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Abstract
A number of different approaches are currently used for assessing young children’s executive function (EF) and self-regula-
tion (SR) skills. Nevertheless, guidance for stakeholders aiming to assess EF and SR in real-world settings (e.g., preschool 
classrooms) is currently lacking. In the present article, I review the properties, strengths, and weaknesses of three common 
approaches to EF and SR measurement: direct assessments, adult reports, and observational tools. Building on this general 
review, I next highlight several considerations specific to EF and SR measurement of young children in everyday contexts. 
In particular, I consider the ecological validity, interpretability, and scalability of each approach to EF and SR measurement, 
concluding with future directions for research.
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Introduction

A large body of research has shown children’s early execu-
tive function (EF) and self-regulation (SR) skills to be foun-
dational to their later-life success. EF and SR in early child-
hood have been linked with a host of important outcomes, 
including improved academic performance and health, 
increased adult earnings, and reduced criminal behavior 
(Blair and Razza 2007; Moffitt et al. 2011; Schlam et al. 
2013). Importantly, evidence also shows that EF and SR 
skills are malleable, and a number of early interventions 
designed to improve these capacities have shown lasting 
impacts on a range of developmental domains (Diamond 
and Lee 2011; Pandey et al. 2017; Raver et al. 2011).

Historically, a variety of approaches from different disci-
plines and settings have been used to operationalize EF and 
SR. These approaches reflect a diversity of goals related to 
understanding EF and SR in research and clinical practice. 
Despite the broad availability of EF and SR assessments, rel-
atively few measures have been developed with the specific 
intention of capturing young children’s EF and SR skills 
in context, in the everyday environments in which children 

must learn to pay attention, avoid impulsive reactions, regu-
late emotions, and plan and monitor their behavior. In par-
ticular, despite a growing interest in early education-based 
intervention programming, relatively little is known about 
how best to capture preschoolers’ EF and SR skills in the 
context of the classroom environment.

The goal of the present paper is to inform researchers, 
clinicians, and educators regarding the relative advantages 
and disadvantages of existing approaches to measuring EF 
and SR during the early childhood period, including direct 
assessment, adult report, and observational approaches. 
Building on this foundational literature, I also aim to high-
light several considerations specific to operationalizing 
children’s EF and SR skills in applied settings, such as 
classrooms. In particular, I emphasize the importance of 
ecological validity, or a measure’s ability to capture the 
ways that children deploy EF and SR skills in the context 
of real-world distractions, emotions, and supports. Further-
more, I highlight the importance of generating interpret-
able data that are directly tied to decision-making, as well as 
approaches that are scalable for large-scale use. Doing so, I 
argue, will provide more actionable information to research-
ers and practitioners interested in supporting children’s EF 
and SR behaviors in the everyday environments in which 
they learn, grow, and thrive.
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Existing Approaches to Measuring Executive 
Function and Self‑Regulation

Executive function and self-regulation have been defined 
in a number of different ways, using a variety of differ-
ent disciplinary and conceptual frameworks (Jones et al. 
2016). For the purposes of this paper, self-regulation (SR) 
is defined as a broad set of both conscious and uncon-
scious processes that individuals use to regulate (e.g., 
control, modulate, inhibit, initiate) both their internal 
states (e.g., attention, emotion) and observable behavior 
(McCoy 2013; Nigg 2017). Executive function (EF) can 
be thought of as a set of higher-order cognitive processes 
that facilitate “top down” SR, including set-shifting, work-
ing memory, and inhibitory control (Miyake et al. 2000). 
Because EF and SR are often discussed hand-in-hand in 
the early childhood literature, I use both terms throughout 
the rest of this review.

Although theorists such as James, Piaget, and Vygotsky 
have described regulatory phenomena for over a century 
(Fox and Riconscente 2008), formal quantitative measures 
of children’s EF and SR are relatively new (Zelazo et al. 
2016). In the 1970s, Walter Mischel introduced his now-
famous “marshmallow task”, which captures children’s 
delay of gratification by measuring how long they are able 
to wait to eat a desirable snack and what strategies they use 
to avoid temptation (Mischel et al. 1972). Over the past 
several decades, at least 80 new measurement tools have 
emerged for representing different dimensions of chil-
dren’s EF and SR (Ackerman and Friedman-Krauss 2017). 
These approaches range on a number of characteristics, 

including their conceptual foci, disciplines of origin, and 
intended setting. In Table 1, I review the characteristics 
of three primary approaches to measuring EF and SR in 
modern early childhood research, including a brief discus-
sion of the relative advantages and disadvantages of each.

Direct Assessments

Direct assessments are defined for the purpose of this paper 
as performance tasks (often described to participants as 
“games”) that are administered directly to children either 
one-on-one or in a group setting to assess specific sub-con-
structs of EF and SR. Although many direct assessments 
were originally developed for laboratory-based psychologi-
cal research or clinical assessment, an increasing number of 
these tasks have been adapted for use in the field. In general, 
direct assessments tend to be relatively fast to administer, 
taking approximately 2- to 6-min each to complete, exclud-
ing setup time. Because of their long history as research and 
clinical tools, the psychometric properties of many direct 
assessment tools have been studied extensively, providing 
positive evidence for their reliability, validity, and metric 
invariance (e.g., Willoughby et al. 2012; Zelazo et al. 2016). 
They have also been used widely in the context of evaluation 
studies, though evidence regarding their sensitivity to early 
intervention impacts is somewhat mixed (Morris et al. 2014; 
Raver et al. 2011; Weiland and Yoshikawa 2013; Zelazo 
et al. 2016).

