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Abstract

We explored children’s developing understanding of mental
life using a novel approach to track changes in conceptual
structure from the bottom up by analyzing patterns of men-
tal capacity attributions. US children (n=247) evaluated ele-
phants, goats, mice, birds, beetles, teddy bears, dolls, robots,
and computers on a range of mental capacities, allowing us to
assess which attributions “go together” and how these concep-
tual connections might develop over early and middle child-
hood. Replicating previous studies with adults and older chil-
dren, an exploratory factor analysis of older children’s (7-9y)
responses revealed a three-way distinction between physiolog-
ical abilities (e.g., hunger, smell), social-emotional abilities
(e.g., guilt, embarrassment), and perceptual-cognitive abili-
ties (e.g., choice, memory), corresponding to traditional no-
tions of BODY, HEART, and MIND. Hints of this three-
way distinction emerged among younger children (4-6y), but
younger children appeared to perceive markedly stronger con-
nections among physiological and social-emotional abilities,
while clearly distinguishing both from the MIND.
Keywords: mind perception; conceptual change; lay biology;
lay psychology; cognitive development.

Introduction

From early in life, attributions of mental capacities govern
our interactions with other beings and inform our judgments
about their moral status. In order to understand, predict,
and coordinate with others, we make inferences about their
thoughts, feelings, and other aspects of mental life.

Developmental and cognitive psychologists have made
great progress in understanding how people make sense of
other minds by postulating distinct representations of such
categories as “perceptions,” “beliefs,” “desires,” and “emo-
tions.” These categories have been incredibly useful—but do
they correspond to children’s own developing understanding
of the structure of mental life?

After all, mental life is extremely complex. Consider a few
examples of the many dimensions that might organize this
conceptual space: Some mental capacities are closely related
to specific bodily organs (e.g., vision, hunger), and others less
obviously so (e.g., belief); some are positively or negatively
valenced (e.g., pain, happiness), and others more neutral or
variable (e.g., smell, thought); some involve taking in infor-
mation about the environment, while others involve storing,
updating, or using that information to bring about changes in
the external world; some are broadly similar across species,
and others may be unique to humans. How do people of
different ages conceive of the connections and distinctions
among mental states, and how does this conceptual structure
shape their understanding of the various humans, animals,
and technologies in their world?

In recent studies, we have set out to derive this concep-
tual structure empirically, using an approach—exploratory

factor analysis—that reveals the conceptual connections and
distinctions underlying participants’ responses from the bot-
tom up. Inspired by Gray et al.’s (2007) work on the “di-
mensions of mind perception,” we first used this bottom-up
approach to analyze patterns of mental capacity attributions
among US adults. Across several studies, three suites of
mental capacities consistently emerged: (1) A suite of ca-
pacities related to the BODY, including physiological sensa-
tions and self-initiated behaviors; (2) a suite of capacities re-
lated to the HEART, including social-emotional experiences
and moral agency; and (3) a suite of capacities related to
the MIND, including perceptual-cognitive abilities and goal
pursuit (Weisman et al., 2017b). A further study with 7- to
9-year-old US children using an adapted version of this ex-
perimental paradigm suggested that this distinction between
BODY, HEART, and MIND might be in place by middle
childhood (Weisman et al., 2017a).

Here we extend this approach down to preschool-age chil-
dren to explore the earlier development of this conceptual sys-
tem. The preschool years are considered to be a time of rapid
conceptual change in the domain of lay psychology, as evi-
denced by dramatic shifts in children’s abilities to take oth-
ers’ perspectives, represent false beliefs, and integrate repre-
sentations of intentions and outcomes in evaluating moral re-
sponsibility (for reviews, see Flavell, 1999; Wellman, 2015).
The period between 4-10y of age has also been the focus
of a rich tradition of work on lay biology extending back
nearly a century (e.g., Carey, 1985; Medin et al., 2010; Piaget,
1929). All of these accounts make the case that becoming a
sophisticated reasoner—and particularly a sophisticated so-
cial reasoner—requires substantial refinement of one’s repre-
sentations of others’ experiences, beliefs, desires, and needs.
Might these refinements include shifts in children’s intuitions
about the fundamental components of mental life?

