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ABSTRACT

Social Emotional Learning (SEL) programs abound in schools worldwide,
adopted in large part on limited and varied evidence that the social/SEL skills acquired in
these programs contribute to academic achievement. However, large-scale studies with
the most common SEL program in the United States (Second Step®) have yielded no
evidence of academic benefits, despite revisions to the Second Step® measure (i.e.,
DESSA — SSE) to include “skills for learning” (i.e., executive functioning skills). The
dearth of academic effects could reflect programmatic or measurement flaws. The
purpose of this paper is to explore the latter and unpack the core “inputs” of Second
Step® to determine whether the social-emotional or executive functioning components
may be differently related to academic achievement. Such questions have important
implications for evaluating program theory/logic and for the SEL field more broadly. The
current study addresses this broader aim by assessing the longitudinal, bi-directional
relationship among Executive Functioning, Prosocial Skills (as a proxy for SEL skills),
and academic achievement in Kindergarten and Grade 1 students (N = 3,029) from rural
and urban schools (N = 61). Widely utilized curriculum-based measures of reading and
math tests were administered directly to students to assess academic achievement, while
teachers reported on students’ Prosocial Skills using an established measure. A bi-
factorial measure of executive functioning was derived from exploratory and
confirmatory factor analyses from teacher-reported rating scale data. Results based on
autoregressive cross-lagged panel model using accelerated longitudinal design lend some
support for a longitudinal bidirectional relationship between the executive functioning



components of shifting and emotional regulation (EF 2) and Prosocial Skills.
Furthermore, while results support extant research that the executive functioning
components of working memory, planning, and problem solving (EF 1) positively predict
academic achievement, the executive functioning components of shifting and emotional
regulation (EF 2) and Prosocial Skills are not meaningful nor consistent predictors of

academic achievement. Implications and limitations are discussed.
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INTRODUCTION

Social-emotional learning skills (SEL Skills) are those that enhance children’s
social and emotional functioning and interactions with others in and out of learning
environments. SEL Skills, such as understanding and regulating emotions, problem
solving, and prosocial behaviors, have been identified as salient predictors of school
success in conjunction with cognitive capabilities (Cambourn, 2002; Denham, 2006;
Denham et al., 2012), resulting in increased adoption of school-based interventions to
enhance social-emotional learning (SEL). Several evaluations lend support for the
success of social skills programs (e.g., Greenberg, & Kusche, 2004; Jones, Brown &
Aber, 2011; Low et al., 2015; Marquez et al., 2014; York, 2013). A recent meta-analysis
of 213 studies examining the impact of different SEL curricula indicated that such
programs are associated with not only significant improvements in students’ social-
emotional skills but also improvements on end-of-the-year academic achievement (i.e.,
tests and grades; Durlak et al., 2011). The Second Step® Elementary program (Committee
for Children, Seattle, WA) is one of the most widely adopted SEL curricula in schools
today.

Second Step® was revised in the last decade to utilize explicit and implicit
learning strategies to promote social-emotional as well as targeted executive functioning
skills. Executive functioning (EF) skills are cognitive functions that enhance goal-related
problem-solving behavior. Second Step® was revised on the premise that the integration
of these two domains (SEL Skills and EF) may bolster academic improvements. Despite
this, studies to date with Second Step® have yielded inconsistent and weak effects on
reading and math achievement (e.g., Low et al., 2019). However, those studies did not
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distinguish SEL Skills from those grounded in EF theory and literature, limiting
knowledge of (a) which components are most impacted by intervention; and (b) which
components of EF and SEL are most powerful in explaining academic outcomes.

Despite being closely related, these two constructs come from different theoretical
and empirical traditions and for theory and practice, it is important to delineate their
respective contribution to academic achievement. The study of EF has been largely
undertaken by neurobiologists, neuropsychologists, and to some extent developmentalists
(Barkley, 2012a), and has not focused on empirical or conceptual overlap with SEL Skills
(Zhou et al., 2012). The investigation of SEL Skills has been almost exclusively
examined by prevention scientists, in the education field, whom arguably are more biased
toward demonstration of impact than theoretical explication. As a result, some notable
gaps exist in our knowledge base.

Using Prosocial Skills as a proxy for SEL Skills, the current study will use
existing data from the control group of a longitudinal study of Second Step® in order to
facilitate understanding of the relationship between EF and SEL Skills, and their joint
role in academic achievement among a diverse population of K to 3rd graders (N =
3,600). Specifically, two main questions will be addressed using a developmental cascade
model: (a) what is the longitudinal bi-directional relationship between EF and Prosocial
Skills in children?; and (b) what is the additive contribution of examining both EF and
Prosocial Skills as predictors of children’s academic achievement? Through the shared
developmental lens, the ultimate goal of this paper is to test a proposed model that could
serve as a framework for additional exploration of the topic useful for both basic and

applied science.



REVIEW OF LITERATURE

Executive Functioning

Definitions of Executive Functioning

Over the last thirty years, EF has become a prominent subject of study in
neurobiology, neuropsychology, developmental psychology (Barkley, 2012a), and
educational and cognitive psychology (Toplak et al., 2013). There is a plethora of
definitions within and across the various fields (e.g., see Baggetta & Alexander, 2016;
Barkley, 2012; Eslinger, 1996). Based on the work of Luria (1966), Welsh and
Pennington (1988) define EF as “the ability to maintain an appropriate problem-solving
set for attainment of a future goal” (pp. 201-202). This definition has become rooted in
the literature that now views EF as being associated with goal-directed actions (Barkley,
2012b). Other definitions include specific components and areas of the brain associated
with EF: “a diversity of hypothesized cognitive processes, including planning, working
memory, attention, inhibition, self-monitoring, self-regulation, and initiation carried out
by prefrontal areas of the frontal lobes” (Goldstein et al., 2014). Barkley (2012b) defines
EF as “acts of self-regulation across time towards future goals” (p. 8), whereby self-
regulation refers to six inter-related self-directed activities: attention, inhibition, sensory
and motor action (i.e., non-verbal working memory), private speech (i.e., verbal working
memory), emotion/ motivation, and play. In short, EF is an umbrella construct that
represents interrelated functions concerning “purposeful, goal-directed, problem-solving
behavior” (Gioia et al., 2000, p.320).
Organizational Frameworks of Executive Functioning

EF researchers also disagree on an organizing framework (Garon, Bryson, &
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Smith, 2008; Huizinga et al., 2006). Three major frameworks are unitary, componential,
and unity/diversity. The unitary framework conceptualizes EF as a single component, or
one underlying mechanism or ability (Collette et al., 2005) that describes all functions
attributed to EF (Huizinga et al., 2006). Many models of cognitive function utilize this
framework (e.g., Kimberg & Farah, 1993; Norman & Shallice, 1986). For example,
Baddeley’s model of working memory (Baddeley, 1986; Baddeley & Hitch, 1974) posits
that EF is comprised of working memory, or the central executive, that regulates other
subsidiary functions (“subprocesses”). There is some support for the unitary framework
for preschoolers (e.g., Wiebe et al., 2011) and children (e.g., Brydges, Reid, Fox, &
Anderson, 2012; Brydges, Fox, Reid, & Anderson, 2014).

The second major framework of EF is the componential framework, which
considers EF to be comprised of multiple components that can be assessed using factor
analysis (Garon et al., 2008). Researchers using the componential framework are further
divided among those who believe EF is comprised of either non-correlated components
or correlated components. The non-correlated components framework conceptualizes EF
as dissociable components (or factors) and is typically used by researchers examining EF
in preschoolers based on evidence that executive functions are distinct during early
childhood (e.g., Garon et al., 2008), although some (e.g., Peterson & Welsh, 2014)
disagree with this conclusion. Alternatively, the correlated componential framework
conceptualizes EF as correlated components/factors. Since historically some measures of
EF had components that were weakly correlated, Miyake et al.’s (2000) proposed a latent
variable approach, which created a factor of EF using multiple EF tests (or scale items).

Of all the frameworks of EF, Miyake et al.’s (2000) correlated componential framework
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is the most commonly used framework (Baggetta & Alexander, 2016; Best, Miller, &
Jones, 2009; Peterson & Welsh, 2014). Consequently, the EF research reviewed in this
paper almost exclusively refers to the correlated componential framework, unless
otherwise indicated.

The componential (correlated or uncorrelated) frameworks sometimes employ a
hot/cold analogy to describe the components of EF, with this analogy constituting
roughly five percent of research reviewed in Baggetta and Alexander’s (2016) meta-
analysis. “Cold EF” or the “cool system” (the “know”; Meltcalf & Mitchel, 1999), is
typically assessed using some combination of planning, conceptual reasoning, strategic
behavior, working memory (Banfield et al., 2004), inhibition, and shifting (Welsh &
Peterson, 2014). “Hot EF” or the “hot system” (the “go”; Meltcalf & Mitchel, 1999)
describes quick emotional processing and responding of stimulus control involving self-
monitoring/self-regulation of emotional processing and response, or emotional regulation.
Evidence in support of hot/cool factors in childhood is mixed. Zelazo and Carlson (2012)
suggest this may be because unitary and componential frameworks are both used to test
the hot/cool framework analogy, typically in children aged 6 or younger, at an age when
EF is generally thought to be in an emerging state of formation.

A third emerging framework is Miyake and Friedman (2012) unity/diversity
framework that integrates the unitary and the correlated componential frameworks
(Garon et al., 2008). This framework posits there is a common EF component that
includes inhibition (unity) with specific components of shifting and working
memory/updating (diversity). Research that partially lends support to this framework
includes that of Monette et al.’s (2015), who performed a confirmatory factor analyses in
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a sample of normally developing Canadian kindergarten students (N = 272). Somewhat
contrary to the he results of their analysis suggest a combined working memory and
shifting component and a second component of inhibition.

Major Components of Executive Functioning

As previously explained, most frameworks of EF, with the exception of the
unitary framework, classify EF into multiple components. One survey of experts
identified 33 components (Eslinger,1996). More recently, Baggetta and Alexander’s
(2016) meta-analysis (N = 106) using normally developed samples identified 38
components with the four most common components being: (a) inhibition (employed in
68% of articles); (b) working memory/updating (65% of articles); (c) shifting (31% of
articles); and (d) planning (12% of articles). These same four components are also
reported in Best et al.’s (2009) review of the literature of school-aged children. These
four components are reviewed below along with a fifth component, that of emotional
regulation. This fifth component is reviewed because researchers (typically educators and
developmentalists) frequently use childhood rating scales to assess EF. One of the most
commonly cited childhood rating scale of EF, the Behavior Rating Inventory of
Executive Functioning (BRIEF; Gioia et al., 2000; BRIEF — 2; Gioia et al., 2015),
includes scale items representative of emotional regulation.

Table A1 summarizes the definition and alternate name of each component
presented below, in addition to listing names of measures by component (cited in-text and
in Appendix C — Commonly Cited Measure of Executive Functioning and Social
Emotional Learning Skills). Measures of EF are numerous with researchers continuing to
develop new measures (Baggettta & Alexander, 2016; Jacob & Parkinson, 2015). Types
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of measures to assess EF differ throughout the lifespan (Ganesalingam et al., 2013), with
the two types of measures to assess EF in children being neuropsychological tests or
“tasks”, often referred to as EF tests (See e.g., Jacob & Parkinson, 2015) and rating scales
(see e.g., Baggetta & Alexander, 2016). EF tests are laboratory measures that ask the
respondent to follow a task’s instructions to measure response time and/or accuracy
(Morrison & Grammar, 2016). Rating scales involve a series of questions that measure
behavioral manifestations of one or more components of EF via self or other
(teacher/parent) reports (Jacob & Parkinson, 2015). Appendix C (Commonly Cited
Measure of Executive Functioning and Social Emotional Learning Skills) provides an in-
depth discussion of some of the most widely used measures of EF, including a critique of
EF tests.

Working Memory

While there is no consensus on the definition of working memory (Kimberg et al.,
1997; Baddeley, 2012), it is often conceptualized as the ability to “store and manipulate
information over brief periods of time” (Alloway et al., 2006, p.1698). Since working
memory involves monitoring and updating the relevance of information (Huizinga et al.,
2006), an alternative name for working memory is “updating” (Miyake et al., 2000).
Numerous tasks are involved in working memory, such as immediate recall, reading
comprehension, and problem solving (Cowen, 1998).

While theories of working memory are diverse (Alloway et al., 2006), EF was
initially conceptualized as working memory capacity, with a focus on one model in
particular (Jurado & Rosselli, 2004); Baddeley and Hitch’s (1974) model of the central
executive (Baddeley, 1986; Baddeley et al., 1998). This multi-component model specifies
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a domain-specific storage structure (e.g., verbal, visual, and spatial information) and a
domain-general structure, which is the central executive involving the following
functions: (a) controls resources and monitors information; and (b) regulates functions,
including attention (attentional control) and retrieval/activation of information that is in
long-term memory (see also Cowen, 1998). Those ascribing to this model have differing
conclusions. For example, evidence suggests verbal and spatial working memory are
indistinguishable (for a review, see Kane et al., 2004; Conway et al., 2005), such that
some researchers argue that working memory processes are entirely derived from the
domain-general structure (Conway et al., 2005).

Inhibition

Many researchers define inhibition, or “self-stopping”, as involving the following
three capacities: (a) suppress or disrupt a dominant response; (b) stop behavior towards a
goal or an ongoing response that is inefficient; and (c) resist distractions/interference to
persist towards the goal (e.g., Barkley, 2012b; Bodnar et al., 2007). In short, inhibition
involves controlling or inhibiting behaviors, responses, or thoughts that are dominant or
automatic (Baggetta & Alexander, 2016). Alternative names for inhibition in the
literature are response inhibition, inhibitory control (Jacob & Parkinson, 2015), and self-
restraint (e.g., Barkley, 2012b).

Friedman and Miyake (2004) previously suggested there may be different types of
inhibition corresponding to the three capacities listed above, and that these capacities
may not necessarily be correlated. However, in proposing their unity/diversity
framework, Miyake and Friedman’s (2012) recently suggests inhibition is subsumed
under the common EF component, such that it is not a separate component of EF.
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Clearly, understanding inhibition still eludes EF researchers (Jurado & Rosselli,
2007), a process that has been underway for nearly a century. Luria (1966) who provided
one of the earliest definitions of EF, equated EF with inhibition (Zelazo & Muller, 2002)
based on a model of brain development that referenced Vygotsky (1930-1934/1978).
Thereafter, the definition of EF began to center on working memory and inhibition based
on the works of Diamond (1991) (see Zelazo & Muller, 2002), Roberts and Pennington
(1996), and Barkley (1997) (see Brocki & Bohlin, 2004; Thorell & Nyberg, 2008). The
definition of EF expanded to include additional components, such as shifting, thereafter.
Shifting

Shifting is “freely moving from one situation, activity, or aspect of a problem to
another as the situation demands” (Gioia et al., 2000, p.321). Alternate names including
flexibility, cognitive flexibility, attentional set-shifting (Monsell, 2003), attention
switching, or task switching (Miyake et al., 2000). An important aspect of switching is
being able to adjust behavior according to the situation (e.g., Blair & Ursachi, 2011). An
example provided by Monsell (2003) is that of a professor working on an article who
switches tasks when the phone rings with an administrative reminder to complete a form
and send it to the office prior to resuming work. Dating back to the late 19" Century the
study of shifting did not gain attention until the 1990’s (Monsell, 1996; 2003), nor
prominence until Miyake et al.’s (2000) three component model.
Planning/Problem Solving

Planning is also often cited in the literature as critical to goal-oriented behavior
(Best et al., 2009) for it involves the ability to plan actions in advance and to approach a
task in an organized, strategic, and efficient manner (Anderson, 2002). While many
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researchers measure planning as a component of EF, planning is often considered to be a
higher-order executive function that first requires the emergence of other major
components (Baggetta & Alexander, 2016, Miyake et al., 2000) such as inhibition (see
Friedman et al., 2014).

