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Abstract: Direct assessments of executive functions (EFs) are increasingly used in research and clinical settings,
with a central assumption that they assess “universal” underlying skills. Their use is spreading globally, raising
questions about the cultural appropriateness of assessments devised in Western, industrialized countries. We
reviewed multidisciplinary evidence and theory to identify sets of cultural preferences that may be at odds
with the implicit assumptions of EF assessments. These preferences relate to motivation and compliance;
cultural expectations for interpersonal engagement; contextualized vs. academic thinking; cultural notions of
speed and time; the willingness to be silly, be incorrect, or do the opposite; and subject-matter familiarity. In
each case, we discuss how the cultural preference may be incompatible with the assumptions of assessments,
and how future research and practice can address the issue. Many of the cultural preferences discussed differ
between interdependent and independent cultures and between schooled and unschooled populations.
Adapting testing protocols to these cultural preferences in different contexts will be important for expanding
our scientific understanding of EF from the narrow slice of the human population that has participated in the
research to date.

Keywords: executive functions; assessment; culture; schooling; naturalistic settings; real-life measurements.

1. Introduction

Executive functions (EFs) are a set of higher-order cognitive skills that support self-regulation
and goal-directed behavior [1]. They help children sustain attention by resisting distractions
(inhibitory control-interference suppression), suppressing an immediate response to do what is more
appropriate or needed (inhibitory control-response inhibition), holding and manipulating
information in mind (working memory), and flexibly shifting among competing rules or demands
(cognitive flexibility) [2]. EF skills have been linked to everyday behaviors that help children focus,
plan, problem solve, and pursue goals. Ultimately, they are critical for the acquisition of knowledge
and the formation of positive relationships [1], lay the foundation for later school success [3], and
underpin resilience in high-risk settings [4,5]. EF assessments are helpful for appraising domain-
general learning skills that underpin knowledge acquisition, rather than assessing the knowledge
already acquired using domain-specific academic tests. Numerous interventions have been designed
to improve EF and academic achievement [6].

This article focuses on direct assessment of EF skills—that is, measures of performance skills
administered directly to children by an assessor. Compared with other methods of assessment, such
as reports or observations, direct assessments have the potential to be quicker to complete, to be seen
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as more objective due to their standardized administration protocols, and —through careful design—
can more precisely assess specific EF skills.

In order for the results of direct EF assessments to be useful for understanding knowledge
acquisition in everyday life, the tests should have ecological validity, defined as the functional and
predictive relation between performance on a set of EF tests and behavior in a variety of everyday
world settings [7]. The measures should capture how children deploy EF skills in everyday contexts
in which they must face distractions, manage emotions, and receive support from others [8]. It is more
challenging to ensure ecological validity of direct assessments, compared with adult reports or
observations, which are typically based on children’s everyday observable behaviors. Direct
assessments, by contrast, involve gamified tasks that typically do not resemble children’s daily
activities.

The potential threats to the ecological validity of EF tasks have perhaps been overlooked.
Although the interplay between universal, domain-general cognitive processes and cultural
variations in cognition has been widely recognized [9], the assessment of EF remained, until recently,
influenced by its historical origins in neuropsychology [10]. That is, assessments of EF largely assume
that these are universal, domain-general, individual brain functions and, therefore, that they do not
vary across cultures. In this paper, we explore cultural preferences that may interact in important
ways with direct EF assessments and that call into question the underlying assumptions of those
assessment tasks.

One contextual influence on the ecological validity of EF assessments relates to the degree of
shared cultural assumptions between those designing and administering the assessments and the
children who participate in the assessments [11]. In other words, assessments of EF embody a set of
assumptions held by those who created the tasks. These implicit assumptions can remain unspoken
if they are also shared by the people involved in their use. If, however, the assessments are adapted
beyond the contexts in which they were devised - for the most part, the rich, industrialized, educated
countries of North America, Europe, and Australasia — there is a need to make the assumptions
explicit in order to understand whether they are shared by participants in these new contexts.

The degree of this threat to ecological validity may depend on the everyday behavior the EF
assessment is intended to predict. For example, a measure of EF skills that relies on children’s
performance on standardized assessments will have a greater ecological validity when used to
predict children’s performance on standardized academic tests than on children’s ability to complete
everyday chores and activities. When ecological validity is potentially problematic, adaptations to
assessment protocols should be considered.

The need for a basic level of adaptation of cognitive assessments is widely recognized [12]. Many
developmental researchers are familiar with the need to pilot tasks to check for floor and ceiling
effects, and are skilled at adapting tasks to make them easier or harder for children in a given sample.
Good psychometric test adaptation involves minimizing extraneous factors that may impede
children’s responses. For example, if children do not understand the language being used to describe
the rules of the task, then they will not be able to engage with the task. It is commonplace to adjust
the wording of questions and instructions to ensure they are understood. Similarly, a basic step in
task adaptation is to ensure that children are familiar with the stimuli being used. Many EF tasks (see
Table 1) use animals and other familiar objects as stimuli—for example, the butterflies and frogs. It is
standard practice to determine whether children are familiar with these animals before beginning the
task. Overall understanding of language and stimuli in a task can be probed during piloting and with
control questions at the start of a task that establish the child’s understanding. While these
adaptations are essential, we argue that relevant cultural adaptations are likely to be needed beyond
translating, adapting wording, and ensuring that culturally relevant examples are used [13,14].

There is a history of research that has highlighted the fundamental challenges—beyond the
superficial issues of translation—in cross-cultural adaptation of cognitive assessment. Greenfield et
al. [11] discussed three categories of challenges. First, the examiner and examinee may attribute
different meanings to instructions and stimuli, even when the translation is good. Different values
may result in contrasting opinions about what constitutes a correct answer. Second, some cultures
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view knowledge as being acquired by individuals, whereas others see knowing as a collective
endeavor. Third, there may be different conventions of communication. For example, it may be more
or less common for someone to ask a question to which they already know the answer or for a
stranger to ask someone a direct question.

Ardila [15] examined in detail the values inherent in psychometric cognitive assessment. These
values include the assumption that individuals are familiar with interacting one-on-one with a
stranger; that the child recognizes the authority of the examiner; that the child is motivated to give
the best possible performance; that the child accepts the isolated and artificial nature of the testing
procedure; that the communication between examiner and examinee will be formal; that there is a
shared understanding of the need to complete tasks at speed within a specific time period; and that
specific testing elements—such as two-dimensional representations—are familiar to the examinee.
Many of these assumptions of cognitive testing are shared by EF assessments.

The extent to which these assumptions are problematic for the validity of EF assessments is
poorly understood because of the profound lack of evidence in developmental science outside of rich,
industrialized countries [13,16,17]. There is good reason to question the assumption that the findings
of research in WEIRD (Western, Educated, Industrialized, Rich, and Democratic) countries apply
universally. Henrich et al. [18] review evidence that individuals in WEIRD countries are outliers on
the spectrum of performance in several social, emotional, and cognitive domains of psychology.
Evidence cited in this review highlights contrasts in performance between industrialized and small-
scale societies and between Western and non-Western nations. Lancy [19] drew on anthropological
evidence from 90 countries to argue that Western middle-class childhoods across the world have
many similarities, including separation from the adult world, plus a focus on the individual and their
cognitive competencies. This type of childhood contrasts with two other types—that of small-scale
subsistence agricultural communities, where social responsibility to the social group is emphasized
and children are integrated into the productive life of the community from a young age; and the
childhoods of hunter-gatherer communities, which involve a high degree of freedom and autonomy.

The cultural contrasts described by Henrich et al. [18] and Lancy [19] guide our analysis of the
ecological validity of EF assessments. We also recognize that cultural differences between societies
have several additional layers of complexity. Preferences and assumptions differ within cultures, not
just between them. Cultures evolve. In most contexts, values associated with urban, educated
populations increasingly mix with those of subsistence agricultural communities as urbanization
rapidly increases in many countries. It is likely that assumptions inherent in assessment procedures
are shared by some participants in a community but not others.

Similarly, assumptions in EF assessments may be more or less shared with participants at
different developmental stages. Some assumptions may be valid only with older children who have
more experience outside one’s home or exposure to formal educational programs (e.g., pre-primary
or primary school). There may also be an interaction between cultural and developmental stages—
with assumptions becoming valid at different stages of development across cultures. In the following
section, we aim to outline key assumptions of EF assessments that may not be shared by participants
across cultures. Given the lack of research on the ecological validity of EF assessments across cultures,
we draw on a range of evidence from developmental science, cultural psychology, and anthropology
to identify what the potentially problematic assumptions of EF assessment paradigms are, and how
they may be addressed.

2. Cultural Preferences

2.1. Motivation and Compliance

Accurate measurement of EF, regardless of the paradigm or parameters, depends on
participants” willingness to adhere to and engage fully with task requirements. Thus, children’s
performance on an EF task captures both their skill or competence/capacity in completing the task
trials as well as their will or motivation to comply with the task’s demands. At lower levels of
compliance, children’s performance on an EF task is less an estimate of what they can do (ie.,


https://doi.org/10.20944/preprints202401.2093.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2024 doi:10.20944/preprints202401.2093.v1

endogenous EF capacity) than a reflection of what they did do (e.g., score 0 on an EF task). A typical
assumption of EF assessments is that the child is sufficiently motivated to invest effort in successful
task performance, unless there is some overt indication otherwise (e.g., a child disengages). Yet
research shows that, in some situations, children’s unwillingness to comply with EF task
requirements and priorities can generate invalid estimates or no estimate at all (e.g., if the child
entirely declines to respond) —sometimes in ways that can easily go undetected.

