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Abstract

Success in life is linked to executive functions, a collection of cognitive processes that support
goal-directed behaviors. Executive functions is an umbrella term related to cognitive control,
self-control, and more. Variations in executive functioning predict concurrent success in schooling,
relationships, and behavior, as well as important life outcomes years later. Such findings may
suggest that certain individuals are destined for good executive functioning and success. However,
environmental influences on executive function and development have long been recognized.
Recent research in this tradition demonstrates the power of social contextual influences on
children’s engagement of executive functions. Such findings suggest new interpretations of

why individuals differ in executive functioning and associated life outcomes, including across
cultures and socioeconomic statuses. These findings raise fundamental questions about how best to
conceptualize, measure, and support executive functioning across diverse contexts. Future research
addressing real-world dynamics and computational mechanisms will elucidate how executive
functioning emerges in the world.
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WILL THE REAL EXECUTIVE FUNCTION PLEASE STAND UP? ACTUALLY,
ALL RISE

Executive function is an umbrella term that encompasses multiple cognitive processes.
Executive functions are sometimes characterized in terms of “hot” executive functions
that are engaged in emotional situations (e.g., when frustrated or angry, or when tempted
by a reward) and “cool” executive functions that are engaged when emotions are not as
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involved. These executive function processes are related to a variety of other constructs in
the literature, such as cognitive control, effortful control, self-control, and self-regulation.
How these terms relate is a point of contention and an active area of research. As a

case in point, a recent Twitter thread began with a scholar stating, “I triple dog dare
someone to explain the difference between executive functioning and cognitive control”
(Reilly 2021). Some respondents claimed that cognitive control is the broader term while
executive functions are more specific. Other respondents argued the opposite. Yet others
suggested that cognitive control and executive functions relate in a different way. Many
people agreed that the terms are often used interchangeably, although they have had different
histories and thus have different associations (e.g., Nigg 2017). For example, “executive
function” has been used more in clinical and developmental research (e.g., Barkley 2012,
Best & Miller 2010, Carlson 2005, Diamond 2013, Luria 1966, Moriguchi et al. 2016,
Snyder 2013, Wiebe & Karbach 2017), and thus is associated with a focus on individual
differences and changes across time. In contrast, “cognitive control” has been used more in
cognitive neuroscience and computational research (e.g., Alexander & Brown 2010, Badre
2008, Botvinick & Braver 2015, Bunge & Crone 2009, Luna et al. 2010, Miller & Cohen
2001, Posner & Snyder 1975, Somerville & Casey 2010), and thus is associated with a focus
on underlying mechanisms. “Effortful control,” “self-control” and “self-regulation” are often
used in contexts relating to hot executive functions (Fujita et al. 2006, Rueda 2012, Vohs &
Baumeister 2004).

One attempt to clarify these terms and other related terms is an online interactive
visualization tool called Explore SEL (http://exploresel.gse.harvard.edu). This tool provides
a taxonomy of frameworks that have explored skills related to social and emotional learning
across disciplines (Figure 1). This taxonomy builds on a common coding system. The
coding system was used to determine what skills are involved and how they are defined
regardless of the terms used, given that the same skill can have different names (as in
executive function and cognitive control) and the same term (e.g., curiosity) can be applied
to different skills. This system has been used to produce a thesaurus. Terms such as
executive functioning as defined by a given framework relate closely to terms as defined

in other frameworks, such as self-management and persistence, in addition to other terms we
have highlighted. Such efforts and tools should prove valuable to researchers, practitioners,
and the general public in understanding points of overlap and connection across disciplines
and frameworks. This type of effort could also support calls to develop a lingua franca
across the social sciences, adopting the terms that describe ideas best from among the many
terms in use, to formulate a common vocabulary across disciplines, support interdisciplinary
collaboration, and advance understanding (Buyalskaya et al. 2021).

In this review, we have intentionally chosen to lump rather than split across the broad range
of processes and terms related to executive functions, for two primary reasons. First, this

is an active area of research and debate, spanning a plethora of measures and methods

such as computerized, behavioral, and survey measures as well as individual difference,
developmental, intervention, neuroimaging, and computational approaches. Any attempt to
delineate a clear line around executive functions as distinct from related constructs would
be debatable and could fill this entire review. Second, and more importantly, the points we
make in this review apply across executive functions and related constructs. Specifically,
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these skills are important for children both in their day-to-day functioning and in predicting
their longer-term outcomes, and social contexts influence whether and how children engage
these skills. These findings highlight fundamental issues about how best to conceptualize,
measure, and support these skills and their development, and suggest new interpretations

of variations observed across individuals and groups, pointing toward important directions
for future research. Thus, while we recognize the need for greater clarity in terminology
and the value in attempts to delineate executive functions and related constructs, we use the
term executive functions in a broad sense that includes rather than excludes other constructs
related to goal-directed control processes.

EXECUTIVE FUNCTIONS PREDICT SUCCESS

Variations in executive functioning among individuals predict concurrent success with
schooling, relationships, and behavior, as well as success in later years. For example, in

the famous marshmallow test of delaying gratification, children are presented with one
marshmallow and are told that they can it eat right away, or if they wait to eat it then

they can have two marshmallows (Mischel et al. 1972, 1989). Although most children
indicate that they would prefer to wait for the two marshmallows, many children nonetheless
indulge in the one marshmallow at some point during the waiting period. Waiting for the
delayed reward likely taps executive functions, given the need to inhibit the impulse to

eat the available marshmallow and keep in mind the goal of obtaining two marshmallows.
Indeed, performance on this task correlates with performance on measures of executive
function such as inhibitory control (Eigsti et al. 2006, Hoffmann et al. 2009, O’Toole

et al. 2018, Rodriguez et al. 1989). In addition, prefrontal cortical regions that support
executive functioning are engaged during delay of gratification and related tasks (Figner

et al. 2010, Luerssen et al. 2015, McClure et al. 2004). Importantly, children’s delaying

of gratification in the marshmallow task predicts intelligence and academic, social, and
behavioral skills in the short term (Duckworth et al. 2013, Razza & Raymond 2013), as

well as academic success, socioemotional competence, and health in later years (Ayduk et al.
2000, Michaelson & Munakata 2020, Mischel et al. 1988, Schlam et al. 2012, Shoda et al.
1990, Watts et al. 2018).

