow the experimenter’s
stated rule. We chose this task based on prior work which has
shown that this task continued to show variability through the
upper end of the age range we tested (Lagattuta et al., 2011). The
task was presented either with laminated cards (in-person partic-
ipants) or via PowerPoint (online participants) (see Figure 1, Panel
D). Children were first introduced to the rules of a game by being
shown a happy face and a sad face, asked to label them (“Is this
face happy or is it sad?”), and then told that the rule would be to
play an “opposite game” in which they need to provide the oppo-
site label (“When | show you a picture of a happy face, you say sad.
And, when | show you a picture of a sad face, you say happy.”).
Experimenters then asked children to confirm the rules of the
game and complete two practice trials with corrective feedback.
This was repeated until children could complete the practice trials
successfully.

Following training, children completed 20 trials featuring 10
happy and 10 sad faces presented in one of the two possible rand-
omized orders. Children were encouraged to respond as quickly
as possible. If children provided four incorrect responses in a row,
the experimenter would remind them of the rule, “Remember, we
are playing an opposite game. When | show you a picture of a
happy face, you say sad. And, when | show you a picture of a sad
face, you say happy.” Children were given a Cognitive Control
Score (0-20) representing the number of times they successfully
provided the correct response.

Coding

Children’s sessions were video- or audio-recorded (with parental
consent) for coding purposes, with the exception of three children
whose parents did not provide video or audio consent and whose
answers were transcribed by research assistants present at the
time of the study. For each task, two independent coders recorded
children’s responses on a coding sheet during the experiment,
then they viewed video or audio data separately, and entered data
into REDCap (Harris et al., 2019 ). Inter-rater reliability was 94%
and discrepancies between the two coders were resolved by a
third coder.

Transparency, openness, and analysis
approach

Our analysis plan followed our pre-registered analysis. The study
was pre-registered at https://aspredicted.org/54k7-p5bh.pdf. All
analyses were performed in R studio (Version 2023.09.1; R Studio
Team, 2016). All stimuli, data, and R scripts are available on
https://osf.io/muénd.

Results

Below, we show our pre-registered analyses and state when anal-
yses were exploratory. Initial analyses found no effects of Gender
or Block Type, so we collapsed data across these variables. We
also checked the collinearity between all of our key variables (Age,
Cognitive Control Task, Focusing on Proportion Task, and
Proportion Comparison Task; see Table SI in Supplementary
Materials) and did not find any correlation higher than 0.29 (see
Supplementary Materials Table S2 for descriptive statistics for all
key variables).

On average, replicating the results of McCrink et al. (2010), chil-
dren were the most likely to select the “poorer” character in the
baseline trial (i.e., the character who gave more resources), fol-
lowed by the absolutely equal trial (Figure 2). In general, children
selected the poorer person below chance levels in the proportion-
ally equal and conflict trials and instead favored the “wealthier”
character for both trials at above chance levels (Binomial p’s <.001).

Following our pre-registered analysis, we then tested whether
children’s likelihood of selecting the poorer person varied across
Age and Trial Type (coded as a four-level categorical variable). We
ran a series of binomial generalized linear mixed models using
Age, Trial type, and Age X Trial type as fixed effects, and the likeli-
hood of selecting the poorer person as a response variable.
Subject ID was entered as a random effect. For all effects below,
we report likelihood ratio chi-squares testing whether each pre-
dictor significantly changed the model. Full models with beta
coefficients are available in Table S3 in Supplementary Materials.

We found a main effect of Age, ¥%(1) =15.679, p <.001, and Trial
type, ¥%(3)=362.154, p<.001, as well as a significant Age x Trial
type interaction, y%(3)=23.218, p<.001 (see Figure 3, Panel A).
Follow-up analyses examined the effect of Age in each trial type
and found Age positively predicted choosing the poorer person in
all trial types (all p’s<.008) except for the proportionally equal
trial (p=.361). This suggests a developmental pattern of chil-
dren’s growing attention to equity when making social evalua-
tions. Notably, in the proportionally equal trial, the two people
shared the same proportion of their resources. Therefore, if chil-
dren increasingly attended to proportions with age, then this
developmental change would not impact this trial as proportional
information did not differentiate between the poorer person and
the richer person.

