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RUNNING HEAD: Computational Signatures of Inequity Aversion

Abstract
Inequity aversion is an important factor in fairness behavior. Previous work suggests that children
show more cross-cultural variation in their willingness to reject allocations that would give them
more rewards than their partner — advantageous inequity (Al) — as opposed to allocations that
would give them less than their partner — disadvantageous inequity (Dl). However, as past work has
relied solely on children’s decisions to accept or reject these offers, the algorithms underlying this
pattern of variation remains unclear. Here, we explore the computational signatures of inequity
aversion by applying a computational model of decision-making to data from children (N = 807)
who played the Inequity Game across seven societies. Specifically, we used drift-diffusion models
to formally distinguish evaluative processing (i.e., the computation of the subjective value of
accepting or rejecting inequity) from alternative factors such as decision speed and response
strategies. Our results suggest that variation in the development of inequity aversion across
societies is best accounted for by variation in the drift rate — the direction and strength of the
evaluative preference. Our findings underscore the utility of looking beyond decision data to better
understand behavioral diversity.

Keywords: inequity aversion, cross-cultural, reaction time, drift-diffusion model
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Human cooperation is possible only when people are willing to redress unfair inequities.
This willingness, known as inequity aversion (Fehr & Schmidt, 1999), cannot be taken for granted.
Far from being an inevitable and universal feature of human psychology, inequity aversion varies
widely across development and between cultures. What are the computational mechanisms
underlying this variation? The answer to this question remains a mystery, presenting a major
obstacle to understanding the psychological origins of fairness, cooperation, and successful human
society. Here, we address this mystery by using, for the first time, a computational model of
decision-making to explore the algorithmic underpinnings of inequity aversion across development
in seven diverse countries. In doing so, we aim to advance the broader scientific aim of illuminating
the ontogeny of human fairness, complementing related research on topics including, but not
limited to, how children develop notions of deservedness, such as merit (Baumard et al., 2012) and
need (Worle & Paulus, 2018); the role of collaboration and mutual respect in children’s adherence
to fairness norms (Corbit et al., 2017; Engelmann & Tomasello, 2019); and children’s reasoning
about fairness outside of distributional contexts, such as those that call upon procedural (Shaw &
Olson, 2014) and retributive (Smith & Warneken, 2016) concerns.

Our investigation into inequity aversion begins with the premise that inequity aversion is
not a unitary construct. There are at least two psychologically distinct types of inequity aversion
that follow different patterns of developmental and cultural variation. One is advantageous
inequity aversion: a willingness to redress inequity that favors oneself by paying a personal cost
(Fehr & Schmidt, 1999). The other is disadvantageous inequity aversion: a willingness to redress
inequity that favors another by imposing a cost on the advantaged party.

Numerous lines of research have converged on the conclusion that advantageous and

disadvantageous inequity aversion are distinct psychological constructs. In work with non-human
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animals, some species show responses that are broadly consistent with disadvantageous inequity
aversion (Brosnan et al., 2005; Brosnan & de Waal, 2014; Massen et al., 2012; Talbot et al., 2011),
whereas few, if any, species show an aversion to advantageous inequity (McAuliffe & Santos,
2018). Among humans, Western adults display stronger aversion to disadvantage over advantage
across a range of situations (Loewenstein et al., 1989), consistent with work showing that as the
personal cost of an action increases, a person’s likelihood of performing it tends to decrease
(Dovidio et al., 1991; Imas, 2014; Sullivan-Toole et al., 2019). Advantageous and disadvantageous
inequity aversion also appear to have distinct neural signatures (Fliessbach et al., 2012; Gao et al.,
2018; Tricomi et al., 2010).

Most relevant to the present investigation is work documenting variation in the behavioral
expression of the two types of inequity aversion across ages and across societies. Starting in
infancy, humans expect windfalls to be divided equitably and are surprised when they are not
(Geraci & Surian, 2011; Sloane et al., 2012). By the age of three, most children will explicitly state
that resources should be shared equally, rather than unequally (Smith et al., 2013), but react
differently to advantageous versus disadvantageous inequity, displaying more negative affect
when receiving less (LoBue et al., 2011). Children’s aversion to disadvantageous inequity is strong
in social contexts — where there is another recipient present — but also shows up in non-social
contexts, such as when a child simply receives the lesser of two payoffs, with no other recipient
involved (McAuliffe et al., 2013, 2017). As humans age, responses to inequity undergo maturational
changes that reflect a gradual progression from a more self-focused aversion to inequity to a more
generalized aversion to inequity (Damon, 2008; McAuliffe et al., 2017). Specifically,
disadvantageous inequity aversion appears to be a foundational response, emerging early in

development and consistently across cultures (Blake & McAuliffe, 2011; Blake et al., 2015), while



63

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
8o
81
82
83

84

RUNNING HEAD: Computational Signatures of Inequity Aversion

advantageous inequity aversion emerges later in development and more variably across cultures

(Blake & McAuliffe, 2011; Blake et al., 2015; Corbit et al., 2017; Shaw et al., 2016; Shaw & Olson,

2014). Results convergently point to an early-emerging unwillingness to accept less than a partner,
though at the youngest ages, children appear more than willing to accept more than a partner
(Blake & McAuliffe, 2011; McAuliffe et al., 2017; Sheskin et al., 2014). This pattern begins to shift in
some societies in middle childhood. In the United States, for instance, around the age of eight,
many children begin to consistently reject allocations of advantageous inequity, incurring a cost to
themselves to prevent their peer from receiving less than them (Blake & McAuliffe, 2011; McAuliffe
et al., 2013). Additionally, children’s reaction times are much slower when faced with advantageous
inequity, as opposed to equal allocations, suggesting that children may be experiencing conflict or
tension when faced with receiving more than a partner (Blake & McAuliffe, 2011). However, these
patterns do not appear to be consistent across all societies (Paulus, 2015), suggesting a role for
cultural norms in shaping inequity aversion. Comparative research with chimpanzees and human
children suggests that while children sometimes sacrifice to equalize when they receive more —
exhibiting advantageous inequity aversion — no such behavior is observed among chimpanzees,
who focus primarily on maximizing their own resources (Ulber et al., 2017). Thus, advantageous
inequity aversion may be uniquely important among humans.

In what follows, we review prior research on developmental and cultural differences in the
Inequity Game — a standardized task to measure inequity aversion— and highlight outstanding
questions about the computational mechanisms underlying this variation. Then, we introduce a
computational model of decision making, and use it to glean novel insights into the nature of

inequity aversion, both advantageous and disadvantageous.
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The Inequity Game Across Age and Culture

Much of the research on inequity aversion has employed a standardized resource allocation
task called the Inequity Game, designed to capture children’s responses to advantageous and
disadvantageous inequity relative to equality. The Inequity Game is played by two children: an
actor and a recipient. The actor makes decisions to accept or reject different allocations of food
rewards. Some offers reflect advantageous inequity (e.g., four food items for the actor versus one
food item for the recipient), some reflect disadvantageous inequity (e.g., one food item for the
actor versus four food items for the recipient), and some are equitable (e.g., one food item for both
children). Advantageous inequity aversion is indexed by higher rejection rates for advantageously
inequitable offers relative to equitable offers; disadvantageous inequity aversion is indexed by
higher rejection rates for disadvantageously inequitable offers relative to equitable offers.

The Inequity Game was used first by Blake and McAuliffe (2011) in research on the
development of inequity aversion among American children. The results of this study revealed
evidence for the early emergence of disadvantageous inequity aversion, with advantageous
inequity aversion emerging later in development. Specifically, 8-year-old children, but not 4- to 7-
year-old children, rejected advantageously inequitable allocations at a higher rate than equitable
allocations. This was not true of disadvantageously inequitable allocations, which children of all
ages rejected more often than equitable allocations.

In addition to analyzing rejection rates, Blake and McAuliffe (2011) analyzed reaction times
(RTs) — how quickly children chose to accept or reject each allocation. These analyses, like those of
rejection rates, suggest that, among American children, the willingness to reject advantageously
inequitable allocations is weak early in life, but increases later in development. Specifically, 4- to 7-

year-olds were faster to accept advantageously inequitable allocations than they were to reject
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such allocations, whereas 8-year-old children accepted and rejected advantageously inequitable
allocations with similar speed. Analyses of RTs further corroborated the analyses of rejection rates
by implying that disadvantageous inequity aversion emerges early: children of all ages were just as
fast to accept disadvantageously inequitable offers as they were to reject such offers.

Recently, researchers have begun examining the development of inequity aversion in
children across societies (Blake et al., 2015; Huppert et al., 2019; Rochat et al., 2009). This work
addresses a critical gap in a literature that, for many years, focused almost exclusively on
individuals living in Western, Educated, Industrialized, Rich, and Democratic (WEIRD) societies
(Henrich et al., 2010). Even now, in developmental science, the vast majority of samples — over
90% — come from WEIRD societies that represent less than 5% of the world’s population (Nielsen
et al., 2017). While the dichotomy implied by the WEIRD/non-WEIRD distinction does not capture
the full diversity of human variation — there is often more variation within a society than between
societies — it serves as a useful reminder that there are constraints on the generalizability of
findings from exclusively Western participants. Given the pivotal role of culture in the evolutionary
history of humankind and its unique function as a determinant of psychological and behavioral
variation, an exclusive focus on a small subset of cultures severely limits our understanding of the
diversity of human behavior (Amir & McAuliffe, 2020; Kline et al., 2018). Psychological
investigations studying more diverse participant populations frequently find striking levels of
variation in domains ranging from judgment (Fu et al., 2007; Lobel et al., 2001) and decision-
making (Amir et al., 2019; Blake et al., 2015; House et al., 2019; Huppert et al., 2018) to reasoning
(Christie et al., 2020), attention (Kuwabara & Smith, 2012) and memory (Santos et al., 2005).