In the current paper, we examine snapshots of this concep-
tual structure at two points in development (ages 4-6y and
7-9y) within a well-studied cultural context (the US). We aim
to assess the similarities and differences in younger vs. older
children’s representations of sensations, perceptions, beliefs,
thoughts, desires, emotions, and other aspects of mental life.
This is the first step in developing a more nuanced account of
how this core aspect of folk philosophy of mind might emerge
and change over the course of early and middle childhood.

Study

We based our experimental paradigm on our previous work
with children ages 7-9y (Weisman et al., 2017a), in which
children evaluated a target character on a variety of mental
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capacities using a 3-point response scale (no, kinda, yes). Al-
though a 3-point scale is not optimal for factor analyses, it
enabled children as young as 4y to answer questions comfort-
ably and complete many trials. Including a wide age range
while maintaining a within-subjects design was our top prior-
ity for the planned factor analyses.

As in previous work with adults (Weisman et al., 2017b,
Study 4), we asked each participant to judge the mental ca-
pacities of one target character out of a set of familiar en-
tities. We included both animals and artifacts in this set,
with an eye toward exploring age-related differences in the
relationship between attributions of biological animacy and
mental life (see, e.g., Carey, 1985; Gelman & Opfer, 2002).
For animals, we included both mammals of different sizes
and relationships to humans (elephant, goat, mouse) and non-
mammals (bird, beetle), to represent a range of creatures that
might vary in their perceived mental capacities. For artifacts,
we included both anthropomorphic toys (teddy bear, doll) and
“smart” technologies (robot, computer), which present differ-
ent kinds of challenges in terms of grappling with the rela-
tionship between animacy, pretense, and mental life. Most
critically for our bottom-up approach, we expected these tar-
get characters to be perceived as having very different mental
lives: Robots, for example, are generally thought to have a
different set of mental capacities than, say, goats (Weisman
et al., 2017b). This allowed us to address the following ques-
tion: When different characters are thought to have different
profiles of mental capacities, which capacities “go together”?

Methods

Participants 247 children participated in this study, which
took place in the San Francisco Bay Area. Our planned sam-
ple size was 120 older and 120 younger children, but we
also retained a handful of extra participants who completed
the study on the final day of data collection for each group.
Older children (n=123) ranged in age from 7.09-9.99y (me-
dian: 8.57y), and participated at local museums; the median
study duration for this group was 2.70min. Younger children
(n=124) ranged in age from 4.00-6.99y (median: 5.03y), and
participated either at their preschool (68%) or at a museum
(32%); the median study duration for this group was 3.58min.
An additional 7 children participated but were excluded for
being outside the target age range.

We grouped children into two age groups because our
primary planned analysis—exploratory factor analysis—is a
group-level analysis of the consensual conceptual structure,
and is not designed to model continuous participant-level
variables like exact age. Our goal in this study was to exam-
ine discrete “snapshots” of this conceptual structure at two
points in this continuous developmental trajectory.

Materials and procedure Participants were assigned to
evaluate one of the following characters: elephant, goat,
mouse, bird, beetle, teddy bear, doll, robot, computer (n=10-
16 per character, per age group). Participants were assigned
to condition randomly, with two exceptions: The doll and

teddy bear conditions were run last for older children (but
included in the initial randomization scheme for younger
children); and toward the end of data collection for each
age group children were assigned to conditions that had the
fewest participants. A vivid, high-resolution photo of the tar-
get character in a naturalistic context (e.g., a humanoid robot
in an office) and a label (e.g., a robot) were displayed on a
computer screen for the duration of the study.

Instructions were identical to previous work with children
(Weisman et al., 2017a), focusing on the idea that we wanted
to know what children thought (e.g.) “[robots] can do and can
not do.” Children rated the target character on 20 mental ca-
pacities, presented in a random order for each participant. On
each trial, children responded no, kinda, or yes to the ques-
tion “Do you think a [robot] can. . . ?” The experimenter read
the instructions and the first question out loud. Older chil-
dren were then given the option of reading and responding to
subsequent questions on their own using the experimenter’s
laptop, which some but not all participants opted to do. All
younger children heard all questions read aloud by the exper-
imenter and responded verbally.