Willingness or motivation to engage with an EF task is influenced by intrinsic factors, such as
whether the participant finds a task enjoyable or feels personal satisfaction in performance; as well
as extrinsic factors, such as social praise, approval, or rewards. Research shows that intrinsic and
extrinsic motivation are not mutually exclusive constructs and that children are motivated both by
their interest and by incentives [20]. EF assessments are often designed to leverage both types of
motivation to increase children’s engagement and compliance with task instructions. Assessments
may look and feel like fun games. They may be administered with social praise and encouragement
during the learning and practice phases and with small gifts, like stickers, upon task completion. In
general, these task incentives are assumed to be effective in motivating children to comply with
assessment requests—at least in WEIRD contexts—although their impact on performance has not
been systematically studied.

There is evidence that this assumption - that the design characteristics of EF task are sufficient
to ensure a child’s compliance with its requirements - may be problematic beyond (and also within)
WEIRD contexts. Research using delay-of-gratification tasks, in which children are asked to wait for
some enticing outcome or reward (sometimes involving a choice against a smaller but immediate
reward), has revealed that children’s perception of the assessor’s trustworthiness can affect how long
they wait. Participants who are promised a second, delayed treat by a trustworthy adult wait
significantly longer than those tested by an unreliable adult [21-23]. Looking cross-culturally,
children’s EF task performance has been shown to vary with their perception of group membership
and group norms. Participants do better if they are told they belong to a group that performs well on
the task [24,25].

Continuing with the example of delay-of-gratification tasks—which can be seen as a test of
children’s compliance with adult instructions—cultural preferences may influence performance on
this task several ways. Lamm et al. [26] found that children of Nso farmers in Cameroon were better
able than German children to wait for a second treat in a delayed-gratification task. They also
exhibited few of the signs of an internal battle of wills—for example, sitting on their hands or looking
away from the treat—that were seen among their German counterparts. The authors argued that the
Nso children were comfortable being compliant with an adult’s directives as a result of their sense of
belongingness and perceived responsibility to the group. The implication is that Nso children are
compliant with adults across domains. By contrast, Munakata et al. [25] highlighted the role of
domain-specific experience and its effect on compliance. They found that children in the United States
were able to effectively delay the gratification of opening a gift, because they were practiced in doing
s0. Japanese children performed less well at this specific gift-delay situation, but were comparatively
better able to delay the gratification of eating food because waiting for a whole group —such as a class
of children—to be ready before eating begins is a common practice in Japan. Thus, the tasks need to
be adapted to take into account cultural expectations for behavioral self-regulation (e.g., waiting).
While children’s performance on delay of gratification tasks have been used as a measure of
inhibitory control, only tasks that are designed to elicit effortful delay of culturally relevant impulse
should be considered valid measures of EF. Further, researchers should interrogate how issues
discussed above may affect children’s performance on other EF paradigms.

There are other examples of how engagement with EF tasks is affected by cultural norms around
appropriate behavior. For example, in rural Pakistan, preschool children refused to obey task
instructions issued by a puppet, because they found this form of presenting the requests unfamiliar.
Instead, the children remained motionless, which yielded invalid performance scores (see Appendix
in Obradovi¢ et al. [27]). Yet young children growing up in Western contexts are often socialized by
their families and by media programs to see talking puppets as approachable and fun, and so puppets
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have been used in the design of some EF tasks to increase motivation, comprehension, and
compliance. Further, in cultures that value learning by observing and pitching in [28], such as the
Yucatec Mayan culture, children may not feel it is appropriate to attempt activities that are beyond
their ability or that they have not first observed adults do [29,30]. In contrast, U.S. children are often
socialized to see the value in attempting activities beyond their skill level, with adults” scaffolding
and encouragement [29].

Further, in cultures where children are expected to comply with adult requests as a sign of
respect for authority, higher levels of compliance with an assessor's requests may not translate into
accurate assessment of endogenous EF capacity. For example, children may comply by making a
forced selection (e.g., pressing a button on a tablet task) even when they do not understand the task
rules and do not feel comfortable asking clarifying questions. This disconnect highlights the need to
interrogate the validity of data, especially if the response pattern seems perseverative and does not
vary in response to the task’s demands and instructions.

On the other hand, compliance tendencies can be harnessed in ways that promote EF skills.
Among young children from Central Europe and Melanesia, Rybanska et al. [31] found that ritualized
versions of school activities that promoted EFs using firm rules and established expectations (e.g., “It
has always been done this way”) were more effective than instrumental versions of the same activities
that included explanations (e.g., “If we do it this way, we will learn”). Further, experimental
manipulation of the value of the assessed skills or the need to serve as an exemplar has been linked
with higher performance in children from the United States [32-35].

Cultural expectations and values can thus be leveraged to optimize performance as long as they
do not invalidate the key assumptions of EF paradigms. Specifically, measuring behaviors that have
been socialized as dominant or prepotent responses in a given culture (e.g., sitting quietly, waiting
patiently for food) is not a good way to assess EF skills, which, by definition, require cognitive effort.
Instead, it may be more prudent to select EF tasks in which prepotency is built into the task (such as
go/no-go paradigms, in the case of inhibition tasks) rather than assumed to be present in the local
culture. It can also be beneficial to select for or adapt EF tasks and elements (e.g., stimuli) that ensure
they are contextually acceptable and appealing (i.e., children want to engage in the task).

To further support these EF task selection and adaptation decisions, future studies need to
examine how a child’s subjective perceptions of EF task demands, the effort required, the assessor’s
demeanor, the assessment context, and the participant’s current mental or physical state (e.g., stress,
hunger) affect their engagement and compliance with task procedures. For instance, it is important
to understand how acute stressors and challenges, such as hunger, illness, tiredness, and stress may
further undermine children’s will and ability to apply their skills, especially because these health
issues tend to co-occur with other inequities that undermine performance on standardized
assessments [36-38] —factors that can vary systematically across contexts. In parallel, it is important
to understand how factors that promote engagement in one culture (e.g., being awarded “points” for
performance, which otherwise have no inherent value) may have little effect or may even undermine
task engagement in another culture. Equipped with these insights, researchers can focus on designing
or adapting EF tasks to use children’s cultural experiences and values to increase motivation and
compliance in a way that maximizes the reliability, validity, and comparability of the assessed EF
capacity.

2.2. Cultural Expectations for Interpersonal Engagement

Children’s development occurs within particular groups and bounded communities, the
expectations of which vary across cultures and contexts. Many widely used EF assessments entail an
adult assessor interacting one-on-one with a child, administering a battery of tasks or games directly
or through a tablet. Such arrangements make important assumptions about children’s expectations
regarding social situations, including that children are comfortable and can perform optimally when
interacting with an adult stranger who is asking them to complete a series of novel, often abstract
tasks. Yet for some children, these sorts of social situations may be very unfamiliar, leaving them


https://doi.org/10.20944/preprints202401.2093.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2024 doi:10.20944/preprints202401.2093.v1

feeling uncomfortable and fostering unnatural conditions that lead to poor or otherwise
nonrepresentative performance.

For example, children in urban middle-class families across multiple countries have been
documented to participate in other adult-managed, child-centered activities (e.g., Rogoff et al. [39],
Coppins and Rogoff [40]), making such interactions familiar and comfortable. In contrast, children in
Indigenous rural communities such as the Yucatec Maya were found to rarely spend time alone or
one-on-one with adults, and instead tended to participate in more collaborative, family- and group-
centered activities [30]. Similarly, research with Latino families in the United States has highlighted
the strengths associated with viewing children’s learning and motivation as situated within
communities that exercise cognitive demands and social expectations, advancing particular forms of
cognitive growth that are embedded within social participation and the motivated desire to become
a competent member of a broader social group [41]. Indeed, groups provide opportunities for transfer
of learning to individuals through cognitive and social processes that arise during interaction, and
individual members share and combine knowledge through feedback, help, experimentation, and
simultaneous work [42].

Even when children are familiar with the situation of working one-on-one with an adult to
complete a task, their expectations regarding the content and structure of these dyadic interactions
may vary across settings. For example, research has shown culture-based variability in children’s
reactions to strangers, with children from Germany showing more initiative during interactions with
unfamiliar adults than children from Cameroon [43]. Similarly, research using book-reading tasks
has shown that in cultures where parents use more restrictive and discipline-oriented interaction
styles, conversations between parents and children tended to focus on more concrete subject matter
directly related to the book being read, whereas in contexts where parents use more responsive styles,
conversations reflected more abstract content related to the child’s experiences [44].

Existing direct- and tablet-based assessments administered one-on-one by adults are assumed
to be “neutral” ways of measuring children’s underlying abilities, because they are expected to
eliminate distractions or other confounding influences that can arise under less structured situations.
However, this assumption of “neutrality” is called into question if dyadic assessments are premised
on unnatural and unfamiliar social dynamics that are vastly different from the social experiences
children face in their daily lives. An adult (stranger)—child dyad, where adults direct the task for
children to complete, makes assumptions about children’s comfort and experience with engaging in
such a dynamic.

Such a setup is likely to favor White, Western, middle-class children who are used to engaging
in adult-assigned tasks on their own, in a more contractual arrangement (e.g., completing a chore to
receive an allowance) [40]. In rural communities, as well as in families with a collective cultural
heritage who live in urban areas, children seldom spend time by themselves or in dyads and are
almost always in the company of adults and other children [29,40]. As such, asking a child to complete
an EF task in the presence of a single adult will likely work well for some groups of children and not
others. An example was described by Alcala and Cervera [45], who tried conducting semistructured
interviews with children in a small rural community in Yucatan. One-on-one interviews yielded very
little from the children, because they were uncomfortable sitting alone with an adult across a table,
looking an adult in the eye, and answering their questions. Two solutions yielded richer data from
children. The first was having small-group interviews, with children helping each other elaborate on
their responses. The second solution emerged after the researchers had spent over a year in the
community. After the children became more accustomed to the researchers, one-on-one interviews
became more feasible, but nevertheless required sitting side-by-side and avoiding direct eye contact
[45].