Variations among individuals on computerized and tabletop task—based measures of
executive function also predict concurrent and later success (Benson et al. 2013, Fox et
al. 2021, Fuhs & Day 2011, Marcovitch et al. 2007, Miyake & Friedman 2012, Young et
al. 2009). For example, response inhibition is the ability to stop a habitual, ongoing, or
impulsive behavior. Task-based assessments of response inhibition include the following:

. the antisaccade test—participants must look in the opposite direction of a cue
that appears on a monitor, rather than looking at the cue;

. the Stop-Signal Task—participants respond to stimuli on a monitor but must
withhold that response if a signal appears rather than completing the response;
and

. the Stroop test—participants must respond to stimuli in unusual ways (e.g.,

naming the color of ink that words are written in, or saying “night” in response
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to a picture of a sun), rather than responding in learned ways (e.g., responding to
words by reading them, or saying “day” in response to a picture of a sun).

Each measure of any particular skill such as response inhibition also taps other skills

(e.g., visual processing), so executive functions can be difficult to measure. One approach

to addressing this challenge is to use multiple measures and statistically extract a latent
variable based on what is common across the measures. When response inhibition is
measured during adolescence in this way using the antisaccade, Stop-Signal, and Stroop
tasks, it predicts important behaviors such as substance use, novelty seeking, and measures
relating to conduct disorder and attention-deficit/hyperactivity disorder (ADHD) (Young et
al. 2009). Task-based measures of executive function also predict later educational outcomes
from preschool into adolescence (Blair & Razza 2007, Blair et al. 2015, Cragg & Gilmore
2014, Huizinga et al. 2018, Lan et al. 2011, Matthews 2018, Schmitt et al. 2017).

Finally, questionnaire measures relating to executive function predict concurrent and later
success as well. For example, in a well-known study of more than 1,000 children followed
longitudinally, children’s self-control from 3 to 11 years of age was reported on by
researchers, parents, teachers, and ultimately the children themselves. These questionnaires
included persistence in reaching goals, maintaining attention, and inhibiting impulses. These
measures were all positively correlated and were combined into a composite score. This
composite score predicted the health, wealth, and public safety (lack of criminal convictions)
of the individuals decades later (Moffitt et al. 2011).

Such longitudinal associations have been confirmed in a recent meta-analysis of 150 studies.
Self-regulation measures at 4 years predicted social, academic, and behavioral outcomes in
early school years, and self-regulation in early school years predicted behavioral, health,
and academic/employment outcomes in later school years and beyond (Robson et al. 2020).
Task-based assessments (e.g., the marshmallow test) and teacher reports tended to show
stronger links than parent reports, a point we return to in the second-to-last section.
Children’s executive functioning thus predicts their success across myriad domains in
childhood and beyond (Figure 2, right).

ARE SOME INDIVIDUALS DESTINED FOR GOOD EXECUTIVE
FUNCTIONING AND SUCCESS?

What children do—with a tempting marshmallow, on computerized tasks that challenge their
ability to achieve goals, or in their daily behaviors that shape the impressions of adults
around them—predicts their later success in school, relationships, health, wealth, work, and
life. Such findings seem to suggest that certain individuals are simply destined for good
executive functioning and success. Indeed, executive functioning is often defined as if it is
an inherent aspect of an individual (see discussion in Doebel 2020). This emphasis aligns
with a focus on the level of the individual within psychology more generally, which reflects
and prioritizes the perspective of those who established the scientific culture of the discipline
(Ledgerwood et al. 2021)—a point we return to in the second-to-last section.
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From this perspective, it makes sense that executive functioning is often quantified via
lab-based measures collected from an individual in isolation, or via reports about individuals
considered in isolation. (Group-based measures of executive function in children have
recently been developed, but these measures still focus on assessments at the level of

the individual; Ahmed et al. 2021.) Moreover, variations in executive functioning among
individuals show stability across development. That is, while children show dramatic
improvements in executive function with development (Diamond 2013, Gathercole et al.
2004, Kave et al. 2008, Munakata et al. 2012), individuals who perform relatively well on
measures of executive functioning at one point in time continue to perform well at later
points in development (Friedman et al. 2007, 2011, 2016; Harms et al. 2014; Helm et al.
2020; Miyake & Friedman 2012). These developmentally stable variations across individuals
can be explained to a substantial degree by genetic factors (Friedman et al. 2016, Miyake &
Friedman 2012). For example, in a multivariate modeling study involving data from identical
and fraternal twins, estimates of heritability—the portion of variability among individuals
attributable to genetic effects—ranged from 0.75 to almost the maximum of 1 (Friedman et
al. 2008). (Notably, the heritability estimates were much lower when based on single-task
measures of executive function rather than latent variables; this contrast highlights the value
of statistically extracting purer measures of processes of interest based on what is common
across individual measures, which on their own reflect measurement error and additional
nonexecutive processes specific to individual tasks that obscure relationships.) Such findings
seem to suggest a trajectory from genetic variations to executive function capacities to life
success.