In the next step, we examined the additional impact of cognitive
predictors: namely, cognitive control, proportional comparison,
and focusing on proportion. We thus added the three cognitive
predictors to our first model. We ran several binomial mixed mod-
els, using Poorer Person Chosen as the dependent variable,
Cognitive Control, Focusing on Proportion Task, Proportion
Comparison Task, Age, Trial type, and interactions of each variable
with Trial type as predictors, and SubjectID as a random intercept.

Similarly to our initial model, we found a main effect of Age,
x%(1)=12.015, p<.001, a main effect of Trial type, ¥*(3)=322.791,
p<.001,and an Age X Trial type interaction, ¥?(3) =22.922, p <.001.
In addition, the results revealed a main effect of Proportion
Comparison Task Score, y%(1)=7.705, p=.006, with children who
performed better on the Proportion Comparison Task being more
likely to choose the poorer person (Figure 3, Panel C), and a signif-
icant Trial Typex Cognitive Control interaction, ¥?(3)=21.291,
p<.001 (see Figure 3, Panel D). There were marginally significant
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effects of Focusing on Proportion Task, x%(1) =3.106, p=.078, such
that children with higher scores on the Focusing on Proportion
Task were more likely to select the poorer agent, and a marginally
significant Trial Typex Focusing on Proportion Task Interaction,
x%(3)=7.399, p=.060 (due to the fact that the interaction was only
marginally significant we did not explore or offer a richer interpre-
tation). No other effects were significant (all p’s >.21) (as pre-regis-
tered, we also ran both models looking at the conflict trial only,
and the conclusions did not differ from the main results;see Table
S4 in Supplementary Materials). To explore the interaction
between Trial Type and Cognitive Control, we ran follow-up analy-
ses looking at the effect of Cognitive Control within each trial type.
Follow-ups showed the effect of Cognitive Control in the baseline
trial, y%(1)=6.018, p=.014, and effects were not significant in any
other trial type (all p’s>.26). Recall that the baseline trial did not
have a “poorer” agent but rather compared two people who gave
different amounts of resources (e.g., 1/4 vs. 2/4). Thus, cognitive
control was associated with a greater likelihood of choosing the
person who gave more resources, when both people had the same
initial endowment, and thus only called for a simple numerical
comparison in which participants had to compare the number of
resources shared without paying attention to what proportion that
amount represents. Thus, cognitive control may not be helpful for
equity-based judgments and instead may be useful in completing
simple numerical tasks, such as figuring out which of two people
shared more (as was the case in the baseline trial).

Justifications

To better understand how children were interpreting the actions
made by each of the characters, we also conducted exploratory
analyses by coding children’s justifications following their selec-
tion of each character. Justification categories were adapted from

prior work investigating young children’s social evaluations
(Chernyak & Ashqgar, 2025). Each explanation was coded for the
presence of six non-mutually exclusive categories (described in
Table 1 below) that fell along three dimensions. In the first dimen-
sion, we considered the extent to which children took the action
to be diagnostic of a stable psychological trait and thus coded for
references to (a) psychological traits (e.g., niceness, meanness)
and (b) the actions of giving and sharing. In the second dimen-
sion, we coded for children’s focus on (c) amount given and (d)
initial endowment. Finally, in the last dimension, we were inter-
ested in capturing children’s numerical precision and thus coded
for references to (e) exact numbers and (f) non-exact quantities.
Categories were not mutually exclusive, and thus a given explana-
tion could fall into any number of the categories listed (or none).
Non-responses (3.8% of the sample) were not coded; this resulted
in a total of 13,212 codable explanations. Explanations were
coded by two independent research assistants unaware of the
study context, design, or hypotheses (inter-rater reliabil-
ity=70.3%), and discrepancies were resolved by a third inde-
pendent coder, also unaware of the hypotheses and all study
contexts.

Overall, explanations frequently referenced giving and sharing
(66% of explanations), suggesting that children interpreted the
task as a giving and sharing task. References to inexact quantities
(many, both, all) were also relatively frequent (46%). For full per-
centages of each category type, see Table 1 and Figure 4. To inves-
tigate how category references shifted across age, trial types,
question types, and cognitive predictors, we ran a series of bino-
mial mixed models using Age, Trial type, Question type, whether
participants selected the Poorer Person, and the three cognitive
predictors (Proportional Comparison Task Score, Focusing on
Proportion Task Score, Cognitive Control Score) as predictors,
and each category reference as the response. Subject ID was
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participant scored lower than 10.

modeled as a random effect. Given that these were exploratory
analyses, we set the criterion of p<.01 to investigate any effects
or interactions. Unless otherwise stated, only significant effects at
p<.01arereported.