Future research could assess children’s skills on an EF task both one-on-one and in a group
setting where other children either do or do not provide input. Using these parallel approaches would
yield complementary insights into children’s EF skills under different social and cognitive demands.
In particular, tasks administered in group settings could generate information about children’s EF
skills that is more ecologically valid and reflective of the sorts of skills needed for success in daily life
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within one’s community. Research from the US supports this hypothesis. Indeed, one study
comparing the same children’s performance on the same assessment administered one-on-one versus
in the presence of peers found that only the group-administered assessment predicted improvements
in children’s academic performance [46]. This study suggested that group-based EF tasks may
capture unique information about children’s regulatory capacities in the everyday environments
where broader learning and development are fostered.

Beyond improving ecological validity, group-based EF assessments could also yield novel
insights regarding the extent to which regulatory processes may operate at a collective, rather than
exclusively individual, level. Developmental psychologists have long hypothesized that children
develop self-regulatory capacity over time through “other regulation,” or scaffolded support from
primary caregivers [47]. Emerging theories have also hypothesized the relevance of “collective
regulation” in more collectivistic cultures [14]. Nevertheless, empirical research examining social
dimensions of regulation and EF remains extremely limited. Future research focusing on novel EF
paradigms intended to capture group-level or otherwise collaborative approaches to regulation could
help to fill this knowledge gap.

2.3. Contextualized vs Academic Thinking

Many EF assessments assume that performance on decontextualized tasks is similar to
performance on everyday tasks. For example, digit-span tasks assume that being able to remember
an abstract sequence of digits is a good proxy for verbal working memory in everyday life. A
decontextualized task may differ from an everyday task along at least two dimensions, however. It
may use abstract representations instead of real objects and it may lack structure and meaning that
would be inherent to the task in everyday life. For instance, it is unclear the extent to which
recounting a random string of digits recited by a tester corresponds to everyday uses of working
memory such as recalling the multistep instructions a parent gives to a child. In such cases, children
may be identified as having a poor working memory, when in fact they have a good working memory
for everyday things with which they are familiar.

Research in cultural psychology suggests that cognition is adapted to context. Children become
skilled at manipulating abstract concepts and tackling decontextualized tasks if they have experience
of doing so, rather than because they draw on a fundamental domain-general ability. Evidence
suggests that this experience is largely acquired through schooling. Indeed, Ardila [11] suggested
that the degree of formal schooling may be the largest factor determining whether a culture shares
the assumptions and conventions of most ability-assessment paradigms.

Several lines of evidence suggest that schooled populations are more familiar with some types
of decontextualized cognition. Unschooled individuals fare less well when trying to recall
unconnected information because they are less likely than schooled individuals to spontaneously
employ strategies to aid recall, such as rehearsing, elaborating, or categorizing items [48-50]. In
Indigenous hunter-gatherer communities, those with experience of schooling employed working-
memory strategies associated with rote learning —such as primacy, recency, and serial clustering —
whereas individuals with no schooling organized recall in semantically meaningful categories [51].
Similarly, several studies have suggested that unschooled populations show good recall of items
when they are organized by meaningful schema. For example, compared to children from the US,
Guatemalan Mayan children performed slightly better in reconstructing the position of 20 objects
placed around a model village [52] but performed less well in recalling a list of isolated items [53].
The interpretation was that children with formal schooling have more practice than unschooled
children in imposing meaningful schema on lists of isolated items. When a meaningful schema is
provided —such as the locations in a model village —unschooled children show strong recall.

When presented with syllogisms, unschooled populations prefer to reason based on experience
rather than restricting themselves to the information provided in the task [54]. Lave [55] found that
Liberian tailors” experience with formal schooling was related to their ability to solve abstract
mathematical problems of the kinds posed in school, and tailoring experience was related to the
ability to solve practical mathematical problems of the kind found in tailoring.
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Children may also have different levels of familiarity with abstract representation of objects.
Children in Zambia performed better on a nonverbal reasoning task when patterns were presented
using three-dimensional objects rather than two-dimensional pictures [56]. Performance on the two-
dimensional task was significantly associated with children’s, and the children’s parents’, experience
of formal schooling. Similarly, children in Scotland outperformed Zambian children in a task
requiring drawing an object but Zambian children outperformed Scottish children when required to
reproduce an object using wire [57].

The Zambia/Scotland study [57] illustrates the general principle that performance on
assessments is enhanced when children are familiar with the objects, concepts, and strategies
involved. Formal schooling provides a specific example of this principle. That is, schooling involves
a set of relatively similar experiences for children globally —including exposure to two-dimensional
representations and the manipulation of information divorced from its context.

When researchers review the design of EF tasks to consider how to address the challenges of
assessing children with little experience of schooling, they should consider the goal of the assessment.
If the assessment aims to measure the deployment of EF in ways conducive to academic readiness
and performance, it is appropriate to include abstract, school-like tasks. In fact, the abstract nature of
the task may be integral to the competency being assessed. Making a test more contextualized may
reduce difficulty levels as well as the test’s ability to predict school performance.

If, however, the aim is to measure the application of EF to everyday functioning more generally,
including in common situations that occur in daily life, the use of abstract school-like tasks may be
less valid. In such cases, validity could be improved by the use of real-world scenarios and/or stimuli
in EF tasks with which children are familiar. Such an adaptations could involve relatively modest
changes to test procedures. For example, an adaptation of the Corsi Block test—a spatial working-
memory test that involves remembering the order in which blocks are tapped by an assessor —could
use objects from the child’s environment rather than blocks. Verbal working memory could be
assessed through an everyday task such as remembering a shopping list.

The above examples involve introducing real-life stimuli into an EF task, while retaining the
format of an adult assessing a child in a testing procedure conducted in a separate dedicated space
removed from everyday life. Other assessments aim to replicate real-world scenarios with naturalistic
tasks [58]. One example is the Multiple Errands Test [59], which was designed to assess the impact of
EF deficits on everyday function. In the test, participants are given a list of several actual errands to
complete, requiring them to plan, sequence, prioritize, and adapt to unexpected situations. Their
performance is assessed using an observation protocol. Examples of similar assessments developed
for children include the Children’s Cooking Task [60], in which children are assessed for the number
of errors they make in a cooking task involving setting and maintaining goals and multitasking; and
the Do-Eat Assessment Tool [61], designed to measure a broader range of cognitive and motor skills
by observing children conducting a sequence of activities, including preparing food.

Future research could compare individuals and populations with different histories of formal
school, presenting them with contextualized (concrete) and decontextualized (abstract) working-
memory tasks to assess whether they have different loadings on a latent working-memory factor.
More generally, assessments could be adapted to unschooled populations so that decontextualized
tasks with abstract stimuli are replaced with meaningful everyday tasks. In such adaptations, it is
important to bear in mind that EF tasks are designed to assess effortful processes that may rely on
the novelty of a task. Thus, making a task more familiar may reduce a task’s cognitive load (e.g., a list
of familiar objects can be “chunked” into a shorter list of categories) or its potential to capture effortful
processes [62,63]. Research could aim to assess the degree of effort—for example, through self-
report—when respondents are carrying out contextualized, everyday EF tasks versus tasks in more
artificial testing scenarios.

2.4. Cultural Notions of Speed and Time

Implied in many cognitive assessments is that the speed with which a task trial is completed
(assuming that it is also done with accuracy) indicates higher cognitive ability. Recent work illustrates
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how the speed-accuracy trade-off varies across developmental stages and types of cognitive tasks and
that speed has inconsistent relation to accuracy even in Western samples[64]. Debates around this
association have tried to explore the extent to which speed of cognitive processing is a unitary
construct and is universal [65,66]. Although response-time measures (as an indicator of intelligence)
may have typically been seen as free of cultural bias, recent research has recognized that different
cultural notions of mental speed can influence performance on these tasks, and that context needs to
be carefully considered [67]. There has been increasing acknowledgment of the complexity of the
relationship between speed and intelligence (to which EF is an important contributor), and that there
are cross-cultural differences [68,69] and similarities [66] in this relationship.

Cultural notions of time will likely have an influence on how speed (response time) is
understood in relation to cognitive assessments. These cultural notions include time orientation
(future, present, or past orientation) [70,71] and pace of life. Economically productive and
individualistic countries often expect and have a normative faster pace compared to economically
undeveloped and collectivist countries [72].

Approaches to time across different cultural contexts are also relevant, and “clock” and “event”
time have been identified as two contrasting approaches—i.e., measuring time by clocks, versus
measuring time by social events. Other differing approaches are monochronic time and polychronic
time. A monochronic approach is associated with a preference for doing one thing at a time, and is
characterized as more adaptable. Here, time is linked to social interactions, an approach that is
common in event-related cultures. A polychronic approach involves a preference for doing several
things at once, with time seen as more fixed and linear. This approach is more common in cultures
that measure time by clocks [70].

Different approaches to time could be related to cultural notions of mental speed, as suggested
by research on associations between response time and intelligence in industrialized versus non-
industrialized countries. In “by-the-clock” (industrialized) cultures with a more linear approach to
time, “mental speed may be a valued characteristic that is highly internalized,” whereas in event-
related (non-industrialized) cultures, mental speed may not be strongly linked to intelligence, and
may be a less valued characteristic [67]. However, cultures may demonstrate within-community
differences, as shown in a Ugandan study that found that community members associated
intelligence with being slow, careful, and active; but teachers in the same community associated
intelligence with speed [73].