However, individual differences can show stability across development and high heritability
even if they are not inherent aspects of an individual and are influenced by the
environmental and social context. This is in part because factors that influence executive
function both in the moment and in the long term over time—such as character, connection,
and trust in parents, peers, and other adults—also tend to be stable across the life span.

For example, the Five Cs (competence, confidence, character, connection, and caring)
model of positive youth development demonstrates structural equivalence across multiple
time points throughout adolescence, suggesting relative continuity across time (Bowers et
al. 2010). Relative stability is also observed in multidimensional measures of well-being,
including self-esteem, self-efficacy, and social support, from adolescence through adulthood
(Schulenberg et al. 2004); only 17% of participants demonstrated evidence of “considerable
change.” Moreover, growth mixture modeling research suggests that adolescents’ prosocial
behavior toward family and friends is generally stable over time (Padilla-Walker et al. 2015).
Cross-sectional studies involving multiple age groups indicate that the degree to which

we trust others is relatively unaffected by age (Harbaugh et al. 2003, Rotter 1971). These
factors also tend to be correlated with executive functions, and may therefore represent
continuous forces on executive function that partially explain its apparent developmental
stability and heritability. That is, individuals who grow up with sound character, strong
social connections, and adequate trust in others may also tend to have the necessary
environmental resources to develop strong executive functions (Doebel et al. 2020).

Moreover, high heritability does not mean immutability, as the authors of the studies
showing high heritability of executive functions emphasize (Miyake & Friedman 2012).
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Heritability addresses how much of the variation across a particular set of individuals at a
particular point in time can be attributed to genetic effects. Heritability can be high even if
the environment plays a major role in shaping variations among individuals (Scarr-Salapatek
1971, Tucker-Drob et al. 2013, Turkheimer 2000). For example, height is influenced by
environmental factors such as nutrition, as evidenced by the fact that the average height of
11-year-old boys in Japan today is 5 inches greater than it was 50 years ago. However, in
some samples, the heritability of height has been estimated to be 80% (Dubois et al. 2012).
How can that be, if nutrition has such a clear impact? This can happen if nutrition did not
vary sufficiently within the particular set of individuals studied to make a significant impact
on differences in height among them. As a result, variations in height in that particular
sample reflect other factors to a greater degree, such as genetic factors. Similar patterns have
been observed with measures of intelligence (which are correlated with executive functions;
Brydges et al. 2012, Conway et al. 2003, Friedman et al. 2006). Specifically, estimates of the
heritability of 1Q have varied across studies and samples, with relatively high heritability of
1Q observed in studies conducted in Western Europe and Australia, and in the United States
with individuals of high socioeconomic status, but with lower heritability of 1Q observed

in studies conducted in the United States with individuals of low socioeconomic status
(Tucker-Drob & Bates 2016). Individuals in the studies yielding high heritability estimates
may have experienced more similar environmental conditions relevant to performance on
measures of intelligence (e.g., in terms of schooling, nutrition, and health care), such that
variations in their environments do not lead to significant variations in 1Q. The power of
these environmental factors can only be revealed in samples that have significant variations
in them. Such variations in the quality of schooling and other environmental factors may

be more prevalent across individuals with lower socioeconomic status in the United States,
and less common across individuals in countries that provide high-quality public options

for all and across higher—socioeconomic status individuals in the United States who can
access high-quality options. This situation has led one behavioral geneticist to quip, “If you
want to decrease the role of genes in determining destiny, increase inequality. Then the
environment will play a bigger role, and the role of genes will shrink” (R. Olson, personal
communication).

While estimates of the stability and heritability of executive function can be high,
longitudinal studies also show changes. For example, estimates of the heritability of some
aspects of executive function decreased substantially between late adolescence and early
adulthood, when many twins moved out of their homes and started to live separately
(Friedman et al. 2016). These findings highlight the influence of nonshared environmental
factors—that is, environmental influences that led twins to become different from one
another.

So, are some individuals simply destined for good executive functioning and success—on a
flourishing track based on inherent aspects of themselves? The evidence suggests otherwise.
Although individual differences in executive functioning can predict concurrent and later
success in life, and although such individual differences in executive function can show
stability across development and high heritability, environmental factors still play a major
shaping role.
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ENVIRONMENTAL INFLUENCES ON EXECUTIVE FUNCTION AND
DEVELOPMENT

Environmental influences on development, and on executive function development in
particular, have long been recognized. Children are shaped by the people, settings, and
objects with which they interact (Bronfenbrenner & Evans 2000, Bronfenbrenner & Morris
1998, Cole 1995, Evans 2021, Rogoff 1990, Vygotsky 1978). Influences can be physical

as well as social. For example, crowding, noise, and chaos experienced in the home

and in learning environments elevate children’s chronic physiological stress, as indicated
through objective markers including blood pressure, skin conductance, and neuroendocrine
stress hormones (Basner et al. 2014, Evans et al. 1998, McEwen 1998). Influences can

also be both direct and indirect, operating via the children’s exposure or via parents’

and other caregivers’ exposure, for example (Ackerman & Brown 2010, Repetti et al.
2002). Fragmented and unpredictable patterns from the environment can cause aberrant
synaptic connectivity that disrupts crucial cognitive and emotional brain circuit maturation
(Davis et al. 2017, Glynn & Baram 2019). Environmental effects of physical and social
circumstances on children’s executive functioning may be pronounced as a result of the
protracted structural and functional development of the prefrontal cortical areas that support
them in comparison to other neurocognitive functions (Noble et al. 2005, Werchan & Amso
2017). Furthermore, apparent failures to engage executive functions may reflect an adaptive
response to the regularities of one’s environment (Lee & Carlson 2015, McGuire & Kable
2013, Pepper & Nettle 2017).