The 20 mental capacities were a subset of the 40 items used
in previous work with children (Weisman et al., 2017a), in-
cluding physiological sensations, emotional experiences, per-
ceptual abilities, cognitive skills, capacities related to auton-
omy or agency, and social abilities; see Figure 1. As in previ-
ous work, each mental capacity was associated with a short,
preset definition. Children were encouraged at the beginning
of the study to ask questions if they did not know what a word
meant, in which case they were given these definitions.

Data preparation We scored responses of no as 0, kinda

as 0.5, and yes as 1. We planned to drop trials with re-
sponse times that were faster than a preset criterion of 250ms,
but there were none. We retained participants regardless of
skipped trials (0 trials among older children, 30 trials among
younger children). Overall, none of older children’s trials and
only 1.21% of younger children’s trials were missing data.

Planned analyses Following previous work, we conducted
exploratory factor analyses (EFA) to reveal the latent struc-
ture underlying participants’ mental capacity attributions,
collapsing across characters and using Pearson correlations
to find minimum residual solutions. We first examined max-
imal (14-factor) solutions to determine how many factors to
extract, using the following preset retention criteria (identi-
cal to Weisman et al., 2017a, 2017b): Each factor must have
an eigenvalue >1.0 and individually account for >5% of the
shared variance before rotation; and each must be the “domi-
nant” factor (have the strongest absolute factor loading) for �
1 mental capacity after rotation. We used an oblique rotation
(oblimin) here because it allows us to examine correlations
among factors; note, however, that constraining factors to be
orthogonal (via varimax rotation) yielded very similar latent
structures. We compared this factor retention approach to
two common alternatives: parallel analysis, which compares
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the observed correlation structure to the correlation structure
arising from random datasets of the same size; and minimiz-
ing the Bayesian Information Criterion (BIC), which is one
method of optimizing both goodness of fit and parsimony.

Results and discussion

We first assess the conceptual replication of our previous
work with 7- to 9-year-old children by conducting EFA of
older children’s responses. We then examine this concep-
tual system at an earlier point in development via EFA of
younger children’s responses. Finally, we present a post-hoc
analysis of individual children’s endorsements of three cate-
gories of mental capacities: physiological, social-emotional,
and perceptual-cognitive. This provides a more intuitive pic-
ture of the EFA results and sheds new light on how the
co-occurrence of endorsements across these three categories
might vary with age.

EFA: Older children (7-9y) EFA revealed 3 factors that
met our retention criteria. Alternative approaches to fac-
tor retention—parallel analysis and minimizing BIC—also
yielded 3 factors. See Figure 1 (columns 1-3) for the full
results of this analysis.

After rotation, the first factor corresponded primarily to
physiological sensations and other experiences related to bi-
ological needs and physical survival. It was the dominant
factor for such items as get hungry, smell things, feel scared,

feel pain. The second factor corresponded primarily to social-
emotional experiences. It was the dominant factor for such
items as feel guilty, feel embarrassed, feel proud, get hurt

feelings. The third factor corresponded primarily to percep-
tual and cognitive abilities to detect, store, and make use
of information about the environment. It was the dominant
factor for such items as figure out how to do things, make

choices, remember things, sense temperatures.
This provides a conceptual replication of our previous

work with this age group, suggesting that this conceptual
structure emerges not only when children are asked to rea-
son about controversial “edge cases” (beetles and robots)
and factors are constrained to be orthogonal (Weisman et al.,
2017a), but also when children reason about a wider range
of artifacts and animals and factors are allowed to corre-
late. In both cases, older children’s mental capacity attri-
butions revealed an adult-like distinction between physiolog-
ical, social-emotional, and perceptual-cognitive abilities—
resonating with traditional notions of BODY, HEART, and
MIND, respectively (Weisman et al., 2017b).

Beyond replicating previous findings, the use of an oblique
rotation method also allowed us to examine the correlations
among factor loadings for each factor—one way to probe
the similarities and conceptual connections across these la-
tent constructs. The BODY and HEART factors were some-
what more strongly correlated (f=0.48, bootstrapped 95%
CI: [0.28, 0.67]) than were BODY and MIND (f=0.28 [0.10,
0.47]) or HEART and MIND (f=0.23 [0.09, 0.37]). This hints
at a possible conceptual connection that we were previously

unaware of: Although physiological and social-emotional
abilities seemed to emerge from distinct latent constructs in
older children’s reasoning, there may have been a privileged
relationship between BODY and HEART.