Interest in the components of planning/problem solving is largely driven by the
inclusion of representative items on the two most commonly cited rating scales of EF in
children (Catale et al., 2015): The Behavior Rating Inventory of Executive Functioning
(BRIEF; Gioia, et al., 2000), which has recently been revised (BRIEF — 2; Gioia et al,
2015) and the Childhood Executive Functioning Inventory (CHEXI, Thorell & Nyberg,
2008). Theory also drives interest in the component of planning/problem solving. For
example, some componential framework researchers (correlated and non-correlated
components) utilize the hot/cold analogy, with planning as a subset of the “cool”
component (refer to section Executive Functioning — Organizational Frameworks of
Executive Functioning). Another example of theory driving interest in this component is
Zelazo and Muller’s (2010) problem-solving framework, which includes problem
representation, planning, execution (of rules/intention), and evaluation error detection and
correction.

Emotional Regulation

As there is no consensus on the definition of emotional regulation (Carlson &
Wang, 2007; Dodge & Garber, 1991), it is defined here as regulating emotional responses
such that the emotion conveyed is appropriate to the situation or stressor (Gioia et al.,
2000) for the purpose of facilitating adaptive functioning (Dodge & Garber, 1991). This
functioning includes cognitive and social functioning, which some researchers posit are
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interconnected (e.g., Dodge, 1991). Examples of poor emotional regulation include
overreacting to events (e.g., outbursts) and sudden and/or frequent mood changes (Isquith
et al., 2013). Numerous theorists across various fields have studied whether and how
emotions are regulated by cognitions since the industrial age (Dodge & Garber, 1991;
Frijda 1986). Emotional regulation was initially explored in the temperament literature
dating back decades, such as to the study of emotional expression in children given
favorable and less favorable gifts (Saarni, 1984).

Interest in emotional regulation has primarily been driven by the use of
commonly cited EF childhood rating scales and by researchers employing a hot/cold
framework (refer to section Executive Functioning — Organizational Frameworks of
Executive Functioning). The hot system, or the “go” (Meltcalf & Mitchel, 1999) is
emotional regulation, which describes quick emotional processing and responding of
stimulus control involving self-monitoring/self-regulation of emotional processing and
response (Welsh & Peterson, 2014). Emotional regulation is also studied by EF
researchers using other frameworks. For example, Hofmann, Schmeichel, and Baddeley
(2012) propose components of EF (e.g., working memory) facilitate emotional regulation.
Executive Functioning as a Predictor of Academic Achievement

Elementary school-aged children’s reading and math achievement are common
foci in the study of EF (Baggetta & Alexander, 2016). However, the relationship between
EF and academic achievement is complex because both variables are in a constant state
of development during childhood (Bull & Lee, 2014). Furthermore, there are a myriad of
ways researchers measure math (e.g., computation, problem solving, etc.) and reading
(e.q., spelling, fluency, comprehension). In addition, research on EF as it relates to math
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abilities tends to focus on only two components (working memory and inhibition), be
correlational in nature, and is less often studied in school-aged children (Cragg &
Gilmore, 2014; Lemaire & Lecacheur, 2011; Viterbori et al., 2015). EF test-based studies
for each of the five aforementioned component of EF (working memory, inhibition,
shifting, planning/problem solving, and emotional regulation) are first reviewed, followed
by studies that use rating scales. Research using tests and rating scale is reviewed
separately due to the very different ways each measures EF (refer to Appendix C —
Commonly Cited Measure of Executive Functioning and Social Emotional Learning
Skills). Namely, rating scales focus on everyday functioning while tests use sequences of
movement or knowledge that is intended to mimic every day functioning in a controlled
setting. Furthermore, some EF tests only measure one component and other tests measure
multiple components, while two commonly cited rating scales (Behavior Rating
Inventory of Executive Functioning, Gioia et al., 2000; CHEXI) combine multiple
components to minimize the number of factors per scale for analytic purposes.
Research Conducted Using Tests

There is evidence to suggest components of EF develop at different rates in the
developing child (Anderson, 2002; Barkley, 2012a; Barkley, 2012b; Best and Miller,
2010; Gioia et al., 2002; Gilberg & Burgess, 2008; Hackman et al., 2015; Hughes et al.,
2015; Huizinga et al., 2006; Macdonald et al., 2014; McCann, 2010; Miller et al., 2013;
Romaine & Reynolds, 2005; Welsh, 2001). Consequently, a more accurate understanding
of the relationship between EF and academic achievement is provided herein by
reviewing single components of EF as a predictor of academic achievement (i.e., working
memory, shifting, planning/ problem solving, emotional regulation) in addition to
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research examining EF as a multi-component construct predicting academic achievement
(i.e., working memory and inhibition; working memory, inhibition, and shifting).

Working Memory. Literature reviews of studies assessing children of various
ages suggest working memory accounts for unique variance in math achievement (e.g.,
written calculations, verbal calculations, and word problems) (Cragg & Gilmore, 2014;
Friso-Van den Bos et al., 2013). Working memory has long since been established as
contributing to speed and span of math computations as measured by arithmetic (Adams
& Hitch, 1997). In De Smedt et al.’s (2009) one-year longitudinal study of Grade 1
Belgian children (N = 77), hierarchical regression analyses suggested working memory,
assessed as a composite score via seven EF tests (e.g., Counting Span, Case, Kurland, &
Goldberg, 1982; Listening span test, van der Sluis et al., 2005; Working Memory Test
Battery for Children, Pickering & Gathercole, 2001) to tap Baddeley’s working memory
model significantly predicted Grade 2 math achievement (e.g., arithmetic and
measurement), controlling for Grade 1 math achievement and intellectual ability (Fa,69) =
19.82, p <.001, R? = .65).

Working memory is seldom examined as a predictor of reading ability, but more
so in reading comprehension, in which it has predominantly been studied in populations
of school aged children with reading disabilities (see Swanson et al., 2004; Swanson et
al., 2009). In one study that examined predictors of math and reading ability, Geary
(2011) employed multilevel modeling analysis to a longitudinal study of American
children (N = 177) from Grade 1 through Grade 5. Working memory was measured via
all nine subscales of the Working Memory Test Battery for Children (WMTB-C,;
Pickering & Gathercole, 2001), and math and reading achievement were measured via the
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Numerical Operations and Word Reading subtests of the Wechsler Individual
Achievement Test—Il1 (WIAT-I1; Wechsler, 2001). Results suggest the relationship of
working memory (central executive) to math achievement increased with age. Working
memory was also a significant predictor of reading scores for Grade 1, but not Grade 2.

Working Memory and Inhibition. Bull and Lee (2014) caution that studies that
measure the relationship between inhibition and math achievement find a significant
relationship only because these studies included working memory in their analyses.
However, some studies have partial out the variance of working memory and are thus
reported here.

Bull and Scerif (2001) conducted a series of regression analyses based on a
sample (N = 93) of Scottish children (Mage = 7.3). Inhibition, as measured by the
Wisconsin Card Sorting Task (Heaton, Chelune, Talley, Kay, & Curtiss,1993) and Stroop
Task (Stroop, 1935) accounted for 21% of the variance in group math test including
single and multi-digit addition and subtraction accounted (p < .001). Similarly, running
the model with only a working memory latent variable, comprised of Counting Span
(Case et al., 1982) and Dual Task Performance (Baddeley et al., 1997) accounted for 19%
of the variance in math scores (p <.001). When both inhibition and working memory
were included in the model, these variables accounted for 33% of the variance in math
scores (p < .001).

Another study of inhibition and academic achievement that partials out the effect
of working memory was conducted on British school children (N = 51; Mage = 11.8) that
also used the Stroop Task (Stroop, 1935) to measure inhibition reported moderate and
significant correlations with composite scores of latent variables in English (rab,c= .31, p
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<.05) and standardized math scores (rab, c = .36, p < .05), holding working memory
constant (St. Clair-Thompson & Gathercole, 2006). Thus, there is some limited evidence
to suggest inhibition may affect academic achievement, controlling for working memory.

Shifting. Research on the relationship between shifting and math achievement is
limited (Cragg & Gilmore, 2014; Lemaire & Lecacheur, 2011). Yeniad et al., 2013)
conducted two meta-analyses of concurrent and longitudinal studies on shifting and
academic achievement. Children in these studies were from normally developing
populations and were primarily aged three to ten. Research articles on shifting were
restricted to performance-based tasks of shifting (e.g., EF tests), as it relates to math (k =
18, N = 2330) and reading (k = 16, N = 2266). Shifting was significantly and equally
associated with math achievement (r = .26, 95% CI = .15-.35) and reading achievement
(r=.21,95% CIl =.11-.31). While Yeniad et al. (2013) controlled for IQ, Bull and Lee
(2014) point out that this review did not control for working memory in their analyses
and as such, suggest these findings be interpreted with caution.

Working Memory, Inhibition, and Shifting. In Neuenschwander et al. (2012)
longitudinal sample of Swiss, mostly German-speaking Grade 2 children of diverse
socioeconomic background (N = 459; Mt1 = 7.4 yrs.), EF was assessed using a single
latent construct based on three EF tests representing three components of EF: (a) working
memory (Backward Color Recall Task, Schmid et al., 2008)

(b) inhibition (e.g., aforementioned Fruit Stroop Test variation (Archibald & Kerns,
1999); and (c) shifting (i.e., Cognitive Flexibility task, Zimmermann et al., 2004). Two
latent variables were created for the academic achievement: (a) standardized achievement
tests for math (3 arithmetic tests) and literacy (2 reading tests and 1 writing test); and (b)
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grades composite of math, reading, and writing. The model was a good fit to the data
(x“®=106.3, p <.001, CFI = .98, RMSEA = 0.052). The paths from EF to math and
literacy were significant, although stronger evidence was found based on the standardize
regression coefficients for the path between EF and standardized tests versus grades ([3tests
= .88, p <.001; Bgrades = .40, p <.001). Similarly, in another model tested by
Neuenschwander et al. (2012) using the above noted standardized achievement tests for
math and literacy, the model was also a good fit to the data (x“® = 106.3, p < .001, CFI =
.98, RMSEA = 0.052). The paths from EF to math and literacy were significant (Bmath =
.93, p <.001; Riiteracy = .80, p <.001). Literacy and math were reported to predict EF
equally well since constraining the paths to be equal did not worsen model fit (%) = .6,
p =.61).

In a longitudinal study of mostly low income, ethnically diverse pre-kindergarten
(Mage = 4.49) American children (N = 164), Sasser et al. (2015) created a composite
measure EF (1-factor) using three EF tasks: working memory was assessed using the
Backwards Word Span (Davis & Pratt, 1996); working memory and inhibition was
assessed using the Peg Tapping task (Diamond & Taylor, 1996); and shifting and
inhibition was assessed using the Dimensional Change Card Sort (DCCS; Frye et al.,
1995). Separate HLM with repeated assessment nested within children were conducted
on each of the four academic outcome measures for children’s scores in Grade 3. These
outcome measures included: (a) two reading achievement measures: The Letter-Word
Identification subtest of the Woodcock-Johnson 111 Tests of Achievement (Woodcock,
McGrew, & Mather, 2001) and the Test of Word Reading Efficiency (Torgensen et al.,

1999); (b) math achievement of number comprehension, adding, and subtracting
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(Woodcock et al., 2001); and (c) teacher-rated academic functioning on reading, writing,
and math (3-items; Academic Performance Rating Scale, DuPaul et al., 1991). Results
suggest statically significant differences in the intercept (8 = 0.28, SE = 0.08, p < 0.01)
and slope (8 = 0.24, SE = 0.09, p < 0.01) in math achievement only. Thus, a one standard
deviation increase in a child’s pre-kindergarten EF score resulted in a 0.24 increase in the
Grade 3 math achievement score. There was no observable inter-individual variability in
Grade 3 intercept nor in the rate of growth (since kindergarten) for either of the reading
measures. With regards to academic functioning, results suggest significant differences in
the intercept only (8 = 0.23, SE = 0.08, p < 0.01).

Longitudinal studies have also been conducted examining the relationship
between EF and academic achievement, with a 2-factor representation of EF assessed
using working memory and combining inhibition-shifting. Two such studies are
summarized below due to the similarities in their findings. In Van der Ven et al.’s (2012)
study of Grade 1 Dutch children (N = 211) assessed across four waves (spanning 6
months each) over two years, initially nine EF tests were used to create latent variables
for the following components: working memory (i.e., Digit Span Backwards and Odd
One Out tasks, Alloway, 2007; Keep Track, van der Sluis, de Jong, & van der Leij,
2007); inhibition (i.e., two author created tests and the Animal Stroop, Wright, Waterman
et al., 2003); and shifting [i.e., two author created tests and the Children Coloured Trail
Test (Llorente et al., 2003)]. Math achievement was measured using standardized tests
(largely comprised of addition, subtraction, multiplication, division, and measuring) with
good psychometric properties employed by the Dutch School Board. Since the 3-factor
model did not fit the data, a series of models were tested using various combination of
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two-factor models were tested (e.g., inhibition and shifting/ working memory; inhibition
and working memory/ shifting; shifting and updating/ inhibition). The model with a latent
variable of working memory and one that combined inhibition with shifting was selected
but the authors could not generate a growth curve model that fit the data sufficiently.
Thus, a growth curve model with only working memory and math scores was a good fit
to the data (x4 = 117.6, p = .39, CFI = 1.0, RMSEA = 0.01), suggesting children with
high working memory scores had high math scores.

A second longitudinal study of interest on the relationship between EF and
academic achievement was conducted by Lee et al.’s (2012) on six-year-old children (N =
163) from low to middle socioeconomic backgrounds in Singapore. Eleven EF tests in
total were used to create latent variables of: working memory, three tests (i.e., Listening
recall, Mister X, and Pictoral Updating from Alloway, 2007); and inhibition-shifting,
eight tasks from three tests, all of which were modified (Flanker task, Fan, McCandliss et
al., 2006; and Number-letter task, Miyake et al., 2000). Results suggested that working
memory at Time 1 but not the combined latent variable inhibition-shifting at Time 1,
predicted math achievement at Time 2, as measured by the Numerical Operations
subscale of the WIAT-11 (Wechsler, 2001) (x©®?Y) = 446.82, CFI = 0.92, RMSEA = 0.05).
Thus, in these two studies (Lee et al., 2012; Van der Ven et al., 2012), only working
memory and not the latent inhibition-shifting variable predicted math achievement.

Planning/Problem Solving. EF’s component of planning/problem solving has
seldom been examined in relation to academic achievement with longitudinal data
(Baggetta & Alexander, 2016; Best et al., 2009). Friedman et al.’s (2014) longitudinal

study of American children (N = 1,364) created latent reading and math scores based on
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the Woodcock—Johnson Psycho-Educational Battery— Revised (Woodcock & Johnson,
1989- 1990; Woodcock & Mather, 1989) and planning based on The Tower of Hanoi
Test (Piaget, 1974/1976). Results of latent growth curve analysis suggest that for Grade 1
children, a 1 SD in the planning intercept was associated with a 0.26 SD increase in
reading score intercepts (8 = 0.97, p <.001) and .47 increase in math score intercept (B =
1.39, p <.001). Similarly, for Grade 3 children, a 1 SD in the planning intercept was
associated with a 0.16 SD increase on the reading score intercept (3 = 0.43) and 0.37
increase in math score intercept (R = 0.84) intercept.