Correlational studies have highlighted reliable links between children’s environments and
outcomes across domains. For example, inconsistent discipline from caregivers predicts
higher negative affect and behavioral problems in children (Acker & O’Leary 1996, Doan
& Evans 2020, Sawin & Parke 1979), and regular family routines (such as consistent meal-
and bedtimes) are associated with positive developmental outcomes (Fiese 2006). Verbal
and nonverbal parent—child interaction quality at 24 months accounts for nearly a third

of the variance in child expressive language 1 year later (Hirsh-Pasek et al. 2015). Better
childhood executive function is associated with parenting that is classified as more positive
(e.g., in terms of warmth and responsiveness), less negative (e.g., in terms of control and
intrusiveness), and more cognitive (e.g., in terms of autonomy support and scaffolding)
(Valcan et al. 2018). Children with more unstructured time to practice engaging executive
functions in their daily lives display better self-directed executive functioning on laboratory
tasks (Barker et al. 2014). On the flip side, unpredictable and unreliable behavior from
parents and other adults in children’s lives is associated with worse executive functioning on
delay of gratification and temporal discounting tasks (Mauro & Harris 2000, Schneider et
al. 2014). Household chaos is also associated with worse executive functioning in children
(Andrews et al. 2021, Berry et al. 2016, Schmitt et al. 2015, Sturge-Apple et al. 2017).
Cultures also differ in the value associated with, and propensity to engage, executive
functions (Lamm et al. 2018, Lan et al. 2011, Legare et al. 2018, Roos et al. 2017, Yanaoka
et al. 2021).
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Recent experimental research in this tradition demonstrates the power of social contextual
influences on children’s engagement of executive functions across cultures. Children engage
more cognitive control on a computerized task when they are told they are competing

or cooperating with another person in the room, relative to a neutral context where

another person is similarly present and participating, but in neither a competitive nor

a cooperative manner (Fischer et al. 2018). Children also perform less impulsively in

a delay-of-gratification task when their outcomes are interdependently linked to other
participants’ rewards, relative to when they perform the same task alone (Koomen et al.
2020). Furthermore, children are more willing to wait for a delayed reward when they

are told their in-group waited (and their out-group did not), relative to when they are told
their in-group did not wait (and their out-group did), across both Western and Japanese
samples (Doebel & Munakata 2018, Munakata et al. 2020). Children are less likely to delay
gratification when the adult promising the delayed rewards behaves in an unreliable or
untrustworthy way (Kidd et al. 2013, Michaelson & Munakata 2016, Moffett et al. 2020).
Schooling also shapes children’s executive functioning and associated brain regions, as
revealed through studies comparing children of similar ages who enroll or do not enroll in
school on the basis of birthdate cutoffs (Brod et al. 2017, Burrage et al. 2008) and studies
experimentally manipulating aspects of the classroom environment (Fisher et al. 2014).

Social contextual influences can also explain why executive functioning in childhood
predicts life outcomes. Longitudinal links between preschool delaying gratification and
adolescent academic and behavioral outcomes disappear after accounting for factors like
social support (Michaelson & Munakata 2020). Effects of early executive function on
preschoolers’ academic readiness are fully mediated by social adjustment (Baptista et al.
2016). Such findings suggest that children who grow up with social support may be more
willing to engage executive functions because of social norms (Doebel & Munakata 2018,
Lamm et al. 2018, Pepper & Nettle 2017) and because they trust that the rewards of exerting
executive functions will pay off (Kidd et al. 2013, Michaelson & Munakata 2016). These
early experiences may in turn lead to greater opportunities for children to practice using
and benefiting from their executive functions (Doebel et al. 2020, Michaelson & Munakata
2020). Thus, performance on measures of executive function reflects not only stable core
capacities but also a variety of social contextual factors that influence whether individuals
engage executive functions, which may in turn shape the further development of executive
functions.

Many other contextual factors such as rewards influence performance on executive function
tasks and have shifted conceptualization of executive functions as stable core capacities in
other realms as well. For example, individuals who are characterized as high span in their
working memory capacity can typically remember a longer string of digits than individuals
characterized as low span. However, when rewards are increased, high-span and low-span
individuals perform more comparably (Adam & Vogel 2016). Similarly, rewards can change
the extent to which individuals engage executive functioning proactively, in anticipation of
needing it, versus reactively, as needed in the moment (Chiew & Braver 2013, 2014, 2016;
Hefer & Dreisbhach 2016). Such findings highlight the potential role of motivational and
other factors in the differences observed among individuals in their executive functioning
(Botvinick & Braver 2015). Similar ideas have been explored in understanding variations

Annu Rev Dev Psychol. Author manuscript; available in PMC 2024 July 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Munakata and Michaelson Page 9

in executive functioning observed in developmental disorders, such as ADHD (Haenlein &
Caul 1987, Johansen et al. 2009, Volkow et al. 2011). Thus, individuals may weigh the
relative benefits and costs of engaging executive functions such that behaviors reflect not
only core capacities but also decisions regarding whether and when it is worth engaging
executive functions. These ideas have been formalized in the expected value of control
framework (Shenhav et al. 2013, 2017) and demonstrated in people’s choices of tasks and
skills engaged in those tasks across development (Chevalier 2018; Kool et al. 2010; McGuire
& Botvinick 2010; Niebaum et al. 2019, 2021; Niebaum & Munakata 2020; Westbrook et al.
2013).

This research highlights the potential power of environmental influences on executive
functioning and its development, and the importance of conceptualizing executive
functioning and development in context. The left side of Figure 2 captures these influences
and many other forces influencing executive functioning both in the moment and in the
longer term.