Inequity aversion varies across cultures too. Adopting both a cross-cultural and

developmental research design, members of our research team previously used the Inequity Game
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to investigate the ontogeny of inequity aversion (Blake et al., 2015). Looking across 866 pairs of
children across seven diverse societies, Blake et al. (2015) uncovered two key findings: (/)
disadvantageous inequity aversion emerged across all populations by middle childhood, but (i)
advantageous inequity aversion was more variable, emerging only later in development, and only
in three populations — Uganda, Canada, and, replicating the results of Blake and McKauliffe (2011),
the United States.

These results may seem to point to cultural variation in the development of evaluative
preferences for equity over different types of inequity. Specifically, they may seem to suggest that,
early in development, children across societies value equity over disadvantageous inequity, and
only later in development, and in fewer societies, do children come to value equity over
advantageous inequity. The truth is, however, that the results reviewed thus far do not permit
inferences about evaluative preferences. This is because evaluative preferences cannot be inferred
directly from raw behavioral data, such as choices and RTs in the Inequity Game.

For many reasons, choices do not always reflect people’s underlying preferences. For
instance, the choice to accept an offer may reflect a prepotent response bias to accept allocations
in general, rather than an evaluative preference for the specific allocation on offer. RTs are
amenable to multiple interpretations as well (Baron et al., 2012; Donders, 1969; Evans et al., 2015;
Fong, 2006; Rand, 2016; Simon, 1990; Sternberg, 1969; Wong et al., 2017). For instance, if
someone is faster to accept an allocation than to reject that allocation, this may reflect an
evaluative preference for accepting (Diederich, 2003; Jamieson & Petrusic, 1977; Konovalov &
Krajbich, 2019; Tversky & Shafir, 1992), but it could also reflect variation in other factors, such as
non-decision time (i.e. the time it takes to visually process the allocation and recruit motor

processes) or simple impatience.
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To summarize, the development of inequity aversion varies systematically across societies;
disadvantageous inequity aversion emerges early and in most cultures, whereas advantageous
inequity aversion emerges later and in a smaller subset of cultures. However, the computational
mechanisms underlying this variation cannot be gleaned from prior studies, which have relied
solely on raw behavioral data. Accordingly, in the present investigation, we adopt a computational
approach designed to disentangle evaluative preferences from alternative mechanisms that might
account for cultural variation in the development of inequity aversion. We describe this approach,

known as drift diffusion modeling, in detail below.

Drift-Diffusion Modeling

Computational models can link behavioral data to specific components of their underlying
psychological mechanisms. When behavioral data characterize binary decisions, such as accepting
or rejecting allocations of resources, the most popular model of the underlying decision-making
process is the drift-diffusion model (DDM) (Forstmann et al., 2016; Ratcliff et al., 2016; Ratcliff &
McKoon, 2007). This model formally distinguishes evaluative processing (i.e., the computation of
the subjective value of the two response options) from factors external to the evaluative process
that influence the decisions people make and the speed with which they make them. These
external factors include response strategies, such as opting to make fast, intuitive responses versus
slow, deliberative responses, or a prepotent response bias toward favoring one option (e.g.,
“accept”) over the other (e.g., “reject”) regardless of the specific offer on hand. External factors
also include non-decision time, or the time it takes people to start the decision-making process and
to act on their decisions. DDMs can provide insight into each individual component of the decision-

making process, identifying which component, or combination thereof, underpins variation in
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inequity aversion across age and between cultures (Large et al., 2019). In other words, a DDM could
reveal whether the variation observed in the original Blake et al. (2015) investigation reflects
variation in evaluative preferences for equity over different types of inequity, or something else
entirely.

The same cannot be said of analyses of pure choice or RT data. To see why, consider a
situation in which older children are found to reject disadvantageous inequality more than younger
children. This effect could reflect age-related differences in evaluations of disadvantageous
inequity, but it could also emerge exclusively from age-related differences in response strategies.
Specifically, older children may simply spend more time evaluating their choices; if children of all
ages dislike disadvantageous inequity to the same degree, but also have a prepotent bias to accept
any offer, then simply by evaluating their options for longer, older children would be more likely to
accumulate enough evidence (i.e., information of any sort that favors one response over another)
to overrule their initial response bias. Ultimately, younger and older children would exhibit
different choice patterns despite sharing the same underlying evaluative preferences. This is the
sort of ambiguity that DDMs can resolve.

In addition to mapping effects of development and culture to underlying computational
mechanisms, DDMs can detect effects of development and culture that are invisible to traditional
analytic approaches. As an example, suppose two decision-making parameters vary across cultures
in a way that produces equal and opposite effects on mean RT — the effect of one parameter
cancels out the effect of the other, resulting in identical mean RTs across cultures, despite
substantive cross-cultural differences in the underlying cognitive process. These cross-cultural
differences would go unnoticed by a simple regression model that uses culture to predict RT. The

DDM obviates these limitations by taking advantage of the fact that the entire shape of a RT
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distribution changes in predictable ways as a function of evaluative processing, response
strategies, and non-decision time. For instance, a change in evaluative preferences will alter not
just the mean of a RT distribution, but also variance and skewness, whereas changes in non-
decision time will alter only the mean. By accounting for the unique contribution of each
component of decision-making to the entire shape of the response time distribution, the DDM can
uncover effects of development and culture on the computational mechanisms underlying inequity
aversion that do not show up in mean-level patterns of behavior.

The DDM makes several assumptions. It assumes that people make decisions by estimating
the subjective value of each response option (e.g., “accept” and “reject”) and then selecting the
response option whose estimated value is greatest. It also assumes that estimates of subjective
value fluctuate throughout the decision-making process due to variation in the strength and focus
of attention and the stochastic nature of neuronal firing; in other words, DDMs assume that
evaluation is noisy. In the DDM, fluctuating estimates of subjective value are represented as
random draws from probability distributions whose means denote the subjective value of each
response option. Thus, the estimated value of one response option relative to the other (i.e., the
“evidence” for that response option) fluctuates randomly around a fixed value corresponding to the
difference between the means of the two value distributions. This fixed value is called the drift
rate, denoted as v, and it can be thought of as the subjective preference (e.g., how much a child
prefers to accept versus reject an offer). The DDM further assumes that decision-makers average
out the noise in the evaluation process by repeatedly sampling estimates of their subjective
preference and aggregating over time until enough evidence has been acquired to make a decision.
Thus, in addition to the drift rate (i.e., the subjective preference), the DDM involves a decision

threshold, denoted as a, which quantifies the amount of evidence required before a decision is
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made. The final two elements of the DDM are the starting point (or “bias”) of the drift-diffusion
process, denoted as z, which quantifies the degree to which one response option is favored before
evidence is available, and non-decision time, denoted as t, which quantifies the time consumed by
perception and motor processes (e.g., how long it takes the child to count the number of candies
on each tray, or to pull the lever after arriving at a decision).

Estimating the parameters of the DDM can reveal how culture and development shape
each component of the decision-making process. The evaluative component of decision-making
corresponds to the drift-rate (v); its sign (positive for accept, or negative for reject) denotes which
of the two response options is preferred (a value of zero corresponds to no preference), and its
magnitude denotes the strength of the preference (Figure 1). The threshold (a) and starting point
(z) capture response strategies. The threshold (a) captures the speed-deliberation tradeoff such
that smaller values correspond to a preference for speed and larger values correspond to a
preference for deliberation. The starting point (z) captures pre-potent response bias by
determining which of the two response options are favored before decision-making begins. By
finding the values of v, q, z, and t that provide the best fit to participants’ choice and RT data, we
can quantify how these parameters vary across age and culture, thereby revealing the
computational mechanisms of developmental and cultural effects on inequity aversion. That is, we
can ask: to what extent are cross-cultural and age-related effects in inequity aversion driven by

evaluative processing (v), response strategies (a and/or z), and non-decision time (t)?

11
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Figure 1. The four parameters of the drift-diffusion model (DDM). Each zig-zag line represents the
evidence accumulation process on a single trial.
The Present Study

In this study, we examine the computational signatures of inequity aversion across age and
diverse societies. In these analyses, we use DDMs to quantify the contributions of evaluative
processing, response strategies, and non-decision time on the behavior of 807 children in the
Inequity Game across seven countries. Specifically, we test between three possibilities: that
cultural and developmental variation in the behavioral expression of inequity aversion (i) results
entirely from differences in evaluative preferences, (ii) is not at all related to differences in
evaluative preferences, or (iii) results in part from differences in evaluative preferences, and in part
from other mechanisms. Testing between these possibilities is critical for identifying the specific
aspects of cognition that explain cultural differences in the development of inequity aversion.