The marshmallow task is a classic example of a direct 
assessment of effortful control—a set of EF-like inhibi-
tory and attentional skills that involve the management 
of emotions (Jones et al. 2016)—and has been joined by 

Table 1   Summary of differences across major approaches to measuring executive function and self-regulation in early childhood

Direct assessments Adult reports Observational tools

Typical use Research on specific sub-constructs 
of EF and SR

Research on overall EF and SR skills 
and challenges

Research on overall 
EF and SR behav-
iors

Examples Individual tasks
Hearts and Flowers
Marshmallow task
Pencil tap
Batteries
NIH toolbox
MEFS
PSRA

CBQ
BRIEF
CBCL
SDQ

PSRA assessor report
RRSM

Empirical evidence High High Low
Conceptual precision High Low Low
Breadth of EF/SR skills covered Low Moderate High
Objectivity High Low Moderate–high
Ecological validity Low-moderate High High
Interpretability Low High High
Scalability Moderate High Low
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a growing number of additional behavioral paradigms 
(see Carlson 2005 and Ponitz et al. 2008 for reviews). For 
example, the pencil tap task captures children’s skills in 
inhibitory control by asking them to tap once when an 
assessor taps twice and vice versa (Luria 1966; Diamond 
and Taylor 1996; Smith-Donald et al. 2007), whereas the 
backward digit span measures children’s working mem-
ory by assessing their accuracy in repeating a series of 
numbers backward (Wechsler 1945). More recently, direct 
assessments of EF and SR have been digitized, resulting 
in the emergence of new computer- and tablet-based tasks 
that provide more precise data on response time and accu-
racy than their pencil-and-paper counterparts. The Hearts 
and Flowers task, for example, asks children to tap on the 
same side of a tablet screen when a heart appears, and to 
tap on the opposite side when a similarly colored and sized 
flower appears, thereby challenging both their attention 
and their inhibitory control (Davidson et al. 2006).

Two primary advantages of direct assessments, perhaps 
reflected in their popularity as research tools, are their rela-
tive objectivity and conceptual precision. Computer-based 
assessments, in particular, allow for highly standardized 
implementation and objective scoring procedures, minimiz-
ing the introduction of bias from assessors. Additionally, the 
scores produced by direct assessments tend to be normally 
distributed, facilitating their use in research and evaluation 
(e.g., Brod et al. 2017). Direct assessments are also likely 
better than other approaches at isolating specific EF and 
SR skills and micro-level processes through systematically 
manipulating procedures or stimuli. This level of precision 
is particularly valuable for understanding the interrelations 
between different sub-constructs of EF and SR, including—
for example—the interplay between emotional and cognitive 
functions (Blair et al. 2005).

Despite their emphasis on conceptual precision, it is 
important to note that most direct assessments of EF and 
SR still suffer from some degree of measurement impurity, 
meaning that task scores may reflect a larger range of skills 
than they purport to capture. For example, even a rela-
tively straightforward direct assessment like the backward 
digit span—which, as noted above, is intended to capture 
working memory—requires children to pay attention and 
understand the task instructions, as well as to inhibit the 
prepotent impulse to simply repeat the numbers in the order 
in which they were originally recited. This impurity may 
be particularly prevalent during the early childhood period, 
when EF and SR sub-constructs are still differentiating and 
other basic skills needed to understand and complete the 
tasks (e.g., receptive language) are still developing (Miyake 
et al. 2000; Wiebe et al. 2011; Zelazo et al. 2016). Indeed, 
factor analytic work has confirmed the difficulty of drawing 
distinctions between regulatory sub-constructs using direct 
assessments in early childhood, with several recent studies 

supporting unidimensional models of EF during this period 
(Wiebe et al. 2011; Willoughby et al. 2012).

Task impurity may also be stronger in particular sub-
groups of children, leading to non-random bias in assess-
ment scores. Low performance by shy children, for example, 
may be falsely attributed to poor EF and SR skills, rather 
than the social anxiety of interacting with an adult to com-
plete an assessment (Crozier and Perkins 2002). Similarly, 
children with limited English language skills may be incor-
rectly assumed to have low EF and SR if they experience 
difficulty in understanding the task directions or commu-
nicating with the assessor (Abedi 2004). These issues can 
be mitigated to some extent through the implementation of 
direct assessments using data collectors and settings that are 
familiar to children.

A related limitation of direct assessments is that their goal 
of providing conceptual precision often comes at the price 
of conceptual breadth. Indeed, very few direct assessments 
offer comprehensive perspectives on EF and SR as unified 
constructs that incorporate cognitive, emotional, and social 
processes. This narrow conceptual focus has been hypoth-
esized as one reason why direct assessments often struggle 
to detect the effects of early childhood interventions, which 
often target complex, multi-component regulatory behav-
iors rather than specific, discrete sub-constructs (Zelazo 
et al. 2016). In an attempt to mitigate conceptual “siloing”, 
several packages of EF and SR tasks have been developed 
in recent years, including the behaviorally based Preschool 
Self-Regulation Assessment (PSRA; Smith-Donald et al. 
2007), and the computerized National Institutes of Health 
(NIH) Toolbox (Zelazo et al. 2013) and Executive Function 
Touch battery (Willoughby and Blair 2016). These batter-
ies combine individual tasks like the pencil tap and snack 
delay (in the case of the PSRA) or the Dimensional Change 
Card Sort (DCCS) and Flanker Task (in the case of the NIH 
Toolbox) to allow a more holistic perspective on EF and 
SR skills across multiple constructs. Practically, however, 
the time and resources needed to implement multiple direct 
assessments is often preclusive, particularly when working 
with very young children whose attention spans are limited.