Emotional Regulation. The emotional regulation literature is a study unto itself
with the development of a measure for school-aged children (Shields & Cicchetti, 1997)
extending this research to academic achievement (e.g., Graziano et al., 2007). Within the
context of EF, EF test-based research has emphasized the “cold” EF components (e.g.,
working memory, shifting) over the “hot” EF component of emotional regulation
(Barkley, 2012a; Peterson & Welsh, 2014) (refer to section Organizational Frameworks
of Executive Functioning). Consequently, research on emotional regulation and early
academic achievement is scarce (Graziano et al., 2007). Research that employs a hot/cold
EF framework in school-aged samples tends to focus on the transition to school using
preschool measures of EF adapted from self-regulation measures (e.g., Brock, Rimm-
Kaufman et al., 2009; Willoughby et al., 2011), which do not strictly measure EF as
previously discussed. Other frameworks of EF that include emotional regulation such as
Barkley’s (2012a; 2012b) have not extended this research to academic achievement.
Additionally, research using the aforementioned Children’s Gambling Task (Kerr &
Zelazo, 2004) does not appear to have been extended to the study of school-aged
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children’s academic achievement, although Buelow and Barnhart (2017) recently
examined math performance using the lowa Gambling Task in a sample of adults. While
research that examines emotional regulation using tests of executive functioning is scare,
our knowledge of this topic can be extended by studies conducted using rating scales.
Research Conducted Using Rating Scales

The Behavior Rating Inventory of Executive Functioning (BRIEF; Gioia et al.,
2000; BRIEF - 2, Gioia et al., 2015) is the most commonly used rating scales to assess
EF in children (Catale et al., 2015). Longitudinal data using the BRIEF (Gioia et al.,
2000) and academic achievement in school-aged children largely reports on correlations.
For example, in a sample of predominantly low income minority American Grade 5
children (N = 91), Waber et al. (2006) reported moderately strong correlations between
standard-based math tests and the BRIEF’s BRI subscale (e.g., inhibition, shifting, and
emotional control) (r =- .47, p <.001); and the MI subscale (e.g., initiation, working
memory, plan/organize, monitoring, and organization of materials) (r = - .61, p <.001).
Similarly, Dekker (2017) evaluated EF in a sample of Dutch children aged 6-8 years (N =
84) at two time points. EF was measured using the parent and teacher versions of the
Behavior Rating Inventory of Executive Functioning (BRIEF; Gioia et al., 2000) based
on a one-factor solution that combined working memory/planning, shifting, and
inhibition). Math was measured using Dutch standardized and norm-referenced (e.g.,
addition/subtraction). While small significant correlations were reported between math
(T1) and working memory/planning (T2) for the parent (r = -.28, p < .01) and teacher (r =
-.23, p < .05) reports, nonsignificant correlations were reported for shifting (rs =-.11, -
.13) and inhibition (rs = .08, .04) for the parent and teacher reports, respectively.
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The Childhood Executive Functioning Inventory (CHEXI; Thorell & Nyberg,
2008) is the second most commonly used rating scales to assess EF in children (Catale et
al., 2015). Longitudinal investigations using the CHEXI (Thorell & Nyberg, 2008) are
needed, particularly in academic achievement, to fully utilize the scale’s utility (Thorell
& Catale, 2014). In a sample of Swedish kindergarten children (Mage = 76 months),
Thorell and Nyberg (2008) administered the parent (n = 113) and teacher (n = 105)
versions. Significant medium sized correlations were reported controlling for EF tests
(Go No-Go; word span task of the Digit Span subtest of WISC-II1) for: (a) math and
working memory/planning for the parent (r = -.29, p <.001) and teacher (r =-.42, p <
.001) versions; (b) language and working memaory/planning for the parent (r =-.41, p <
.001) and teacher (r =-.46, p <.001) versions; and (c) smaller but mostly significant
correlations were reported for both math and language with inhibition. In Thorell et al’s.
(2013) sample of children aged 6 to 11 in Spain (n = 219), Sweden (n = 141), Iran (n =
49), and China (n = 72), significant medium to large correlations were reported between
working memory/planning and both math and reading using both versions in Sweden and
Spain and using the teacher version in China and Iran (r s =-.28 to -.59, ps <.01),
controlling for age. Smaller, significant correlations were reported between inhibition and

math and reading using both versions in all countries (rs = -.19 to -.48, ps < .05).

Social Emotional Learning (SEL) Skills
Definitions of SEL Skills
Historically, child development programs have focused on promoting positive

skills or preventing negative outcomes (Catalano, Hawkins, Berglund, Pollard, & Arthur
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2002), with a melding of the two frameworks into programs targeting the development of
social emotional learning (SEL) skills (Catalano et al., 2004). SEL refers to the process
by which skills, attitudes, and knowledge are acquired to “understand and manage
emotions, set and achieve positive goals, feel and show empathy for others, establish and
maintain positive relationships, and make responsible decisions” (CASEL, 2012, p.4).
Thus, SEL Skills include managing emotions, caring about others and developing positive
relationships, making good decisions, avoiding negative behavior, and behaving
ethnically and responsibly (Elias & Moceri, 2012). SEL Skills could be defined more
broadly as those that enhance children’s social and emotional competencies, functioning,
and interactions with others in and out of learning environments (Dr. Stephen Elliott,
personal communications, April 25, 2017).

Daniel Goleman’s 1995 New York Times bestseller Emotional Intelligence
became instrumental in the dissemination of SEL (Hoffman, 2009; Elias & Moceri,
2012), and to the creation of an organization called Collaborative for Academic, Social,
and Emotional Learning (CASEL), an international leader in the field of SEL (Durlak et
al., 2011; Zins et al., 2004a). It was around this time that SEL programs emerged. While
the initial focus among researchers was on how SEL programs were preventing negative
outcomes, the promotion of academic outcomes became prominent in the research
(Goleman, 2004), with these programs flourishing largely in school systems in the US
(CASEL, 2013) and around the world (Torrente et al., 2015). SEL programs target the
development of a variety of SEL Skills (Rimm-Kaufer & Hulleman, 2015), akin to
previous historical efforts of developing social skills (Gresham & Elliott, 2008; Gresham
et al., 2018). Standards for SEL programs have been established by organizations such as
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CASEL. While the application of free-standing SEL standards in preschools have been
established in 50 states, the development and application of state-wide elementary school
SEL standards is still emerging in elementary schools (Dusenbury & Weissberg, 2016).
Currently, only four states are using these standards (i.e., Illinois, Kansas, West Virginia,
and Pennsylvania), although several other states are in the process of developed free
standing standards and guidelines or have developed these standards for certain grades.

One SEL Skills area is prosocial behavior. Interest in prosocial research spanned
from the 1970’s until the early 1990’s and only recently has the topic re-emerged
(Eisenberg & Spinrad, 2014). Prosocial behavior has been studied from various
theoretical perspectives (e.g., evolutionary, cognitive-developmental, moral-socialization)
(Carlo, 2014), but developmentalists often define it as a “voluntary behavior intended to
benefit another” (Eisenberg et al., 2006, p.646; also see Eisenberg & Spinrad, 2014;
Holmgren et al.,1998). Prosocial behavior requires social cognition, motivation to act,
and anticipation of a reward (Chakroff & Young, 2014). Research has focused on
environmental influences of prosocial behavior, such as the various motivations
propelling one to act prosocially (e.g., Carlo et al., 2003; Eisenberg, 1986; Penner et al.,
2005). Biological influences of prosocial behavior emerged in the research in the 1990’s
(Penner et al., 2005) with some evidence suggesting prosocial behavior is roughly half
genetic influence and half environmental influence (e.g., Scourfield et al., 2004).
Organizational Framework of SEL Skills

Various frameworks of SEL Skills have been proposed (e.g., CASEL, 2012;
Common Core State Standards; Rimm-Kaufer & Hulleman, 2015; Payton et al., 2000;
Zins et al., 2004b). The most widely accepted framework is that proposed by CASEL
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(2012), which consists of five interrelated sets of cognitive, affective, and behavioral
competencies. These competencies, also referred to as CASEL Core-5 (e.g., Zins et al.,
2004b), are based on the work of Elias et al. (1997) (Weissberg et al., 2015) and a five-
competency framework initially proposed by Zins et al. (2004b). CASEL Core-5
competencies are as follows: (a) Self-Awareness of one’s thoughts and emotions and how
those relate to behavior; (b) Self-Management of thoughts, emotions, and behaviors as
they relate to regulating stress and impulses and sustaining motivation and goals; (c)
Social Awareness includes having an awareness of available social support as well as
understanding social and ethical mores for behavior (e.g., taking the perspective of and
empathizing others who have different backgrounds and cultures); (d) Relationship Skills
includes communication, cooperation, negotiation, resisting social pressure, and
proving/seeking social support; and (e) Responsible Decision making with regards to
oneself and others (CASEL, 2012).
Major Dimension of SEL Skills

As evident from the description of CASEL’s 5-core competencies of SEL above,
Social Emotional Learning (SEL) is a diverse area in the literature comprising many
competencies (Catalano et al., 2004). One such competency, that of prosocial behavior, is
a suitable proxy for SEL Skills because many SEL programs specifically target the
promotion of prosocial behavior (CASEL, 2012), with results of improvement in
participants’ prosocial behaviors and attitudes (Durlak et al., 2011). Additionally,
prosocial behavior is a suitable proxy for SEL Skills because it comprises a major domain
of one of the most cited measures of SEL Skills, the Social Skills Information System
Rating Scale (SSIS — RS; Gresham & Elliott, 2008).
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Prosocial Behavior

Similar to the definition of EF discussed earlier, prosocial behavior is an umbrella
construct that represents interrelated behaviors such as sharing, helping, comforting, and
cooperating (Carlo, 2014; Weir & Duveen, 1981). While most researchers conceptualize
these interrelated behaviors as correlates of prosocial behavior, which is measured as a
unidimensional construct (Crowe et al., 2015; Padilla-Walker & Carlo, 2014), many
notable researchers have argued that prosocial behavior is a multidimensional construct
or a construct that requires a multi-level approach (e.g., Batson, 1998; Carlo & Randall,
2002; Eisenberg & Fabes,1998; Eisenberg et al., 2006; Padilla-Walker & Carlo, 2014;
Penner et al., 2005).

Considering prosocial behavior as a multidimensional construct calls for the use
of global measures that assess prosocial behaviors across contexts and/or motives. For
example, Carlo and Randall (2002) proposed a six-factor model of the motivations that
explain a person’s decision to engage in prosocial behavior (e.g., public, anonymous,
dire, emotional, compliant, altruism). This typology is measured using the Prosocial
Tendencies Measure (PTM) devised by the authors. Richaud et al. (2012) tested this
model under the direction of Carlo using a translated version of the PTM on a sample of
Argentinian children (N =472, Mage = 12.4, SD = 1.6). Results of a confirmatory factor
analyses suggests a four-factor solution (i.e., altruistic, public, anonymous, and
responsive) was a good fit to the data (32 (183) = 461.35, p <. 001, CFI=.93, RMSEA =
.057).

In addition to considering prosocial behavior across context and/or motives,

Eisenberg et al. (2006) suggest a comprehensive understanding of the construct should
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also include, for example, individual factors such as cognitive capacity to assess the
situation, make inferences of the other’s needs, emotional and/or biological (e.g.,
genetics) capability of reacting, and ability (e.g., knowledge or willingness) to take
action. As such, the aforementioned interrelated behaviors such as sharing, helping,
comforting, and cooperating are only one aspect towards an understanding of prosocial
behavior.

While to date, no such comprehensive measure has been developed, as mentioned
above, prosocial behavior comprises a major domain of one of the most widely used
measures of SEL Skills: the Social Skills Improvement System Rating Scales (SSIS;
Gresham & Elliott, 2008). Its offspring, the Social Skills Information System SEL
Edition Rating Form (SSIS SEL — RF; Gresham & Elliott, 2017) is considered to be a
measure of prosocial behavior (Gresham et al., 2011; Kettler et al., 2011), and was
created to align with the CASEL Core-5 (Elliott et al., 2017; Gresham et al., 2018), as
described further in Appendix C (Commonly Cited Measure of Executive Functioning
and Social Emotional Learning Skills).

Prosocial Skills as a Predictor of Academic Achievement

Meta-analytic studies suggest there is a large body of evidence that SEL Skills are
related to school outcomes (e.g., Durlak et al., 2011; Taylor et al., 2017). As previously
discussed, research on prosocial behavior (i.e., Prosocial Skills) is used herein as a proxy
for SEL Skills. Prosocial Skills is a component of many elementary school intervention
programs such as the Peace Builders Program (Flannery et al., 2003) and the Social Skills
Improvement System Classwide Intervention Program (SSIS-CIP; Elliott & Gresham,
2007). Efficacious programs such as these increase Prosocial Skills (e.g., Diperna et al.,
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2015; DiPerna et al., 2017). Additionally, the Collaborative for Academic, Social, and
Emotional Learning (CASEL; 2013) found support for a significant, positive relationship
between Prosocial Skills and academic achievement for elementary school intervention
programs such as the Positive Action Program (Flay et al., 2001; Flay & Allred, 2003),
4R’s Program (Jones et al., 2011), and Resolving Conflict Creatively Program (Brown et
al., 2004).

Outside of the context of intervention programs, evidence also suggests a
relationship between prosocial behavior and academic achievement. Earlier research
tended to be correlational in nature (Eisenberg et al., 2006) or use other traditional
statistical techniques. For example, using a diverse sample of 3" and 4™ Grade students
in the Eastern US, teacher-rated social skills including prosocial behavior (cooperation,
assertion, responsibility, self-control, and empathy) at Time 1 was moderately correlated
with Time 1 standardized reading (r = .49, p <.001) and math (r =.31, p <.01) scores as
well as in a six month follow up at Time 2 [reading (r = .40, p <.001), math (r = .37, p <
.01)] (Malecki & Elliott, 2002). Stronger evidence is provided by Wentzel and Caldwell’s
(1997) data using largely Caucasian Grade 6 (N = 404) children followed over three years
reported a medium sized correlation (r = .59, p < .001) between prosocial behavior based
on a teacher rated two-item measure (helping and considerate) and grade point average
for 61 graders, with a similar correlation (r = .59, p < .001) reported in a follow-up two
years later.

The prosocial subscale of the SDQ (Goodman, 1997) was positively correlated
with standardized reading (r = .38, p <.001) and math (r = .28, p <.001) tests in the
aforementioned cross-sectional study of 364 English native-speaking children in the UK
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ages 8-11 (Adams et al., 1999). However, Adams and colleagues (1999) reported that a
hierarchical linear regression suggested prosociality contributed only a small amount of
unique variance on reading (r>=.034, p <.001) and no significant variance on arithmetic
(r?=.002, ns). When interpreting findings, it is important to consider problems associated
with traditional statistics. For example, Romano et al. (2010) demonstrated that running
Ordinary Least Squares regression analyses without proper missing data handing
techniques can lead to false-negative findings regarding the association between various
behaviors, including prosociality, and academic achievement. Regression analyses using
an iterative multiple imputation approach for missing data (i.e., Markov chain Monte
Carlo method) on a previously published dataset consisting of largely English speaking
(72.8%), socioeconomically diverse Canadian children (N = 1,521) suggested prosociality
in Kindergarten predicts marginally higher levels of reading (3 = .11, SE =0.03, p <
.001) and math skills (8 = .07, SE = 0.03, p <.01) in Grade 3.