Methods

12
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Participants

In the full sample, 866 pairs of children between 4 and 15 years old were recruited from
seven different societies: Canada (N = 96), India (N = 104), Mexico (N = 68), Peru (N = 149), Senegal
(N =128), Uganda (N =114), and the United States (N = 207). In Canada, participants were recruited
from the small, rural university town of Antigonish in Nova Scotia. The vast majority of this
population is White-Caucasian, English-speaking, and economically centered around the local
university, hospital, agriculture, and fishing. In India, participants were recruited from three villages
located near the city of Vijayawada, Andhra Pradesh in the Southeast of India. The core occupation
is seasonal agricultural labor, and the dominant language in the villages is Telugu. In Mexico,
participants were recruited in a small rural village in Puuc region of the Yucatan Peninsula. Families
practice subsistence agriculture, and primarily speak Maya. In Peru, participants were primarily
recruited from the village of San Pedro de Safio. Livelihood among these communities is typically
gained through agriculture, traditional crafts, service work, or labor, and the dominant local
language is Spanish. In Senegal, participants were recruited from the Dakar region, a peninsula off
the Atlantic coast of West Africa. The main economy is foreign exchange, including the export of
fish and petrol, as well as tourism. The main ethnic groups in the region are Wolof and Lebou. The
official language is French, with people in addition speaking their ethnic languages (mostly Wolof
in the areas where the research was conducted). In Uganda, participants were recruited in the
Kabarole District in Western Uganda, near the border to the Democratic Republic of Congo. The
people are predominantly Batooro with a small number of Bakiga, speaking the related Bantu
languages of Rutooro and Rukiga. Most adults are engaged in subsistence farming, growing much

of their own food. A more detailed breakdown of the sample — with variables like gender and

13
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familiarity — in addition to further information about the research sites can be found in the
Supplement.

Children in the full sample received both test trials and practice trials. As reaction time data
was coded from video recordings, the DDM analyses were based on a subset of approximately 93%
of the total sample (N = 807): Canada (N = 92), India (N = 200), Mexico (N = 49), Peru (N = 145),
Senegal (N =121), Uganda (N =112), and the United States (N =188).
Inequity Game

The Inequity Game is a standardized resource allocation task designed to isolate concerns
for distributional inequity in the absence of other concerns, such as those for deservedness or
merit. In the Inequity Game, the experimenter recruits two children to sit face-to-face with the
Inequity Game apparatus (Figure 2) between them. This apparatus consists of two trays — one for
the actor and one for the recipient — and a green and red handle that can be used to accept (green)
or reject (red) different allocations of rewards in the form of small food items. The experimenter
assigns pairs of children to the Advantageous Inequity (Al) or Disadvantageous Inequity (DI)
condition, and assigns one child to the role of actor and the other to the role of recipient. In the Al
condition the actor receives four rewards, while the recipient receives one (4-1). In the DI condition
the actor receives one reward, while the recipient receives four (1-4). In addition to the unequal
trials, children are presented with Equal trials (EQ) in which both the actor and recipient receive
one reward (1-1) to allow comparison of children’s responses to equity and inequity. The actor is
then given a choice between accepting or rejecting the allocation. If the actor accepts the
allocation, the rewards are paid out accordingly into the actor and recipient’s bowls. If the actor
rejects the allocation, the rewards are discarded into the center bowl and neither receives any

rewards. The position of the levers does not change across trials.

14
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Figure 2. A depiction of the Inequity Game apparatus showing an advantageous inequity
distribution. The actor is on the left and has the ability to pull one of two handles — green or red —
to accept or reject the distribution, respectively.
Design

Test trials were carried out according to a 2x2 design with Inequity Type (Dl or Al) as a
between-subjects variable and Distribution (Equal or Unequal) as a within-subjects variable. The Al
condition consisted of a 4-1 distribution of resources which favored the decider, while the DI
condition consisted of a 1-4 distribution that favored the recipient. In both cases, rejections went
against immediate self-interest and deprived a peer of rewards. In India and Peru, children received
twelve test trials: six equal and six unequal trials, which were presented in blocks of six equal and
six unequal trials. Blocks were counterbalanced across participants. In India and Peru, children
received the same kind of candy across all trials. In Canada, Mexico, Senegal, Uganda, and the
USA, children received sixteen test trials. Trials were blocked according to food value (see
Supplement), with a block of eight high value trials and a block of eight low value trials. Within
value blocks, children were randomly presented with four equal and four unequal trials. Although

procedural variation may have inflated variation across cultures, none of the cross-cultural effects

15
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we observed were unique to Peru and India, which suggests that our results are not reducible to
differences in superficial features of the task. Age range groupings were created prior to testing
and consisted of the following groups: 4—6-year-olds, 7—-9-year-olds, 10-12-year-olds, and 13-15-
year-olds.

All study procedures and protocols were approved by Institutional Review Boards of
Harvard University (IRB F18470-108, F18470-118, F18643-105). St. Francis Xavier University,
Antigonish, Canada (IRB #21630), the University of Utah (IRB #00065740), the Cheik Anta Diop
University in Senegal and the Uganda National Council for Science and Technology (IRB #SS 2761),
respectively (Blake et al., 2015).

Procedure

Participants were matched by gender for each session and by age as closely as possible
based on the children who were available for each session. The local experimenter at each site
assigned each pair of children to the Al or DI condition within their age group, and designated one
child as the actor and the other as the recipient. As described above, the two children sat face-to-
face and were presented with the Inequity Game apparatus (Figure 1), which consisted of two trays
— one for the actor and one for the recipient — and two handles that could be used to accept or
reject different allocations of rewards. If the actor pulled the green handle, they accepted the offer
and the rewards were paid out accordingly into the actor and recipient’s bowls. If the actor pulled
the red handle, they rejected the offer and the rewards were discarded into the center bowl. The
rewards used in this study varied by site, but always consisted of small food items (see
Supplement).

Once children were seated on either side of the apparatus, the experimenter explained the

basic rules of the game. Children were not to touch the apparatus when the resources were being
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distributed, not to talk during the game, and to wait until the game ended to eat the treats.
Children were introduced to a stick that rested atop the trays and instructed to wait until the stick
had been removed before pulling a handle. The experimenter then explained how the handles
worked by reciting the following instructions: “You can either pull the green handle or the red
handle. If you pull the green handle, look what happens [Experimenter pulls green handle to
demonstrate]. The [treats] fall into your bowls and you get to keep those. You move those over to
the side bowls and you get to take those home at the end of the game.” To demonstrate the red
handle the experimenter said: “If you pull the red handle, look what happens [Experimenter pulls
red handle to demonstrate]. They drop into the middle and nobody gets those treats.” During the
task, rewards gained on trials were moved to side bowls so that children could clearly see the
rewards for both children gained by accepting on a trial and also see the accumulation of rewards
over the course of the session.

After the demonstration phase, the experimenter presented three practice trials to the
children: one equal (one candy for the actor, one candy for the recipient; 1-1), and two unequal
trials (one candy for the actor, no candies for the recipient; 1-o and no candies for the actor, one
candy for the recipient; 0-1). The equal practice trial was always presented first while the order of
the second and third practice trials was counterbalanced between participants. The experimenter
placed allocations of rewards on both sides of the apparatus, always placing the rewards on the
recipient’s side first in order to ensure that the actor paid attention to the recipient’s payoff before
attending to their own. If a participant pulled only one handle during the practice trials, rejecting or
accepting all offers, they were then given one extra 1-1 allocation and asked to demonstrate their
knowledge of the handle they had not pulled (e.g., “Show me how you would make the treats fall

into the middle bow!”). For each child, we recorded whether they accepted or rejected each of the
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practice trials. Children’s behavior in the practice trials, and related exploratory analyses, can be
found in the Supplement. Following practice trials, children were presented with test trials (see
above for description of test trials). For each trial, we recorded whether the participant accepted or
rejected an allocation (decision data were originally reported in Blake et al., 2015). Following the
test trials, the experimenter probed children’s justifications for their behavior in a series of open-
ended questions. These, and analyses digging more deeply into children’s verbal responses, can be
found in the Supplement.
Reaction Time Coding

For sessions that were video recorded (approximately 93% of the full sample), research
assistants used Interact v.g to code the beginning of each trial — when the experimenter lifted the
stick — and the ending of each trial — when the decider began to pull the handle which resulted in
the decision to accept or reject (Blake & McAuliffe, 2011). The brief window of time between the
presentation of the stimulus and the lifting of the stick was not measured, but was kept as short as
possible and was not varied across conditions to ensure that it cannot account for any effects of
condition. In cases in which children pulled one handle slightly and then switched to the other
handle, we coded the decision time between stick removal and the handle pull that was associated
with their final decision. If children were reluctant to pull, the experimenter would prompt them to
make a decision: for example, by reminding them of the actions associated with the green and red
handles. Prompts of this kind were rare, occurring in fewer than 2% of trials overall.
Analysis

To establish how culture and development shape each component of the decision-making
process in the inequity game, we used the HDDM toolbox (Wiecki et al, 2013) to perform

hierarchical Bayesian estimation of four DDM parameters (v, z, a, and t). Hierarchical Bayesian
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estimation is ideal when relatively few observations are collected from each subject, as it
simultaneously estimates parameters at the subject and group levels, which enhances statistical
power.