In relation to EF assessments, designers often assume that children who can do timed tasks faster
and under pressure have better EF and those who are slower have poorer EF, given similar levels of
accuracy in performance. This assumption may be embedded in some untimed EF tasks as well —for
example, decay of trace in some working-memory tasks—such that by design and scoring, those who
are slower will perform worse (and thus have poorer EF). Furthermore, there may be an assumption
that the notion of time (and hence speed) is perceived similarly across cultures, resting on the
assumption that the speed of doing things is valued similarly across cultures. However, based on the
cultural considerations discussed above, this assumption should be challenged. Furthermore, these
considerations raise the question of whether in certain cultural contexts, it is better to do things
quickly or to do things correctly, even if correctness takes longer.

On timed tasks, among children from event-related cultures and/or with cultures that opt for a
monochronic approach to time, speed may be valued less highly, and other cultural priorities may
take preference, such as accuracy or social interactions. On these tasks, children might perform more
poorly because they are more inclined to take longer and be sure they have what is perceived as the
correct response, depending on their cultural context. In certain cultural contexts, the consequences
of getting something wrong may be unpleasant and serious (e.g., harsh punishment of children,
disrespect from community members, stigmatization), which could influence children to prioritize
accuracy over speed in an assessment situation, and could influence their motivation and compliance
when they are completing tasks, as discussed in Section 2.1. Therefore, in a trade-off between speed
and accuracy, speed may tend to be deprioritized.
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The evidence presented in this section does not suggest that response time in EF assessments
should always be disregarded; there may be instances and contexts where timed tasks are
appropriate. However, it would be important in cross-cultural contexts not to rely on response time
as a sole indicator of cognitive ability, or to overestimate its relationship to intelligence. EF
assessments should therefore carefully consider this assumption before relying heavily on faster
response times as indicators of better skills. In support of this point, a study on adult EF across diverse
global contexts found that reaction time plus accuracy provided a more reliable measure of EF,
compared to reaction time alone [69]. Future research could investigate the validity of reaction time
and accuracy measures in populations with different notions of time (e.g., urban vs. rural
communities in one country). Similarly, research could explore whether untimed tasks (such as some
versions of the Stroop task) have more universal ecological validity then timed tasks designed to
measure the same construct (such as the go/no-go task, also designed to measure inhibitory control —
see Table 1). Researchers could also conduct qualitative research to explore these contrasting notions
of time through ethnographic observations as well as in-depth interviews in order to better
understand how time (and hence speed) may fare against other more salient priorities (e.g., doing a
task well) in these different cultural settings.

2.5. Willingness to Be Silly, Be Incorrect, or Do the Opposite

Direct assessments of children’s EFs often require children to do or say something that is “silly”
or incorrect in order to deviate from what is expected and draw on greater cognitive load. In order to
measure inhibitory control, children are expected to do something that is the opposite of what they
would typically do, to demonstrate their ability to suppress their dominant response. For example,
in Stroop tasks, children need to be willing to say something that is incorrect (e.g., saying “day” when
shown a picture illustrating night) or atypical (e.g., saying the ink color instead of what the printed
word says). In Head-Toes-Knees-Shoulders, children need to be willing to do something that is
incorrect (e.g., touch knees when told to touch their head).

Tasks also require children to be willing to deviate from what the assessor does and not imitate
an action. For example, children need to do something in the reverse order of what is shown to them
for backwards Corsi block/dot matrix and digit-span tasks that measure working memory. For peg-
tapping tasks that measure inhibitory control, children need to do something different from what the
assessor did (e.g., tap once when the assessor tapped twice).

In some cultures, children may not be willing to say something that is incorrect or the opposite
of what it should be. Children with cultural unfamiliarity with doing something that is silly/incorrect
or doing something that is the opposite of the assessor may score lower on EF tasks with this
assumption, which would not reflect their EF skill. It is a cultural assumption of the task that does
not align with their cultural norms.

An unwillingness to be silly/incorrect or do the opposite may be found in cultures with norms
of following what is expected and imitating what is observed. As referenced in earlier sections on
compliance and obedience, children may be expected to follow the norms of the collective society and
not perform actions that deviate from what is expected. Typical child—adult interactions may also
involve children imitating adults to learn from them [28]; hence, doing something the opposite of an
adult may be an unfamiliar concept for them.

Although children universally engage in pretend play, which involves deviating from reality
and what is expected, there are differences in the content of the play and who children engage with
in pretend play [74-76]. Children across cultures base pretend play on their experiences, which vary
across cultures [77]. Across six cultures based in subsistence communities, children’s pretend play
was more focused on “work—play” activities where children imitated skills and activities in a fun way
[78]. Therefore, children may be less familiar with EF task demands of pretend activities that go
beyond imitating skills and require children to deviate from reality.

Further, outside of Western contexts, children are more likely to engage in play with peer groups
than with adults. Parents and caregivers in many communities may be more involved in economic
activities and not have time to engage in play with children [76]. Children not familiar with engaging
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in pretend play with adults may be less willing to engage in adult-directed tasks that require them to
do something silly or playful.

There may also be a cultural norm of avoiding incorrect statements because that is associated
with lying. Among the Yucatec Maya, children did not perform well on Stroop tasks because the tasks
went against their cultural norms of avoiding untrue statements (e.g., calling the sun “night” [29,77]).
Children who are more familiar with abstract concepts and school-based thinking may naturally
perform better on these tasks because they are familiar with following instructions for the purposes
of completing an arbitrary objective.

Based on initial piloting and cognitive interviews, if children are okay with doing something
that requires them to be silly/incorrect or do something the opposite, then those tasks can be
administered. If children are unwilling to follow those task assumptions, then other EF tasks can be
used instead that do not require those actions. Examples include go/no-go for inhibitory control,
Hearts and Flowers for inhibitory control/cognitive flexibility, and a Self-Ordered Pointing Task for
working memory (see Table 1).

Future researchers can experiment with introducing children to tasks by asking them to imagine
that they are in a different world and then setting up a pretend play scenario where they may be more
willing to accept the assumptions of Stroop tasks and other assessments that require children to be
silly or do something that deviates from reality. Additionally, these tasks can be administered in a
group of children to create a play environment that may represent more typical peer-based play
interactions that children are more familiar with. Creating a pretend play environment when
administering tasks where children need to be silly/incorrect/opposite of what is expected may
engage them in the task despite any deviations from cultural norms.

2.6. Subject-Matter Familiarity

One basic assumption of EF assessments is that the content or subject matter should not make a
difference. This assumption was not borne out in experiments aimed at testing the “thematic
materials effect.” These experiments showed that performance on two logically identical tasks can
differ because of one’s cultural experience of the subject matter (or lack thereof [79]). For example,
participants were much more likely to follow sound logical reasoning when they were asked to
enforce known social rules like using correct postage on a letter, than when the rules in question were
merely logical abstractions (“if p, then q...”). These findings suggest that knowledge and experience
interact with domain-general executive processes in a bi-directional way. When rich knowledge is
activated in a task, sparking meaningful links to relevant examples and counterexamples in one’s
own experience, the executive demands may be lower, compared to when knowledge is thin in
relation to the subject matter. In cases where there was no prior familiarity with the subject matter,
there would be no automatic cueing of relevant information to support the reasoning, and with the
additional effort in inferences, the executive demands might be higher.

3. Cultural Preferences and the Ecological Validity of Different EF Subtasks

Typical EF assessment batteries involve several tasks assessing a range of skills (Table 1).
Inherent in each task is a set of assumptions that may align with, or be inconsistent with, the cultural
preferences of children being assessed. In this section we discuss in greater depth how each of the
cultural preferences described above may interact with the assumptions of different EF tasks.

Some cultural preferences are likely to affect performance across a range of tasks. All tasks
involve the assumption that children will be motivated to comply with the assessor’s instructions.
Thus, cultural variations in compliance with an assessor may affect performance on all tasks.
Similarly, a typical EF assessment protocol assumes that the child will be comfortable with a one-on-
one interpersonal interaction. A cultural preference for collaborative engagement and group-based
activities will thus affect performance on all tasks.

Other cultural preferences can affect some tasks more than others. Individuals from cultures
with a monochronic perception of time, where speed is less valued, may perform poorly on tasks that
use reaction time as a measure, such as tablet-based versions of the Hearts and Flowers or Silly
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Sounds Stroop Task. However, to the extent that all tasks in an EF assessment battery are time-bound,
this cultural preference may influence performance on all tasks. Similarly, tasks may vary in the
degree to which experience with schooling is assumed. In the discussion above, we identified two
key dimensions of academic thinking. The first involved the ability to tackle tasks that were divorced
from context. This ability may be beneficial across all tasks, but its effect has been most clearly
demonstrated for working memory tasks [48-51]. The second aspect of academic thinking involves
familiarity with abstract representations of stimuli. This aspect could affect performance on any task
with two-dimensional pictures.

Finally, some cultural preferences have relevance only for specific tasks. Of the tasks listed in
Table 1, willingness to be silly or do the opposite is relevant only to specific tasks, such as the Stroop
paradigm and the Backwards Digit Span task. Another specific effect of a cultural preference
discussed above is that children are better at resisting temptation for specific things, such as food or
gifts, if the norm in their society is to delay gratification for them.

Table 1. Description of Key EF Skills, Assessment Paradigms and Task Variants!.