CONCEPTUALIZING, MEASURING, AND SUPPORTING EXECUTIVE
FUNCTIONS ACROSS DEVELOPMENT

The influence of environmental factors on the engagement and development of executive
functions raises fundamental questions about how to best conceptualize, measure, and
support executive functions across development. Environmental influences (a) may explain
why different measures of executive function often do not correlate well and differentially
predict success in the world; (6) suggest new interpretations about what differences

in executive function and associated life outcomes across diverse groups reflect, with
implications for comparisons across groups and cultures and for intervention efforts; and
(¢) highlight distinct perspectives on how to address environmental influences in the
measurement and conceptualization of executive function.

First, different measures of executive function—such as lab tasks, parent report, teacher
report, and self-report—often do not correlate well and differentially predict success in the
world (e.g., Duckworth & Kern 2011, Duckworth & Yeager 2015, Eisenberg et al. 2019,
Enkavi et al. 2019, Robson et al. 2020). Each of these measures could index meaningful
aspects of executive function, but performance on them and their predictiveness may vary,
given variations in the social and contextual influences at play across them. Individuals
may appear to have poor executive functioning when instead they have determined that

it is not worth engaging executive functions in that moment in time, in that particular
context—in their home with their family, in school with their friends, or out in the world
in their particular cultural setting. For example, one child may perform best on executive
function measures administered in a quiet lab room, but prioritize talking with friends over
focusing on the teacher in the classroom. Another child may see no point in performing

an arbitrary executive function task on a computer but prioritize switching flexibly among
challenging responsibilities at home. Which executive function measures correlate with and
predict success in the world may depend on the match between the contexts in which

they are measured and the relevant contexts in the world. For example, latent variables of
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cool executive functions formulated from computerized tasks in isolation may best predict
an individual’s behavior in the real world when that person is acting alone; measures of

hot executive function under more emotional circumstances may best predict real-world
behaviors with other people. Variations in measurement error, bias in reporting, and so forth
may also contribute to measures not correlating well and differentially predicting success in
the world (see the sidebar titled Tell Me About Your Executive Function).

Second, environmental influences on executive function highlight the need to rethink why
individuals vary in their executive functioning and life outcomes across diverse groups and
how best to support them. For example, if variations in children’s delaying gratification and
later life outcomes reflect social support (e.g., the trustworthiness of others in providing
delayed rewards, group norms around valuing the delay of gratification), then increasing
these social supports may be a promising approach. Considering individual differences

in additional relevant factors (such as the tendency to trust others) may provide a more
complete understanding of executive functioning (Ma et al. 2018). Social factors may

also explain variations in executive functioning that have been observed between groups
(e.g., racial and ethnic groups; Rea-Sandin et al. 2021) or across other dimensions. For
example, socioeconomic status predicts executive function, with individuals from higher
socioeconomic backgrounds performing better across a range of measures (Lawson et al.
2018, Noble et al. 2005). Socioeconomic status is a multifaceted construct that can include
education, occupation, income, and other factors that can be meaningfully distinguished
(DeJoseph et al. 2021). Such factors and associated experiences may influence the extent
to which it is rational and valuable for an individual to trust others, view an arbitrary
experimental task as sensible or worth exerting effort on, and so forth, which can

then influence engagement of executive function (e.g., Pepper & Nettle 2017) and its
development (e.g., Michaelson & Munakata 2020).

This perspective highlights the possibility that traditional measures of executive function
have not been equitable in measuring cognitive processes across participants. Instead,
traditional measures may be biased to elicit better performance from individuals who
resemble the people who designed the tasks and whose experiences support being
comfortable with arbitrary testing situations focused on individual performance, motivation
to do well on arbitrary tasks, and so on. Typical measures have been designed within

a tradition of psychology built on the perspective of White, Western, wealthy males
(Ledgerwood et al. 2021), such that the measures may favor performance from those
whose experiences best align with this tradition. As the rapper MC Hammer (2021) put

it in his viral tweet: “When you measure include the measurer.” A measure of executive
function may be more likely to reveal full executive function capabilities if steps are taken
to explicitly address potential biasing elements (e.g., by discussing with participants the
inherent challenge and potential fun of arbitrary, unfamiliar tasks), or if support around
these biasing elements is provided (e.g., by making tasks more familiar or gamelike, or by
measuring executive function in natural contexts with social support and a greater purpose
for learning). Such steps to address bias may diminish variations in executive functioning
observed between groups or across dimensions like socioeconomic status, as has been
observed with other cognitive and academic measures (Camilli & Shepard 1994, Good et al.
2003, May et al. 1993, Pennebaker et al. 2013, Rogoff et al. 2002).
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Moreover, variations in the social contextual environment across cultures may shape
differences in executive functioning and the processes involved (Lamm et al. 2018, Yanaoka
et al. 2021). For example, children in Japan routinely wait to begin eating until after
everyone is served, from early in life and across contexts (home, school, restaurants),
whereas children in the United States may have more regular experiences of waiting in the
context of opening gifts relative to children in Japan. Japanese children wait much longer
than American children in the classic marshmallow test, whereas American children wait
much longer than Japanese children when the reward is a wrapped present rather than a
food treat (YYanaoka et al. 2021). In addition, while children’s delaying times were overall
predicted by parent reports of children’s self-control and sensitivity to social conventions,
self-control seemed less relevant in the context of cultural habits (when Japanese children
waited for two marshmallows or American children waited for two gifts), while sensitivity
to social conventions seemed more relevant in those contexts (Yanaoka et al. 2021).

These patterns highlight how sociocultural factors may shape children’s behaviors and the
processes involved. More generally, such findings highlight the importance of extending
beyond WEIRD (Western, educated, industrialized, rich, democratic) and other narrow
populations of study—to reveal behavioral patterns and causal forces that might otherwise
be missed—and they highlight the value of considering who measures were designed for
and whether they are appropriate across groups and contexts (Correa-Chavez et al. 2015,
Goodenough 1936, Henrich et al. 2010, Nielsen et al. 2017, Nsamenang 1995).