Data Preprocessing

Following past recommendations, trials were excluded for extreme RTs (<150 ms, >2500
ms), or if the remaining (log transformed) RT exceeded the participant’s mean RT by + 3 S.D.
Participants’ data were excluded if fewer than two trials of each type (equal and unequal) remained
after exclusions. A total of 79% of all trials were retained, leading to the final N of 722.

To ensure we could detect nonlinear effects of age (e.g., lower values of vamong 7-9-year-
olds relative to 4-6- and 10-12-year-olds) we treated age as a discrete variable with three levels: 4—
6-year-olds, 7-9-year-olds, and 10—12-year-olds. These age groups were already formed a priori for
recruitment purposes and reutilized to meet the requirements of the statistical procedure. Data
were collected from 13-15-year-olds as well, but most countries did not include this age group, so
these data were not used to fit any DDMs.

Our final sample included no 10—12-year-olds from Mexico in the DI condition. Accordingly,
although data from 10—12-year-olds were used to fit all DDMs, parameter estimates for children
from Mexico were excluded from subsequent analyses comparing effects of condition (Al vs. DI)
among 10—12-year-olds.

Convergence

HDDM is initialized with informative priors that reflect the range of plausible values of each
parameter as established by past research (Matzke & Wagenmakers, 2009). It then uses Markov
Chain Monte Carlo (MCMC) methods to draw samples from the joint posterior distribution over all

parameters. We drew 20,000 samples from the posterior, discarding the first 5,000 as burn-in. We
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also applied thinning, discarding four out of every five samples. Checks for convergence included
both visual inspection of histograms and autocorrelation plots (see Supplement) and calculation of
the R-hat (Gelman—Rubin) statistic (< 1 for all parameters in the winning model, indicative of
successful convergence).

Model Selection

Following past recommendations (Wiecki et al, 2013), we used the Deviance Information
Criterion (DIC; Spiegelhalter, Best, Carlin, & Van Der Linde, 2002) for model comparison. Models
with lower DIC values are favored. All models included person-specific estimates for the v, a, and t
parameters. The z parameter was estimated only at the group level to support convergence.
Responses were coded such that positive values of v correspond to an evaluative preference for the
“accept” option and negative values of v correspond to an evaluative preference for the “reject”
option; values of z above o.5 correspond to a prepotent bias to accept offers, and values of z below
0.5 correspond to a prepotent bias to reject offers.

For each subject, the value of each parameter was modeled as a random draw from a
group-level distribution centered on a mean u and standard deviation o. For instance, a particular
subject’s drift rate parameter value (v) was modeled as a random draw from a group-level Gaussian
distribution with mean p, and standard deviation a,. Because we are interested in the group-level
parameters (e.g., the average value of v among Canadians) rather than individual-level parameters
(e.g., the value of v for a particular Canadian), model selection involved comparing DIC values for
multiple model variants in which group-level parameters were either fixed or allowed to vary by
condition (i.e., country, age group, inequity type, and/or distribution).

Results
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An evaluative preference for inequity corresponds to a more positive drift rate (one that
more strongly favors the “accept” option) on unequal trials versus equal trials. So, if evaluative
preferences for inequity vary across countries, the best fitting model should allow v to vary by
country and distribution, and if evaluative preferences for inequity vary by age, the best fitting
model should allow v to vary by age group and distribution. Since previous work outlined earlier in
this paper suggests that responses to disadvantageous versus advantageous inequity are
psychologically, neurologically, and evolutionarily dissociable, we modeled evaluative preferences
as a function of inequity type (Al or DI). If the influence of country or age on evaluative preferences
for inequity depends on the type of inequity — Al or DI —then, in the best fitting model, v should
also be free to vary by inequity type in addition to distribution, country, and/or age. However, if
cultural and developmental variation in choice behavior do not reflect cultural and developmental
variation in evaluative processing, the winning model should not let v vary by distribution and
distribution type.

Model comparisons were consistent with the hypothesis that evaluative preferences for
inequity vary meaningfully across countries and age groups, and that the pattern of variation
depends on the type of inequity at hand (see Supplement for a complete list of model comparisons
and more details about model-fitting procedures). Specifically, in the best fitting model, v varied
by country, age group, distribution, and inequity type. In addition, a varied by country (but not age,
inequity type, or distribution), t varied by inequity type and distribution (but not country or age
group), and z did not vary across any of our four conditions. These results suggest that cross-
cultural and developmental effects on decision-making in the Inequity Game cannot be attributed
solely to response strategies and/or non-decision time. Instead, these effects appear to reflect

evaluative processing: variation across age and culture in the Inequity Game is largely due to
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variation in the subjective value children place on accepting or rejecting various allocations
(captured by the drift rate v) rather than response strategies and non-decision time.

Subsequent analyses revealed that the relationship between country and the underlying
decision-making parameters is not reducible to cross-cultural variation in degree of familiarity
between participants. When best-fitting modeled was altered so that the country variable was
replaced with a familiarity variable (i.e., a binary variable denoting whether each pair of
participants did or did not self-identify as friends or acquaintances; see Supplement for details), the
fit of the model was reduced (Increase in DIC = 49). Accordingly, the effects of country on vand a
likely involve more than mere familiarity.

To understand the effect of each condition on v, we performed a series of contrasts,
allowing us to assess the degree to which v differs across unequal and equal offers. This involved
subtracting the samples from one (marginal) posterior distribution (e.g., the posterior distribution
over v for unequal offers among 10—12-year-old Canadians in the Al condition) from the samples
from a second (marginal) posterior distribution (e.g., the posterior distribution over v for equal
offers among 10—12-year-old Canadians in the Al condition), and then computing the 90% highest
density interval (HDI) of the new distribution of difference scores. 9o% HDlIs are Bayesian analogs
to confidence intervals; they contain the go% most credible values of a parameter given the prior
information, model, and data. If the 90% HDI does not contain zero, then the two original
distributions are considered credibly different.

Advantageous Inequity Aversion

First, we explored how the evaluative preference for advantageous inequity varies by

country and age. The evaluative preference for advantageous inequity corresponds to the value of

v for unequal offers in the Al condition minus the value of v for equal offers in the Al condition,
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denoted as v(Al). The more positive the value of v(Al), the greater the evaluative preference for
advantageous inequity over equity; the more negative the value of v(Al), the greater the evaluative
preference of equity over advantageous inequity.

We found substantial cross-cultural variation in v(Al). At younger ages, evaluative
preferences for one type of distribution over the other were absent across societies, and at older
ages, an evaluative preference for equity over advantageous inequity emerged in some societies,
but not others (Figures 3A and 3B). More specifically, among 4-6-year-olds, v(Al) was not credibly
different from zero in any society. However, among 7-9-year-olds, v(Al) was credibly lower than
zero in Uganda (90% HDI = -1.36, -.10), and among 10-12-year-olds, v(Al) was credibly lower than
zero in the United States (90% HDI = -1.16, -0.27) and Canada (90% HDI = -1.53, -.30). v(Al) was not
credibly lower than zero among any other society regardless of age group.

The strongest developmental shifts in v(Al) were observed in Uganda and the United States
(Figure 3D). In the United States, we observed a credible decrease in v(Al) among 10-12 years
relative to 7—9-year-olds (90% HDI = -1.28 to -.08) and 4—6-year-olds (90% HDI = -1.86 to -.45), and
in Uganda, we observed a credible decrease in v(Al) among 7—9-year-olds relative to 4—6-year-olds
(90% HDI = -1.96 to -.05). These developmental shifts led to different degrees of cross-cultural
variation in v(Al) at different age groups (Figure 3C). Among 7—-9-year-olds, v(Al) was lower in
Uganda versus Peru (9o% HDI = -1.72 to -.16), and, among 10—12-year-olds, v(Al) was lower in the
United States and Canada versus Peru and Senegal (USA vs. Peru: 9o% HDI = -1.6 to -.02; USA vs.
Senegal: 90% HDI = -1.64 to -.07; Canada vs. Peru: 9o% HDI = -1.91 to -.1; Canada vs. Senegal: 9o%
HDI =-1.9 to -.11).

Collectively, these results suggest that the developmental emergence of evaluative

preferences for equity over advantageous inequity depends on culture. Further support for this
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interpretation comes from a direct test of the hypothesis that the relationship between age and
v(Al) differs by country. Specifically, using ordinary least squares (OLS) regression, we tested the
hypothesis that there is a significant interaction between country and age group on v(Al). For each
distribution (equal and unequal) in the Al condition, we extracted the mean of each subject-level
posterior distribution over v. Next, we subtracted the subject-level means for equal offers from the
subject-level means for unequal offers to estimate subject-specific values of v(Al). Finally, we
regressed these subject-level estimates of v(Al) on country, age group, and their interaction term.
In order to draw inferences about the cumulative effect of development on evaluative Al aversion
across societies, we excluded 7—9-year-olds from this analysis (i.e., The age group variable was a
binary variable distinguishing between 4—6-year-olds and 10-12-year-olds).