Skill Paradigm Task Variants
Inhibitory control-response Go/No-Go Square and Circle; Fish and
inhibition Shark; Cat and Dog;

Animals; different colored
squares; Pac-Man/Birds and
Ghost/Pork; Cat and Tiger;
Grow Your Garden;

Emotional
Inhibitory control-response  Simon Effect (Hearts and Hearts and Flowers;
inhibition Flowers) Strawberries and
Watermelons; Butterfly and
Frog; Spatial Conflict

Arrows; Simon Task
Inhibitory control-response =~ Hand motoric response  Pencil tap; knock tap; peg tap

inhibition
Inhibitory control- Stroop Numerical; Big-Little; Fruit;
interference suppression Silly Sounds; Day and Night
Inhibitory control- Delay of Gratification Marshmallow Task
interference suppression
Working memory Corsi/Dot matrix Memory Game, Mr. Ant, Mr.
Peanut, Corsi Blocks, Knox
Cube, Geometric Shapes
Task, Spatial Delayed Match
to Sample Task
Working memory Digit Span/ Word Span Backward and Forward,
Sentence Completion Task,
Sentence Repetition
Working memory Self-Ordered Pointing Task Self-Ordered Pointing Task
Cognitive flexibility Flexible Item Selection Task Something the Same; Triads
Inhibitory control-response Head Toes Knees Shoulders Bear and Dragon
inhibition
Inhibitory control-response Peg Tapping Knock-Tap, Pencil Tap, Hand
inhibition Game
Cognitive flexibility Dimensional Change Card

Sort
! Tasks selected that are appropriate for used globally, based on a review of the literature by the
Global Executive Function Initiative (GEFI) [80].
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4. Principles for Organizing Cultural Preferences

Our analysis so far has treated cultural preferences separately. However, these preferences are
not independent. Some organizing principles have been proposed [81,82] that help us to recognize
the relationships among cultural preferences and to see culture as a system. The principles also help
to understand where in the world—in which societies—we might expect to find the cultural
preferences. Such predictions about where cultural preferences are found cannot take the place of
primary research when EF assessments are adapted to a new population, but they can provide
hypotheses to guide this research.

4.1. The Independent and Interdependent Selves

One set of organizing principles for cultural preferences was described succinctly by Markus
and Kitayama [82] as the contrast between the independent and interdependent self. Keller [81] made
a similar distinction between the constructs of psychological autonomy and hierarchical relatedness.
According to Keller [81], Western middle-class childhoods are guided by the principle of
psychological autonomy (similar to Markus and Kitayama’s [82] notion of the independent self). This
principle results in children learning to act autonomously based on personal preferences, intentions,
and other inner states. Individuals view themselves as self-sufficient, distinct, and unique [82]. This
model prioritizes mental states that foster self-enhancement and personal expression. This cultural
model emerges from WEIRD child-rearing strategies [81,83,84], where abundant resources and
smaller families allow greater investment in children’s cognitive development. The nature of urban
life, where encounters with strangers are common, fosters this emphasis on individuality. The
principle of psychological autonomy is adaptive where economic productivity relies on educated
individuals with unique skills.

The second principle within this set is that of hierarchical relatedness (similar to Markus and
Kitayama’s [82] notion of the interdependent self), which is typical of small-scale subsistence
agricultural communities. In this model, communal goals take precedence over individual autonomy.
Society is organized hierarchically, with deference to older —and other senior —members of society.
Individuals have autonomy but are driven to act in the interests of the collective by the sense of well-
being [85] and belonging [41,86] that it gives. This cultural model arises from child-rearing strategies
in subsistence farming communities [81,83,84]. In these communities, the pursuit of communal goals,
typically within family units, is the key to economic productivity, and village life involves
maintaining long-term relationships rather than many brief encounters with strangers.

The notions of independent and interdependent self (or psychological autonomy and
hierarchical relatedness) map onto several of the cultural preferences discussed in our analysis. In
interdependent cultures, expectations are that interpersonal engagement takes place in groups rather
than dyads [40,87]. Such cultures also involve hierarchical relationships in which obedience to
authority is emphasized [88,89]. Thus, compliance to assessor instructions is likely to be high. This
focus on compliance also suggests that individuals in interdependent cultures may be less willing to
be silly or say the opposite in a Stroop task. Also, in interdependent cultures, there is less emphasis
on developing individual creativity and, as a result, parents are less likely to engage children in
pretend play, which in turn may mean children are less accustomed to being silly with adults [29,77].

Arguably, the independent/interdependent distinction also has relevance for cultural
preferences related to the perception of time. Broadly, interdependence is associated with a greater
focus on people, whereas independence is associated with a focus on task, with an associated
preoccupation with clocks as a means of telling the time [70]. If this pattern is accurate, it would imply
an association between independent cultures and polychronic time, although factors such as
climate/seasons and the prevalence of time-keeping technology are also likely to influence the
cultural perception of time.

If the independence/interdependence models of the self underlie many of the cultural
preferences we describe in this article, we can draw on extensive literature to understand where —in
which societies—these preferences may be found. As discussed above, the interdependent construal
of self is associated with small-scale communities that practice subsistence agriculture [19,81].
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Because culture changes slowly, it is likely that similar values can be found in societies that only
recently moved away from subsistence agriculture. However, over time, a cultural shift toward
independence can be driven by sociodemographic factors including urban life, commerce, education,
and technology [84,90-92]. Keller [81] described a hybrid cultural model in which education, urban
life, and employment in commerce can lead individuals from a hierarchical, related (interdependent)
culture to develop greater psychological autonomy while still retaining a strong sense of relatedness
to the social group.

The contrast between small-scale subsistence agricultural communities and more Western
societies is well characterized, but is only part of the explanation of the global distribution of
independent and interdependent cultural models. Interdependence is common in East Asia—
including in countries such as Japan with a long history of industrialization—as well as in other
Asian, Latin-American, African, and south European cultures [82]. And there are other populations,
besides the Western middle class, whose values contrast with those of agricultural communities.
Research in Turkey [93] found greater social interdependence among farming and fishing
communities than among herders. There are many variations, too, in the independent construal of
self across Western countries (see Harkness et al. [94]).

Finally, we recognize that many other factors influence cultural preferences, such as religion and
regional differences in values [95]. Cultures interact and influence one another increasingly with the
forces of globalization [96]. However, we argue that the contrast between the cultures with
independent and interdependent selves is a useful first-order proxy for understanding the origin and
distribution of several cultural preferences.

4.2. Formal Schooling

An additional factor that shapes cultural preferences is experience with formal schooling. As
discussed in Section 2.3, schooling is one factor driving the emergence of the values of independence
[84,90]. In addition, familiarity with schooling may influence the cultural preference of academic
thinking discussed above, including the capacity for contextualized thinking and the ability to
understand abstract stimuli.

It is understandable that skills acquired through schooling may be mistaken for universal skills,
given that schooling is near universal in the WEIRD contexts in which psychological research takes
place. However, formal schooling is not universal for most of the world’s population. Only 63% of
school-age children in sub-Saharan Africa complete primary education. The rate is 55% in low-
income countries globally [97]. Learning poverty —the proportion of 10-year-olds who cannot read a
simple sentence—is estimated to be around 90% in sub-Saharan Africa, and close to 80% in Latin
America, the Caribbean, and South Asia, with a global average of 70% [98]. Worldwide, 13% of adults
are not literate [97]. Of the 222 million children affected by global crises, 78 million are out of school
[99].

When working with out-of-school populations, researchers and practitioners cannot assume
children are familiar with the decontextualized academic thinking, or the strategies and stimuli of
the classroom. If these vulnerable children are to benefit from research and interventions related to
EF, assessments need to be creative in finding ways to improve ecological validity of tasks for
unschooled children.

4.3. Implications for Research and Practice

Many of the cultural preferences identified in this paper are underpinned by two principles. The
first principle involves a contrast between cultures that emphasize an independent self versus those
that emphasize the interdependent self. The second involves a contrast between schooled and
unschooled populations. It is critical to note that most EF research and practice to date has taken place
in cultures that emphasize independence and where formal schooling is widespread. Very little
research has taken place in cultures that emphasize interdependence or in unschooled populations.
This gap implies that existing research and assessments may have limited applicability in these
populations, which constitute most of the world’s population. The assumption that EF research is
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universally applicable is not plausible and underpins the need to bolster EF research in the Majority
World [100].

It is also important to note that these two key principles—related to the construal of self and to
schooling—do not capture all of the cultural preferences discussed in this paper. The adaptation of
EF assessments likely involves consideration of many other locally specific factors. Several examples
of such adaptations were discussed above. One such example is the cultural variation in types of
treats for which children are condition to wait—for food in Japan and gifts in the United States [24,25].
Another example is that children respond well to instructions from puppets in many countries but
did not in a study in Pakistan [27]. Similarly, children’s familiarity with specific subject matter and
stimuli is likely to vary context by context.

5. Discussion

The main thesis of this article is that EF assessments developed in one context embody several
assumptions that may not hold when researchers are working in a different context; thus, the
assumptions may threaten the ecological validity of the assessments. While most researchers take
steps to address the most salient issues of adaptation—such as ensuring that children understand
instructions and recognize the stimuli presented to them—many assumptions of assessment
protocols are implicit and therefore not routinely addressed. In some cases, these assumptions can
have fundamental implications for the meaning that children attribute to the tasks.

We identified six cultural preferences, organized in large part (but not exclusively) by two
higher-order principles, which may be incompatible with the assumptions of EF assessments.
Children from cultures with an interdependent—as opposed to independent—construal of the self
may be more compliant with assessor instructions; may prefer group-based assessments rather than
those based on one-on-one interactions; and may be uncomfortable being silly or saying the opposite
in front of an adult. Children with less experience of formal school, or from communities where
schooling is not the norm, may have difficulty with tasks that are divested from their context and
have abstract representations of stimuli. It is striking to note that almost all research into EF so far
has been conducted in societies that emphasize the independent self and that have high levels of
formal schooling. It is plausible that many of the conclusions drawn from research in the Minority
World do not apply to the Majority World [100] where interdependence is common and a full course
of formal schooling is not yet the norm.