Longitudinal analyses examining prosocial behavior and academic achievement
with more advanced statistics is limited. In a study by Miles and Stipek (2006), a small
sample of ethnically diverse sample of low-income American children in kindergarten or
Grade 1 were followed through to Grade 5 (N =102). Measures administered included
The Child Behavior Scale (Ladd & Profilet, 1996), a teacher-report measure of
prosociality (4 items: help, empathetic, shows concern, offers help, o = .86-.89) and
standardized scores based on reading and comprehension tests for literacy achievement (a
= .74-.82). Standardized parameter estimates from path analyses conducted using
“various model fit statistics in LISREL” (p.111) suggest prosocial behavior in Grade 1
predicted literacy achievement in Grade 3, while holding Grade 1 literacy achievement
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constant (3 = .19, p <.001). However, prosocial behavior in Grade 3 did not predicted
literacy achievement in Grade 5, while holding Grade 3 literacy achievement constant (3
=-.02, ns).

In a second example of research examining the relationship between prosocial
behavior and academic achievement results of structural equation modeling analyses by
Caprara, Barbaranelli, Pastorelli, Bandura, and Zimbardo (2000) using a sample of
economically diverse Italian children (N = 294) suggests third grade prosociality (Mage =
8.5) predicts eighth grade academic achievement (b = 0.52, p < .05), with similar results
in a subsample (n = 100) that controlled for Time 1 academic achievement (r = .57). The
authors used a multi-informant approach of self-reports (o = .78), peer-reports (o. = .78),
and teacher reports (o = .89) created by the authors to devise a latent prosocial variable
based on a 10-item scale (help, kind, share, cooperate) and academic achievement was a
latent variable based on six teacher ratings of children’s achievement, which corresponds
to Italian education standards of assessment.

A third longitudinal study employing advanced statistics concerns a secondary
data analysis by Caemmerer and Keith (2015) of ethnically diverse American children (N
=7,802) followed longitudinally over six waves from kindergarten to Grade 8. A latent
achievement variable was created for each grade based on reading (e.g., letter and
vocabulary knowledge, reading comprehension, o = .87-.96) and math (e.g., operations,
measurement, algebra, a = .91-.95) (Tourangeau et al., 2009). A composite social skill
construct was created based on an adaptation of the teacher-rated Social Skills Rating
Scale (SSRS; Gresham & Elliott, 1990), comprising of items from the problem behavior
and social skills subscales (o =.79 - .89). While this variable is not prosocial behavior per
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say, because there is overlap between SSRS and prosocial behavior (refer to Appendix C
— Commonly Cited Measure of Executive Functioning and Social Emotional Learning
Skills) and the moderate stability of the social skills measure over time (b = .46 to .71, SE
=.02-.04), the complexity of the analysis warrants a discussion of the results. A latent
variable longitudinal structural equation panel model was tested first by comparing
nested models using Sattora—Bentler corrected 2 using a cross-validation approach. The
baseline model was a good fit to the data (%= 749.661, df = 204, RMSEA = .028, CFI =
.976, SRMR =.049). Results suggested small, statically significant paths between social
skills and academic achievement for some of the waves. Specifically, kindergarten social

skills (wave 2) predicted Grade 1 achievement (wave 3) (b=.911, p =.058, SE =.021, p

.005), and Grade 5 social skills predicted Grade 8 achievement (b =1.099, B =.066, SE

.017, p =.001), controlling for gender, SES, and verbal ability.

In conclusion, there is some mixed evidence on the relationship between prosocial
behavior and academic achievement, with earlier correlational studies suggesting a
moderate relationship, but longitudinal studies using more advanced statistical methods
yielding mixed results.

Empirical Relationship Between Executive Functioning and SEL Skills

Research Overview

Researchers have long been interested in the empirical relationship between EF
and SEL Skills. For example, in 1985 Hartup proposed: “the cognitive functions most
closely linked to social relationships are the ‘executive regulators’ — the planning,

monitoring, and outcome-checking skills involved in problem-solving” (p.75). One
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decade later, SEL began to emerge as a concept to describe how individuals learn social
skills in the context of relationships. At that time in Goleman’s (1995) proposed in his
New York Times bestselling book, Emotional Intelligence, that SEL affects certain
components of EF (i.e., emotional impulses (regulation) and working memory) with the
underlying premise that SEL programs are lessons in emotional intelligence (Goleman,
2004).

Testable models of the relationship between EF and SEL Skills emerged after
Goleman’s (1995) publication (e.g., see Riggs et al., 2006). Various proxies were used to
examine SEL Skills. Initially, researchers examined the relationship between EF and
social emotional deficits or difficulties such as ADHD (for a review see Riggs et al.,
2006). While research in this area continues (e.g., Huang-Pollock et al., 2009), thereafter,
researchers focused on the relationship between EF and social competence (Bierman &
Erath, 2006).

Social competence is a proxy for SEL Skills that forms the basis of many school
based SEL interventions (Elias et al., 1997). The study of social competence concerns
diverse skills such as cooperative play, communication, emotional understanding, self-
regulation, aggression control, and social problem-solving skills (Bierman & Erath,
2006). Note that social competence’s skill of social problem solving different from EF’s
planning/problem solving component (refer to section Major Components of Executive
Functioning), which concerns the ability to plan actions in advance and to approach a
task in an organized, strategic, and efficient manner (Anderson, 2002). As such, construct
overlap is not being identified as a concern herein in models that include EF and social

competence’s skill of social problem solving. With regards to the social competence skill
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of self-regulation, however, as described in the following section (see Limitations),
because EF and self-regulation do share some similarities (e.g., construct overlap),
research that examines the relationship between EF and social competency using self-
regulation may have validity issues.

Direction of the Relationship Between Executive Functioning and SEL Skills

The research examining the relationship between EF and SEL Skills, regardless of
the proxy for SEL Skills (e.g., social competency as a proxy) tends to be unidirectional,
emphasizing EF as a predictor of SEL Skills (Greenberg et al., 2004; Stitcher et al.,
2016). Select studies from the social competency literature are summarized below.

In a two-year randomized control trial of the SEL intervention PATHS®
(Greenberg & Kusché, 1993), Bierman et al. (2008b) examined the relationship between
EF and SEL Skills in a sample of 356 ethnically diverse American kindergarten children
(T1 Mage = 4.49 yrs.). SEL SkKills (i.e., sharing, helping, empathy, resolving conflict) was
measured by the teacher version of the Social Competence Scale (Conduct Problems
Prevention Research Group, 1995, a =.88). Two measures of EF were administered at T1:
a) working memory/inhibition (Peg Tapping Task, Diamond & Taylor, 1996); and b)
working memory, inhibition, and shifting (Dimensional Card Sorting, Frye et al., 1995).
Both measures of EF significantly predicted SEL Skills at T2 (8 = .20, p <.001, B = .17,
p <.01) and T3 controlling for verbal 1Q and age. Contrarily, Sasser et al.’s (2015) study
of mostly low income, ethnically diverse American children (N = 164), pre-kindergarten
EF skills (latent score of working memory, inhibition, and shifting using various EF tests)

did not directly predict growth in children’s SEL Skills (8 = 0.12, SE = 0.09, n.s.), using
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the same measure, the Social Competence Scale (Conduct Problems Prevention Research
Group, 2003).

Data from a variety of pediatric medical populations (e.g., Kiley-Brabec &
Sobina, 2006; Wolfe et al., 2013) with diverse age ranges (i.e., 4 — 18 years) suggests
SEL Skills using the most commonly cited measures of SEL Skills, the SSIS — RS
(Gresham & Elliott, 2008) and its parent scale the SSRS (Gresham & Elliott, 1990)
significantly predicts EF, measured using the BRIEF (Gioia et al., 2000). With regards to
research applicable to school-aged children, Hensler et al. (2013) study of children with
Sickle Cell disease (N = 20, Mage = 11.25) using hierarchical linear regression analysis
suggested the proportion of variance accounted for by EF using a rating scale (i.e.,
BRIEF- GEC, or Global Score, Gioia et al., 2000) an EF tests (i.e., NEPSY-Il Animal
Sorting subtest, Korkman, Kirk, & Kemp, 2007) and 1Q (i.e., WASI; Wechsler, 1999),
accounted for 65% of the variance in social skills, as measured using the SSIS — RS
(Gresham & Elliot, 2008).

There is some new evidence emerging in the preschool literature that suggests that
the relationship between EF and SEL Skills may be bidirectional such that the
development of one influences the development of the other (Morigushi, 2014). This
emerging research was not reviewed herein because it concerns a different population,
which in turn has different ways of measuring the EF and SEL Skills constructs. For
example, EF is measured differently in the preschool literature due to components that
are not thought to emerge until elementary-school age (e.g., planning/problem solving).
The preschool literature is also more focused on social interaction versus SEL Skills.
Both EF and SEL Skills in the preschool literature also use Theory of Mind, which is
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seldom applied to the elementary school literature of these constructs (Hughes & Devine,
2015).

While the bidirectional relationship between EF and SEL Skills is beginning to be
explored empirically in the preschool literature, examining the bidirectional relationship
between EF and SEL Skills in elementary school aged children would extend our
understanding of the relationship between these two constructs. This bidirectional
relationship is further explored in the study presented at the end of this literature review
(refer to section Current Study) and forms the basis for Research Question 1 for the
purpose of filling a gap in this literature.

Empirical Relationship Among Executive Functioning, SEL Skills, and Academic
Achievement

The empirical relationship among EF, SEL Skills, and academic achievement is
important because the Common Core State Standards (CCSS) deems the measurement of
children’s cognitive and SEL Skills a priority in relation to improving children’s
educational outcomes. CCSS is a major initiative to which most US states subscribe
(Common Core Standards Initiative, 2012) and is in line with CASEL Core-5 (Dusenbury
et al., 2015). The study of this relationship seems a natural extension, then, of the
considerable research that examines the relationship between EF and academic
achievement (refer to section Executive Functioning as a Predictor of Academic
Achievement) and SEL Skills and academic achievement (refer to section Social
Emotional Learning Skill of Prosocial Behavior Predicts Academic Achievement).

Due to the plethora of ways the constructs of EF, SEL Skills, and academic
achievement can be measured, research that measures these three constructs in the same
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model is even more diverse. As such, to sift through this body of literature | established
two main search criteria, both relating to the academic achievement construct. First,
proxies for academic achievement were limited to reading or math, which are common
foci in the study of EF (Baggetta & Alexander, 2016). These two proxies are in keeping
with the current study’s measures (refer to section Method). As such, studies examining
the relationship among these constructs but that use more specific proxies for academic
achievement such as verbal formation/expression (e.g., see Riggs et al., 2006) or broader
proxies, such as intelligence (e.g., see Fishbein et al., 2016), were excluded from the
search. Second, the research had to measure academic achievement as an outcome
variable rather than, for example as a predictor (e.g., see Weiland & Yoshika, 2014). In
the research that emerged that adhered to these two main criteria, | identified two central
limitations with the applicability of the research to the study of the empirical relationship
among these constructs.

The first limitation that became apparent in my review of the empirical
relationship among these constructs is that it is often discussed in the school readiness
literature which typically focuses on preschoolers or Kindergarteners (e.g., Bierman et
al., 2008; Bierman, Torres, Domitrovich, Welsh, & Gest, 2009; Mann, 2012). This
literature cannot be applied to the study of EF in elementary school-aged children
because of the way EF and academic achievement are often measured in this population.
EF is measured as a unitary construct in the preschool literature (e.g., Wiebe et al., 2011),
since major components of EF are not thought to be clearly distinguishable from each
other until early childhood (Best et al., 2009). Similarly, academic achievement is not
measured in the same way in preschool and Kindergarten as it is in early elementary
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school aged children. More global measures of achievement are often used (e.g.,
cognition and general knowledge) rather than specific measures such as reading and math
(e.g., see Flook et al., 2015).

The second limitation that became apparent in my review of the empirical
relationship among these constructs concerns the conceptual overlap between EF and
SEL Skills that can occur. This overlap is discussed in detail in the following section
(refer to section Limitations). This research may include proxies of SEL Skills such as
learning related social skills/behavior (e.g., Brock et al., 2009; Nesbitt et al., 2015; Lee,
2016), effortful control (e.g., Blair & Razza, 2007), or self-regulation (e.g., Blair &
Dennis, 2010; Morrison et al., 2010).

Based on the research that was excluded due to the two limitations identified
above (i.e., school readiness literature and conceptual overlap between EF and SEL
Skills) and the inclusion of the search criteria identifying academic achievement as an
outcome variable with reading and math as proxies, research applicable to the empirical
relationship among these three constructs was extremely limited. Applicable research
examined only one component of EF. Rhoades et al. (2011) measured the mediating role
of attention to the study of SEL Skills and achievement in school-aged children.
However, attention is not one of the five components discussed herein and was not a
measure in my study (refer to section Method). Upon first glance, other research appeared
relevant. For example, Ladd et al.’s (2014) study of collaborative skills and academic
achievement in school-aged children measured planning/problem solving as a
collaborative skill. However, this research was not measuring — nor was it attempting to
measure — an EF component using comparable tests or rating subscales. In conclusion, no
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studies were identified that examined the relationship among EF, SEL Skills, and
academic achievement that fit my search criteria.

Because academic achievement outcomes matter to schools and the Common
Core State Standards and because EF and SEL Skills are often promoted in interventions
used by schools, further investigation of the relationship among these constructs is
warranted. Thus, this relationship is further explored in the study presented at the end of
this literature review (refer to section Current Study) and forms the basis for Research
Question 2 for the purpose of filling a gap in this literature.

Conceptual Relationship Between Executive Functioning and SEL Skills
Background

One challenge for prevention scientists and those in the SEL field is attention to
areas of conceptual and measurement overlap with EF. While the concepts of EF and
SEL Skills are highly related, their underlying measurement must be distinct to minimize
issues of discriminant validity. This in turn minimizes the probability of multicollinearity
when EF and SEL Skills are assessed in the same model. Ensuring that the measurement
of these constructs remains distinct will in turn clarify the contribution of each construct
to academic achievement, and ultimately, to assessments of SEL intervention program
validity.

Eisenberg and Zhou (2016) initiated a discussion on the conceptual overlap
between EF and SEL Skills such as self-regulation and effortful control (Eisenberg &
Zhou, 2016). Given that researchers use either effortful control or EF to study childhood
self-regulation (Blair & Razza, 2007; Liew, 2012; Zhou et al., 2012), it is surprising that
the literature rarely discusses the conceptual overlap among these constructs. | propose to
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extend this discussion in two ways herein: (a) by further elaborating on the relationship
among EF, temperamentally-based self-regulation, and effortful control, followed by
providing case examples from this literature as well as from the learning-related skills
literature; and (b) by highlighting overlap among items from some of the most commonly
cited childhood EF and SEL Skills rating scales.

This discussion applies to future rating scale developers of EF and SEL Skills in
addition to researchers who may otherwise unintentionally use both constructs in their
model without fully understanding their potential for multicollinearity. In so doing, the
broader implication of this section is to better equip researchers in the field of SEL Skills
to be able to unpack program effects on each constructs’ contribution to academic
achievement.