We found a significant interaction between country and age group (F(6) = 3.03, p = .007)
such that v(Al) decreased with age only in the United States (b = -1.08, SE = .22, t = 4.81, p < .001);
marginal effects of age on v(Al) were observed in Canada (b = -.54, SE = .32, t=1.66, p = .099) and
Uganda (b =-.6, SE = .33, t = 1.9, p = .074), and no effects were observed in India, Peru, or Senegal.
Moreover, among 4—6-year-olds, v(Al) was not credibly lower than zero in any society, but among
10—12-year-olds, v(Al) was credibly lower than zero only in Canada (b =-.91, SE= .22, t=4.17,p<
.001) and the United States (b = -.74, SE = .16, t = 4.6, p < .001). Because our sample from Mexico
does not include 10-12-year-olds in the DI condition, we repeated the above analysis without
children from Mexico in order to permit comparisons between evaluative Al aversion and DI
aversion. This analysis produced the same pattern of results. These findings directly support the
existence of cross-cultural variation in the developmental trajectory and emergence of evaluative

preferences for equity over advantageous inequity.
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Children’s verbal justifications for Al rejections suggest that several considerations factor
into Al aversion and that these considerations vary by country (see Supplement). Namely, both
considerations of equality (e.g., “we should both have the same amount”) and of comparison (e.g.,
"l didn’t want them to get more”) appear in children’s verbal responses with differing rates across
societies, suggesting that the evaluative preference for equality is influenced by multiple

considerations and that the relative weight of these considerations is culturally sensitive.
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Figure 3: (A) Posterior distributions over v(Al) (i.e., the contrast between v(equal, Al) and
v(unequal, Al)) by age group and country. Negative values correspond to evaluative preferences for
equal offers over Al offers, and positive values correspond to evaluative preferences for Al offers
over equal offers. (B) Distance of v(Al) from zero by age group and country. Negative values
(purple) denote evaluative Al aversion and positive scores (green) denote an attraction to Al. The
more opaque the color, the greater the magnitude of the contrast. Credible differences are
denoted by *. (C) Effects of country on v(Al). Cell values denote the difference in v(Al) between
countries such that positive values indicate that v(Al) is greater in the country on the y-axis.
Credible differences are denoted by *. (D) Effects of age on v(Al) by country. Cell values denote the
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difference in v(Al) between age groups such that positive values indicate that v(Al) is greater in the
age group on the y-axis. Credible differences are denoted by *.
Disadvantageous Inequity Aversion

Next, we explored cross-cultural and developmental effects on the evaluative preference
for disadvantageous inequity (i.e., v for unequal offers in the DI condition minus v for equal offers in
the DI condition, denoted v(Dl)). In contrast to evaluative preferences for equity over
advantageous inequity, which emerged as children aged in some, but not all societies, evaluative
preferences for equity over disadvantageous inequity eventually emerged in every society (Figures
4A and 4B). Among 4—6-year-olds, v(DI) was credibly lower than zero only in the United States and
Mexico, but among 10—12-year-olds, v(DI) was credibly lower than zero in every country (with the
exception of Mexico, where data were not collected among 10-12-year-olds in the DI condition).

The cross-cultural consistency in the development of evaluative preferences for equity over
disadvantageous inequity was also reflected in effects of age on v(DI) across countries (Figure 4D).
We found that v(DI) decreased with age in every country besides India and Mexico. Relative to 4-6-
year-olds, 7-9-year-olds had lower values of v(Dl) in Peru (9o% HDI = -2.16 to -.44), Canada (90%
HDI = -2.47 to -.61), and Uganda (90% HDI = -1.97 to -.12), and 10-12-year-olds had lower values of
v(DI) in Peru (90% HDI = -2.19 to -.24), United States (90% HDI = -1.34 to -.10), Senegal (90% HDI =
-2.68 to -1.03), and Uganda (90% HDI = -2.13 to -.23). Relative to 7-9-year-olds, 10-12-year-olds had
lower values of v(DI) in Senegal (90% HDI = -2.03 to -.41) and Canada (90% HDI = -1.96 to -.22).
These results suggest that, in most of the societies sampled, children converged on an evaluative
preference for equity over disadvantageous inequity with age. Indeed, we observed more cross-
cultural differences in v(DI) among younger children relative to older children (Figure 4C). Among

4-6-year-olds, v(DI) was lower in the United States than Senegal (90% HDI = -1.78 to -.32), Canada
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(90% HDI = -1.67 to -.17), Uganda (90% HDI = -1.7 to -.04), and Peru (90% HDI = -1.75 to -.07).
Among 7-9-year-olds, Peru and Canada joined the United States among the countries with the
lowest values of v(DI); all three had lower values of v(DI) than 7-9-year-olds in Senegal (Peru vs.
Senegal: 90% HDI = -1.58 to -.04; Canada vs. Senegal: 90% HDI = -1.76 to -.002; USA vs. Senegal:
90% HDI = -1.59 to -.15), Mexico (Peru vs. Mexico: 9go% HDI = -2.14 to -.09; Canada vs. Mexico: 90%
HDI = -2.44 to -.16; USA vs. Mexico: 90% HDI = -2.14 to -.1), and India (Peru vs. India: 90% HDI = -
1.79 to -.44; Canada: 9o% HDI = -2.02 to -.41; USA: 90o% HDI = -1.8 to -.46). However, among 10-12-
year-olds, v(Dl) did not differ across countries.

The developmental trajectory of v(DI) stands in contrast to that of v(Al). Whereas
evaluative preferences for equity over advantageous inequity emerged among a subset of
societies, evaluative preferences for equity over disadvantageous inequity emerged among all
societies. In other words, the developmental trajectory of v(DI) appears cross-culturally consistent.
We tested this hypothesis directly using the same OLS regression approach employed in our
analysis of v(Al). Specifically, we regressed subject-level estimates of v(DI) on country (excluding
Mexico, due to a lack of data from 10-12-year-olds), age group (4-6-year-olds vs. 10-12-year-olds),
and their interaction term. The interaction was not significant, (F(5) = 1.49, p = .194) such that,
regardless of country, 10-12-year-olds had lower values of v(DI) than 4-6-year-olds (b = -1.11, SE =
.14, t=7.67, p <.001). Moreover, among 10-12-year-olds, v(DI) was significantly lower than zero in
every country (Canada: b =-1.33, SE =.25, t =5.39, p < .001; India: b =-1.39, SE = .43, t=3.26, p =
.001; Peru: b =-1.53, SE=.28, t =5.54, p < .001; Senegal: b =-1.95, SE = .24, t =8.18, p <.001;
Uganda: b = -1.44, SE = .27, t = 5.45, p <.001; USA: b = -1.87, SE = .18, t = 10.53, p < .001), whereas,
among 4-6-year-olds, v(DI) was significantly lower than zero only in the United States (b = -1.15, SE

=.17,t=6.92, p < .001). Finally, we directly compared the developmental trajectory of v(DI) to that

28



567
568
569
570
571
572

573

RUNNING HEAD: Computational Signatures of Inequity Aversion

of v(Al) by estimating the three-way interaction between country (excluding Mexico), age group (4-
6-year-olds vs. 10-12-year-olds), and inequity type (Al vs. DI). The three-way interaction was
significant (F(5) = 4.18, p = .001), consistent with the idea that the development of v(DI), but not
v(Al), is cross-culturally consistent.

Children’s verbal justifications for DI rejections closely mirrored those for Al rejections (see
Supplement), revealing cross-societal differences in the degree to which considerations of equality

and/or comparison influenced evaluative preferences.
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Figure 4: (A) Posterior distributions over v(DI) by age group and country. Negative values
correspond to an evaluative preference for equal offers over DI offers, and positive values
correspond to an evaluative preference for DI offers over equal offers. (B) Distance of v(DI) from
zero by age group and country. Negative values (purple) denote evaluative Dl aversion and positive
scores (green) denote an attraction to DI. Credible differences are denoted by *. (C) Effects of
country on v(DI). Cell values denote the difference in v(DI) between countries such that positive
values indicate that v(DlI) is greater in the country on the y-axis. Credible differences are denoted
by *. (D) Effects of age on v(DI) by country. Cell values denote the difference in v(DI) between age
groups such that positive values indicate that v(Dl) is greater in the age group on the y-axis.
Credible differences are denoted by *. The more opaque the color, the greater the magnitude of
the contrast.
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Response Strategies and Non-Decision Time

We next turned to responses strategies (which include z, the starting point or bias, and g,
the threshold of the boundaries) in addition to non-decision time (t, which captures the time it
takes children to start the decision-making process and to act on their decisions). We observed
significant cultural variation in a such that the decision threshold was lowest in the United States,
consistent with greater emphasis on speed versus deliberation, and highest in Senegal and Canada,
consistent with greater emphasis on deliberation versus speed. Specifically, in the United States, a
was lower than in Peru (90% HDI = -.21 to -.004), Senegal (90% HDI = -.46 to -.25), Canada (90%
HDI = -.46 to -.23), Uganda (90% HDI = -.22 to -.03), and India (90% HDI = -.27 to -.04). Conversely,
in Senegal and Canada, a was higher than in Peru (Canada vs. Peru: 9o% HDI = .11 to .38; Senegal
vs. Peru: 9o% HDI = .13 to .38), India (Canada vs. India: 90% HDI = .07 to .35; Senegal vs. India: 90%
HDI = .08 to .34), Uganda (Canada vs. Uganda: 90% HDI = .09 to .35; Senegal vs. Uganda: 90% HDI
= .12 t0 .37), and Mexico (Canada vs. Mexico: 9go% HDI = .05 to .47; Senegal vs. Mexico: 9o% HDI =
.06 t0 .47).