The prevalence of these cultural preferences—and thus the extent to which assumptions of EF
tasks fail to hold across contexts —is a matter for empirical research. It is possible that with the spread
of urbanization, schooling, and commerce [84,90,92], and with the forces of globalization [96], the
assumptions of EF testing protocols may be shared by increasing numbers of people. It is important,
also, to consider the goal of improving ecological validity. If EF tasks are being used as a proxy for
performance in formal schools, some assumptions—for example, related to contextualized thinking,
abstract representations of stimuli, and dyadic interactions—may be less problematic, because these
assumptions are consistent with the norms of classroom behavior.

The issues of ecological validity outlined in this paper can be addressed through researchers
taking a systematic approach to considering context when they are adapting and conducting EF
assessments. We recommend that to determine the cultural preferences held by a given population,
researchers review locally conducted research in anthropology and cultural psychology,
supplemented by primary qualitative studies, to investigate the values and preferences of a
community (for example, see Jukes et al. [88]). This research can be guided by the principles outlined
in this paper—how prevalent schooling is in the community and whether individuals view
themselves as independent or interdependent. Based on this research, cultural preferences that may
lead to issues of ecological validity can be identified.

We have suggested some adaptations to testing protocols that could help address these issues,
including using naturalistic —rather than artificial, decontextualized —tasks; undertaking group
assessments, rather than one-on-one assessments; including instructions and examples to make
children more comfortable being silly and saying the opposite; focusing on accuracy instead of
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reaction time; avoiding response-inhibition tasks based on prepotent response assumed to be the
norm in the community; and using stimuli with which children are familiar. The success of such
adaptations in improving ecological validity should be systematically tested through several steps.
Cognitive interviewing [101] can be used to determine whether children understand instructions.
Small-sample pilot testing can help address fundamental issues with assessments, such as floor or
ceiling effects and children failing to understand, or refusing to comply with, instructions. Larger-
scale assessments can be used to determine psychometric properties of assessments, including their
validity in predicting performance on everyday tasks, such as academic achievement; and their
relation to assessments with demonstrated ecological validity, such as assessment through adult
reports or observation protocols [8]. It would be valuable to test the validity of adapted tests in various
populations that differ on factors of theoretical importance—for example, in urban vs. rural
populations (as a proxy for independent vs. interdependent cultures) or schooled vs. unschooled
populations.

Engagement of the participant community in the process of adapting assessments is essential to
ensure ecological validity. Community members can help review tasks for face validity [102] and can
help ensure that children and assessors share basic assumptions about the testing protocol.
Additionally, engaging members of the host community as assessors can help increase alignment
between assessor and child in the assumptions of the testing protocol. It is also essential to give voice
and agency to the participant community [103] in the design and use of EF assessments, such that
assessment adaptations are not imposed from the outside and that community members are genuine
partners in the adaptation process. In this process, it can be challenging for community members to
recognize what the cultural assumptions of test designers are and where these differ with their own
cultural preferences. The hypotheses presented in this paper could be used as a framework to guide
conversations between external researchers and the local community to identify problematic
assumptions in the testing protocols.

We encourage investigators to do the important work of adapting assessments to new
populations. There is an imperative to expand our scientific understanding of EF from the narrow
slice of the human population that has participated in EF research to date and to spread the potential
benefits of EF assessment and interventions globally.

Author Contributions: MJ led the writing of the paper. All authors wrote a section of the paper and reviewed
and made contributions to the final draft.

Funding: This paper was inspired by the inaugural meeting of the Global Executive Function Initiative (GEFI)
funded by the Jacobs Foundation. All authors are GEFI members. M]’s contribution to the paper was funded by
the Fellows Program at RTI International.

Acknowledgments: We would like to thank other members of the GEFI network — Lucia Alcald, Nikhit D’Sa,
Sebastian Lipina, Dana Miller-Cotto, Lisa Thorell and Mike Willoughby — for thoughtful discussions on the
topics presented in this paper.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1.  Diamond, A. Executive Functions. Annu Rev Psychol 2013, 64, 135-168, doi:10.1146/annurev-psych-113011-
143750.

2. Zelazo, D.P.; Blair, C.B.; Willoughby, M.T. Executive Function: Implications for Education; 2017;

3.  Portilla, X.A.; Ballard, P.J.; Adler, N.E; Boyce, W.T.; Obradovi¢, J]. An Integrative View of School
Functioning: Transactions Between Self-Regulation, School Engagement, and Teacher—Child Relationship
Quality. Child Dev 2014, 85, 1915-1931, doi:10.1111/cdev.12259.

4. Obradovi¢, J. Effortful Control and Adaptive Functioning of Homeless Children: Variable-Focused and
Person-Focused Analyses. ] Appl Dev Psychol 2010, 31, 109-117, doi:10.1016/j.appdev.2009.09.004.

5. Howard, S.J.; Cook, C.J.; Everts, L.; Melhuish, E.; Scerif, G.; Norris, S.; Twine, R.; Kahn, K.; Draper, C.E.
Challenging Socioeconomic Status: A Cross-cultural Comparison of Early Executive Function. Dev Sci 2020,
23, doi:10.1111/desc.12854.


https://doi.org/10.20944/preprints202401.2093.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2024 doi:10.20944/preprints202401.2093.v1

17

6. Diamond, A.; Lee, K. Interventions Shown to Aid Executive Function Development in Children 4 to 12
Years Old. Science (1979) 2011, 333.

7. Sbordone, R.J. Ecological Validity: Some Critical Issues for the Neuropsychologist. Ecological validity of
neuropsychological testing 1996.

8. McCoy, D.C. Measuring Young Children’s Executive Function and Self-Regulation in Classrooms and
Other Real-World Settings. Clin Child Fam Psychol Rev 2019, 22, 63-74.

9.  Sperber, D. The Modularity of Thought and the Epidemiology of Representations. In Mapping the Mind;
2010.

10. Ardila, A. On the Evolutionary Origins of Executive Functions. Brain Cogn 2008, 68,
doi:10.1016/j.bandc.2008.03.003.

11.  Greenfield, P.M.; Monique Ward, L.; Jacobs, J. You Can’t Take It with You Why Ability Assessments Don't
Cross Cultures. American Psychologist 1997, 52, doi:10.1037/0003-066X.52.10.1115.

12.  Obradovig, J.; Willoughby, M.T. Studying Executive Function Skills in Young Children in Low- and Middle-
Income Countries: Progress and Directions. Child Dev Perspect 2019, 13, doi:10.1111/cdep.12349.

13. Draper, C.E; Barnett, L.M.; Cook, C.J.; Cuartas, J.A.; Howard, S.J.; McCoy, D.C.; Merkley, R.; Molano, A,;
Maldonado-Carrefio, C.; Obradovi¢, J.; et al. Publishing Child Development Research from around the
World: An Unfair Playing Field Resulting in Most of the World’s Child Population under-Represented in
Research. Infant Child Dev 2023, 32.

14. Haslam, D.; Mejia, A.; Thomson, D.; Betancourt, T. Self-Regulation in Low- and Middle-Income Countries:
Challenges and Future Directions. Clin Child Fam Psychol Rev 2019, 22, 104-117, d0i:10.1007/s10567-019-
00278-0.

15. Ardila, A. Cultural Values Underlying Psychometric Cognitive Testing. Neuropsychol Rev 2005, 15.

16. Rad, M.S.; Martingano, A.].; Ginges, ]. Toward a Psychology of Homo Sapiens: Making Psychological
Science More Representative of the Human Population. Proc Natl Acad Sci U S A 2018, 115, 11401-11405,
doi:10.1073/pnas.1721165115.

17.  Arnett, J.J. The Neglected 95%: Why American Psychology Needs to Become Less American.; American
Psychological Association: Washington, DC, US, 2016; ISBN 1-4338-2091-9 (Hardcover); 1-4338-2140-0
(Digital (undefined format)); 1-4338-2092-7 (Paperback); 978-1-4338-2091-5 (Hardcover); 978-1-4338-2140-0
(Digital (undefined format)); 978-1-4338-2092-2 (Paperback).

18. Henrich, J.; Heine, S.J.; Norenzayan, A. The Weirdest People in the World? Behavioral and Brain Sciences
2010, 33, 61-83, d0i:10.1017/50140525X0999152X.

19. Lancy, D.F. The Anthropology of Childhood: Cherubs, Chattel, Changelings; Second Edi.; Cambridge University
Press: Cambridge, UK, 2014;

20. Finch, J.E.; Saavedra, A.; Obradovi¢, J. Academic Motivation and Self-Regulated Classroom Behaviors in
Middle Childhood: Moderation by Parental Education. ] Child Fam Stud 2023, doi:10.1007/s10826-023-02666-
1.

21. Kidd, C.; Palmeri, H. Aslin, RN. Rational Snacking: Young Children’s Decision-Making on the
Marshmallow Task Is Moderated by Beliefs about Environmental Reliability. Cognition 2013, 126, 109-114,
doi:10.1016/j.cognition.2012.08.004.

22. Michaelson, L.E.; Munakata, Y. Trust Matters: Seeing How an Adult Treats Another Person Influences
Preschoolers” Willingness to Delay Gratification. Dev Sci 2016, 19, 1011-1019, doi:10.1111/desc.12388.

23. Moffett, L.; Flannagan, C.; Shah, P. The Influence of Environmental Reliability in the Marshmallow Task:
An Extension Study. ] Exp Child Psychol 2020, 194, doi:10.1016/j.jecp.2020.104821.

24. Doebel, S.; Munakata, Y. Group Influences on Engaging Self-Control: Children Delay Gratification and
Value It More When Their in-Group Delays and Their out-Group Doesn’t. Psychol Sci 2018, 29, 738-748,
doi:10.1177/0956797617747367.