Adult Reports

Adult reports use parents, teachers, and other caregivers to 
report on children’s EF and SR behaviors in the context of 
their everyday environments. Self-reports that are similar in 
content and structure are also used for older children. Adult 
reports can take up to 15 min each to complete, although 
“short forms” or individual subscales often take much less 
time (e.g., 5 to 10 min). Psychometric evidence on adult 
reports is largely positive, with many studies showing ade-
quate and consistent evidence of tools’ test–retest reliability, 
internal consistency, factor structure, and invariance (e.g., 
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Gioia et al. 1996; Rothbart et al. 2001; Sherman and Brooks 
2010; Sulik et al. 2010). Although adult reports have also 
been found to be sensitive to intervention impacts (e.g., 
McCoy et al. 2018), they tend to be much less commonly 
used in preschool-based evaluations than direct assessments.

Modern adult reports of EF and SR have roots in sev-
eral different literature studies. In particular, temperament 
researchers have been leveraging parents’ reports to capture 
children’s effortful control skills, among other character-
istics, for decades (Rothbart 1981). Rothbart’s Children’s 
Behavior Questionnaire, for example, captures parents’ rat-
ings of preschoolers’ inhibitory control, attentional focusing, 
low-intensity pleasure, and perceptual (in)sensitivity using 
a seven-point Likert scale ranging from “extremely untrue 
of your child” to “extremely true of your child” (Rothbart 
et al. 2001). Other adult reports of EF and SR share simi-
larities with tools from the clinical literature. For exam-
ple, rather than focusing on EF and SR skills, many adult 
reports are framed to capture regulatory challenges, with 
their psychometric evidence largely focusing on validation 
against established clinical thresholds (McCandless and 
O’Laughlin 2007; Sherman and Brooks 2010). For exam-
ple, one of the most popular adult reports of early childhood 
EF is the Behavior Rating Inventory of Executive Function-
Preschool Version (BRIEF-P; Gioia et al. 1996). Using the 
BRIEF-P, parents or teachers rate the frequency with which 
children demonstrate common symptoms of dysregulation 
(e.g., “forgets what he/she was doing”) using a simple three-
level response scale of never, sometimes, often. Attention- 
and hyperactivity-related subscales from more conceptu-
ally comprehensive adult reports such as the Strengths and 
Difficulties Questionnaire (SDQ; Goodman 1997) and the 
Child Behavior Checklist (CBCL; Achenbach and Edelbrock 
1991) have also been used to capture EF and SR difficulties 
in both clinical and research settings. Importantly, evidence 
on the psychometric properties of these tools is somewhat 
mixed relative to other approaches. The SDQ, for example, 
has shown a number of different factor structures across 
culturally diverse samples, suggesting that its underlying 
constructs may be unstable (e.g., Finch et al. 2018; Stone 
et al. 2010).

Adult reports have several key advantages for use in 
research. From a practical perspective, they are inexpensive 
to implement, requiring only an adult’s time to complete. 
Furthermore, because they are rated by individuals who are 
familiar with children’s typical behaviors, adults who are 
completing these surveys can consider children’s behav-
iors across a range of situations and settings, allowing for 
a more generalizable perspective on children’s EF and SR 
skills when compared with other contextually constrained 
approaches. Finally, adult reports typically cover a range of 
EF and SR sub-constructs in a single scale. This makes them 
particularly well suited for researchers who are interested 

in gaining a comprehensive perspective on children’s EF 
and SR across attentional, social, emotional, and behavioral 
processes, but potentially less appropriate for those hoping 
to target specific, isolated constructs—particularly those that 
are not directly observable (e.g., cognition).

Importantly, adult reports are also limited in several ways. 
One concern related to more clinically focused adult reports 
(e.g., those targeting attentional or behavioral challenges) 
is that although they are useful for discriminating children 
around a clinical threshold of regulatory difficulty, they may 
be less well equipped to represent the full distribution of 
children’s EF and SR abilities. As such, they may be less 
useful for identifying children whose EF and SR skills are 
particularly exemplary, or even within the normative range. 
Perhaps the most commonly discussed concern regarding 
adult ratings of child behavior, however, is their subjectiv-
ity. In particular, social desirability bias or the pressure of 
high-stakes testing may lead some adult raters to over-report 
children’s positive behaviors and under-report their nega-
tive behaviors in an attempt to appear more favorable (e.g., 
Eisenberg et al. 1996). Adults may also have a hard time dis-
entangling EF and SR from other information that they know 
about that child, including their academic or social skills, 
their tendency to comply with adult instructions, or even 
their global perception of how well behaved a child might 
be (Abikoff et al. 1993; Duckworth and Yeager 2015). These 
sources of subjectivity may partially explain low to mod-
erate observed correlations between parents’ and teachers’ 
reports on the same child using the same scale (Mitsis et al. 
2000; Sullivan and Riccio 2007; Youngstrom et al. 2000). 
Finally, adults may have difficulty in accurately reporting 
children’s behaviors across contexts where they don’t typi-
cally observe them. Indeed, one study found that parents’ 
reports of children’s attention, hyperactivity, and impulsivity 
in school were more strongly related to their own reports 
of children’s behaviors at home than they were of teachers’ 
reports of children’s behavior in school (Mitsis et al. 2000).