EFA: Younger children (4-6y) Again, 3 factors met our
preset retention criteria (Fig. 1, col. 4-6). After rotation, the
first factor included both physiological sensations (BODY)
and emotions (HEART): It was the dominant factor for such
items as get angry, get hungry, get hurt feelings, smell things.
The second factor primarily included emotions (HEART): It
was the dominant factor for such items as feel happy, feel

love, feel proud, feel scared. The third factor corresponded
to perceptual-cognitive abilities (MIND): It was the dominant
factor for such items as sense temperatures, remember things,

sense whether something is close. . . , feel guilty. Again, the
first and second factors were somewhat more strongly corre-
lated (f=0.45 [0.35, 0.56]) than were first and third (f=0.34
[0.13, 0.55]) or the second and third (f=0.28 [0.07, 0.48]).

Meanwhile, parallel analysis suggested a 2-factor solu-
tion (Fig. 1, col. 7-8). After rotation, the first factor in-
cluded both physiological sensations (BODY) and emotions
(HEART; e.g., get hungry, feel sick. . . , feel happy, feel sad),
while the second factor corresponded to perceptual-cognitive
abilities (MIND; e.g., sense temperatures, remember things,

sense whether something is close. . . , feel guilty). The two
factors were moderately correlated (f=0.52 [0.40, 0.64]).

BIC was minimized by a 1-factor solution (not reported).
Taken together, these results suggest both similarities and

differences relative to the conceptual structure that older chil-
dren (7-9y) appeared to share with adults in previous work.

First, like older children, younger children’s responses
were characterized by strong correlations among a suite of
perceptual and cognitive capacities that we have labeled
MIND. Indeed, younger children’s perceptual-cognitive fac-
tor was highly congruent with older children’s MIND factor,
both in the 3-factor solution (Tucker’s rc=0.81) and in the 2-
factor solution (rc=0.79). This highlights one aspect of the
latent structure underlying younger children’s responses that
resonates with the intuitions of older children and adults.

But in contrast to the clear distinction between physiolog-
ical abilities and social-emotional abilities that characterized
older children’s mental capacity attributions, younger chil-
dren’s responses suggest that they perceived physiological
and social-emotional abilities to be more closely integrated
and the line between them to be more blurred.

One indication of this blurring comes from the 2-factor
solution suggested by parallel analysis, in which a single
BODY-HEART factor emerged and was moderately congru-
ent with both the BODY (rc=0.75) and HEART (rc=0.68)
factors of older children. Among the mental capacities that
loaded strongly (� 0.60) on this factor were both physi-
ological sensations (get hungry, feel sick. . . , smell things)
and social-emotional experiences (feel happy, feel sad, feel

proud, get angry, feel love, get hurt feelings), suggesting
that younger children perceived physiological and social-
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Factor loadings from exploratory factor analyses (EFA)
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Figure 1: Factor loadings from exploratory factor analyses. Items are ordered according to their dominant factor (the factor
with the strongest factor loading) among older children (7-9y). The percent of shared variance explained by each factor (after
factor retention and oblimin rotation) is listed at the bottom of each column.

emotional abilities to “go together” to a considerable degree.

Even in the 3-factor solution suggested by our standard fac-
tor retention protocol, the distinction between physiological
and social-emotional abilities was somewhat blurred. While
the first factor was highly congruent with older children’s
BODY factor (rc=0.86), it was also the dominant factor for
several social-emotional items (get angry, get hurt feelings,

feel sad). And while the second factor was highly congru-
ent with older children’s HEART factor (rc=0.82), there were
several social-emotional items that failed to load strongly on
it (loadings  0.30: get angry, get hurt feelings, feel sad,

feel guilty). Stepping back, it is not clear that “physiologi-
cal vs. social-emotional” is the best way to characterize the
differences between these two factors. In fact, given that the
strongest-loading items for the first factor were negatively va-
lenced (get angry, get hungry, get hurt feelings) while the
strongest-loading items for the second factor were positively
valenced (feel happy, feel love, feel proud), it seems plausible
that the more salient distinction among this age group may
have been positive vs. negative valence, rather than BODY
vs. HEART. This is in line with recent work suggesting that
valence is a particularly important feature of emotion concept
representations for young children (Nook et al., 2017).