Executive Functioning, Self-Regulation, and Effortful Control

EF, which is sometimes conceptualized as self-regulation, most notably in the
writing and childhood EF rating scale of Dr. Russel Barkley (e.g., BDEFS — CA;
Barkley, 2012b) is conceptually distinct from temperamentally-based self-regulation.
While there is little consensus on the definition of (temperamentally based) self-
regulation (Bronson, 2000; Eisenberg & Zhou, 2016; McClelland & Cameron, 2012), it is
often referred to as the ability to control attention and behavior (Derryberry & Rothbart,
1988) in relation to cognitive, emotional, and social demands (Posner & Rothbart, 2000).
Temperamentally based self-regulation is often referred to as effortful control (Rothbart
& Rueda, 2005; also see Eisenberg et al, 2011; Eisenberg, 2012). Most studies of self-
regulation are in fact measuring effortful control (Blair & Razza, 2007). Consistent with
Rothbart’s research refining the dimensions of effortful control (Derryberry & Rothbart,
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1988; Evans & Rothbart, 2007; Rothbart, 2011; Rothbart & Rueda, 2005; Rothbart et al.,
2001; Rothbart et al., 1994), Eisenberg and Zhou (2016) state effortful control is
comprised of the following dimensions: (a) attention focusing (i.e., maintaining focus on
tasks); (b) attention shifting (i.e., directing attention towards a more appropriate
stimulus); (c) inhibitory control (i.e., plan or suppress responses during instruction or
during situations of ambiguity); and (d) activation control (i.e., perform and action
despite tendency to do otherwise).
Similarities

First, EF and effortful control are similar in the sense that they both have
components/dimensions of emotional regulation, which are similarly measured. It is
important to clarify that some literature refers to self-regulation as emotion-related self-
regulation, sometimes referred to as emotional regulation. This term, coined by
Eisenberg and Spinrad (2004), distinguishes between sources of regulation (internal or
external) and processes (conscious or unconscious), with voluntary processes referred to
as what Rothbart and colleagues label effortful control (Eisenberg & Zhou, 2016). The
EF literature also frequently measures emotion-related self-regulation, or emotional
regulation, via rating scales [e.g., Behavior Rating Inventory of Executive Functioning
(BRIEF), Gioia et al., 2000); Barkley Deficits in Executive Functioning Scale — Children
and Adolescents (BDEFS — CA), Barkley, 2012a] (refer to Appendix C — Commonly
Cited Measure of Executive Functioning and Social Emotional Learning Skills); EF tests
(e.g., Children’s Gambling Task, refer to Table Al); and using the hot/cold analogy
within the componential framework (refer to section Organizational Frameworks of EF).
Second, inhibition is a component of both EF and effortful control (Diamond, 2013; Zhou
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et al., 2012), which can be distinctly measured when EF is measured via EF Tests (see
below), but similarly measured when using rating scales to assess EF. For example, the
inhibitory control dimension of the Childhood Behavior Questionnaire (CBQ, Rothbart et
al., 2001) has items concerning disrupting responses/resisting interference and stopping
behavior that are similar to items from the Barkley Deficits in Executive Functioning
Scale — Children and Adolescents (BDEFS — CA, Barkley, 2012b) and the Behavior
Rating Inventory of Executive Functioning (BRIEF — 2, Gioia et al., 1997 — 2015).

Third, recall EF’s shifting component is “freely moving from one situation,
activity, or aspect of a problem to another as the situation demands” (Gioia et al., 2000,
p.321; refer to section Major Components of Executive Functioning — Shifting). Thus,
EF’s shifting is similar to effortful control’s attention shifting defined above as re-
directing attention (Eisenberg & Zhou, 2016; also see Rothbart & Bates, 2006). EF’s
BRIEF/ BRIEF-2 (Gioia et al., 1997 — 2015) Shift subscale, which contains items that
could be classified primarily as “adjusting to change” and “getting stuck” (see Table A2),
contains items that are quite similar to items on the attention-focusing and attention
shifting subscales of the Childhood Behavior Rating Questionnaire’s (CBQ, Rothbart et
al., 2001).
Distinctions

One major difference between these constructs concerns the direction researchers
have taken with the effortful control literature focusing on socioemotional
competence/skills, with a growing interest in academic achievement. By contrast,
cognitive and academic development has been a prominent focus in the EF literature,
without focusing on social emotional competencies (Zhou et al., 2012). Furthermore, EF
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is predominantly measured by tests and sometimes rating scales, whereas effortful control
is predominantly measured via rating scales and observations (Diamond, 2013).

A second major distinction among these concepts concerns their conceptual
foundation concerning the components/subdimensions of working memory, inhibition
(EF tests), shifting (EF tests), and planning/problem solving. The measurement of EF
commonly includes the component of working memory (refer to section Executive
Functioning as a Predictor of Academic Achievement). However, items pertaining to
working memory are scarce to non-existant in measures of effortful control (Eisenberg &
Zhou, 2016; Zhou et al., 2012). In brief, inhibition (EF tests), shifting (EF tests), and
planning/problem solving, which share similarities in their definitions among the
constructs, by measurement concerns directing the self towards task-oriented problem
solving behavior for EF, but regulating oneself more broadly around emotional control
for the constructs of self-regulation and effortful control.

Specifically, with respect to inhibition, effortful control measures the inhibition or
regulation of actions, emotions, or attention (Eisenberg et al., 2004; Eisenberg et al.,
2011; Rothbart, 2011) to deal with relevant information (e.g., shift attention, focus
attention) to engage in or inhibit behaviors for the purpose of being socially appropriate
(Rothbart & Bates, 2006; Rothbart & Rueda, 2005). In contrast, the way inhibition is
measured in EF Tests concern lab-based measurement of the execution of and end result
of attempts to inhibit or disrupt responses to evaluate more objective (less emotionally
based) goal-oriented, problem-solving behaviors. Similarly EF tests that measure shifting

is distinct from the way shifting is measured via rating scales of either effortful control or
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EF as these tests assess speed and ability to understand rules for the purpose of a goal-
directed problem solving behavior (refer to Table Al).

Last, EF’s planning/problem solving component differs conceptually from
effortful control’s executive attention (e.g., correct/detect errors and planning).
According to Eisenberg et al.’s (2011) interpretation of the work of Compas, Connor-
Smith, and Saltzman (2001), effortful control’s executive attention functions to cope with
(social) stress, yet EF’s planning/problem solving refers to goal-directed problem solving
behavior (refer to section Components of Executive Functioning — Planning/problem
solving). | would further add that EF’s planning/ problem solving is also commonly
measured via two of the most commonly cited rating scales [i.e., Behavior Rating
Inventory of Executive Functioning (BRIEF), Gioia et al., 2000; Childhood Executive
Functioning Inventory (CHEXI); Thorell & Nyberg, 2008] and a scale by an esteemed
researcher in the field of EF [i.e., Barkley Deficits in Executive Functioning Scale —
Children and Adolescents (BDEFS — CA), Barkley, 2012b]. However, the most
commonly cited rating scale of effortful control, the Child Behavior Questionnaire (CBQ);
Rothbart et al., 1994, Rothbart et al, 2001), does not contain a planning/problem solving
component.

Case Examples of Conceptual Overlap

Zhou, Chen, and Main (2012) initially called for an integrated model of self-
regulation by combining EF and effortful control into the same construct. However, this
position was later reconsidered by Eisenberg and Zhou (2016) who call for the literature
to address this overlap due to conceptual and measurement issues that arise when these
constructs are not properly distinguished. I will continue to elaborate on this discussion
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by providing two patterns I noticed in the EF literature with respect to models with
conceptual overlap that apply to the area of (a) self-regulation and effortful control and
(b) the concept/construct of learning related skills.

On Self-Regulation and Effortful Control. There is an underlying assumption
in the SEL literature that SEL Skills improve academic performance through the
acquisition of cognitive skills (Goleman, 1995; Elias et al., 1997; Hoffman, 2009). Thus,
with regards to the first pattern that emerged in a review of the literature considering the
relationship between EF and SEL Skills, some models suggest cognitive skills, including
EF, act as a mediator of Social (i.e., SEL) Skills (Yeates et al., 2007; Yates, 2013). Such
models used Social Information Processing framework (Crick & Dodge, 1990) as a
construct (Dodge et al., 2002) that integrates cognitive-executive, affective, and social
problem solving (Moran et al., 2015; Wolfe et al., 2015). For example, using the hot/cold
EF paradigm, Yeates et al. (2007) proposed a model whereby EF is a mediator of various
developmental states and traits, including social problem solving skills. Beauchamp and
Anderson (2010) extended Yeates et al.’s (2007) model by suggesting cognitive
structures (e.g., neuropathways) are involved in the development of social skills and
include additional global variables such as the environment, temperament, and genetics.

Validity issues can arise in the application of these models, particularly in cases
where EF and effortful control are used as interchangeable constructs. In a test of these
models in children with various levels of traumatic brain injury, Ganesalingam et al.
(2011) measured EF with three EF tests and two rating scales, the BRIEF (Gioia et al.,
2000), and the effortful control subscale of the Childhood Behavior Questionnaire (CBQ;
Putnam & Rothbart, 2007). Anderson et al. (2013) used the same sample as
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Ganesalingam et al. (2011), but with the inclusion of a control group. Anderson et al.’s
(2013) findings suggest cognition, including EF as measured in the study predicts social
development (interpersonal and social competence, social interaction, and social
participation). The problem with this research concerns construct validity: both authors
included the effortful control subscale of the CBQ to measure EF. As previously
demonstrated earlier in this section, EF is not effortful control. This is not to say that EF
and the SEL constructs of self-regulation or effortful control cannot be measured in the
same model; some researchers do this successfully, minimizing validity issues (e.g., Blair
& Ursachi, 2006; 2011; Hoffman, Schmeichel, and Baddeley, 2012). Rather, the take-
away of this subsection is that the application of these constructs in the same model must
apply a careful awareness of how these constructs can potentially overlap, and avoidance
of such overlap at all cost.

On Learning-Related Skills. I would suggest herein that conceptual overlap
issues between EF and SEL Skills is present in another body of literature, that of the
“learning-related (social) skills” (e.g., see McClelland & Morrison, 2003). Learning
related skills is commonly referenced in this body of literature based on the work of
McClelland, Acock, and Morrison (2006), who define this as a single construct that
measures diverse aspects of multiple constructs: behavioral self-regulation, social
competencies (e.g. responsibility, independence, and cooperation), and “behavioral and
social manifestation of EF skills™, such as listening to and following directions, and
organizing materials. A corresponding measure called Head-Toes-Knees-Shoulders has
been developed (HTKS; Cameron-Ponitz et al., 2008) and used by some researchers (e.g.,
Cadima et al., 2016). Learning-related skills, sometimes referred to as learning related
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behaviors, is a concept that is measured in a variety of ways in the literature (e.g., see
Ansari & Gershoff, 2015; Cerda et al., 2014; Sasser et al., 2015; Stipek et al., 2010). It is
the way that learning related skills/behavior is measured when included in models that
contain EF that can be problematic.

For example, in some of the learning related skills literature, EF and self-
regulation are sometimes interchangeable discussed as if they were the same construct
(e.g., McClelland et al., 2007; McClelland & Cameron, 2012). However, as previously
discussed earlier in this section, while EF and self-regulation share select similarities,
they are distinct constructs. While there is some acknowledgement that EF may underlie
learning-related behaviors/skills (Stipek et al., 2010), when EF and learning related skills
are measured in the same model, I would suggest there is a problem of conceptual
overlap (e.g., Sasser et al., 2015). Similar to other definitions of EF in the literature (refer
to section Definitions of Executive Functioning), Cameron-Ponitz, McClelland et al.,
(2009) defined EF as: “the manifestation of executive function skills in overt, observable
responses in the form of children’s gross motor actions...(which) involves multiple
components of executive function including attentional focusing, working memory, and
inhibitory control” (p. 605). However, the construct of learning related social skills as
defined above by McClelland et al. (2006) includes a description akin to two of the most
commonly cited components of EF (Baggetta & Alexander, 2016): working memory
(“listening to and following directions”) and planning (“organizing materials™). These
components are also represented in two of the most commonly cited childhood rating
scales of EF (Catale et al., 2015): the Behavior Rating Inventory of Executive
Functioning (BRIEF; Gioia, et al., 2000) and the Childhood Executive Functioning
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Inventory (CHEXI; Thorell & Nyberg, 2008) (refer to Appendix C — Commonly Cited
Measure of Executive Functioning and Social Emotional Learning Skills). Thus, by
including components of EF (i.e., working memory and planning) in the construct of
learning related social skills, while simultaneously measuring EF (e.g., working memory,
inhibition) in the same model, conceptual overlap can occur, leading to validity issues.
Additionally, program effects (i.e., academic achievement) may be misattributed to SEL
Skills when in fact they are due to EF.
Construct Overlap: Ratings Scales Item Similarities

Herein | propose that the lack of construct clarity in the literature is reflected in
overlap at the level of rating scales with items from the most commonly cited SEL Skills
rating scales overlapping with items on EF rating scales, in effect blurring constructs.

The analysis | undertook included some of the most commonly cited childhood
rating scales of EF (Catale et al., 2015) and SEL Skills, which are described in detail in
Appendix C (Commonly Cited Measure of Executive Functioning and Social Emotional
Learning Skills). Specifically, | examined all items from the teacher and parent versions
of the following EF rating scales: (a) Behavior Rating Inventory of Executive
Functioning 2 BRIEF — 2 ; Gioia et al., 2015); (b) Childhood Executive Functioning
Inventory (CHEXI; Thorell & Nyberg, 2008); and (c) the Barkley Deficits in Executive
Functioning Scale — Children and Adolescents (BDEFS — CA,; Barkley, 2012b). |
concurrently examined all items from the teacher-versions of the following SEL Skills
rating scales: (a) Devereux Student Strengths Assessment — Second Step® Edition
(DESSA — SSE; Devereux Center for Resilient Children, 2012); (b) Strengths and
Difficulties Questionnaire (SDQ; Goodman, 1997); (c) the Social Skills Improvement
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System Rating Scales (SSIS — RS; Gresham & Elliott, 2008); and (d) the Social Skills
Improvement System SEL Edition Rating Form (SSIS-SEL RF;Gresham & Elliott,2017).

A qualitative analysis was conducted identifying similarly worded items of the
above noted SEL Skills rating scales to EF rating scales in relation to my understanding
of the definition of each component of EF provided earlier (refer to section Major
Components of Executive Functioning). Table A2 lists select items from said EF rating
scales with select items from said SEL Skills rating scales as | perceived them to overlap.
Based on the way components have been defined or measured in the literature, I have
assigned categories or “sub-definitions” to each component as a means to clarify this
comparison across hundreds of items among the EF and SEL rating scales. For example,
working memory is broken down into the “sub-definitions” of remember, steps of a task,
and learn from experience. Note, however, that the replication of rating scale items was
limited due to copyright permission issues (as outlined in Appendix D).

I have also quantified the similarities among the rating scales. There was a
varying amount of overlap among the items on these scales. This overlap was quantified
by noting the percentage that these SEL Skills scales overlapped with the aforementioned
EF scales. The percentage of this overlap is as follows: 36% (13 out of 33 items) on the
DESSA-SSE; 16% (4 out of 25 items) on the SDQ); 5% (4 out of 76 items) on the SSIS —
RS; and 3% (2 out of 76 items) on the SSIS — SEL RS. Thus, there is wide variation in
the extent to which SEL rating scales overlap with components of EF as measured by EF
rating scales, ranging from minimal, and therefore inconsequential (i.e., SSIS) to
substantial. Clearly, understanding the specific and potentially synergistic manner of SEL
and EF domains requires elucidation at the measurement level.
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CURRENT STUDY

Study Aims

Two main research questions (or Aims) will be addressed in the current study for
the purpose of filling previously noted gaps in the literature concerning the relationship
among EF, Prosocial Skills (as a proxy for SEL Skills), and academic achievement. In
short, the purpose of Aim 1 is to address the gap in the literature of the bidirectional
relationship between EF and Prosocial Skills. The purpose of Aim 2 is to address the gap
in the literature of the longitudinal relationship between EF, Prosocial Skills, and
academic achievement, where Reading and Math are two proxies used for outcome
variables representing academic achievement. The ultimate goal of answering these two
Aims is to contribute to the prevention science literature (and in turn, translational
science) in unpacking these two inter-related constructs (Masten & Cicchetti, 2010).