Observational Tools

A newer- and therefore less well studied and discussed-addi-
tion to the EF and SR literature is the observational tool, 
which uses an independent assessor to rate children’s skills 
as they engage in some sort of activity or task. Observational 
tools take slightly longer than direct assessments and adult 
reports to administer, as they require both an observation 
period (which can be as little as a few minutes) as well as 
the time it takes to fill in the report or rating form itself 
(which tends to be comparable to an adult report). Because 
they are relatively less common than direct assessments and 
adult reports, the psychometric properties and intervention 
sensitivity of observational tools have been less well studied.
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Several examples of observational tools exist in the 
early childhood EF and SR literature. In particular, the 
PSRA direct assessment battery includes a supplementary 
Assessor Report in which the data collector administer-
ing the direct assessments systematically rates children’s 
behaviors over the course of the testing period, including 
the degree to which the child thought and planned before 
beginning each task and refrained from indiscriminately 
touching test materials (Smith-Donald et al. 2007). The 
PSRA Assessor Report has shown evidence for scalar 
invariance and criterion validity (Daneri et al. 2018) and 
is also known to be sensitive to early intervention effects 
(Raver et al. 2011). The Regulation-Related Skills Meas-
ure (RRSM; McCoy et al. 2017a) uses a similar set of 
observed, Likert-scale items to rate preschoolers’ and 
kindergarteners’ EF and SR behaviors not during an 
assessment, but in an everyday classroom environment, 
including during student-led activities (e.g., free play), 
teacher-led activities (e.g., read aloud), and transitions 
between activities (e.g., clean up). Although less well 
studied, pilot data on a small sample of children using 
the RRSM suggest high levels of internal consistency, but 
potential issues with ceiling effects (McCoy et al. 2017a).

Observational tools share similar pros and cons with 
direct assessments and adult reports. Observational tools 
tend to be more objective than adult reports due to the 
fact that their raters typically do not have a prior relation-
ship with the child they are assessing and are therefore 
less likely to conflate his or her EF and SR skills with 
other characteristics. Relative to parents or even teach-
ers, experienced observers also have the advantage of a 
broad comparison group against which to judge a child’s 
behavior, helping them to calibrate their scores and avoid-
ing reference bias (Heine et al. 2002).

At the same time, observational tools are limited in 
their conceptual precision. Like adult reports, observa-
tional assessments can only capture children’s observed 
behavior. They are unable, however, to operationalize 
the specific underlying skills (e.g., set-shifting, inhibi-
tory control) or attributes (e.g., motivation, mindsets) 
that may drive this behavior. Second, unlike adult reports, 
observational approaches can only make inferences about 
children’s behaviors within a particular place and time. 
As such, their ability to generalize children’s EF and SR 
across contexts is limited. Third, children may intention-
ally modify their typical behavior when they know that 
they are being observed, a phenomenon known as the 
Hawthorne Effect (Diaper 1990). This may lead to an 
overestimate of children’s typical EF and SR behaviors 
using observational approaches, particularly for children 
who are sensitive to observer effects.

Applying Executive Function 
and Self‑Regulation Assessments 
in Real‑World Contexts

Given the breadth and diversity of EF and SR assessments 
available, it is often challenging for researchers, practi-
tioners, policy makers, and clinicians to determine the 
“best” measurement approach to meet their goals. This 
dilemma is increasingly salient for stakeholders working in 
real-world contexts like schools, daycares, or community 
settings, for which few tools have been explicitly devel-
oped, but in which demand for EF and SR assessment is 
increasing. Indeed, a large number of programs and cur-
ricula have been developed over the past several decades to 
target children’s EF and SR development in these everyday 
environments (Jacob and Parkinson 2015). Furthermore, 
several recent policy efforts—including the 2015 federal 
Every Student Succeeds Act (ESSA)—have pushed states 
and school districts to widen their definitions of young 
children’s success to include valid, reliable, and compara-
ble non-academic metrics of well-being and school readi-
ness (Darling-Hammond et al. 2016; Grant et al. 2017).

Despite this increasing demand, few—if any—widely 
accepted metrics exist for measuring EF and SR in eve-
ryday environments. Indeed, the traditional foci on labo-
ratory-based settings and clinical goals have limited the 
use of EF and SR assessments for real-world contexts in 
several ways that are not often discussed in typical reviews 
of EF and SR measurement. Below I enumerate these limi-
tations, as well as potential guidance for selecting tools 
that mitigate them.

Ecological Validity

First, many existing approaches to EF and SR assessment 
lack evidence for their ecological validity. Ecological 
validity refers to a measure’s ability to capture processes 
that are relevant to real-world behaviors and outcomes. In 
the case of EF and SR, an ecologically valid measure is 
one whose scores represent the EF and SR skills necessary 
to succeed in the classroom (or other environment of inter-
est), including the ability to pay attention, wait for one’s 
turn, and avoid calling out answers. Ecological validity is a 
critical component of field-based, applied research. Tools 
that lack ecological validity may fail to detect the improve-
ments in everyday behavior that are often targeted through 
intervention, or to identify children in need of further sup-
ports who struggle in certain contexts but not others.