We observed no effect of country or age group on z, consistent with an absence of
developmental or cross-cultural effects on prepotent biases toward accepting versus rejecting
various offers. Overall, z was not credibly different from o (90% HDI = .497 to .517), which suggests
that participants were unbiased. In other words, we did not find evidence that children in some
societies have a stronger prepotent bias towards accepting or rejecting all offers as compared to
children in other societies (Follow-up analyses confirmed that neither the lack of variance over z,
nor the absence of evidence for a starting point bias, can be attributed to the fact that z was

estimated only at the group level; when v, @, and t were estimated at the group level instead of z,
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the best fitting model still held z constant across conditions, and z still was not credibly different
from zero). Finally, we found that t varied as a function of condition and distribution such that non-
decision time on equal offers was greater in the Al condition versus the DI condition (90% HDI =
.006 t0 .074). Conversely, condition was unrelated to non-decision time on unequal offers (90%
HDI = -.014 to .059). In other words, relative to the DI condition, children in the Al condition spent
more time looking at the stimuli and/or pulling the lever when equal offers were given.
Discussion

Previous work on the ontogeny of inequity aversion across cultures has documented the
developmental emergence of disadvantageous inequity (DI) aversion in children’s decisions in all
seven societies studied, but only found evidence for the emergence of advantageous inequity (Al)
aversion in a subset of those societies (Blake et al., 2015; Blake & McAuliffe, 2011). However, as this
past research focused exclusively on variation in raw decision-making data (i.e., choices and
response times) it is unclear whether and how this variation extends to the computational
mechanisms underlying the decision-making process. Here, using video-recorded sessions of more
than 800 children’s behavior in the Inequity Game from Blake et al. 2015, we fit drift-diffusion
models to explore the computational mechanisms underlying cross-cultural variation in the
development of inequity aversion. Specifically, we examined whether, and to what extent,
behavioral differences in the Inequity Game across ages and cultures reflect three distinct
components of the decision-making process: evaluative processing, response strategies, and non-
decision time.

The results of our novel approach suggest that differences in evaluative processing —
specifically, evaluative preferences for equity over inequity — account for the bulk of the

developmental and cultural variation in the behavioral expression of inequity aversion. This rules
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out several alternative hypotheses that could not have been eliminated with traditional analytic
techniques. Specifically, our findings rule out accounts of behavioral variation in the Inequity Game
that appeal solely to non-evaluative components of the decision-making process. On these
alternative accounts, response strategies and non-decision time are what drive developmental and
cultural differences in Inequity Game performance, not evaluative preferences for equity. In ruling
out these alternative hypotheses, and revealing evaluative processing as the primary driver of
cross-cultural variation in the development of inequity aversion, our findings shed light on the
psychological origins of human fairness and cooperation.

Importantly, the specific pattern of variation in evaluative processing that we observed
aligns with the results of Blake et al. (2015), who found greater cross-societal variation in the
emergence and trajectory of aversion to Al versus DI. Specifically, we found that the evaluative
preference for equity over Al emerges later and in fewer societies than the evaluative preference
for equity over DI. So, in addition to revealing a primary role for evaluation in the development of
inequity aversion across cultures, our findings corroborate the theory that DIl aversion is distinct
from — and more foundational than — Al aversion, and grounds this distinction in the
computational mechanism of evaluative processing.

Focusing on evaluative preferences for Al, we first find that, among most age groups in
most societies, children do not have an evaluative preference for equitable relative to Al offers.
This makes sense given that rejecting Al offers would mean losing out on four candies, which
children value. When taking age into account, we find evidence of evaluative preferences for equity
over Al among older children, but only in a subset of countries. That is, the emergence of an
evaluative preference for equity over Al is culturally constrained. Specifically, we find no evidence

of such a preference among 4 to 6-year-olds in any society. In Uganda, an evaluative preference for
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equity over Al is observed between the ages of 7 and g9, and by the ages 10 to 12, this preference
appears in the United States and Canada. Our results also suggest that the United States was the
only country in which an evaluative preference for equity over Al increased with age. We do not find
strong evidence for age-related changes in evaluative preferences for Al in any other country, with
the slight exception of Uganda in which 7-9-year-olds have a stronger preference for equity over Al
than 4-6-year-olds, but this trend does not continue into the later age group. In sum, there are
substantial cultural differences in the trajectory and emergence of evaluative preferences of equity
over Al.

When considering evaluative preferences for DI, we find a different pattern: the
developmental trajectory and emergence of evaluative preferences for equity over Dl is consistent
across societies. Among 4—6-year-olds, an evaluative preference for equity over Dl is observed only
in the United States, but by the time children are between the ages of 10 and 12, this preference
appears in every society. Moreover, the evaluative preference for equity over Dl increased with age
in every country besides India (and Mexico, where data in the DI condition was missing).

The contrasting patterns of variation in evaluative preferences for Al and DI by age and
country are striking. It corroborates the idea that aversion to Al may be more sensitive to cultural
and normative influence than DI, which is more foundational and less sensitive to input across
developmental time (Blake et al., 2015; Corbit et al., 2017; McAuliffe et al., 2017). It is also
consistent with work suggesting that culturally variable prosocial behavior develops hand-in-hand
with increased responsiveness to norms in later childhood (House et al., 2019). Additionally, the
variation in evaluative preferences for Al and DI lends further support to the notion that responses

to these two forms of inequity are psychologically and developmentally distinct.
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One hypothesis we ruled out was that behavioral variation in the Inequity Game primarily
reflects variation in response strategies — specifically, variation in the emphasis children place on
speed versus accuracy, and decision biases characterized by a preference for one response option
over the other regardless of the specific offer on hand. Our results provide little evidence of
developmental or cultural effects on decision biases. We did find cross-societal differences in the
speed-deliberation tradeoff — speed was favored in the United States, deliberation was favorited
in Senegal and Canada, and children in India, Uganda, and Peru struck more of a balance between
these two factors — but these effects were not qualified by age. We also did not find evidence that
non-decision time — the time it takes individuals to start the decision-making process and to act on
those decisions — varies significantly across societies.

Critically, our results do not challenge the results described in Blake et al. 2015, which
highlighted substantial cross-cultural and developmental variation in the behavioral expression of
inequity aversion. Rather, our results offer additional insight into the computational mechanisms
that produced those behavioral patterns, revealing that the behavioral expression of advantageous
inequity aversion emerges from a heterogeneous set of mechanisms, but is largely accounted for
by variation in evaluative preferences.

Limitations and Future Directions

There are a number of limitations to this work that warrant discussion and point to avenues
for future research. By focusing on inequity aversion, the present study sheds light on the more
general phenomenon of human fairness. However, the psychology of fairness encompasses more
than just inequity aversion: developmental and cross-cultural differences in reasoning, judgment,

attention, and other aspects of human performance contribute to the overall picture of how the
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psychology of fairness varies across societies and age. Accordingly, by taking a more holistic
approach, future work can build on the insights presented here.

Though our results reveal which decision-making parameters underlie variation in Inequity
Game performance they do not explain why these parameters vary. Our results do, however, serve
to guide and constrain future inquiry. Specifically, future efforts to identify the cultural factors
underlying variation in Inequity Game performance can restrict their search to factors that might
plausibly alter evaluative preferences; factors more likely to influence response bias or speed-
deliberation tradeoff are poor candidates. Examples of factors that may drive cultural variation in
evaluative preferences for equity over inequity include social norms (House & Tomasello, 2018;
Tropp et al., 2014), peer familiarity (Warneken, Lohse, Melis, Tomasello, 2010), and the subjective
value of reward.

The results we present here on children’s verbal responses also suggest that different
considerations, such as those related to fairness and social comparison, may also exert influence on
evaluative preferences. To distinguish between these competing possibilities, we believe that
future work should model drift rate in terms of psychological variables (e.g., competitiveness,
selfishness, preferences for fairness, etc.) and cultural variables (e.g., norms, values, income
inequality, familiarity, etc.) to more closely examine the sources of cross-cultural variation in
evaluative preferences for equity over advantageous and disadvantageous inequity.