25. Munakata, Y.; Yanaoka, K.; Doebel, S.; Guild, R.M.; Michaelson, L.E.; Saito, S. Group Influences on
Children’s Delay of Gratification: Testing the Roles of Culture and Personal Connections. Collabra Psychol
2020, 6, doi:10.1525/collabra.265.

26. Lamm, B.; Keller, H.; Teiser, J.; Gudi, H.; Yovsi, R.D.; Freitag, C.; Poloczek, S.; Fassbender, I; Suhrke, J.;
Teubert, M.; et al. Waiting for the Second Treat: Developing Culture-Specific Modes of Self-Regulation.
Child Dev 2018, 89, E261-E277, d0i:10.1111/cdev.12847.

27.  Obradovi¢, J.; Finch, J.E.; Portilla, X.A.; Rasheed, M.A.; Tirado-Strayer, N.; Yousafzai, A.K. Early Executive
Functioning in a Global Context: Developmental Continuity and Family Protective Factors. Dev Sci 2019,
22, e12795, doi:10.1111/desc.12795.

28. Rogoff, B. Learning by Observing and Pitching in to Family and Community Endeavors: An Orientation.
Hum Dev 2014, doi:10.1159/000356757.

29. Gaskins, S.; Alcalg, L. Studying Executive Function in Culturally Meaningful Ways. Journal of Cognition and
Development 2023, 0, 1-20, d0i:10.1080/15248372.2022.2160722.

30. Alcala, L. The Developing of Executive Function Skills through Culturally Organized Autonomy and
Helping. Infant Child Dev 2023, doi:10.1002/icd.2460.


https://doi.org/10.20944/preprints202401.2093.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2024 doi:10.20944/preprints202401.2093.v1

18

31. Rybanska, V.; McKay, R.; Jong, J.; Whitehouse, H. Rituals Improve Children’s Ability to Delay Gratification.
Child Dev 2018, 89, 349-359, doi:10.1111/cdev.12762.

32. Haimovitz, K.; Dweck, C.S.; Walton, G.M. Preschoolers Find Ways to Resist Temptation after Learning That
Willpower Can Be Energizing. Dev Sci 2020, 23, 12905, doi:10.1111/desc.12905.

33. Grenell, A.; Prager, E.O.; Schaefer, C.; Kross, E.; Duckworth, A.L.; Carlson, S.M. Individual Differences in
the Effectiveness of Self-Distancing for Young Children’s Emotion Regulation. British Journal of
Developmental Psychology 2019, 37, 84-100, d0i:10.1111/bjdp.12259.

34. White, R.E.; Carlson, S.M. What Would Batman Do? Self-Distancing Improves Executive Function in Young
Children. Dev Sci 2016, 19, 419-426, d0i:10.1111/desc.12314.

35. White, R.E.; Prager, E.O.; Schaefer, C.; Kross, E.; Duckworth, A.L.; Carlson, S.M. The “Batman Effect”:
Improving Perseverance in Young Children. Child Dev 2017, 88, 1563-1571, doi:10.1111/cdev.12695.

36. Steyer, L.; Townley-Flores, C.; Sulik, M.].; Obradovi¢, J. Universal Screening of Hunger, Tiredness, and
Sickness: Implications for Kindergarten Readiness and Racial/Ethnic Disparities. Early Educ Dev 2023, 34,
doi:10.1080/10409289.2022.2067430.

37. Heissel, J.A.; Adam, E.K; Doleac, J.L.; Figlio, D.N.; Meer, J. Testing, Stress, and Performance: How Students
Respond Physiologically to High-Stakes Testing. Educ Finance Policy 2021, 16, 183-208,
doi:10.1162/edfp_a_00306.

38. Obradovi¢, J.; Armstrong-Carter, E. Addressing Educational Inequalities and Promoting Learning through
Studies of Stress Physiology in Elementary School Students. Dev Psychopathol 2020, 32, 1899-1913,
do0i:10.1017/50954579420001443.

39. Rogoff, B.; Morelli, G.A.; Chavajay, P. Children’s Integration in Communities and Segregation from People
of Differing Ages. Perspectives on Psychological Science 2010, 5, 431-440.

40. Coppens, A.D.; Rogoff, B. Cultural Variation in the Early Development of Initiative in Children’s Prosocial
Helping. Social Development 2022, 31, doi:10.1111/sode.12566.

41. Fuller, B.; Garcia Coll, C. Learning from Latinos: Contexts, Families, and Child Development in Motion.
Dev Psychol 2010, 46, doi:10.1037/a0019412.

42. Olivera, F.; Straus, S.G. Group-to-Individual Transfer of Learning: Cognitive and Social Factors. Small
Group Res 2004, 35, doi:10.1177/1046496404263765.

43. Otto, H,; Potinius, L; Keller, H. Cultural Differences in Stranger-Child Interactions: A Comparison Between
German Middle-Class and Cameroonian Nso Stranger-Infant Dyads. | Cross Cult Psychol 2014, 45,
doi:10.1177/0022022113509133.

44. Bus, A.G.; Leseman, P.P.M.; Keultjes, P. Joint Book Reading across Cultures: A Comparison of Surinamese-
Dutch, Turkish-Dutch, and Dutch Parent-Child Dyads. Journal of Literacy Research 2000, 32.

45.  Alcald, L.; Cervera, M.D. Yucatec Maya Mothers’ Ethnotheories about Learning to Help at Home. Infant
Child Dev 2022, 31, d0i:10.1002/icd.2318.

46. Obradovi¢, J.; Sulik, M.].; Finch, ].E.; Tirado-Strayer, N. Assessing Students” Executive Functions in the
Classroom: Validating a Scalable Group-Based Procedure. | Appl Dev Psychol 2018, 55,
doi:10.1016/j.appdev.2017.03.003.

47. Sameroff, A. A Unified Theory of Development: A Dialectic Integration of Nature and Nurture. Child Dev
2010, 81, doi:10.1111/j.1467-8624.2009.01378.x.

48. Cole, M,; Scribner, S. Cross-Cultural Studies of Memory and Cognition. In Perspectives on the development of
memory and cognition; Kail, R. V., Hagen, ].W., Eds.; Erlbaum: Hillsdale, NJ, 1977.

49. Cole, M,; Gay, J.; Glick, J.A.; Sharp, D.W. The Cultural Context of Learning and Thinking: An Exploration
in Experimental Anthropology; Tavistock Publications Ltd., 1971;

50. Scribner, S. Developmental Aspects of Categorized Recall in a West African Society. Cogn Psychol 1974, 6,
doi:10.1016/0010-0285(74)90022-X.

51. Reyes-Garcia, V.; Pyhald, A.; Diaz-Reviriego, I.; Duda, R.; Fernandez-Llamazares, A.; Gallois, S.; Guéze, M.;
Napitupuluy, L. Schooling, Local Knowledge and Working Memory: A Study among Three Contemporary
Hunter-Gatherer Societies. PLoS One 2016, 11, doi:10.1371/journal.pone.0145265.

52. Rogoff, B.; Waddell, K.J. Memory for Information Organized in a Scene by Children from Two Cultures.
Child Dev 1982, 53, doi:10.1111/j.1467-8624.1982.tb04158.x.

53. Kagan, J. Misgivings about the Matching Familiar Figures Test: A Brief Reply to Block, Gjerde, and Block
(1986). 1987.

54. Luria, A.R. Cognitive Development: Its Cultural and Social Foundations; Harvard University Press: Cambridge,
MA:, 1976;

55. Lave, ]. Tailor-Made Experiments and Evaluating the Intellectual Consequences of Apprenticeship
Training. Quarterly Newsletter of the Institute for Comparative Human Development 1977, 1, 1-3.

56. Zuilkowski, S.S.; McCoy, D.C.; Serpell, R.; Matafwali, B.; Fink, G. Dimensionality and the Development of
Cognitive Assessments for Children in Sub-Saharan Africa. | Cross Cult Psychol 2016, 47, 341-354,
doi:10.1177/0022022115624155.


https://doi.org/10.20944/preprints202401.2093.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2024 doi:10.20944/preprints202401.2093.v1

19

57. Serpell, R. How Specific Are Perceptual Skills? A Cross-cultural Study of Pattern Reproduction. British
Journal of Psychology 1979, 70, doi:10.1111/j.2044-8295.1979.tb01706.x.

58. Robertson, K.; Schmitter-Edgecombe, M. Naturalistic Tasks Performed in Realistic Environments: A Review
with Implications for Neuropsychological Assessment. Clinical Neuropsychologist 2017, 31.

59. Rotenberg, S.; Ruthralingam, M.; Hnatiw, B.; Neufeld, K; Yuzwa, KE. Arbel, I, Dawson, D.R.
Measurement Properties of the Multiple Errands Test: A Systematic Review. Arch Phys Med Rehabil 2020,
101.

60. Finnanger, T.G.; Andersson, S.; Chevignard, M.; Johansen, G.O.; Brandt, A.E.; Hypher, R.E.; Risnes, K.; Rg,
T.B.; Stubberud, ]. Assessment of Executive Function in Everyday Life —Psychometric Properties of the
Norwegian Adaptation of the Children’s Cooking Task. Front Hum Neurosci 2022, 15,
do0i:10.3389/fnhum.2021.761755.

61. Josman, N.; Goffer, A.; Rosenblum, S. Development and Standardization of a “Do-Eat” Activity of Daily
Living Performance Test for Children. American Journal of Occupational Therapy 2010, 64,
doi:10.5014/ajot.64.1.47.

62. Burgess, P.W. Theory and Methodology in Executive Function Research. In Methodology of Frontal and
Executive Function; 2004.