Two standards are typically used for characterizing the 
ecological validity of a measure. First, verisimilitude is 
often judged by expert opinion (i.e., face validity) and is 
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the extent to which the demands being measured by a par-
ticular tool reflect the demands of the everyday environ-
ment (Chaytor and Schmitter-Edgecombe 2003; Franzen 
and Wilhelm 1996). In early childhood, an EF or SR meas-
ure with high verisimilitude could be based upon a com-
mon activity within a preschool classroom (e.g., a memory 
game, Simon Says) or an observation of behaviors that are 
aligned with classroom norms (e.g., sitting still, direct-
ing attention toward the teacher, raising hands). Second, 
veridicality is frequently assessed using tests of criterion 
validity and reflects the degree to which a given tool’s 
scores are predictive of a different metric of real-world 
functioning (Chaytor and Schmitter-Edgecombe 2003; 
Franzen and Wilhelm 1996). In the case of preschool-
based EF and SR measurement, one might establish veridi-
cality by exploring a measure’s correlation with academic 
performance, social-emotional skills, or other measures of 
school readiness.

Of the above-described approaches for assessing EF and 
SR skills in young children, some may lend themselves 
more than others to establishing ecological validity. As 
noted above, a large body of academic literature has relied 
on direct assessments as the primary tools for evaluating 
the effectiveness of contextually based interventions. Direct 
assessments are also increasingly being recommended and 
used in more high-stakes contexts, including as part of kin-
dergarten entry exams and screeners (Ackerman and Fried-
man-Krauss 2017). Why might the use of direct assessments 
of EF and SR be problematic in these instances? Most direct 
assessments are intended for use in quiet, one-on-one testing 
situations. Although ideal for minimizing distractions and 
supporting children’s performance, these testing situations 
are not representative of the conditions under which children 
must regulate their attention, behavior, and emotions on a 
regular basis. The typical preschool classroom, for example, 
has been intentionally designed to stimulate children through 
sights and sounds that engage them in learning and social 
interaction. Some children who demonstrate strong regula-
tory capacity in the more sterile, supervised, and scaffolded 
context of a one-on-one testing environment may therefore 
struggle to deploy these skills in the more active, distract-
ing, and emotionally charged classroom context. Other chil-
dren, however, may find it easier to demonstrate EF and SR 
skills when surrounded by a familiar setting with established 
incentives.

In this sense, traditional direct assessments may incor-
rectly estimate many children’s day-to-day EF and SR 
behaviors by neglecting to account for real-world factors 
that challenge and support the deployment of multiple EF 
and SR skills (Duckworth and Yeager 2015; McClelland and 
Cameron 2012). This theory is supported by research exam-
ining the distinction between “hot” and “cool” EF. Hot EF 
refers to the deployment of attention, inhibition, and working 

memory skills in the context of “motivationally and emo-
tionally significant situations”, whereas cool EF refers to the 
use of these skills in the absence of such demands (Zelazo 
and Carlson 2012).

Research has shown that young children’s performance on 
EF direct assessments tends to differ based on whether the 
task is intended to be “hot” versus “cool”. On the one hand, 
prior evidence has found that EF performance may be dimin-
ished in the context of enhanced motivational and emotional 
influences (e.g., when using a reward of an enticing jelly 
bean versus an unappealing abstract symbol; Carlson 2005), 
suggesting that hot EF may require a more advanced or com-
plex set of skills relative to cool EF (Zelazo and Carlson 
2012). Evidence from neuroscience supports this hypothesis, 
showing that motivational demands activate additional parts 
of the brain above and beyond those required for cool EF 
(Zelazo and Carlson 2012). On the other hand, an additional 
set of studies has shown that hot tasks may actually facilitate 
performance for children when they introduce positive or 
rewarding conditions. For example, Qu and Zelazo (2007) 
found improved performance on the DCCS when children 
were asked to sort faces showing happy—but not sad or 
neutral-emotions, and speculated that these differences may 
have been driven by increased dopamine levels in the area of 
the brain that supports cognitive flexibility. Collectively, this 
evidence implies that hot EF assessments are more likely 
than their cool counterparts to be ecologically valid, as they 
require children to recruit a number of regulatory processes 
in the context of external rewards and motivators in order to 
appropriately meet the demands of the task.

Although hot EF tasks may be more ecologically valid 
than cool ones, it is unclear the degree to which direct 
assessments can ever truly mimic the complexity of “hot” 
situations faced by children in everyday environments. The 
introduction of a desirable stimulus such as a marshmallow 
or jellybean may successfully evoke a motivational or emo-
tional response from the child being assessed, but it will not 
represent the full range of possible challenges, temptations, 
or supports faced by that child under typical circumstances. 
Indeed, early childhood classrooms are full of distractions, 
demands, and incentives (e.g., noise levels, expectations 
and reinforcements from teachers) that are impossible to 
replicate in a systematic way due to their variability and 
differential salience to particular children (Duckworth and 
Yeager 2015).