For psychological traits, there was a significant effect of whether
participants chose the Poorer Person, y?(1)=11.318, p<.001,
with participants being more likely to reference psychological
traits if they chose the poorer person, and a significant effect of
Question type, ¥%(2) =52.403, p <.001. Follow-up post-hoc Tukey
HSD tests comparing the proportion of references across question

types showed that children made significantly more references to
traits in the “Who would you rather be friends with?” question
(118 of 763 responses; 15%) than in the “Who do you like more?”
question (42/763; 5.5%), z=-5.430, p<.001, and in the “Who is
nicer?” question (52/763; 6.8%), z=—6.493, p<.001 (Figure 4,
Panel A). The latter two did not differ from one another, z=1.313,
p=.388.

For references to giving and sharing, there was a significant
effect of Question type, y%(2) =149.798, p <.001, and a significant
positive effect of Proportion Comparison Task Score, x%(1) =7.476,
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Table 1 Justification categories and percentage of category references.

Percentage of
Category Definition Examples references
References to Traits References to stable psychological traits “He was nicer, that kid” 10%
such as niceness, meanness, greed
References to Giving and References to the actions of giving or taking ~ “Because she knows how to share” 66%
Sharing
References to Amount References to how many resources someone  “Cause she gave one of the juiceboxes to 30%
Given gave (i.e., focus on amount shared) her friend”
Reference to Initial References to how many resources someone  “It has only four and it shared two”; 18%
Endowments had (i.e., focus on initial endowment) “Because he has less”
References to Numbers References to an exact number “Because he only shared one”; “Because 32%
he only has four sandwiches”
References to Quantifiers ~ References to a non-numerical quantity “He’s sharing more sandwiches” 46%

(many, both, all, some, none)

Note. Categories were not mutually exclusive and therefore the totals can sum to more than 100%.

p=.006. Follow-up post-hoc Tukey HSD tests comparing the pro-
portion of references across question types showed that children
made the most references to the action of giving and sharing in
the “Who is nicer?” question (581/763; 76%), followed by the
“Who do you like more?” question (501/763; 66%), and followed
by the “Who would you rather be friends with?” question (371/763;
49%), all three of which differed from one another (z’s>4,
p’s <.001) (Figure 4, Panel B). These patterns suggest that children
were most likely to reference giving and sharing when evaluating
niceness but did so less in the other two questions. Importantly,
children’s proportional reasoning was significantly associated
with making references to giving and sharing, even when con-
trolling for Age.

We then considered references to amount given and initial
endowments. For references to amount given, there was a signifi-
cant effect of Question type, ¥*(2)=153.639, p<.001, and no
other effects (p’s>.03). Follow-up Tukey HSD tests showed that
the three question types were different from one another: chil-
dren made the most references to amount given when answering
the “Who is nicer?” question (309/763; 40%), followed by the
“Who do you like more?” question (238/763; 31%), and followed
by the “Who would you rather be friends with?” question (109/763;
14%), z’s> 3, p’s <.001 (Figure 4, Panel C). Children were therefore
more likely to reference the amount given when answering ques-
tions about who was nicer, relative to the other questions.

For references to initial endowment, there was a significant
effect of Age, ¥?(1)=7.253, p=.007, a significant effect of Trial
type, x2(3)=43.869, p<.001, and a significant effect of Question
type, ¥%(2) =35.740, p <.001. Follow-up Tukey HSD tests investi-
gating the effect of Trial type showed that children made more
references to initial endowments in the absolutely equal trial
(141/567; 25%) than they did in the baseline trial (69/570; 12%);
7=6.523, p<.001), the proportionally equal trial (93/582; 16%);
z=3.364, p=.004), and the conflict trial (102/570; 18%; z=2.591,
p=.04T7). Children also made fewer references to initial endow-
ment in the baseline trial than in the conflict trial, z=-3.756,
p=.001. All other trials did not differ significantly. Therefore, chil-
dren made the most references to initial endowment in the abso-
lutely equal trial, where it was possible that initial endowments

were more salient because they were the only feature that varied.
Follow-up Tukey HSD tests investigating the effect of Question
type showed that children made more references to initial endow-
ment when answering the “Who is nicer?” question (183/763;
24%) than in the “Who do you like more?” question (121/763;
16%), z=4.301, p<.001, and in the “Who would you rather be
friends with?” question (101/763; 13%), z=5.594, p <.001; the lat-
ter two did not differ from one another, z=1.389, p=.347 (Figure
4, Panel D).