Both Aims are addressed using a developmental cascade model (refer to Figure
B1), which is a broad term used to examine the spillover effect that may occur from one
competence, adaptive skill or behavior, to another adaptive skill or behavior at a later
period of time. Change in one area of functioning is viewed as resulting in change in
another area in a later developmental period (Sameroff, 2000) via progressive
associations. This spillover could be conceptualized in a bidirectional way to assess
whether SEL is an adaptive skill promoting EF and whether EF is an adaptive skill
promoting SEL. Put another way, periods of time are essentially measuring units of
change. That is, at any given moment, a snapshot could be taken (or a survey
administered) to assess children’s development in any given skill, such as EF or Prosocial
Skills. However, it is only through examining the bidirectional relationship between two
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skills that we are able to tease out whether any given skill is developing on its own, or in
conjunction with another, closely related skills. Thus, this developmental cascade model
will test whether these adaptive skills have an effect, or spillover, on each other (research
question 1), as well as the spillover between EF and Prosocial Skills, respectively, on
academic achievement over time (research question 2).
Study Strengths

The current study has two main strengths that bolster my ability to address the
previously identified gaps in the literature. First, | use a developmental cascade model
across four waves of data to examine said gaps in the literature. More specifically, a
series of longitudinal auto-regressive cross-lagged panel models are proposed to examine
both research questions. This type of model “examines the predictive (direct regression)
relations among the latent constructs over time” (Little, 2013). One advantage of a cross-
lagged panel model is that “arguments based on theory, prior research, and the statistical
control of plausible confounds to the validity of a panel model lend strong implications
for drawing a valid causal conclusion” (Little, 2013, p.181). Second, the results are
generalizable to a broad population of North American school children because the
sample is large and contains non-clinical, ethnically diverse American school children.
Hypotheses

Five hypotheses are explored in the current study, subdivided by study aim.
Aim 1: Bidirectional Relationship

Hypothesis 1 (H1). EF and Prosocial Skills will positively and reciprocally
influence each other across time points, controlling for the stability of each construct
respectively.
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Hypothesis 2 (H2). Given that both EF and Prosocial Skills increase as children
age and that these skills are expected to be moderately correlated constructs, it is
hypothesized that the magnitude of the reciprocal association between EF and Prosocial
Skills will strengthen over time.

Hypothesis 3 (H3). Children’s gender will influence EF and Prosocial Skills.
Aim 2: Academic Achievement

Hypothesis 4 (H4). EF will directly and positively influence academic
achievement.

Hypothesis 5 (H5). Prosocial Skills will directly and positively influence
academic achievement, but EF will be a stronger predictor of academic achievement than

Prosocial Skills.
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METHOD
Sample and Demographics

Data used were limited to students in the control group, who participated in a
larger randomized controlled intervention study (N = 7,200 students) that assessed the
effects Second Step® (Low et al., 2017; 2018). The sample for the current study is derived
from the control group. Low et al. (2015) reported no significant differences between
treatment and control groups on baseline measures.

The resulting student sample consisted of 3,029 students in Year 1 and 3,078
students in Year 2. Two cohorts of students were followed in each year, such that at Time
1 students were either in Kindergarten, referred to as Cohort 1 (n = 1,435), or Grade 1,
referred to as Cohort 2 (n = 1,594). Additional information is provided in the following
section (refer to section Recruitment and Retention). Student demographic data (e.g., age,
grade, gender, ethnicity, English language learner, lunch program distribution,
geographic location) were collected from teachers (refer to Table A3). With regards to
geographic representation the majority (67%) of the students were located in school
districts in Washington (i.e., Renton, Federal Way, Lake Washington, Mukilteo, and
North Kitsap), with the remainder of the students from the district of Mesa in Arizona.
The gender and ethnicity distribution of school-age children in the United States was well
represented in the sample (see Low et al., 2015). Data on the percentage of students in
each school who were eligible for free and reduced lunch programs was collected as a
means to assess socioeconomic status. Sixty-seven percent of students in the sample were
located in schools where 50% of more of the children were eligible for free and reduced
lunch programs. School’s lunch program status is on par with statistics that suggests
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roughly half of school children in the United States are eligible for free and reduced
lunch programs (US Department of Education, Table 204.10, 2018). The percentage of
students eligible for free and reduced lunch programs in each school is similar to the
percentile reported in census data on elementary schools.

Teachers self-reported demographic data (e.g., age, gender, ethnicity, education
level, grades taught), which was collected at Time 1 of the study (refer to Table A4). The
study reported on 151 teachers across both study sites (naz = 48; nwa = 103). Data
suggests gender, ethnicity, and education were relatively well representative of teachers
in the US (McFarland et al., 2019).

Procedures and Design
Data Collection

Data used in the present study includes data that were collected at four assessment
waves over two years. Data for Year 1 were collected between October 10 and November
6, 2012 across the various school districts (Time 1) and again between April 22 and May
31, 2013 (Time 2). Data for Year 2 were collected between September 30 and November
8, 2013 (Time 3) and again between April 14 and May 30, 2014 (Time 4).

In accordance with approval by the institutional review boards at Arizona State
University and the University of Washington, as well as district policies, passive consent
was obtained for students and teachers in the spring of 2012 from schools in urban and
rural areas across two states, Washington and Arizona, over six school districts.
Recruitment and Retention

In terms of enrollment, of the seven districts that were approached, six districts
participated (naz = 1; nwa = 5). Across these six districts, sixty-one schools (haz = 20;
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nwa = 41) participated. Classrooms from each school were also randomly selected with
an average of five and six classrooms per school for Arizona and Washington,
respectively. The schools were randomly assigned to either the treatment (n = 30) or the
control condition (n = 31). Schools in the control condition received the intervention post
study. As previously noted, this study only uses data for the control condition.
Additionally, while the larger study collected data on students who were enrolled in
Kindergarten, Grade 1, and Grade 2 at Time 1, with these students followed
longitudinally, due to the small sample size of students in Grade 2 at Time 1, these
students were excluded from the analyses for the purposes of this study.

Passive consent was used to recruit students. Data were collected from 4,450
students across one or more time points with only 310 students refusing consent. Another
500 students were deleted from the existing database because they only had data present
at either the first or fourth time point, which could not be used to predict change. Thus, a
total of 3,640 students had data across one or more time points, with 1,981 of these
students having data across all four time points. In terms of attrition, 848 students
(20.5%) exited the study after Year 1 (naz = 343; nwa = 505), while 744 students (18%)
entered the study in Year 2. Thus, student attrition rates in Year 1 of the study were
largely compensated by an influx of additional students in Year 2 of the study. These
attrition rates are on par with other school-based studies and are in part attributed to
residential moves leading to a change in schools (Vuchinich et al., 2012). Student
attrition rates in this study were similar to attrition rates reported in previously published
research which is drawn from the lager database (intervention and control students) from
which the database for the current study is derived (see Low et al., 2019).
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Compensation

Schools and staff were compensated as follows: school liaisons received $250 per
year to distribute materials, coordinate data collection times, track implementation, and
communicate with teachers; and teachers received $5 per online survey per student with a
$25 bonus if surveys for their class were completed within three-weeks.

Measures
Executive Functioning (EF)

The current study’s database did not contain a measure of EF. However, in the
aforementioned qualitative analysis that was conducted comparing widely cited SEL
skills and EF rating scales (refer to Table A2), there was overlap among some of the
items; some SEL skills items closely resembled the wording and/or meaning of an item
on a given EF rating scale across the aforementioned five most commonly measured EF
components (i.e., working memory, inhibition, shifting, planning/problem solving, and
emotional regulation). Initially, 19 items in total were selected across the two SEL scales
from the current study’s database: the Devereux Student Strength Assessment (DESSA —
SSE; Devereux Center for Resilient Children, 2012) and the Strengths and Difficulties
Questionnaire (SDQ; Goodman, 1997). Of the 19 items, 14 items were derived from the
teacher version of the DESSA — SSE (Devereux Center for Resilient Children, 2012), a
five-point scale with responses ranging from “never” (0) to “very frequently” (4). The
five remaining items were derived from the teacher version of the SDQ (Goodman,
1997), a three-point scale with response options of “not true” (0), “somewhat true” (1),
and “certainly true” (2) (refer to section Measures — Prosocial Skills). Four of these five
items, which were negatively worded, were reverse coded to reflect the positively worded
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items from the DESSA — SSE (Devereaux Center for Resilient Children, 2012). For an
overview of these 19 items, refer to items with the citation of the DESSA — SSE
(Devereaux Center for Resilient Children, 2012) and the SDQ (Goodman, 1997) in the
right column of Table 2. The DESSA — SSE and SDQ rating scales are judged to have
good psychometric properties as described in Appendix C (Commonly Cited Measure of
Executive Functioning and Social Emotional Learning Skills).

After a process of determining the factor structure of the current study’s EF
measure (refer to section Results), results suggested only 13 of the hypothesized items
from the two aforementioned rating scales were represented by two factors. These factors
are consistent with the EF childhood rating scale literature that measures items related to
working memory, planning, and problem solving on one factor (EF 1), and items related
to shifting and emotional regulation on a separate (EF 2) factor (refer to Appendix C —
Commonly Cited Measure of Executive Functioning and Social Emotional Learning
Skills). The items representing these two factors are listed in Table A5. Note that two of
the items on EF 2, which are from the Emotional Symptoms and Conduct Subscales of
the SDQ (Goodman, 1997), were reverse coded (contrary to the original scale’s
directions) to correspond with the other items on the EF 2 from the DESSA — SSE
(Devereux Center for Resilient Children, 2012) that were positively worded. As such, for
both EF 1 and EF 2, the higher the score, the greater the perceived assessed skill level.
These same items were administered to students in each grade across all four waves over
both years of the study. As shown in Table A6, the reliability of each measure, as

represented by Cronbach’s alpha is .95 for EF 1 and ranges from .71 to .78 for EF 2.
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Prosocial Skills

After a process of determining the factor structure of the current study’s Prosocial
Skills measure (refer to section Results), results suggested four of the five hypothesized
items from the prosocial subscale of the teacher version of the Strengths and Difficulties
Questionnaire (SDQ; Goodman, 1997) were representative of prosocial behavior. The
SDQ is a behavior rating scale that is comprised of 25-items rated by teachers or parents
(two versions) to assess the perceived strengths and difficulties of children aged 4 — 16
years. The items selected for the current study, which are representative of prosociality as
a multi-dimensional factor (e.g., sharing, helping, social awareness, relationship skills),
are listed in Table A5. Items are scored on a 3-point scale with 0 indicating “not true”, 1
indicating “somewhat true”, and 2 indicating “true”, such that a higher score indicates
more prosocial behavior. The same version of the scale was administered to students in
each grade across all four waves (over two years) of the study.

The SDQ is a widely used measure for screening and research purposes that has
been translated into over 60 languages (Stone et al., 2010). The prosocial subscale of the
SDQ teacher version was borrowed from Weir and Duveen (1981) Prosocial Behavior
Questionnaire, which was judged to have good validity and high internal reliability (o =
.93 -.94 across three samples); split half reliability of a = .82 — .85); excellent test-retest
reliability (r = .91, p <.001); and fair inter-rater reliability of (r = .58, p <.01). Validity
of the SDQ (Goodman, 1997) is suggested by high predictive and concurrent validity
(Goodman, 1997), as well as criterion and discriminant validity (Goodman & Scott,
1999). According to Stone et al.’s (2010) meta-analysis of construct validity, when
examining factor loadings on all five of the prosocial scale items for the teacher version
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most studies reported factor loadings of .70 or above (N = 19,105, k = 7). Additionally,
Stone et al. (2010) concluded the teacher version’s psychometric properties in samples of
children aged 4 to 12 (N = 131,223) suggests the internal consistency weighted mean (k =
26) on the teacher version is good (a =.82) and that the test-re-test weighed mean (k = 8)
is acceptable (r =.79).

As indicated in Table A5 the current study suggests the Prosocial Skills factor has
good reliability (o =.77 — .82).
Academic Achievement

Aimsweb curriculum-based measures of oral reading fluency (RCBM) and math
calculation (M-CBM) were collected multiple times per year with the fall and spring
academic achievement scores used for the purpose of this study across the two years.
Graduate research assistants followed standardized administration directions from the

aimswebPlus website (www.aimsweb.com).

R-CBM was a grade appropriate short (1 minute) reading passage that was
administered individually to each student. The reading passage was scored as correct
words read per minute, with the range of words contained in the reading passages
increasing in number with each successive grade (refer to Table A6). Oral reading fluency
(R-CBM) probes are standardized, general outcome measures of reading performance
and are highly sensitive to instruction (Fuchs & Fuchs, 1999).

The math test (M-CBM) was group administered and scored individually based
on the percentage of math problems correct in the time allotted (8 minutes). Each grade

was administered math problems appropriate for their grade level. Math computation
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probes, such as the M-CBM, have been shown to be a reliable and valid general outcome
measure of computation (Thurber et al., 2002).
Student and School Demographics

Teachers provided the demographic data for their students (see Table A3) and
self-reported their own demographic data (see Table A4). The remaining demographic
data, such as the percentage of students receiving free or reduced-price lunch (see Table
A3), were collected using publicly available on-line sources (e.g., NCES website, school
district websites).
Covariates

Because a child’s age and gender can affect the development of EF and Prosocial
Skills in childhood, the current study incorporates both of these factors, with age
accounted for by the longitudinal cross-sectional design and gender accounted for as a
predictor variable, as per Hypothesis 3 (refer to section Current Study).

In the current study, age was measured by subtracting children’s date of birth as
reported by their teacher at Time 1 from the starting date and year on which data were
collected across each of the four waves. Gender was assessed at Time 1 using teacher
reports (0 = male, 1 = female), and is thus a measure of perceived gender.

Analytic Strategy
Preliminary Analyses

Descriptive Statistics. Because the estimator (i.e., WLSMV) for the structural
equation analyses described below does not assume multivariate normality, descriptive
statistics were performed accordingly. Specifically, preliminary analyses were conducted
using SPSS v.26 (IBM Corp., 2019) to identify univariate outliers at the indicator and
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variable levels and to generate descriptive statistics and frequencies for students by
cohort and teachers. Additional descriptive statistics were conducted by cohort for EF 1,
EF 2, and Prosocial skill and for Math and Reading. Within and across time correlations
among EF 1, EF 2, and Prosocial Skills, including Math and Reading were conducted,
which served to assess for extreme collinearity (correlations above .90).

Exploratory Factor Analyses. The number of factors that comprise EF
(delineated as EF 1 and EF 2, as previously indicated) and Prosocial Skills were assessed
using EFA because when there is uncertainty regarding the number of factors that
comprise a construct, an EFA should be conducted (Pett et al., 2003) to reduce the
likelihood of needing to respecify the hypothesized model based on results of
Confirmatory Factor Analysis (Nesselrodes & Baltes, 1984). EF and Prosocial Skills
were estimated by conducting an EFA within the CFA framework (E/CFA) using Mplus
v.8.1.5 (Muthén & Muthén, 1998-2017) to develop a more realistic measurement
structures prior to conducting a CFA (Brown, 2006). As a means to test for factor
distinction between EF and Prosocial Skills and in turn multicollinearity in the structural
model, a combined EFA was conducted with all 24 measured variables (i.e., 19 items
representing EF and 5 items representing Prosocial Skills).

Rather than conducting an EFA on each of the four waves of data, one EFA was
conducted by randomly selecting one wave for each student. Specifically, data was
converted from wide to long format in SAS based on variables that determined students’
grade. An observation was randomly chosen for each student based on a random sample
generator in SAS/STAT® software v.9.4 to select one of the four possible waves of data

available per student. Last, the data was split in two such that one half of the sample was
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randomly selected to create a database for the EFA and the other half of the sample was
used for the CFA (refer to section Measurement Model below).