Given this complexity, it is clear that assessments of EF 
and SR administered outside of real-world contexts may fail 
to achieve ecological validity in that they are unable to rep-
licate the demands and expectations of children’s environ-
ments (i.e., they are unable to establish verisimilitude). As 
such, researchers looking to maximize the ecological valid-
ity of their measurement tools may want to prioritize adult 
reports or observational tools over more traditional direct 
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assessment approaches. Although limited in other ways (see 
above), tools like the BRIEF-P and RRSM are designed 
to comprehensively assess children’s EF and SR skills in 
context, during the day-to-day interactions, distractions, 
temptations, and demands that shape these skills with time. 
The BRIEF-P, for example, is explicitly intended for use 
in “everyday contexts” and includes reference to behaviors 
like getting out of a seat and difficulties with concentrating 
on chores and schoolwork (Isquith et al. 2004). These skill 
types are both consistent with the goal of verisimilitude and 
more proximal to the concrete behavioral strategies encour-
aged by most EF and SR interventions (e.g., stop, breathe, 
think; Dusenbury et al. 2015). As such, these approaches 
may maximize researchers’ odds of detecting impacts of 
behavioral interventions that may otherwise go undetected 
by more distal, micro-level direct assessment tools.

At the same time, new research from Obradović et al. 
(2018) using an older sample of elementary school students 
suggests that subtle modifications to the implementation of 
direct assessments can also support improved veridicality of 
these tools, while retaining their other advantages in objec-
tivity and conceptual precision. These researchers compared 
students’ EF performance using the Hearts and Flowers task 
administered in a traditional one-on-one setting versus the 
same task administered in a classroom-based, group set-
ting. They found that both the individual- and group-based 
administration produced scores that were highly correlated 
with one another, equally reliable, and similarly predictive 
of teacher EF ratings and standardized test scores. However, 
only the group-based EF score was predictive of gains in stu-
dents’ academic achievement, suggesting that performance 
on the Hearts and Flowers in the context of distractions 
from peers and demands from the classroom context cap-
tures unique and relevant skills “above and beyond” those 
captured in a one-on-one setting. Importantly, Obradović 
et al. also note that the group-based approach was easier and 
faster to administer than the one-on-one format and therefore 
could represent both a conceptual and pragmatic improve-
ment over traditional direct assessment paradigms. Future 
research is needed to determine whether group-based admin-
istration may be a similarly useful- and practical-approach 
for assessing EF and SR in younger children.

It is important to note that ecological validity comes 
with specific trade-offs. By definition, scores on ecologi-
cally valid EF and SR assessments capture aspects of both 
children’s latent EF and SR skills, as well as the demands 
and supports provided by the context in which they were 
measured. Although all EF and SR assessments are likely 
to conflate ability and contextual demands to some extent 
(see, for example, recent research demonstrating the con-
ceptual impurity of the marshmallow task; Frankenhuis et al. 
2016; Kidd et al. 2013; Lamm et al. 2018; Watts et al. 2018), 
researchers or stakeholders interested in capturing “pure” 

or optimal representations of children’s EF and SR abilities 
should prioritize standardization over ecological validity 
when selecting an assessment metric.

Furthermore, when interpreting scores from ecologically 
embedded assessments (e.g., adult reports, observational 
tools), it is important to consider the extent to which chil-
dren’s scores may have differed under alternative situational 
supports or constraints. The RRSM observational tool, for 
example, recommends that users score each child’s EF and 
SR behaviors within at least three different common class-
room contexts (i.e., a teacher-led activity, a student-led activ-
ity, and a transition) in order to quantify the variability in his 
or her skills across different situational demands. Results of 
pilot work suggest that as much as half of the variation in 
individuals’ RRSM scores is attributable to these different 
situational conditions, whereas the other half is attributable 
to more stable skill levels of the child (McCoy et al. 2017b). 
These findings reinforce the importance of assessing EF and 
SR skills within the exact context of interest to a particular 
study, rather than assuming that skill deployment is consist-
ent across situations.

Interpretability

In addition to ecological validity, a second consideration 
for applied stakeholders working in classrooms and other 
real-world contexts is the interpretability of the scores pro-
duced by EF and SR measures. Interpretable scores can be 
easily linked with concrete behaviors, making it easy for 
stakeholders to identify their significance and use them for 
decision-making. More clinically oriented adult reports, for 
example, often come with cutoffs for clinically significant 
EF and SR problems that were validated using norm-ref-
erenced populations and in-depth criterion measures (e.g., 
clinical interviews; McCandless and O’Laughlin 2007; Sher-
man and Brooks 2010). As such, these tools are quite useful 
for informing decisions regarding whether or not to refer a 
child for additional screening or services by comparing his 
or her performance to other children of the same age (Zelazo 
et al. 2016).

In addition to identifying individual children at risk of 
EF or SR challenges, stakeholders may also be interested 
in using data from EF and SR measures for tracking indi-
vidual growth over time, or for informing action on a differ-
ent level. Teachers may be interested, for example, in moni-
toring their students’ progress in EF and SR development 
over the course of a school year, or in identifying individual 
children who are excelling in EF and SR and in need of 
additional resources to support further growth. At a broader 
level, policy makers or school officials may want to conduct 
a needs assessment to understand more about the specific 
EF and SR challenges facing their populations of inter-
est, helping them to develop more informed interventions. 
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Furthermore, as research journals increasingly adopt stand-
ards for reporting practical—rather than statistical—sig-
nificance, applied researchers may become more and more 
invested in explicitly linking their findings to real-world EF 
and SR benchmarks.