Next, we investigated children’s references to numbers and
quantifiers. For references to numbers, there was a significant
effect of Question type, ¥%(2) =71.720, p <.001. Follow-up Tukey
HSD tests showed that all three question types differed in the
prevalence of references to numbers: Children made the most ref-
erences to numbers in the “Who is nicer?” question (302/763;
40%), followed by the “Who do you like more?” question (239/763;
22%), followed by the “Whom would you rather be friends with?”
question (166/763;22%), all pairwise z’s> 3.8, all p’s <.001 (Figure
4, Panel E).

Finally, for references to quantifiers, there was a significant
effect of Age, ¥?(1)=9.583, p<.001, and a significant effect of
Question type, x*(2)=50.749, p<.001. Overall, older children
were more likely to quantify sharing (using quantifiers) specifi-
cally when making evaluations about preferences or kindness.
Follow-up Tukey HSD tests showed that the three question types
differed in prevalence of references to quantifiers: Children made
most references to quantifiers in the “Who is nicer?” question
(403/763; 53%), followed by the “Who do you like more?” question
(340/763; 45%), followed by the “Whom would you rather be
friends with?” question (279/763; 37%), all pairwise z’s> 3.0, all
p’s<.005 (Figure 4, Panel F).

Discussion

Recent work has taken a strong interest in understanding the early
roots of our ability to reason structurally (i.e., understand how dif-
ferences in outcomes are constrained by the structures in people’s
environments; Amemiya et al., 2023; Vasilyeva et al., 2018; Vasil et
al., 2024), and have found important social and motivational
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predictors toward doing so (Rizzo & Killen, 2020; Rizzo et al., 2023).
Here, we used a cognitive approach to better understand the indi-
vidual differences that drive our abilities to attend to and use initial
resource disparities in our evaluations of others. Specifically, we
explored whether children’s equity-based social evaluations were
explained by three inter-related cognitive abilities: cognitive con-
trol, proportional comparison, and focusing on proportion. We
join prior work in showing children have trouble making sophisti-
cated social evaluations based on equity (Chernyak et al., 2020 ;
Chernyak & Blake, 2017; Hurst et al., 2020b; McCrink et al., 2010; Ng
etal., 2011; see also Rizzo & Killen, 2016). Our results point to how
proportional reasoning and cognitive control skills help to explain
individual differences in equity-based judgments. In doing so, we
take a cognitive approach to understanding our social behavior:
individual differences in how we reason about problems of fairness
may ultimately depend on individual differences in other cognitive
skills.

Our main finding suggests that proportional reasoning skills
might be associated with children’s sensitivity to equity-based
social evaluations. Prior research pointed to two potential factors
that underpinned equity judgments: motivational (Ng et al., 2011
) and cognitive (Chernyak et al., 2020 ; Chernyak & Blake, 2017).

Here we extended the previous research on cognitive predictors
and show that developmental changes in proportional skills, as
measured by a proportional comparison task, were associated
with a greater likelihood of selecting the proportional giver on
equity tasks. Of course, proportional reasoning skills cannot and
do not explain all forms of structural reasoning or attending to
group-based disparities: For example, young children (and adults)
are often faced with explaining and making social evaluations
that involve a complicated set of factors, including historical
group-based disparities, cultural backgrounds, and structural
inequities that are difficult to quantify. Nonetheless, many forms
of inequality, and therefore, equity-based social evaluations, can
be quantified as they involve attending to concrete resource dis-
parities between two groups as well as making social evaluative
decisions while attending to concrete, quantifiable group dispari-
ties (e.g., job candidate evaluations, allocating taxation, wealth
redistribution). In those cases, our work suggests that individual
differences in proportional reasoning skills are associated with
the ability to account for substantial resource disparities when
making social evaluations of others. At the same time, social eval-
uative decisions that do not traditionally involve concrete, quanti-
fiable resources are often still represented using imprecise
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quantifiers (e.g., “He had a more privileged background”), and it
thus remains an open question whether those types of social eval-
uations also draw on early proportional reasoning skills.