63. Salthouse, T.A.; Atkinson, T.M.; Berish, D.E. Executive Functioning as a Potential Mediator of Age-Related
Cognitive Decline in Normal Adults. ] Exp Psychol Gen 2003, 132, d0i:10.1037/0096-3445.132.4.566.

64. Domingue, B.W.; Kanopka, K.; Stenhaug, B.; Sulik, M.].; Beverly, T.; Brinkhuis, M.; Circi, R.; Faul, ].; Liao,
D.; McCandliss, B.; et al. Speed—Accuracy Trade-Off? Not So Fast: Marginal Changes in Speed Have
Inconsistent Relationships With Accuracy in Real-World Settings. Journal of Educational and Behavioral
Statistics 2022, doi:10.3102/10769986221099906.

65. Stankov, L.; Roberts, R.D. Mental Speed Is Not the ‘Basic” Process of Intelligence. Pers Individ Dif 1997, 22,
69-84, d0i:10.1016/S0191-8869(96)00163-8.

66. Papadopoulos, T.C.; Georgiou, G.K.; Deng, C.; Das, ]J.P. The Structure of Speed of Processing Across
Cultures. Adv Cogn Psychol 2018, 14, 112-125, doi:10.5709/acp-0243-7.

67. Choudhury, N.; Gorman, K.S. The Relationship between Reaction Time and Psychometric Intelligence in a
Rural Guatemalan Adolescent Population. International Journal of Psychology 1999, 34, 209-217,
doi:10.1080/002075999399855.

68. Kail, R. V; McBride-Chang, C.; Ferrer, E.; Cho, J.; Shu, H. Cultural Differences in the Development of
Processing Speed. Dev Sci 2013, 16, 476—483, d0i:10.1111/desc.12039.

69. Wray, C.; Kowalski, A.].; Mpondo, F.; Ochaeta, L.; Belleza, D.; DiGirolamo, A.; Waford, R.; Richter, L.; Lee,
N.; Scerif, G.; et al. Contrasting Speed and Accuracy Approaches to Measure Executive Functions in Three
Lowand Middle-Income Countries. PLoS One 2023, 18, doi:10.1371/journal.pone.0290238.

70. Levine, R. V Time and Culture. In Noba textbook series: Psychology; Biswas-Diener, R., Diener, E., Eds.; DEF
publishers: Champaigne, IL, 2023.

71.  Lee, S.; Liu, M.; Hu, M. Relationship Between Future Time Orientation and Item Nonresponse on Subjective
Probability = Questions: A Cross-Cultural Analysis. ] Cross Cult Psychol 2017, 48,
doi:10.1177/0022022117698572.

72. Levine, R. V; Norenzayan, A. The Pace of Life in 31 Countries. | Cross Cult Psychol 1999, 30, 178-205,
doi:10.1177/0022022199030002003.

73.  Wober, M. Culture and The Concept of Intelligence: A Case in Uganda. | Cross Cult Psychol 1972, 3, 327-
328, doi:10.1177/002202217200300312.

74. Gaskins, S.; Haight, W.; Lancy, D.F. The Cultural Construction of Play. In Play and Development:
Evolutionary, Sociocultural, and Functional Perspectives; 2012.

75.  Gosso, Y.; De Lima, M.; Morais, S.E.; Otta, E. Pretend Play of Brazilian Children: A Window into Different
Cultural Worlds. ] Cross Cult Psychol 2007, 38, doi:10.1177/0022022107305237.

76. Goncii, A.; Jain, J.; Tuermer, U. Children’s Play as Cultural Interpretation. In Play and Development:
Evolutionary, Sociocultural, and Functional Perspectives; 2012.

77. Gaskins, S. Pretend Play as Culturally Constructed Activity. The Oxford handbook of the development of
imagination. 2013, 224-247.

78. Barry, H.; Whiting, B.B.; Whiting, ] W.M. Children of Six Cultures: A Psycho-Cultural Analysis. Contemp
Sociol 1976, 5, d0i:10.2307/2063112.

79. Cox, J.R; Griggs, R.A. The Effects of Experience on Performance in Wason’s Selection Task. Mem Cognit
1982, 10, doi:10.3758/BF03197653.

80. Global Executive Function Initiative (GEFI) Available online: https://gefi.sites.stanford.edu/ (accessed on 25
January 2024).

81. Keller, H. Psychological Autonomy and Hierarchical Relatedness as Organizers of Developmental
Pathways.  Philosophical ~ Transactions of the Royal Society B-Biological Sciences 2016, 371,
d0i:10.1098/rstb.2015.0070.


https://doi.org/10.20944/preprints202401.2093.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2024 doi:10.20944/preprints202401.2093.v1

20

82. Markus, H.R.; Kitayama, S. Culture and the Self: Implications for Cognition, Emotion, and Motivation.
Psychol Rev 1991, doi:10.1037/0033-295X.98.2.224.

83. Keller, H. Culture and Development: A Systematic Relationship. PERSPECTIVES ON PSYCHOLOGICAL
SCIENCE 2017, 12, 833-840, doi:10.1177/1745691617704097.

84. Greenfield, P.M. Social Change, Cultural Evolution, and Human Development. Curr Opin Psychol 2016, 8,
84-92, d0i:10.1016/j.copsyc.2015.10.012.

85. Keller, H. Attachment and Culture. ] Cross Cult Psychol 2013, doi:10.1177/0022022112472253.

86. Gaskins, S. Integrating Cultural Values Through Everyday Experiences. In The Oxford Handbook of Moral
Development; Jensen, L.A., Ed.; Oxford University Press: Oxford, 2020; pp. 185-202.

87. Garcia, C.; Rivera, N.; Greenfield, P.M. The Decline of Cooperation, the Rise of Competition:
Developmental Effects of Long-Term Social Change in Mexico. International Journal of Psychology 2015, 50,
6-11, doi:10.1002/ijop.12120.

88. Jukes, M.C.H.; Gabrieli, P.; Mgonda, N.L.; Nsolezi, F.S,; Jeremiah, G.; Tibenda, J.L.; Bub, K.L. “Respect Is
an Investment”: Community Perceptions of Social and Emotional Competencies in Early Childhood from
Mtwara, Tanzania. Global Education Review 2018, 5, 160-188.

89. Jukes, M.C.H.; Mgonda, N.L.; Tibenda, J.J.; Gabrieli, P.; Jeremiah, G.; Betts, K.L.; Williams, ].; Bub, K.L.
Building an Assessment of Community-Defined Social-Emotional Competencies from the Ground up in
Tanzania. Child Dev 2021, 92, d0i:10.1111/cdev.13673.

90. Jukes, M.C.H.; Zuilkowski, S.S.; Grigorenko, E.L. Do Schooling and Urban Residence Develop Cognitive
Skills at the Expense of Social Responsibility? A Study of Adolescents in the Gambia, West Africa. | Cross
Cult Psychol 2018, 49, doi:10.1177/0022022117741989.

91. Jukes, M.C.H.; Zuilkowski, S.S.; Okello, G.; Harris, P.L. Healthy Skepticism: Do Adults Trust Health
Information from Children in Rural Kenya? Int Perspect Psychol 2013, 2, 164-180.

92.  Gauvain, M.; Munroe, R.L. Contributions of Societal Modernity to Cognitive Development: A Comparison
of Four Cultures. Child Dev 2009, 80, 1628-1642, doi:10.1111/j.1467-8624.2009.01358.x.

93. Uskul, A.K,; Kitayama, S.; Nisbett, R.E. Ecocultural Basis of Cognition: Farmers and Fishermen Are More
Holistic than Herders. Proc Natl Acad Sci U S A 2008, doi:10.1073/pnas.0803874105.

94. Harkness, S.; Super, C.M.; van Tijen, N. Individualism and the “Western Mind” Reconsidered: American
and Dutch Parents’ Ethnotheories of the Child. New Dir Child Adolesc Dev 2000, doi:10.1002/cd.23220008704.

95. Inglehart, R.; Baker, W.E. Modernization, Cultural Change, and the Persistence of Traditional Values. Am
Sociol Rev 2000, doi:10.2307/2657288.

96. Morris, C. Globalization. In 21st Century Anthropology: A Reference Handbook; Birx, J.H., Ed.; Sage: Los
Angeles; Vol. 2.

97.  UNESCO Institute for Statistics UNESCO Education Statistics Available online: http://data.uis.unesco.org/
(accessed on 22 January 2024).

98. World Bank The State of Global Learning Poverty: 2022 Update; Washington D. C., 2022; Vol. 48;.

99. Education Cannot Wait Global Estimates: Number of Crisis-Affected Children and Adolescents in Need of
Education Support; 2022;

100. Khan, T.; Abimbola, S.; Kyobutungi, C.; Pai, M. How We Classify Countries and People - and Why It
Matters. BM] Glob Health 2022, 7.

101. Beatty, P.C.; Willis, G.B. Research Synthesis: The Practice of Cognitive Interviewing. Public Opin Q 2007, 71,
287-311, d0i:10.1093/poq/nfm006.

102. Chaytor, N.; Schmitter-Edgecombe, M. The Ecological Validity of Neuropsychological Tests: A Review of
the Literature on Everyday Cognitive Skills. Neuropsychol Rev 2003, 13.

103. Jukes, M.C.H. Contextualising the Goals of Social and Emotional Learning Curricula and Materials. In
NISSEM Global Briefs: Education for the Social, the Sustainable and the Emotional; Smart, A., Sinclair, M.,
Benavot, A., Chabbott, C., Russell, S., Williams, J., Blanchard, K., Gibson, H., O’'Donnell, C., Eds.; 2019; Vol.
1.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202401.2093.v1