Finally, the very fact that different approaches to factor re-
tention yielded different results is further evidence that, al-
though we observed some evidence for a nascent distinction
between BODY and HEART among younger children, this

distinction was not as robust as it appeared to be among older
children or among adults in previous work.
Exploratory analysis: Differentiation at the participant

level How might age-related differences in conceptual
structure manifest in individual children’s mental capacity at-
tributions? We now present an exploratory analysis of the
differentiation of BODY, HEART, and MIND categories by
individual children—a kind of non-parametric, participant-
level analysis meant to parallel the EFAs reported above.

We based this analysis on the intuition that a child who
differentiates clearly between two categories (e.g., BODY
vs. HEART) will evaluate mental capacities related to these
categories somewhat independently. Such a child will some-
times end up endorsing mental capacities in one category
while rejecting mental capacities in the other (e.g., endors-
ing most BODY items but rejecting most HEART items)—
whereas a child who does not differentiate between these cat-
egories might be more likely to endorse or reject across the
board (e.g., endorsing equal numbers of BODY and HEART
items). Of course, depending on the target character they hap-
pen to evaluate, even children with clearly differentiated cat-
egories might end up endorsing equal numbers of capacities
in both. But if the differentiation of two categories becomes
stronger over development, we might expect that, on average,
the difference in the number of endorsements between these
categories would be greater for older than younger children.

With these intuitions in mind, we used older children’s
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Figure 2: Distributions of between-category differences in
how many capacities each child, by age group.

EFA results to choose sets of mental capacities to represent
the categories BODY, HEART, and MIND. For each category,
we included only items that (1) loaded more strongly on that
factor than on others and (2) were among the 6 strongest-
loading items for that factor.1 We tallied the number of “en-
dorsements” (responses of yes or kinda) for the items in each
category; each child could endorse 0-6 capacities for each
category. We then examined differences in the number of en-
dorsements between each pair of categories: HEART minus
BODY, MIND minus BODY, and MIND minus HEART. Dis-
tributions of differences in endorsements across pairs of cat-
egories for each age group are presented in Figure 2, with
comparisons of variances and central tendencies in Table 1.

First we consider the differentiation of HEART vs. BODY.
Echoing the contrast in factor structure revealed by EFA—
in which HEART and BODY were distinct factors among
older children but seemed more integrated among younger
children—older children seem to have been more likely to
differentiate strongly between these categories in their men-
tal capacity endorsements, as illustrated by the greater num-
ber of older children with difference scores � 0 or ⌧ 0 (Fig.
2, top). In line with this, the variance of younger children’s
difference scores was lower than the variance of older chil-

1Two items, feel happy and get angry, were dropped from this
analysis, because they were not in the top 6 items for any factor.

dren’s difference scores (see Table 1).
Next, we consider MIND vs. BODY. Recall that MIND

was identified as a latent construct distinct from BODY and
HEART in EFAs for both age groups. Echoing this, chil-
dren in both age groups differentiated between these cate-
gories, as illustrated by the many participants with difference
scores � 0 or ⌧ 0 (Fig. 2, middle). However, these dis-
tributions of difference scores differed in their central ten-
dency (Table 1): Younger children tended to attribute more
BODY than MIND capacities, while older children tended to
attribute more MIND than BODY capacities.

Finally, we consider HEART vs. MIND. Again, many chil-
dren in both age groups differentiated between these cate-
gories (Fig. 2, bottom). In this case, however, older chil-
dren were especially likely to have extreme difference scores,
as reflected by the difference in variance between age groups
(Table 1). These distributions also differed in their central
tendency: Younger children tended to attribute more HEART
than MIND capacities, while older children tended to at-
tribute more MIND than HEART capacities.