Notably, our task did not require any specific “correct” answer,
nor were children instructed to evaluate in any specific way, and
overall, the 5- to 7-year-old children in our sample relied heavily
on absolute quantities (absolute amount given) when making
equity-based judgments, and the youngest children predomi-
nantly used absolute amount given as the main cue to making
social evaluations. Why do children (on average) tend to de-em-
phasize information about initial endowment when information
about the amount given is available instead? One possibility is
that children attempted to judge based on proportion or equity
but failed to do so due to immature proportional reasoning skills.
Consistent with this possibility, prior work has shown that chil-
dren were better at solving proportional problems when pre-
sented with continuous amounts than discrete amounts,
including social evaluative contexts where there is no right answer
(Boyer et al., 2008; Chernyak et al., 2020; Hurst et al., 2020b).
Alternatively, children may downplay proportion due to a deeply
held theory in which they consider absolute information as the
only type of information relevant to judging equity. Indeed, in
children’s justifications of their selection in the social evaluation
task, only 18% of responses referred to initial endowments, and
these were mostly found in the absolutely equal trial, where the
absolute amounts did not differ between the two agents. This pat-
tern supports the idea that children attend to the most salient cue
available when explaining their judgments, and when the abso-
lute amounts are the same, they are more likely to focus on the
starting amounts. On this view, acquiring more mature propor-
tional reasoning may shape children’s views about what matters
when making social evaluations, and thus change children’s
social norms. Future work may directly test for these
possibilities.

Older children shifted their strategies and relied more heavily
on proportional information when making social evaluations.
One important question is the specific forms of reasoning that
children may display in making equity-based judgments, and how
these forms of reasoning may change over the course of develop-
ment and with the acquisition of proportional reasoning. One
possibility is that children move from recognizing material cost
(i.e., amount of resources given) to recognizing psychological cost
(the sacrifice that this cost represents). Prior work has docu-
mented that children of our chosen age range (4-8) undergo
developmental changes in being able to represent cost (Wong
et al., 2023; Zhao & Kushnir, 2023 ) when making social evalua-
tions: our study suggests that proportional reasoning may be one
cognitive prerequisite toward helping represent psychological
cost. Another possibility is that children shift strategies when
making social evaluations as they get older: while younger chil-
dren may focus solely on amount given, older children may use
the number of items each person retains. By design, across all trial
types, the individual with fewer remaining resources is also the
poorer individual. It is possible that attending to the number of
items kept is one of several strategies children employ when mak-
ing equity-based judgments. Such an account would be consist-
ent with prior work showing that drawing children’s attention to
initial endowments, thus potentially highlighting amount kept
(Chernyak et al., 2020), boosts their equity-based social evalua-
tions. Future work should disentangle these possibilities to

determine whether children’s evaluations reflect proportional
reasoning or attention to absolute amounts retained.

In the context of our study, there are several possibilities for how
and why proportional reasoning was associated with equity-based
judgments. The most obvious possibility is that proportional rea-
soning requires the ability to abstract the relation between two
quantities, much like equity-based reasoning requires considera-
tion of the relationship between the number of items shared and
theinitial endowment. Given that higher proportional comparison
scores predicted better equity-based judgments, we propose that
proportional reasoning skills drew children’s attention to the rela-
tionship between the two pieces of information, which is at the
core of equity-based judgments. There was a less consistent effect
of focusing on proportion: the more children focused on propor-
tion (at the cost of absolute number), the more likely they were to
attend to equity, though this effect was not significant. Given the
inconsistent pattern across the focus on proportion task and the
proportion comparison task, additional work is needed to investi-
gate whether these two aspects of proportional reasoning contrib-
ute to children’s social evaluations in distinct ways. Another
possibility is that a broad range of quantitative skills supports chil-
dren’s equity-based judgments. It is important to note that we
only observed a main effect of the proportional comparison task,
and we did not find any interaction between the proportional
comparison task and trial type. Therefore, children’s proportional
reasoning skills were related to their equity-based judgmentsin all
trials. To evaluate fairness in resource allocation scenarios, chil-
dren need to compare quantities, such as the amount shared and
theinitial endowments, but these quantitative skills are not neces-
sarily limited to proportional reasoning. In general, in addition to
fluency with comparing numerical information inherent to equity
tasks, one important additional predictor of individual differences
may be the extent to which children use relational information
and quantitative reasoning more generally. Further corroborating
this point, interventions that have induced children’s attention to
proportional information have also helped increase equity-based
considerations in social evaluations (Chernyak et al., 2020). It
would be fruitful for future work to examine whether a wider set of
quantitative skills contributes to children’s equity-based
evaluations.