Methodologically, children in our study always saw the rewards on the recipients’ tray first
and the task involved an experimenter physically doling out resources onto the trays, all of which
occurred before the stick was removed and reaction time was coded. Future iterations of this task
can minimize the potential impacts this protocol may have on non-decision time by occluding the

offers before presenting them to children, thus more systematically and rigorously controlling the
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beginning of the reaction time window. While we view this as a useful methodological change, we
do not believe this feature of our design can fully account for our results, which largely relied on
comparisons between distributions and inequity trials, all of which were administered the same
way. Additionally, despite the inclusion of a fairly large age range, we do not know how these
patterns extend into adolescence and adulthood. Further ethnographic and quantitative work
exploring inequity aversion among adults, for instance, can help us better understand the nuances
of these behaviors across cultures and provide clearer insight into when children’s evaluations
converge with those of adults. Further, our samples are largely restricted to one group or
community within each country and should not be taken as wholly representative samples of each
country. Given the importance of within-country variation, future work should also attempt to
incorporate more communities and focus on the forces shaping variation within countries (Amir et
al., 2019; Amir & McAuliffe, 2020). And lastly, the cross-cultural variation we observe in the speed-
deliberation tradeoff merits additional attention. It is possible that this tradeoff itself reflects
slightly different cultural values, or perhaps reflects a different process or stage of acquiring
advantageous inequity aversion. If, for instance, Al aversion is internalized earlier in the United
States, that could result in weighing speed over deliberation. Or it may be the case that children in
the United States are more familiar with these types of decisions. A closer investigation of the
speed-deliberation tradeoff might allow for an avenue through which we can interrogate whether
children in different societies experience the task itself in different ways.
Summary

Previous work on cross-cultural variation in inequity aversion has demonstrated that
children show more variation in their willingness to reject Al offers than DI offers, suggesting that

Al aversion is more sensitive to cultural input than DI aversion. However, as past work has primarily
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used traditional analytic approaches to study children’s decisions to either accept or reject an offer,
it is unclear how this variation extends to the underlying components of the decision-making
process itself. Here, we use an analytic approach centered on drift-diffusion modeling to examine
— for the first time — the computational signatures of inequity aversion across diverse societies.
Through drift-diffusion modeling, we formally dissociate three factors — non-decision time,
response strategies, and evaluative preferences — to investigate which factors account for the
behavioral variation observed across age and society. Our results suggest that this variation is best
explained by variation in evaluative processing — specifically, evaluative preferences for equity
over different types of inequity.

We believe that the computational approach used here could be used to advance research
at the intersection of culture and development in general. DDMs are applicable to a wide range of
research questions — not just those focused on fairness. Experimental paradigms centered on
choice or reaction time in binary forced choices lend themselves well to DDM analyses, which can
offer greater precision and inferential power without massive constraints on the experimental
paradigm. The parameterization of decision-making processes can also lend itself to integrative
work with neuroscience, more directly linking neural and behavioral data. Further, DDMs open the
door to new research questions. In the case of inequity aversion, we can ask follow-up questions
like how the amount of noise in the evidence accumulation process changes with age or culture,
and how and when children learn to strategically control different DDM parameters when making
equity-based decisions (if they do at all). In sum, we believe the approach we have championed in
this manuscript — that is, the coupling of systematic behavioral experiments across diverse
societies with analytical techniques such as DDMs — can provide greater resolution into decision-

making, continuing to proffer novel insights into cognitive development across cultures.
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Open Data Statement

Our data & annotated R scripts can be found at the following link: https://osf.io/tg8f7/ (Amir et al.,

2021).

Context
Previous work suggests that disadvantageous inequity aversion is common across cultures while
advantageous inequity aversion appears to be more culture-specific, manifesting at the decision
level in only some of the societies surveyed (Blake et al., 2015). However, as previous research has
relied almost solely on explicit decision data, it is unclear if this variation also exists in the
underlying computational processes that produce these decisions. Teaming up with
anthropologists and cognitive psychologists, we set out to formally analyze what features in the
underlying decision-making process varied across societies, using drift-diffusion modeling to
analyze the intersection of children’s decisions and reaction times. These models allowed us to
formally disentangle and assess distinct computational components (e.g., evaluative processing or
non-decision time) in the decision-making process. Our findings enrich our understanding of how

social behaviors relating to inequity aversion develop across diverse cultural contexts.

39



RUNNING HEAD: Computational Signatures of Inequity Aversion

References

Amir, D., Jordan, M. R., McAuliffe, K., Valeggia, C. R., Sugiyama, L. S., Bribiescas, R. G., Snodgrass,
J.J., & Dunham, Y. (2019). The developmental origins of risk and time preferences across
diverse societies. Journal of Experimental Psychology: General, 149(4), 651-661.

Amir, D., & McAuliffe, K. (2020). Cross-cultural, developmental psychology: Integrating
approaches and key insights. Evolution and Human Behavior, 41(5), 430—444.
https://doi.org/10.1016/j.evolhumbehav.2020.06.006

Amir, D., Melnikoff, D., & McAuliffe, K. (2021). Computational signatures of inequity aversion in
children across seven societies. https://doi.org/10.17605/OSF.I0/T98F7

Baron, J., Gircay, B., Moore, A. B., & Starcke, K. (2012). Use of a Rasch model to predict response
times to utilitarian moral dilemmas. Synthese, 189(S1), 107-117.
https://doi.org/10.1007/s11229-012-0121-Z

Baumard, N., Mascaro, O., & Chevallier, C. (2012). Preschoolers are able to take merit into account
when distributing goods. Developmental Psychology, 48(2), 492.

Blake, P. R., & McAuliffe, K. (2011). | had so much it didn’t seem fair”: Eight-year-olds reject two
forms of inequity. Cognition, 120(2), 215-224.
https://doi.org/10.1016/j.cognition.2011.04.006

Blake, P. R., McAuliffe, K., Corbit, J., Callaghan, T. C., Barry, O., Bowie, A., Kleutsch, L., Kramer, K.
L., Ross, E., Vongsachang, H., Wrangham, R., & Warneken, F. (2015). The ontogeny of
fairness in seven societies. Nature, 528(7581), 258—261. https://doi.org/10.1038/nature15703

Blake, P. R., McAuliffe, K., & Warneken, F. (2014). The developmental origins of fairness: The
knowledge—behavior gap. Trends in Cognitive Sciences, 18(11), 559—-561.

https://doi.org/10.1016/j.tics.2014.08.003

40



RUNNING HEAD: Computational Signatures of Inequity Aversion

Brosnan, S., & de Waal, F. B. M. (2014). Evolution of responses to (un)fairness. Science, 346(6207),
1251776—1251776. https://doi.org/10.1126/science.1251776

Brosnan, S., Schiff, H. C., & de Waal, F. B. M. (2005). Tolerance for inequity may increase with
social closeness in chimpanzees. Proceedings of the Royal Society of London B: Biological
Sciences, 272(1560), 253—-258. https://doi.org/10.1098/rspb.2004.2947

Christie, S., Gao, Y., & Ma, Q. (2020). Development of Analogical Reasoning: A Novel Perspective
From Cross-Cultural Studies. Child Development Perspectives, 14(3), 164—170.
https://doi.org/10.1111/cdep.12380

Corbit, J., McAuliffe, K., Callaghan, T. C., Blake, P. R., & Warneken, F. (2017). Children’s
collaboration induces fairness rather than generosity. Cognition, 168, 344—356.

Damon, W. (2008). Moral child: Nurturing children’s natural moral growth. Simon and Schuster.

Diederich, A. (2003). MDFT account of decision making under time pressure. Psychonomic Bulletin
& Review, 10(1), 157—166.

Donders, F. C. (1969). On the speed of mental processes. Acta Psychologica, 30, 412—431.
https://doi.org/10.1016/0001-6918(69)90065-1

Dovidio, J. F., Piliavin, J. A., Gaertner, S. L., Schroeder, D. A., & Clark lll, R. D. (1991). The arousal:
Cost-reward model and the process of intervention: A review of the evidence.

Engelmann, J. M., & Tomasello, M. (2019). Children’s sense of fairness as equal respect. Trends in
Cognitive Sciences, 23(6), 454—463.

Evans, A. M., Dillon, K. D., & Rand, D. G. (2015). Fast but not intuitive, slow but not reflective:
Decision conflict drives reaction times in social dilemmas. Journal of Experimental
Psychology: General, 144(5), 951—966. https://doi.org/10.1037/xge0000107

Fehr, E., & Schmidt, K. M. (1999). A theory of fairness, competition, and cooperation. The Quarterly

41



RUNNING HEAD: Computational Signatures of Inequity Aversion

Journal of Economics, 114(3), 817—-868.

Fliessbach, K., Phillipps, C. B., Trautner, P., Schnabel, M., Elger, C. E., Falk, A., & Weber, B. (2012).
Neural responses to advantageous and disadvantageous inequity. Frontiers in Human
Neuroscience, 6. https://doi.org/10.3389/fnhum.2012.00165

Fong, C. T. (2006). The Effects of Emotional Ambivalence on Creativity. The Academy of
Management Journal, 49(5), 1016-1030. https://doi.org/10.2307/20159814

Forstmann, B. U., Ratcliff, R., & Wagenmakers, E.-J. (2016). Sequential Sampling Models in
Cognitive Neuroscience: Advantages, Applications, and Extensions. Annual Review of
Psychology, 67(1), 641-666. https://doi.org/10.1146/annurev-psych-122414-033645

Fu, G., Xy, F., Cameron, C. A., Heyman, G., & Lee, K. (2007). Cross-cultural differences in children’s
choices, categorizations, and evaluations of truths and lies. Developmental Psychology,
43(2), 278—293. https://doi.org/10.1037/0012-1649.43.2.278

Gao, X., Yy, H., Saez, ., Blue, P.R., Zhu, L., Hsu, M., & Zhou, X. (2018). Distinguishing neural
correlates of context-dependent advantageous- and disadvantageous-inequity aversion.
Proceedings of the National Academy of Sciences, 115(33), E7680—E7689.
https://doi.org/10.1073/pnas.1802523115

Geraci, A., & Surian, L. (2011). The developmental roots of fairness: Infants’ reactions to equal and
unequal distributions of resources. Developmental Science, 14(5), 1012—1020.
https://doi.org/10.1111/j.1467-7687.2011.01048.X

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). The weirdest people in the world? Behav Brain
Sci, 33(2—-3), 61—-135. https://doi.org/10.1017/S0140525X0999152X

House, B. R., Kanngiesser, P., Barrett, H. C., Broesch, T., Cebiogluy, S., Crittenden, A. N., Erut, A,,

Lew-Levy, S., Sebastian-Enesco, C., Smith, A. M., Yilmaz, S., & Silk, J. B. (2019). Universal

42



RUNNING HEAD: Computational Signatures of Inequity Aversion

norm psychology leads to societal diversity in prosocial behaviour and development.
Nature Human Behaviour, 1-11.