Due to the categorical nature of the measured variables that use two different
scales (refer to section Method), the estimator used was the weighted least square
parameter estimates using a diagonal weight matrix with standard errors and mean- and
variance- adjusted (WLSMV; Muthen et al., 1997) with Theta parameterization (see
Muthén & Muthén, 1998-2017). The WLSMYV estimator in Mplus (Muthén & Muthén,
1998-2017) provides more accurate and less biased factor loadings (e.g., Li, 2016). The
variance of each factor loading was freely estimated using the Mplus default method by
setting the factor loading of the first measured variable to 1.0 and the latent mean to 0.
Measurement Model

To test the measurement model, Confirmatory Factor Analyses (CFAS) were
conducted followed by longitudinal CFAs.

Confirmatory Factor Analyses. The factor structure that materialized from the
EFA to investigate the factor structure of EF and Prosocial Skills described above was
subsequently cross validated on the second half of the sample using confirmatory factor
analysis (CFA) in Mplus v.8.1.5 (Muthén & Muthén, 1998-2017). The process used to
extract the sample was described above (refer to section Exploratory Factor Analysis).
Evaluation of model fit was assessed using the following fit statistics: Chi Squared Model
Fit (x?), Bentler’s Comparative Fit Index (CFI) (Bentler & Bonett, 1980), the Root Mean
Square Error of Approximation (RMSEA), and the Weighted Root Mean Square Residual
(WRMR) values. The WRMR is an alternative fit statistic to the Standardized Root Mean

Square Residual (SRMR) that was developed by Muthén and is provided in the Mplus
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output when using the WLSMYV estimator when data contains ordered categorical
variables (see Muthén & Muthén, 1998-2017). Values suggestive of a well-fitting model
are as follows: a p-value greater than 0.05 for %2; 0.95 or above for the CFI; and a value
lower than 0.90 for the WRMR (Muthén & Muthén, 1998-2017; DiStephano et al., 2018;
Yu & Muthén, 2002). RMSEA has a range from mediocre fit (>.08 - <.10) (MacCallum
et al., 1996), fair fit (>.05 - <.08) (Browne & Cudeck, 1993), to close fit (< =0.5)
(Browne & Cudeck, 1993).

Longitudinal Confirmatory Factor Analyses. After having conducted a CFA
for the hypothesized EF (EF 1 and EF 2) and Prosocial Skills scales, the next analytic
step was to test factorial measurement invariance, that is to conduct longitudinal CFAs,
using Mplus v.8.1.5 (Muthén & Muthén, 1998-2017) with the original (unsplit) database
on the first and fourth assessment waves (for each student). The same model fit statistics
(i.e., % CFl, RMSEA, WRMR) and standards of model fit used previously were applied.
The estimator WLSMV was selected because, as previously indicated, the latent variables
are categorical, and theta parameterization was used. We used the DIFFTEST in v.8.1.5
(Muthén & Muthén, 1998-2017) to compare nested models as well as change in CFI (>
.01) to assess measurement invariance.

Examining longitudinal measurement invariance using the WLSMYV estimator is
different than examining it using the maximum likelihood estimator. As such, we
followed recommendation from Liu and colleagues (2017) to examine longitudinal
measurement invariance for each of our three latent variables. The following models
were used to test for factorial measurement invariance: (a) configural model to assess

whether the factor structure remains consistent across time by fully unconstraining all
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estimated parameters (configural Model 1) and respecifying the model if needed by
partially unconstraining estimated parameters (Model 1b); (b) loading factorial invariance
model to assess whether each latent variable was comparable across time by fully
constraining loadings to be equal to one another over time (Model 2a), and respecifying
the model if needed to partially constrain loadings (Model 2b); (c) threshold factorial
invariance by fully constraining the thresholds (Model 3a), and respecifying the model if
needed to partially constrain the thresholds (Model 3b); and (d) unique factor invariance
by constraining all unique variances to 1.0. The unique factor invariance model is similar
to the strict invariance model for continuous indicators.
Structural Model

After establishing full or partial measurement invariance among the three latent
variables, a full longitudinal CFA model was fit with each latent variable over time. The
Auxiliary command in Mplus v.8.1.5 (Muthén & Muthén, 1998-2017) was used to
include manifest variables of students’ gender, Math, and Reading. The full model was
run and the factor scores were outputted and saved for each of the three variables.
SAS/STAT® software v.9.4 was used to change the measurement of time by converting
the data from wave to semester grade. Specifically, this accelerated longitudinal design is
a planned missing design that leveraged the overlap between the two age cohorts and
reorganized the data for the purpose of examining differences across longer periods of
time and across semesters, which is more developmentally appropriate than wave. This
method combined the two cohorts across four waves into one single cohort across six
waves to examine a longer period of time (from the fall of Kindergarten through the

spring of Grade 2). Once the data was restructured, the hypothesized longitudinal
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structural models were fit using Mplus v.8.1.5 (Muthén & Muthén, 1998-2017).
Specifically, one model was fit for math achievement (Model 1 — Math) and another
model was fit for reading achievement (Model 2 — Reading). All estimates were reported

using the completely standardized estimates.
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RESULTS

The missing data and descriptive statistics are presented for the study’s main
variables. Of note, while EF was conceptualized as one latent variable, in keeping with
the results of the factor analyses presented later in this section and consistent with the
literature reviewed of the most commonly cited rating scales of EF (refer to Appendix C
Commonly Cited Measure of Executive Functioning and Social Emotional Learning
Skills), this study examines EF as multifactorial. As such the missing data and descriptive
statistics are presented for EF 1, which represents EF’s components of working memory
and planning/problem solving, and EF 2, which represents EF’s components of shifting
and emotional regulation (refer to section Major Components of Executive Functioning).
Missing Data

Missing data is presented below with respect to the sample’s descriptives as well
as dependent variables. The pattern of missing data is also discussed.
Sample

With regards to the study’s variables (EF 1, EF 2, Prosocial Skills, Reading, and
Math), missing data ranged from 17.8% to 31.6% for Cohort 1 and 13.4% to 30.2% for
Cohort 2 across the four waves (see Tables A6 and A7). This level of missing data is
consistent with missing data reported using not only the control data (as in this case), but
intervention data in the original database by Low et al. (2019). Student demographic
variables indicated missing data ranged from 0% to 29.5% for Cohort 1 and from 0% to
20.4% for Cohort 2 (see Table A3). Teacher demographic variables (collected for the

whole sample) indicated that seldom (0% - 6%) was data missing (see Table A4).
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The marginal missing teacher demographic data was suggestive of a good
adherence to data collection and data entry, while the high amount of student data was
attributed to student absence during the day of the assessment (e.g., illness, appointments)
or mobility. That is, high student mobility is common in schools where there is a large
percentage of students participating in free and reduced lunch programs (Vuchinich, Flay,
Aber, & Bickman, 2012), such as in the case with the present study.

Pattern

Missing data patterns from prior research using this database suggests the pattern
was missing at random (Cook et al., 2018; Low et al., 2015, 2016, 2019).

Descriptive Statistics
Outliers

Because data screening procedures can affect Type 1 and 2 error (Tabachnick &
Fidell, 2012), the variables were examined for univariate and multivariate outliers. An
assessment of outliers was made at the item level for EF 1, EF 2, and Prosocial Skills and
at the variable level for these variables, in addition to Reading and Math.

Item Level. Before the factor structure of EF and Prosocial Skills was finalized
via factor analysis for the purpose of the structural model analyses herein using Mplus
v.8.1.5 (Muthén & Muthén, 1998-2017), the items comprising these scales were
converted to z-scores using SPSS v.26 (IBM Corp., 2019) solely for the purpose of

locating extreme scores (z = >+-3.29) one standard deviation below or above the mean.
However, due to the sample size (n; = 1454), scores slightly outside of this range were

not considered extreme (Tabachnick & Fidel, 2006). The outliers were within range or

marginally outside of range among the items that comprised the EF 1 (z =-2.4 — -3.7),
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EF 2 (z=-2.7—-4.3), or Prosocial Skills (z=-1.9 —-3.2) scales.
Variable Level. Dependent variables with potential univariate outliers were
considered by converting the variables across the four Time points in the model (EF 1,

EF 2, Prosocial Skills, Math and Reading) to z-scores to locate extreme scores one
standard deviation below or above the mean. Again, based on the sample sizes (n; =

1454) the following z scores are not considered extreme for most of the study’s variables
across the waves (Tabachnick & Fidel, 2006): EF 1 (z=-3.5-1.6); EF2 (z=-4.8-0.7);
Prosocial Skills (z=-3.4 - 0.9); Math (z = -4.4 —9.3); and Reading (z =-2.1 —5.4). The
only possible extreme z-score was for Kindergarten Math scores, which ranged from -0.5
to 9.3 at Time 1 (fall), while all the other z-scores for Math across the other time points
ranged from -4.4 to 3.5.
Frequencies and Descriptives

The study’s main variables were summarized separately for each of the two
cohorts. The descriptives for EF 1, EF 2, and Prosocial Skills are provided in Table A6
and for Math and Reading in Table A7. Only the Math and Reading variables were highly
kurtotic (30.8 and 21.4, respectively) for Cohort 1 (Time 1, fall). This is not surprising
given the variable skills level upon entry into Kindergarten, with extreme differences in
children’s math and reading abilities declining over time (becoming less kurtotic) as the
children move forward in grade level (refer to Table A7). However, it should be noted
that kurtosis was not that important of a consideration because the WLSMYV estimator
selected for the structural model to account for the categorical nature of these variables

was not restricted to the same set of distributional assumptions of multivariate normality

66



(i.e., skewness and kurtosis, linearity, and homogeneity of variance) as other estimators
(e.g., ML).
Correlations

Within and across time correlations were conducted using SPSS v.26 (IBM Corp.,
2019) by Cohort (see Tables A8 and A9). Within time correlations also functioned as a
way to examine extreme multicollinearity (r >.90), which can affect construct validity.
Table A8 presents the within and across time correlations among EF 1, EF 2, and
Prosocial Skills. Most correlations were statistically significant at the .01 level and
ranged from small to large size effects, no larger than r = .71. Table A9 presents the
correlations between each of these variables and Math and Reading. Most correlations
were statistically significant and ranged from small to medium size effects but were no
larger than r = .45.
Exploratory Factor Analysis
Combined Factors Model

Based on a priori work an exploratory factor analysis (EFA) was conducted in
Mplus v.8.1.5 (Muthén & Muthén, 1998-2017) using the first split half sample (n =
1,130) previously described (refer to section Analytic Strategy) for the purpose of
evaluating construct distinction between EF and Prosocial Skills (refer to Table A2) in an
effort to minimize the risk of multicollinearity in the structural model. In total, 24
measured variables (i.e., rating scale items) were included in the analysis, based on: (a)
19 measured variables of the hypothesized EF factor as listed in the right most column of
Table 2 with citations of the DESSA — SSE (Devereaux Center for Resilient Children,
2012) and SDQ (Goodman, 1997); and (b) five measured variables of the hypothesized
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Prosocial Skills factor derived from the prosocial scale factor of the SDQ (Goodman,
1997). These two hypothesized scales were described in the Measures section.

The number of factors specified was between one and four. The decision on how
many factors to extract was based on a priori theory and research. Specifically, the five
measured variables representing Prosocial Skills, extracted from the prosocial
subdimension of the Strengths and Difficulties Questionnaire (Goodman, 1990), were
hypothesized to load onto one factor. The 19 measured variables representing five
components of EF (refer to section Measures) were hypothesized to load onto two
additional factors (Gioia et al., 2000, 2015; Thorell & Nyberg, 2008) (refer to Appendix
C Commonly Cited Measures of Executive Functioning and Prosocial Skills). While an
EFA with measured variables representing EF (2 factors) and Prosocial Skills (1 factor)
was expected to yield a three-factor solution, a four-factor solution was also considered.

Factor Loadings. The results of the one to four factor solutions are interpreted
below based on Comrey and Lee’s (1992) guidelines for evaluating factor loadings [e.g.,
very strong (r = .64 or above; 40% shared variance); excellent (r = .71 or above; 50%
shared variance)].

1-Factor Solution. Interpretation of the 1-factor solution was inconsistent with
prior research and theory that conceptualizes EF as a distinct construct from Prosocial
Skills. Of the 24 measured variables, 20 variables had “very good loading” (.65 or
greater, 40% shared variance). The remaining four measured variables, which represented
the emotional regulation component of EF, loaded less strongly onto the factor than the

other measured variables (A = .37 — .63).
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2-Factor Solution. The interpretation of the 2-factor solution was also
inconsistent with prior research and theory. The first factor consisted of all the measured
variables hypothesized to represent the working memory/plan/problem solving
component of EF. These measured variables all had excellent loadings (A = .65 —.95)
onto the first factor with low cross-loadings (A = -.00 —.34) on the second factor, so as to
suggest the factor is meaningfully distinct (Pett et al., 2003). The second factor consisted
of all of the measured variables hypothesized to represent the emotional regulation and
shifting components of EF and Prosocial Skills. While there was some theoretical rational
to believe emotional regulation component of EF and Prosocial Skills may load on the
same factor, there was no theoretical reason for shifting to load onto this factor. These
measured variables have excellent loadings (A = .71 — .82) with low to moderate cross-
loadings (A = -.42 — .43) onto the first factor.

The upper range of the cross-loadings for Factor 2 are largely represented by two
of the three measured variables hypothesized to represent the inhibition components of
EF. While these measured variables (DESSA 21 and SDQ21) loaded most strongly onto
the second factor (A = .52 and .51, respectively), they have cross-loadings onto the first
factor (A = .43 and .37, respectively).

3-Factor Solution. The interpretation of the 3—factor solution was largely
consistent with prior research and theory, and therefore the results are described in more
detail. Based on the pattern matrix, Table A10 shows loadings for this 3-factor solution
with all 24 items.

Measures loading dominantly on Factor 1, called EF 1, which comprised 10 of
EF’s measured variables hypothesized to represent working memory (all 3 items),

69



inhibition (1 of 3 item), and planning/problem solving (all 6 items) with loadings of these
measures on Factor 1 ranging from .51 to 1.1 with some cross-loadings also observed on
the other two factors as follows: A Factor 2 = - 0.34 — 0.38; and A Factor 3= - 0.18 — 0.20. This
cross-loading range was being driven up by one item, DESSA 21 (.38), which represents
EF’s inhibition. It was inconsistent with a priori scale development (e.g., CHEXI and
BRIEF) for measured variables representing the inhibition component of EF to load onto
Factor 1, as they typically load with Shifting and Emotional Regulation items.

Factor 2, called EF 2, comprised six of EF’s measured variables of shifting (both
items) and emotional regulation (4 of 5 items). Factor loadings for measured variables
loading dominantly on Factor 2 ranged from .60 to .99 with some cross-loadings also
observed on the other two factors as follows: A ractor1 = - .11 —.38; and A Factor3= - .23 t0
.59. Specifically, both measured variables representing the shifting component of EF
(DESSA — SSE 31 & 36) had moderate cross-loadings onto Factor 1 (A = .36 and .39), as
did one of the measured variables representing emotional regulation of EF (DESSA —
SSE 28). While Factor 1 also represents EF, the components of shifting and emotional
regulation in other rating scales typically load onto their own factor (e.g., Behavior
Rating Index of Executive Functioning; BRIEF, Gioia et al., 2000).

Factor 3, called Prosocial Skills, comprised all five of Prosocial Skills” measured
variables, with excellent loadings (A = .67 to .78) with no cross-loadings on non-
hypothesized factors exceeding 0.25.