Finally, what do these findings mean for how best to conceptualize and measure executive
functions? We draw two contrasts that such findings have highlighted and explain the
reasoning behind our position in these debates. One contrast concerns measurement and
interpretation, what variables should be controlled for when measuring executive functions,
and how resulting findings should be interpreted. On the one hand, some researchers have
argued for and taken the approach of measuring and controlling for multiple variables such
as socioeconomic status in an attempt to purify measures of executive function by removing
variance that can be attributed to co-occurring constructs (e.g., Ahmed et al. 2019, Watts

& Duncan 2020, Watts et al. 2018). From this perspective, the more controls there are, the
better, with the idea being that the resulting measure will best isolate executive functions
and highlight their unique roles. If a correlation is observed with executive function and life
outcomes and it becomes insignificant when the controls are included, then the correlation
with executive function is dismissed as reflecting separable factors. On the other hand,

we agree with other researchers who have argued that controls should be used for testing
theories rather than purifying relationships (e.g., Meehl 1970, Newcombe 2003, Spector &
Brannick 2011, Wysocki et al. 2020), and that extensive covariate adjustment can inflate
false-positive rates (e.g., Westfall & Yarkoni 2016) or inadvertently remove the true causal
effect (Doebel et al. 2020, Falk et al. 2020, Rohrer 2018, Spencer et al. 2005). Including
controls may lead to throwing the baby out with the bathwater, or to muddying the bathwater
so it is harder to see the baby. From this perspective, because social support is a crucial
component in the engaging and development of executive function, controlling for it does
not purify measures of executive function, but likely removes variance of interest (see the
sidebar titled Covariates for Executive Function: Too Much Control?).
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The second contrast concerns conceptualization of executive functions, and whether it is
useful to consider executive functions as cognitive processes internal to the individual,
separable from external influencing factors. On the one hand, some researchers have argued
that context is everything, so it is inappropriate to reify executive functions as if they are
stable internal capacities (Buss & Spencer 2014, Doebel 2020, Perone et al. 2021). From this
perspective, one should not view executive functions as processes that could be strengthened
in one particular setting (e.g., on a standard lab task), similar to a muscle, and then
transferred to other settings. Instead, what matters is the factors that influence performance
in one particular setting (e.g., comfort in a lab setting, motivation to perform well in front

of an experimenter). Executive functioning may not exist in a way that can be abstracted
from these specific instantiations. On the other hand, we argue that while context matters,
executive functions are nonetheless real processes, which can be understood in terms of
underlying mechanisms, computations, and cognitive processes that can be meaningfully
delineated (Banich 2009, Botvinick & Braver 2015, Miyake & Friedman 2012). Influences
on these processes are considerable and should not be discounted, but we also should not
discount the executive functions themselves. This too would be like throwing the baby out
with the bathwater (see the sidebar titled Context and Executive Functions Matter).

ELUCIDATING HOW EXECUTIVE FUNCTIONING EMERGES IN THE WORLD

Many studies have highlighted the potential of a rich interplay between social context and
executive function development; however, they are open to multiple possible interpretations
about whether and how social factors support and shape executive function in the wild.
Correlational studies with measures of real-world social context and outcomes have been an
important step in exploring how executive functioning emerges in the world. Longitudinal
studies and genetically informative studies have added valuable information about timing
and sources of influence. Targeted experimental studies have identified causal influences.
However, such studies have typically been narrow in scope—focusing on the short-term
effects of brief experiences in the lab. Such experimental studies have also tended to focus
on explaining the average person, for example, estimating group tendencies rather than
understanding variability within and between people. Future research building on all of
these foundations will elucidate the complexity of how executive functioning emerges in the
world. We highlight four promising directions.

First, targeted interventions can address whether causal effects in the lab matter in the
world. Although these interventions can be time intensive and costly to implement and
evaluate, existing examples suggest they may be worth the effort. A 2-year community
trust intervention in rural Bangladesh significantly reduced myopic decision-making among
members of communities in which volunteers had been trained to act as intermediaries
with the local government, relative to communities that did not have these volunteers
(Jachimowicz et al. 2017). The effectiveness of such interventions highlights how social
factors may provide a powerful psychological lever through which targeted interventions
can lessen long-standing inequalities in income and achievement. Longitudinal, field-based,
randomized controlled studies have also been conducted to test whether preschool curricula
or instructional models such as the Montessori program improve children’s executive
functions; the answer was no for the preschool curriculum tested (Nesbitt & Farran
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2021), but the findings were more promising for the Montessori program (Lillard &
Else-Quest 2006, Lillard et al. 2017). Research—practice partnerships provide another
promising approach. Such partnerships involve researchers and community members as
equal collaborators in developing and investigating research questions of mutual interest in
real-world contexts (Penuel & Gallagher 2017). EF+Math is an initiative that is funding
large-scale researcher—educator partnerships to support students’ executive functioning by
addressing school social context and other factors (https://www.efmathprogram.org). Such
real-world programs may ultimately yield greater benefits than more narrow executive
function training that does not show benefit beyond the training context (see the sidebar
titled Training Executive Function: Teaching to the Test?).