W p t p Kˆ2 p
B-H 8212.50 0.28 0.76 0.45 4.63 0.03
M-B 5805.50 0.00 -3.48 0.00 1.21 0.27
M-H 5449.50 0.00 -4.07 0.00 8.83 0.00

Table 1: Mann-Whitney-Wilcoxon (W ) and Welch’s (t) tests
for comparing central tendencies and Bartlett’s tests (K2) for
comparing variances in difference scores across age groups.

General discussion

We set out to investigate the development of reasoning about
mental life, with the goal of comparing the conceptual struc-
tures that underlie mental capacity attributions in early child-
hood (4-6y) vs. middle childhood (7-9y) in a well-studied cul-
tural context (the US). To this end, we examined patterns in
children’s attributions of a wide range of mental capacities to
various target characters.

Two key findings emerged from this study. Both
younger and older children treated perceptual-cognitive abil-
ities (MIND) as a distinct component of mental life: Abili-
ties to detect, store, and use information about the environ-
ment travelled together in their attributions, and were en-
dorsed somewhat independently from physiological or social-
emotional abilities. But while older children differenti-
ated between physiological and social-emotional abilities as
two additional, distinct components of mental life (BODY
vs. HEART), among younger children this distinction was
less clear and less robust. These two findings—the similarity
in younger vs. older children’s understanding of MIND and
the difference in their understanding of BODY vs. HEART—
emerged both in our planned comparison of the correlation
structures underlying responses at the group level (via EFA)
and in our exploratory analysis of differences in endorse-
ments between categories at the individual level.
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Beyond this, this exploratory analysis surfaced two age-
related differences that were not evident from EFA alone.

First, it revealed different biases in mental capacity attri-
butions across the two age groups: While older children fre-
quently endorsed MIND capacities in the absence of BODY
or HEART capacities, younger children, if anything, showed
the opposite bias, particularly in their endorsement of BODY
capacities in the absence of MIND. This hints at the possi-
bility that children of different ages might perceive different
kinds of relationships among BODY, HEART, and MIND.

In particular, younger children’s tendency to endorse
BODY in the absence of MIND is consistent with the idea
that the physiological abilities characteristic of biological an-
imals are a necessary precondition for perceptual-cognitive
abilities—but older children’s endorsement patterns suggest
that they might consider it possible for an entity to have
social-emotional or perceptual-cognitive abilities in the ab-
sence of biological animacy. This is an issue of particular im-
portance in the modern world, in which children are increas-
ingly encountering “smart,” “social” technologies intended
to convey cognitive prowess and social-emotional presence.
Our results suggest that children of different ages might have
different intuitions about the mental lives of technological be-
ings, with older children (7-9y) being particularly open to the
possibility of non-biological HEARTs and MINDs.

Second, older children appear to have differentiated more
strongly than younger children not only between HEART and
BODY (as revealed by EFA), but also between HEART and
MIND, suggesting that one of the important questions that
children appear to be grappling with during this period in de-
velopment is how to make sense of emotional experience in
relation to the body and the mind.

While the category of “emotions” might seem natural to
many readers, there is much debate among affective scien-
tists and cultural psychologists about whether emotions are
in fact a universal natural kind (e.g., Barrett, 2006; Russell,
1991; Wierzbicka, 1994). From the perspective of the BODY-
HEART-MIND framework, emotional experiences frequently
center on physiological sensations, such as an aching heart, a
pit in the stomach, or flushed cheeks—but emotional life is
also fundamentally cognitive, involving the perception, ap-
praisal, and reframing of experiences in ways that reshape
the experience itself (e.g., Gross, 2015). How does a person
come to distinguish “emotions” from other physiological and
cognitive processes? What kinds of personal experiences, so-
cial pressures, language demands, and cultural forces encour-
age US children to abstract away a third category of mental
life, which seems to draw on both physiological and cognitive
abilities while somehow constituting a third kind of “thing”?
And what other categories of mental life might a person come
to see if they grew up in a different context?

The developmental and cultural origins of ordinary peo-
ple’s understanding of mental life are fascinating questions,
deserving of further research. Two important next steps will
be to move from the “snapshot” approach taken here to con-

sidering development more continuously, and to investigate
how this aspect of folk philosophy of mind unfolds in con-
texts outside of the US, where both the developmental tra-
jectory and the adult endpoint might be subject to different
cultural forces from the ones at play here. The current study
lays the foundation for such investigations.
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