Certain EF and SR tools may be more versus less well 
positioned to achieve these various goals. Most adult reports 
and observational tools use Likert-type scales with fre-
quency anchors (e.g., 0 = never, 1 = sometimes, 2 = often), 
making it easy to calculate average scale scores with inher-
ent meaning (e.g., where a mean score of 0.2 would suggest 
that a child, on average, very rarely exhibits the measured 
behaviors) that can be compared across time and age. At the 
same time, the comprehensive nature of these tools means 
that they are more well suited for identifying global strengths 
and weaknesses, rather than picking up on the specific skills 
(e.g., inhibitory control, working memory) in which children 
need more versus less support. Furthermore, as noted above, 
clinically oriented adult reports tend to focus on children 
who are struggling in their EF and SR development and may 
therefore not be particularly adept at discriminating between 
children who are doing well or excelling at these skills.

Direct assessments, on the other hand, are intended to 
give more targeted information on specific EF and SR skills 
across the full normal curve of EF and SR ability. As such, 
when multiple direct assessments are administered to an 
individual or sample (e.g., using a battery), the scores pro-
vided can help stakeholders to understand which particu-
lar skills are in need of further intervention and support, 
for what range of ability levels. Despite these advantages, 
the scores produced by direct assessments tend to be more 
abstract than those provided by adult report and observa-
tional tools. In particular, direct assessments often exam-
ine an individual’s performance on a task using average 
response time or percent of trials scored as “correct”, which 
are difficult to directly link with an individual’s everyday 
behavior. Furthermore, researchers often standardize direct 
assessment scores either within their samples (e.g., using a 
z-score; Smith-Donald et al. 2007) or against external popu-
lation norms (e.g., Carlson and Zelazo 2014) to allow com-
parison of an individual’s or group’s EF and SR skill levels 
relative to others’. This standardization can be fruitful for 
stakeholders interested in knowing how their children’s skill 
levels compare to their peers’ (e.g., using a percentile rank), 
but is less useful for describing children’s absolute ability 
levels, or what particular regulation-related behaviors they 
have and have not yet mastered.

Overall, it is clear that each approach to EF and SR 
assessment has a unique set of strengths with regard to its 
interpretability. At the same time, it is important to recog-
nize that few—if any—EF and SR measures show promise 
for guiding actual practice or differentiated instruction. In 
other words, although EF and SR tools may be useful in 

providing information on who is in need of additional sup-
port in a given area, they are generally not intended to guide 
what those supports should look like or how they should be 
implemented. Future research is needed to generate forma-
tive tools that can help teachers and other stakeholders to 
identify the practices that are most closely linked with EF 
and SR outcomes, as well as to provide responsive guidance 
on the types of activities that might facilitate skill develop-
ment in a given area.

Scalability

Finally, an increasing concern of stakeholders interested in 
applied EF and SR assessment is the scalability of various 
measurement approaches. As noted above, increased public 
understanding of the importance of EF and SR skill devel-
opment has led to a growth in demand for the monitoring of 
these skills as part of policy and standardized testing efforts 
(Ackerman and Friedman-Krauss 2017; Darling-Hammond 
et al. 2016; Grant et al. 2017). To meet this demand, a num-
ber of approaches have been used to provide quick and inex-
pensive data at a large scale.

First, direct assessments are currently being considered 
for inclusion in several state-level standardized testing bat-
teries (e.g., the Texas Kindergarten Entry Assessment) and 
have been used by private companies (e.g., Reflection Sci-
ences, LLC) to provide data on EF and SR skills to a vari-
ety of stakeholders. Computerized direct assessments offer 
particular promise for scale, as they can be implemented 
relatively quickly, either with the support of a data collector 
(e.g., within the classroom setting) or without (e.g., virtu-
ally, using a family computer or parent’s cell phone). At the 
same time, these assessments assume access to technological 
devices (e.g., laptops, tablets) that may not reliably exist, 
particularly in low-resource settings. Furthermore, most 
direct assessments have not been tested or validated for non-
English-speaking populations, making it difficult to deploy 
them in multi-lingual contexts (McClelland and Cameron 
2012). Large-scale administration of direct assessments also 
increases the likelihood of inconsistent implementation (e.g., 
where some children receive more support to complete the 
task than others), which can systematically bias children’s 
scores (Duckworth and Yeager 2015).

Adult reports are also quite popular for use at scale, and 
an increasing number of accountability and monitoring sys-
tems are incorporating adult-reported data on EF and SR. 
Canada’s teacher-reported Early Development Instrument 
(EDI), for example, includes a set of questions about chil-
dren’s hyperactive and inattentive behavior, and has been 
implemented for more than 1.1 million children around the 
world (Janus and Offord 2007). Several traditional adult 
reports (e.g., the BRIEF-P) have also published short forms, 
which select the most informative items from a longer item 
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pool and therefore make assessments more practical and effi-
cient (LeJeune et al. 2010). Although likely the most scalable 
approach to EF and SR assessment in early childhood, adult 
reports come with some logistical challenges, including dif-
ficulty accessing parents (which may lead to missing data for 
particular groups of children) or over-burdening teachers by 
asking them to report on multiple children (which may lead 
to low-quality data). Furthermore, they are not advised for 
use in high-stakes testing efforts due to strong potential for 
bias, particularly when teachers’ ratings of children are tied 
to their own pay or retention (Regenstein et al. 2017).