Second, studies that target processes as they unfold in real time may shed light on how
executive functioning emerges in the world. Consider research in another domain, language
learning. Infants who produce more adult-like sounds evoke more social responsiveness
from adults (Goldstein & West 1999). Moreover, when parents are coached to alter

their behaviors to be more contingent in response to their infants’ vocalizations, those
vocalizations become more adult-like (Goldstein & Schwade 2008, Goldstein et al. 2003).
Such studies have revealed how language learning and related processes are shaped in

real time through interaction with the environment (Abney et al. 2020, Suarez-Rivera et

al. 2019). Biobehavioral synchrony in parent—child interactions may support children’s
functioning across a range of domains (Feldman 2012, Parenteau et al. 2021). In the
domain of executive function, children’s performance is correlated with parent behaviors
such as scaffolding to support children in solving challenging tasks with assistance (Valcan
et al. 2018). Scaffolding of children’s goal-directed activities can support their learning

and experiences solving problems they could not reach on their own, which may in turn
support the engagement and development of executive functions (Bodrova et al. 2013,
Vygotsky 1978). These naturalistic findings can be built on, as in the domain of language, to
experimentally test the causal role of such dynamics in the emergence of executive function
(Moreno et al. 2017, Bodrova & Leong 2018; cf. Nesbitt & Farran 2021).

Third, computational modeling approaches should yield insight into how experiences

in social contexts shape emerging executive function and how to support children’s
development. Computational models provide a valuable framework for specifying and
testing hypotheses and bridging brain, behavior, and experience. Such models have proven
useful for exploring many aspects of development (e.g., ElIman et al. 1996, Mareschal &
Thomas 2007, Munakata & McClelland 2003, Schoner et al. 2016, Shultz 2013, Smith

& Thelen 1996, Ullman & Tenenbaum 2020), including executive function (Buss &
Spencer 2014, Munakata et al. 2013). An established neural network modeling framework
incorporates information about frontostriatal circuitry to simulate performance on a range
of executive function tasks; this research has led to insights into underlying mechanisms
as well as detailed predictions that have been confirmed across a variety of methods and
populations (e.g., Chatham et al. 2011, Collins & Frank 2013, O’Reilly & Frank 2006).
The simulated learning environments of such models can be manipulated to test the impact
on developing executive function (e.g., Rougier et al. 2005). Such manipulations often
focus on the basic content of the learning environment, such as the objects observed and
the words heard. However, these simulations could be extended to explore how models
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learn and adapt in their trajectories of executive function development in response to
different social contexts, such as those relating to trust and norms that have been shown to
influence children’s engagement of executive function. Such computational approaches can
provide insight into the mechanisms underlying the effects of social contexts on developing
executive function, and into ways to support children’s executive function at different
points in development and given different social contexts and histories. Such advances
could parallel and build on advances in the field of computational psychiatry, which uses
models as a tool to explore the complexities of the brain and the environment in order

to advance understanding, prediction, and treatment of mental illness (Huys et al. 2016).
Computational approaches can also inform ongoing debates about relationships among
executive function, self-control, and related processes, by highlighting how common and
distinct mechanisms contribute to goal-directed processes as explored across a multitude of
methods and contexts.

Finally, given the complexity of understanding how executive function emerges in the

world, advances in theory, measurement, and analysis will be central to this endeavor. Many
rigorous research methods remain underused across the developmental sciences (Rioux &
Little 2020), but studies of the development of executive function are increasingly applying
these innovative methods. Intensive longitudinal and ambulatory assessment studies measure
child executive functions on many occasions over a short time period to understand
intraindividual fluctuations in addition to interindividual differences (Koénen et al. 2015,
Neubauer et al. 2019, Yu et al. 2021). Such designs can support idiographic analytic
techniques, such as dynamic structural equation modeling, to reveal unique individual
trajectories of executive function development that are obscured in traditional variable-
centered analyses (e.g., Yu et al. 2020). Invariance testing can be used to explore whether the
latent structure of executive function differs between sample subgroups and how it changes
across development (Montroy et al. 2019, Wiebe et al. 2011, Willoughby et al. 2012).

These methods feature variability within individuals and groups as an interesting and often
overlooked source of research questions in its own right, to complement our well-established
techniques for studying aggregates and means. Additionally, contemporary family designs
such as children of twins and sibling fixed-effect studies can help tease out causal effects of
the environment on child outcomes while accounting for genetic influences (D’Onofrio et al.
2003, Jaffee et al. 2012, McAdams et al. 2018).

Studies that span multiple aspects of these promising directions, such as longitudinal
intervention studies measuring real-world dynamics and consequences and computational
mechanisms, will likely play a key role in understanding the richness of how social

context influences the development of executive function. Such research will advance the
understanding and supporting of children’s success both in the moment and in the long term.
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How do children develop the ability to achieve their goals? Whether negotiating a toy
from a playmate, completing an assignment for school, mastering a sport or hobby, or
planning an event, success relies upon a collection of cognitive processes known as
executive functions. Executive functions include processes such as the following:

Executive functions are measured in a multitude of ways, including computerized tasks,
behavioral measures, and questionnaires administered to the individuals of interest or to
others who know them, such as parents or teachers.

ACHIEVING GOALS

goal maintenance—for example, keeping in mind that you want to learn how
to kick-flip a skateboard, even through the frustration of failed attempts;

inhibitory control—for example, stopping yourself from grabbing a toy out of
someone else’s hands;

shifting—for example, switching flexibly between addition and subtraction
problems in a math assignment; and

updating information in working memory—for example, keeping track of
the most recent options discussed during a conversation about where to go
for dinner, what time to meet, and how to get there, with multiple options
considered for each topic and with the topics interspersed.
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TELL ME ABOUT YOUR EXECUTIVE FUNCTION

When people report on their executive functioning and success, they may take a hard
look in the mirror—or they may not. Biases in such self-reports may partially explain
why different measures of executive function often do not correlate well (in addition to
social and contextual forces leading to genuine variations in executive functioning). For
example, one paper found that self-report- and task-based measures of executive function
did not correlate well and that self-report measures better predicted success in the world
than task-based measures (Enkavi et al. 2019). Measures of success in the world were
based on self-report. Thus, the stronger correlation observed with self-report measures
of executive function may in part reflect bias in participant reporting—those who claim
to be high on executive function also claim to be doing well in life, with higher scores
reflecting additional factors such as greater confidence and desire to impress when
describing oneself. More objective task-based measures of executive function might
better predict more objective measures of success in the world. This potential influence
of bias in reporting may also explain why task-based measures (and teacher reports)

are more predictive of children’s real-world outcomes than parent reports (Robson et al.
2020).
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COVARIATES FOR EXECUTIVE FUNCTION: TOO MUCH CONTROL?