House, B. R., & Tomasello, M. (2018). Modeling social norms increasingly influences costly sharing
in middle childhood. Journal of Experimental Child Psychology, 171, 84—98.
https://doi.org/10.1016/j.jecp.2017.12.014

Huppert, E., Cowell, J. M., Cheng, Y., Contreras-lbafiez, C., Gomez-Sicard, N., Gonzalez-Gadea, M.
L., Huepe, D., Ibanez, A., Lee, K., Mahasneh, R., Malcolm-Smith, S., Salas, N., Selcuk, B.,
Tungodden, B., Wong, A., Zhou, X., & Decety, J. (2019). The development of children’s
preferences for equality and equity across 13 individualistic and collectivist cultures.
Developmental Science, 22(2), e12729. https://doi.org/10.1111/desc.12729

Huppert, E., Cowell, J. M., Cheng, Y., Contreras-lbainez, C., Gomez-Sicard, N., Gonzalez-Gaeda, L.
M., Huepe, D., Ibanez, A., Lee, K., Mahasneh, R., Malcolm-Smith, S., Salas, N., Selcuk, B.,
Tungodden, B., Wong, A., Zhou, X., & Decety, J. (2018). The development of children’s
preferences for equality and equity across 13 individualistic and collectivist cultures.
Developmental Science, e12729. https://doi.org/10.1111/desc.12729

Imas, A. (2014). Working for the “warm glow”: On the benefits and limits of prosocial incentives.
Journal of Public Economics, 114, 14—18. https://doi.org/10.1016/j.jpubeco.2013.11.006

Jamieson, D. G., & Petrusic, W. M. (1977). Preference and the time to choose. Organizational
Behavior and Human Performance, 19(1), 56-67.

Kline, M. A., Shamsudheen, R., & Broesch, T. (2018). Variation is the universal: Making cultural
evolution work in developmental psychology. Phil. Trans. R. Soc. B, 373(1743), 20170059.

Kogut, T. (2012). Knowing what | should, doing what | want: From selfishness to inequity aversion

in young children’s sharing behavior. Journal of Economic Psychology, 33(1), 226-236.

43



RUNNING HEAD: Computational Signatures of Inequity Aversion

https://doi.org/10.1016/j.joep.2011.10.003

Konovalov, A., & Krajbich, I. (2019). Revealed strength of preference: Inference from response
times. Judgment & Decision Making, 14(4).

Kuwabara, M., & Smith, L. B. (2012). Cross-cultural differences in cognitive development:
Attention to relations and objects. Journal of Experimental Child Psychology, 113(1), 20-35.
https://doi.org/10.1016/j.jecp.2012.04.009

Large, I., Pellicano, E., Mojzisch, A., & Krug, K. (2019). Developmental trajectory of social influence
integration into perceptual decisions in children. Proceedings of the National Academy of
Sciences, 116(7), 2713—2722.

Lobel, T. E., Gruber, R., Govrin, N., & Mashraki-Pedhatzur, S. (2001). Children’s gender-related
inferences and judgments: A cross-cultural study. Developmental Psychology, 37(6), 839—
846. https://doi.org/10.1037/0012-1649.37.6.839

Loewenstein, G. F., Thompson, L., & Bazerman, M. H. (1989). Social utility and decision making in
interpersonal contexts. Journal of Personality and Social Psychology, 57(3), 426.

Massen, J.J. M., Berg, L. M. V. D., Spruijt, B. M., & Sterck, E. H. M. (2012). Inequity aversion in
relation to effort and relationship quality in long-tailed Macaques (Macaca fascicularis).
American Journal of Primatology, 74(2), 145-156. https://doi.org/10.1002/ajp.21014

McAuliffe, K., Blake, P. R., Steinbeis, N., & Warneken, F. (2017). The developmental foundations of
human fairness. Nature Human Behaviour, 1(2), 0042.

McAuliffe, K., & Santos, L. R. (2018). Do Animals Have a Sense of Fairness? Atlas of Moral
Psychology, 393.

Nielsen, M., Haun, D., Kartner, J., & Legare, C. H. (2017). The persistent sampling bias in

developmental psychology: A call to action. Journal of Experimental Child Psychology, 162,

4t



RUNNING HEAD: Computational Signatures of Inequity Aversion

31—38. https://doi.org/10.1016/j.jecp.2017.04.017

Rand, D. G. (2016). Cooperation, Fast and Slow: Meta-Analytic Evidence for a Theory of Social
Heuristics and Self-Interested Deliberation. Psychological Science, 27(9), 1192—1206.
https://doi.org/10.1177/0956797616654455

Ratcliff, R., & McKoon, G. (2007). The Diffusion Decision Model: Theory and Data for Two-Choice
Decision Tasks. Neural Computation, 20(4), 873—922. https://doi.org/10.1162/neco0.2008.12-
06-420

Ratcliff, R., Smith, P. L., Brown, S. D., & McKoon, G. (2016). Diffusion decision model: Current
issues and history. Trends in Cognitive Sciences, 20(4), 260—281.

Rochat, P., Dias, M. D. G., Guo Liping, Broesch, T., Passos-Ferreira, C., Winning, A., & Berg, B.
(2009). Fairness in Distributive Justice by 3- and 5-Year-Olds Across Seven Cultures. Journal
of Cross-Cultural Psychology, 40(3), 416—442. https://doi.org/10.1177/0022022109332844

Santos, F. H., Mello, C. B., Bueno, O. F. A., & Dellatolas, G. (2005). Cross-Cultural Differences for
Three Visual Memory Tasks in Brazilian Children. Perceptual and Motor Skills, 101(2), 421~
433. https://doi.org/10.2466/pms.101.2.421-433

Shaw, A., Choshen-Hillel, S., & Caruso, E. M. (2016). The Development of Inequity Aversion:
Understanding When (and Why) People Give Others the Bigger Piece of the Pie.
Psychological Science, 27(10), 1352—1359. https://doi.org/10.1177/0956797616660548

Shaw, A., & Olson, K. (2014). Fairness as partiality aversion: The development of procedural justice.
Journal of Experimental Child Psychology, 119, 40-53.

Shaw, A., & Olson, K. R. (2012). Children discard a resource to avoid inequity. Journal of
Experimental Psychology: General, 141(2), 382.

Simon, H. A. (1990). Invariants of Human Behavior. Annual Review of Psychology, 41(1), 1—2o0.

45



RUNNING HEAD: Computational Signatures of Inequity Aversion

https://doi.org/10.1146/annurev.ps.41.020190.000245

Sloane, S., Baillargeon, R., & Premack, D. (2012). Do infants have a sense of fairness? Psychological
Science, 23(2), 196—204.

Smith, C. E., & Warneken, F. (2016). Children’s reasoning about distributive and retributive justice
across development. Developmental Psychology, 52(4), 613.

Sternberg, S. (1969). Memory-scanning: Mental processes revealed by reaction-time experiments.
American Scientist, 57(4), 421—457.

Sullivan-Toole, H., DePasque, S., Holt-Gosselin, B., & Galvan, A. (2019). Worth working for: The
influence of effort costs on teens’ choices during a novel decision making game.
Developmental Cognitive Neuroscience, 37, 100652.
https://doi.org/10.1016/j.dcn.2019.100652

Talbot, C. F., Freeman, H. D., Williams, L. E., & Brosnan, S. (2011). Squirrel monkeys’ response to
inequitable outcomes indicates a behavioural convergence within the primates. Biology
Letters, 7(5), 680-682. https://doi.org/10.1098/rsbl.2011.0211

Tricomi, E., Rangel, A., Camerer, C. F., & O'Doherty, J. P. (2010). Neural evidence for inequality-
averse social preferences. Nature, 463(7284), 1089-1091.
https://doi.org/10.1038/natureo8785

Tropp, L. R., O'Brien, T. C., & Migacheva, K. (2014). How Peer Norms of Inclusion and Exclusion
Predict Children’s Interest in Cross-Ethnic Friendships. Journal of Social Issues, 70(1), 151—
166. https://doi.org/10.1111/josi.12052

Tversky, A., & Shafir, E. (1992). Choice under conflict: The dynamics of deferred decision.
Psychological Science, 3(6), 358—361.

Wong, A. L., Goldsmith, J., Forrence, A. D., Haith, A. M., & Krakauer, J. W. (2017). Reaction times

46



RUNNING HEAD: Computational Signatures of Inequity Aversion

can reflect habits rather than computations. ELife, 6. https://doi.org/10.7554/eLife.28075
Worle, M., & Paulus, M. (2018). Normative expectations about fairness: The development of a

charity norm in preschoolers. Journal of Experimental Child Psychology, 165, 66—84.

47