Finally, observational approaches have been infrequently 
used at scale, likely due to the burden they place on data col-
lectors. Nevertheless, as standardized assessments and other 
forms of testing become increasingly popular in applied set-
tings (Regenstein et al. 2017; Stedron and Berger 2010), 
new opportunities may develop for building in observational 
reports of children’s behavior during testing.

Future Directions

Although the field has made tremendous progress over the 
past several decades in developing new approaches for cap-
turing young children’s EF and SR skills, a number of open 
questions remain. Addressing these questions will be critical 
for informing the relevance of various EF and SR assess-
ments for capturing children’s skills in their classrooms and 
other environments in which they spend their time. First, 
additional research is needed to explicitly test the degree 
to which different measures of children’s EF and SR skills 
are sensitive to and potentially dependent on the contex-
tual demands that children face on a daily basis. As noted 
above, preliminary evidence from the RRSM and group-
based Hearts and Flowers suggests that children’s EF and 
SR scores may vary depending on the situations in which 
assessments are implemented (e.g., in teacher-directed ver-
sus student directed contexts, in individual versus group-
based settings). Future research quantifying and predicting 
this variability will complement existing work on the veri-
similitude and veridicality of EF and SR measures to gener-
ate greater evidence on their ecological sensitivity and, by 
extension, validity.

Second, further research is needed to understand the 
extent to which various EF and SR assessments may be 
more or less sensitive to intervention. As noted above, 
direct assessments have been used extensively as outcome 
measures in the context of EF and SR evaluation studies. 
Although these tools tend to be objective and conceptu-
ally precise (two important advantages in the context of 
research), they may not always align well with the con-
ceptual targets of preschool-based interventions (Jones 
et al. 2017). Moving forward, researchers should consider 

including adult reported and observational tools as interven-
tion outcomes, as these tools may be more well suited to 
capturing the ecologically based behaviors (e.g., focusing 
attention, regulating impulses and emotions) often targeted 
in early childhood EF and SR programming. Given their 
potential for scalability and existing use in accountability 
and monitoring systems, exploring the responsiveness of 
adult reports like the EDI to intervention and policy is a 
particularly important need for the field.

Finally, work is also needed to develop more forma-
tive tools that can either replace or complement existing 
approaches to EF and SR assessment. In particular, there is 
a pressing need for actionable guidance that teachers, admin-
istrators, and clinicians can use to change their practices 
in response to children’s assessed EF and SR skill levels. 
A handful of newer tools tool have been designed for such 
purposes. The Teaching Strategies GOLD®, for example, 
use early childhood classroom teachers as assessors and 
includes a set of items targeting regulatory skills as part of 
its broader social-emotional domain (Lambert et al. 2015). 
Nevertheless, formative assessments that explicitly “unpack” 
and respond to the various subcomponents of EF and SR 
remain lacking. Developing such tools will be instrumental 
for supporting stakeholders in providing the types of activi-
ties, practices, and individualized instruction that are known 
to build children’s EF and SR (Jones et al. 2017).

Conclusions

Although early childhood researchers have made great 
strides in measuring children’s foundational EF and SR 
skills, the diversity of EF and SR measures available 
to stakeholders often raises confusion regarding which 
approach to use for which particular purpose. Research has 
shown that correlations among different EF and SR meas-
urement approaches tend to be low, with one review of 20 
studies showing a median correlation between direct assess-
ments and adult reports of just r = 0.19 (Toplak et al. 2013). 
Indeed, it is clear from the evidence reviewed above that 
the information gleaned from these different approaches to 
EF and SR assessment is fundamentally different and, as a 
result, non-comparable.

Direct assessments, adult reports, and observational 
approaches each demonstrate a unique set of trade-offs with 
regard to their empirical properties, conceptual breadth and 
depth, and practical constraints. Researchers interested in 
measuring young children’s EF and SR skills in real-world 
environments (e.g., classrooms) must grapple with these 
tradeoffs, making informed decisions to minimize bias 
while maximizing the likelihood of achieving their particular 
goals. Overall, the evidence reviewed in this manuscript sug-
gests that one-on-one direct assessments, although relatively 
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conceptually precise and free of bias, may be limited in 
their ability to provide interpretable scores, as well as their 
capacity to capture the complex confluence of “hot” and 
“cool” skills that children need to succeed in the real world. 
Adult reports and observational tools, on the other hand, 
hold promise in terms of their ecological validity and their 
ability to directly translate into meaningful, interpretable 
metrics, yet are limited in a number of other ways. In par-
ticular, observational tools are resource intensive to imple-
ment, therefore limiting their scalability.

As the demand for applied measures of EF and SR con-
tinues to grow, future research is needed to better understand 
the advantages and disadvantages of assessing these con-
structs in real-world environments. Research is particularly 
needed to support the development and adaptation of EF and 
SR measures that are interpretable, actionable, and scalable 
for diverse populations. Such work will not only facilitate 
more in-depth, ecologically informed research on basic EF 
and SR processes, but will also lay the foundation for more 
effective intervention, practice, and policy in the early child-
hood period.
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