Commonly used covariates may remove variance of interest related to control processes.
For example, processing speed is characterized as the rate of perceiving, interpreting,
and responding to information, reflecting low-level factors like neural myelination (Kail
2000, Salthouse 1996). However, many processing speed measures are complex. They
correlate with and likely reflect executive functions such as goal maintenance and
shifting (Cepeda et al. 2013). Similarly, executive functions correlate with intelligence
(Brydges et al. 2012, Conway et al. 2003, Friedman et al. 2006), likely as a result of
overlap in measures and the role of executive functioning in intelligence and vice versa.
While it may be tempting to include measures of intelligence to control for certain
participants “just being smarter,” such controls can be problematic because executive
functions may be a fundamental aspect of being smarter, as assessed by intelligence tests
(Draheim et al. 2021, Friedman et al. 2006). Similar issues arise when controlling for
concurrently measured cognitive and behavioral skills in an attempt to purify measures of
executive function (as in Watts et al. 2018). Thus, when it comes to control variables, we
argue that more is not merrier, and careful analysis is needed to target relevant constructs
and measures.
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CONTEXT AND EXECUTIVE FUNCTIONS MATTER

The contrast between “executive functions are influenced by context” and “context is
primary and executive functions may be superfluous” is reminiscent of debates about
emerging conceptual knowledge in infancy. Some researchers took signs of knowledge in
infancy as evidence of innate or rapidly learned principles (e.g., of object permanence,
that objects continue to exist when no longer perceived; Baillargeon et al. 1985, Spelke
et al. 1992). Other researchers (including dynamic systems theorists) argued against
reifying early signs of knowledge, because infants’ successes in such studies depended
on testing context, measures, and familiarity (e.g., Bogartz et al. 2000, Smith & Thelen
1996, Smith et al. 1999). These factors might explain infant behavior without any need to
appeal to knowledge. In these debates too, we and other researchers found it productive
to explore a middle ground, with the contextual variability observed in children’s
behaviors guiding theorizing about the nature of early knowledge representations (e.g.,
Keen 2003, Mareschal 2000, Munakata et al. 1997). For example, infants could develop
graded (rather than all-or-nothing) representations of objects with experience, and
certain situations require stronger representations than others. This framework led to

the prediction that infants’ well-established preferences for novelty should reverse when
searching for hidden objects, which was confirmed (Shinskey & Munakata 2005).
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TRAINING EXECUTIVE FUNCTION: TEACHING TO THE TEST?

Many interventions have been developed to enhance executive function. Computerized
training programs are among the most popular: Children engage in gamified versions
of cognitive tasks that engage skills such as working memory, selective attention, and
inhibition, with gradual increases in difficulty (e.g., CogMed; Holmes et al. 2009).
Noncomputerized games and activities that traditionally emphasize self-discipline and
control, including martial arts, mindfulness, yoga, and physical exercise, have also been
tested (e.g., Mak et al. 2018, Verburgh et al. 2014). Most available evidence pertains

to targeted training of executive function skills through computerized training, where
intervention effects rarely transfer outside the training environment (Diamond & Lee
2011, Kassai et al. 2019). Children may advance through levels of increasing working-
memory demand in a computerized game but are no better at retaining instructions
conveyed by their teacher. Providing new strategies for self-regulation (e.g., through
mindfulness training) may be more promising, though further research on long-term
effects is warranted (Takacs & Kassai 2019). Targeting multiple executive functions,
and doing so in a naturalistic environment that resembles the contexts in which these
skills are engaged in everyday life, may be crucial for more successful interventions with
effects that generalize to the real world.
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Figure 1.
Explore SEL attempts to clarify executive functions and related processes by organizing

and connecting them across different frameworks. Two aspects of inhibitory control have
been selected in the figure—inhibiting inappropriate responses and waiting. The sunburst
diagram shows where these skills appear across frameworks regardless of how they are
labeled. For example, the orange framework at the 3:00 central location is Head Start
(red arrow). Moving out from the center, the skills described become increasingly discrete
and specific, from “approaches to learning” to cognitive, emotional, and behavioral self-
regulation, to “child manages actions, words, and behavior with increasing independence”
and “child demonstrates an increasing ability to control impulses.” Such tools highlight
the complexity of understanding and supporting executive functioning and provide a
foundation for unpacking this complexity. Image taken as a screen shot from http://
exploresel.gse.harvard.edu/.
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Figure 2.

Multiple forces from the past and present influence executive functioning in the moment and
in the longer term, and executive functioning affects behavior in the moment and predicts
future outcomes. For example, a child’s delaying of gratification (shown under hot executive
function in red) and inhibitory control (shown under cool executive function in dark blue)
can be influenced by what other children are doing (shown under external environment) and
by how much trust the child feels (shown under internal state), as well as by factors that
shaped the child’s past development, such as caregiving. Executive functions in childhood

in turn predict academic, behavioral, health, and other outcomes years later. Figure concept
from Katz et al. (2021).
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