The effect of proportional skills on equity cannot be entirely
explained by cognitive control: even when accounting for individ-
ual differences in cognitive control and age, the proportion com-
parison task predicted significant unique variance. This suggests a
dissociation between proportional reasoning and cognitive con-
trol in how they relate to children’s social evaluations. Notably,
higher cognitive control predicted children’s social evaluations
only in the baseline trial, in which they had to attend not to equity,
but simply to how many resources each person gave. Those with
low cognitive control tended to choose the person who gave
fewer resources in this trial, suggesting that cognitive control may
help children attend to simple numerical information and com-
parisons (i.e., attending to who gave two sandwiches and who
gave one). An alternative hypothesis might be that cognitive con-
trol would predict equity-based judgments in the trials that called
for children to attend to multiple conflicting pieces of informa-
tion, which was the case in our conflict trial. However, we did not
find this to be the case, suggesting instead that cognitive control
and proportional reasoning may be related to equity-based judg-
ments in different ways: proportional skills help attend to

9202 AINF L€ UO Josn $s800y Jaqua\ - ADYS A 6Z10698/SS0L/v/26/101ME/ASPIYO/WO0Y"dNO"D1WSPED.//:SA]Y WO PAPEOjUMOd



Child Development, 2026, Volume 97, Issue 4

1065

relational information, whereas cognitive control helps attend to
simple numerical features of the task.

One potential concern is that children might be interpreting the
social evaluation task as a math task. Given the context of the
task, it is possible that older children would expect the task to test
their math skills and thus focus on solving the math problem.
However, our qualitative explanation for the social evaluation
task suggests this is unlikely. We found that 66% of explanations
mentioned giving and sharing and 46% of explanations refer-
enced non-exact quantities, suggesting that children interpreted
the social evaluation task socially. Instead, we propose that
social-based reasoning is inherently quantitative, and as children
grow older, they become more capable of applying their numeri-
cal reasoning to solve social problems. This is partly supported by
the fact that older children were more likely than younger chil-
dren to reference initial endowments when making social evalua-
tions of the two agents.

Finally, our work points to several important directions for
future work. First, it is important to note that the effect of age per-
sisted even after controlling for our three cognitive tasks, suggest-
ing that there may be other potential developmental mechanisms
that drive the emergence of equity-based reasoning, which we
believe is a fruitful area for future research. For example, one pos-
sibility, hinted at in prior work, is that children’s emerging aware-
ness of inequality within theirimmediate social contexts promotes
equity-based reasoning (Elenbaas &Killen, 2019). We suggest that
there may be two potential ways that such exposure to inequality
promotes reasoning about equity: One possibility is that as chil-
dren are aware of unequal amounts of starting opportunity (une-
qual wealth), they become more sensitive to it in third-party
contexts and thus are more likely to make equity-based judg-
ments (Peretz-Lange et al., 2022). A competing possibility, how-
ever, is that exposure to greater amounts of inequality helps
children to normalize it (Midgette et al., 2023) and thus desensi-
tizes children to unequal starting opportunity. It is important to
explore how these social influences may interact with cognitive
skills in shaping children’s social evaluations. Another direction
for future research is to examine how children evaluate individu-
als with greater disparities in wealth, of the kind that may be rep-
resented in real-world social inequality. In the current study, the
difference in resources between richer and poorer individuals was
relatively modest. However, social inequality problems often
include wealth disparities that are both large and difficult to rep-
resent in exact quantities—future work may focus on how reason-
ing about these greater forms of inequalities may be similarly
underpinned by distinct cognitive abilities. Additionally, our
social evaluation task asked children to infer agents’ traits (e.g.,
who was nicer, who was better at sharing, and whom they wanted
to be friends with) based on a single instance of sharing behavior,
requiring them to generalize from incomplete information. It is
possible that children have a richer theory of the act itself than of
the actor. Future work could compare children’s evaluations using
act-proximal questions (e.g., who shared more fairly this time?)
alongside their trait judgments to capture children’s inferences
about actions versus traits.

In summary, the world is characterized by individual, develop-
mental, and cultural differences in how people approach, repre-
sent, and ultimately attempt to resolve problems of justice, equity,
and inequality. Our work takes a cognitive approach to under-
standing these differences. By investigating the cognitive skills

that drive developmental changes in social reasoning, we may
ultimately help uncover the cognitive features that also drive
broader individual and cultural differences in how people think
about higher-order social problems.
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