To summarize the 3-factor solution the measured variables had the strongest
loadings onto their hypothesized factors (refer to Table A10) with most loadings deemed
very strong (.64 or above; 40% shared variance) or excellent (.71 or above; 50% shared
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variance) as per Comrey and Lee’s (1992) guidelines for evaluating factor loadings. The
data suggests there are moderate to large significant (p >.05) correlations among the three
factors (rractorin2 = .66; rFactorin3 = .63; rractor2n3 = .52), but the size of the correlations are
not suggestive of multicollinearity (Tabachnick & Fidell, 2007).

4-Factor Solution. In the four-factor solution, only three distinct and meaningful
factors emerged. Nearly all of the measured variables loaded onto the same factor as
identified in the 3-factor solution with low cross-loadings onto a second (hon-
hypothesized) factor.

Fit Indices. As shown in Table Al1, the chi-squared value did not fit the data
well (significant p-value) for any of the four models tested (i.e., 1 — 4 factors). However,
as the number of factors increased, the value decreased for the RMSEA and WRMR and
the value increased for the CFI fit index, suggesting the model with the greatest number
(i.e., four) of factors fit the data best. However, as described above, in examining the
factor pattern matrix for each model, it was determined that a 3-factor model was the
most interpretable model. Overall, the fit indices for the 3-factor model were indicative of
a well-fitting model (CFI .974, WRMR .057, RMSEA, .096).

Measurement Model

Prior to conducting analyses to test the structural model, the measurement models
developed using EFA were tested in the second split half sample (a fresh sample) using
confirmatory factor analyses (CFA) and longitudinal confirmatory factor analyses and

longitudinal measurement invariance was evaluated.
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Confirmatory Factor Analysis

Based on the results of the EFA described above a CFA was conducted using
Mplus v.8.1.5 (Muthén & Muthén, 1998-2017) on the second half of the split half sample
(n = 1,151) previously described (refer to section Analytic Strategy). The measured
variables that had cross-loadings of .30 or higher onto their non-hypothesized factor
[DESSA — SSE 21, 28; SDQ 8 and 24 (Reverse Coded); and SDQ 21] were dropped. The
exception was that the measured variables representing EF’s (component of) shifting,
which had cross-loadings of .36 and .39 on Factor 1 (the other EF factor) in the EFA,
were kept in the final model and allowed to load only on Factor 2 to create a combined
shifting/emotional regulation factor, consistent with theory and existing rating scales.

Additionally, because the result of the EFA suggested that one measured variable
representing EF’s inhibition loaded onto the first factor (labeled working
memory/planning/problem solving), which is inconsistent with other childhood rating
scales of EF in which inhibition loads with shifting and emotional or behavioral
regulation (Factor 2), this measured variable was also dropped from the analysis (the
CFAs conducted that forced one or both of the inhibition measured variables onto Factor
2 had an RMSEA and WRMR that fared equally well or worse, respectively).

As previously described (refer to section Method), the items representing the
measured variables for the EF factors (Factors 1 and 2) are conveyed in Table A5. Factor
1 (referred to as EF 1) comprised of ten items represented by measured variables
hypothesized to capture EF’s components of working memory (3 items) and
planning/problem solving (7 items). Factor 2 (EF 2) comprised of four items represented

by measured variables hypothesized to capture EF’s components of shifting (2 items) and
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emotional regulation (2 items). Factor 3 (PS) comprised of all five items representing
Prosocial Skills, as previously described.

While the results suggested a statistically significant chi-square (¢2(132) =
1421.85, p < 0.001), the other fit indices taken together are generally indicative of
acceptable model fit. The WRMR (2.09) was above 1.0, but the other fit indices were
indicative of reasonable fit [CFI =.98; RMSEA = .09 (CI = .09, .10)].

Given the exploratory nature of this paper that aimed to test the structural model
by using items from a pre-existing database to create measures representative of EF and
Prosocial Skills, | proceeded to test longitudinal measurement invariance for each of
these constructs.

Longitudinal Confirmatory Factor Analyses

Each of the three constructs, or factors of EF 1 (Working Memory/Plan/Problem
Solving), EF 2 (Shifting/ Emotional Regulation), and Prosocial Skills were assessed for
configural, weak (loadings), strong (thresholds), and unique (strict) factorial invariance
for the purpose of empirically assessing if each factor was measured consistently across
time. The results are presented in Tables A12. As described (refer to section Analytic
Strategy) factorial invariance was assessed for waves 1 and 4.

Prior to discussing these results, first a word about the way measurement
invariance testing was conducted. The determination of whether to conduct successive
levels of invariance testing, which may or may not require model respecification, was
determined using the DIFFTEST option in Mplus v.8.1.5 (Muthén & Muthén, 1998-
2017) because the model was specified using the WLSMYV estimator given the ordered

categorical nature of the items/indicators. While a non-significant chi-squared value was

73



preferred, as described below, the determination of whether to proceed with assessing
factorial invariance of a given model ultimately rested with the other fit indices.

The incremental (i.e., CFI) and comparative (i.e., RMSEA, WRMR) fit statistics can
be used to assess model comparison in conjunction with the chi-squared value with the
more complex model (i.e., subsequent model) preferred when the fit of the model is
improved (Kline, 2011). Of these fit indices the CFI value was the second most important
determinant in this process in proceeding with successive levels of invariance testing.
The last column in Table A12 indicates the numeric value of the change in CFI between
models. If the chi-squared value remained significant following any stage of the
respecified model (e.g., configural, weak, strong), then proceeding with factorial
measurement invariance was determined by considering a CFI value that was greater than
or equal to 0.95, indicative of acceptable model fit, in conjunction with a change in the
CFI value that was less than or equal to 0.01 (see Putnick & Bornstein, 2016 for a
review). This is in line with Cheung and Rensvold (2002) who argue that this minimal
change in the CFI suggests that a set of constrained parameters is the same across time.

Below the results of measurement invariance are reviewed in detail for EF 1, but
because the other constructs (EF 2 and Prosocial Skills) had similar results (see Table
Al2), to avoid redundancy, the results reported for these constructs are condensed.

Executive Functioning 1 (EF 1).

Model 1 Configural Invariance. To test whether the theorized factor model of
EF 1 with nine measured variables, or indicators (see Table A5), fit the data across the
two waves (waves 1 and 4) a fully unconstrained configural (baseline) model was first
specified (see Table A12). The model estimation terminated normally (n = 2,931). As
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shown in Table A12, the null hypothesis that the model-implied variance/covariance
matrix and mean vectors are equal to the population variance/covariance matrix and mean
vector was rejected (x2(132) = 1674.01, p < .001). In other words, based on the chi-
squared value | did not retain the model because the differences between the population
and model-implied variance/covariance matrices and mean vectors are not minimal.
However, in examining the other fit indices there was evidence of a well-fitting (i.e., CFlI
=.989; WRMR .029) and fair fitting (i.e., RMSEA .063) model. As a result of examining
these other fit indices, | proceeded with invariance testing.

Model 2 Weak Invariance. Weak factorial invariance was assessed by running
this model with fully constrained loadings of the indicators across the two waves. The
model estimation terminated normally. The DIFFTEST option was used to determine if
the weak invariance model had significantly worse fit than the configural model (Wu &
Estabrook, 2016). The value was statistically significant (x?(8) = 28.55, p <.001),
suggesting that the model with constrained loadings had significantly worse fit than the
configural model. Thus, the null hypothesis that the models fit equally well was rejected.
However, the other fit indices indicated that the weak invariance model did not differ
from the configural model given there was no change in the CFI (see Table A12). As
such, Model 2 passed the test of weak factorial invariance.

Model 3 Strong Invariance. In running this model with fully constrained means
and intercepts of the indicators to test for strong factorial invariance, the aforementioned
model constraints (of the loadings) were included. The model estimation terminated
normally. Again, the DIFFEST option was used to determine if the strong invariance

model had a significantly worse fit than Model 2 — the weak invariance model (Wu &
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Estabrook, 2016). The value is significant, suggesting the model with fully constrained
means and intercepts is not a good fit to the data and had significantly worse fit than the
weak invariance model (3?(26) = 115.10, p < .001). Thus, based on the chi-squared the
null hypothesis that the models fit equally well was rejected. On the other hand, the other
fit indices indicated the model is a good fit to the data with a minimal change (.001) in the
CFI (see Table A12).

Model 4 Unique Invariance. In running this model with fully constrained residual
variances to test for unique factorial invariance, the aforementioned model constraints
were included (i.e., loadings and thresholds). Again, the DIFFEST option was used to
determine if the unique invariance model had a significantly worse fit than Model 3 — the
strong invariance model. Note, however, that while unique/strict invariance testing is
generally considered to be too restrictive it was never-the-less conducted for
demonstration purposes only. The model estimation terminated normally. While the chi-
squared DIFF test value was significant (3%(9) = 64.01, p <.001), due to a minimal
change in the CFI (.001), the model passed the test of unique factorial invariance (refer to
Table A12).

In conclusion, unique measurement invariance of the EF 1 measurement model
that represents the working memory, planning, and problem-solving components of
Executive Functioning was supported and this model became the new baseline model for
further tests of the reliable latent-variable relationship.

Executive Functioning 2 (EF 2). The results across the four levels of
measurement invariance tested for EF 2 (from configural, to weak, to strong, to unique)

are nearly identical to the results of the four models described in detail above for EF 1:
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there was a significant chi-square value (p < .001), yet a close-fitting CFI (<.98) with
minimal change (<.002) based on the chi-square DIFF test (see Table A12). The WRMR
was also a good fit to the data (.069 — .072). The only notable difference in the results
across the four models for EF 2 compared to EF 1 is that for EF 2 the RMSEA had
mediocre fit (rather than fair fit) across the models (.075 — .91).

In conclusion, unique measurement invariance of the EF 2 measurement model as
represented by four indicators that represents the shifting and emotional regulation
components of Executive Functioning was supported and this model became the new
baseline model for further tests of the reliable latent-variable relationship.

Prosocial Skills. Similarly, the results across the four levels of measurement
invariance tested for Prosocial Skills (from configural, to weak, to strong, to unique) are
nearly identical to the results of the four models described in detail above for EF 1 and
EF 2: there was a significant chi-square value (p < .001) for Models 3 and 4, yet a close-
fitting CFI (>.98) with minimal change (<.003) based on the chi-square DIFF test (see
Table A12). The RMSEA had fair model fit (ranging from .057 — .064) and the WRMR
suggested the model was a good fit to the data across the four models of invariance
tested. The only notable difference was that the chi-square DIFF test was not significant
for Model 2 (weak invariance testing), but this difference is hardly worth mentioning as
the change in CFI was used to determine whether to proceed with subsequent model
invariance testing (in this case, strong invariance — Model 3).

In conclusion, unique measurement invariance of the Prosocial Skills

measurement model as represented by five indicators was supported and this model
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became the new baseline model for further tests of the reliable latent-variable
relationship.
Structural Model
Model Fit

The relationship between EF 1, EF 2, and Prosocial Skills on academic achievement
are portrayed in Figure B2 (Math — Model 1) and Figure B3 (Reading — Model 2). The fit
statistics for both models are presented in Table A13 and indicated the data fit the models
well.
Within-Time Correlations

As presented in Table Al14 the correlations among the non-academic variables of
EF 1, EF 2, and Prosocial Skills were positive and significant, and the effect sizes, as
defined by Cohen et al. (2003), were large (r = .71 —.92). The correlations among each
pair of variables remained relatively stables across time from the fall of Kindergarten to
the spring of Grade 2. The strength of the correlations among EF 1 and EF 2 becomes
stronger in the spring of Kindergarten (increases from .78 to .89) and remains strong and
relatively stable through to Grade 2 but is indicative of multicollinearity (r = .87 — .92).
The correlation between EF 1 and Prosocial Skills and EF 2 and Prosocial Skills
suggested minor fluctuations (r < .08) over time.

With regards to the correlation between these variables (EF 1, EF 2, and Prosocial
Skills) and the academic achievement variables (Math and Reading), correlations were
positive and mostly significant. Specifically, for the correlations of the non-academic
variables with Math, the effect sizes were small for the 16 of the 18 correlations that were

significant (r = .07 — .30), as were the effect sizes for all 18 correlations with Reading (r
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=.06 —.22). Broadly, EF 1 had larger correlations with both academic variables than did
EF 2, and Prosocial Skills had the smallest correlations with both academic variables.
Auto-Regressive Paths

Table A15 presents the completely standardized parameter estimates for the auto-
regressive paths for both models of Math (Model 1) and Reading (Model 2). These paths,
which are all statistically significant and meaningful, are shown in Figures B2 and B3
with heavy set solid lines. Meaningful is defined as consistent (in direction of sign)
across multiple time points and had a standardized coefficient that was .16 or greater.
Note that the results for the non-academic variables (EF 1, EF 2, and Prosocial Skills) are
identical in both models.

The stability coefficients across EF 1 (8 = .64 —.83) and EF 2 (8 = .52 — 78) were
positive, significant, and large, and as the range indicates, these values remained
relatively stable over time. These results suggested good levels of measure stability over
time and that a large portion of the variance in the variable at a later time point is
explained by the same construct at the preceding time point.

This was not the case, however, for Prosocial Skills. While the stability
coefficients were positive and significant over time, the within-grade (i.e., Kindergarten
fall to spring) coefficients were quite large (8 = .90 — .92), but the coefficients that
included the summer lag time (e.g., spring Kindergarten to fall Grade 1 and spring Grade
1 to fall Grade 2) were medium (I3 = .31, .34, respectively).

The stability coefficients across the Math and Reading variables respectively were
positive, significant, and medium for Math (B = .43 — .57) and large for Reading (8 = .68
—.85). The value of the coefficients remained relatively stable over time for both models.
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As with the other non-academic variables described above, the results suggested good
levels of measure stability over time and that a small to large portion of the variance in
the variable at a later time point is explained by the same variable at an earlier time point.
However, contrary to the other variables in the model, the stability coefficients increased
slightly in value between the spring and subsequent fall of each year.

Cross-Lagged Paths

Table A16 presents the completely standardized parameter estimates for the cross-
lagged paths for both models of Math (Model 1) and Reading (Model 2). Note the model
parameter estimates for the cross-lagged pathways between EF (EF 1 and EF 2) and
Prosocial Skills are identical in both models, with the exception, of course, of the
pathways between these variables and Math and Reading.

All significant cross-lagged pathways, however marginal the effect size, are
discussed below and represented as solid lines in the models (refer to Figures B2 and
B3). However, the statistically meaningful cross-lagged pathways are represented as
heavy set solid lines in the models. Pathways deemed meaningful were consistent (in
direction of sign) across multiple time points and had a standardized coefficient that was
.16 or greater. Based on these criteria, the statistically meaningful cross-lagged pathways
were as follows. With regards to Aim 1, there was a significant, positive, and
bidirectional relationship between EF 2 and Prosocial Skills, but the magnitude of the
pathways from EF 2 to Prosocial were deemed meaningful. With regards to Aim 2, EF 1
was a significant, positive, and meaningful predictor of both Math (stable across time)

and Reading (declined across time).
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Aim 1 Bidirectional Relationship. The statistically significant cross-lagged
pathways among EF 1, EF 2, and Prosocial Skills are described below, which concern
hypothesis 1 (H1). Additionally, results concerning hypothesis 3 (H3), children’s gender
effects, are outlined. Because no statistically significant results were obtained for
hypothesis 2, these findings are not presented below.

EF 1 as a Predictor of Prosocial Skills (H1). With the exception of the spring of
Kindergarten through the fall of Grade 1, EF 1, which represents the working memory,
planning, and problem-solving components of EF, significantly and negatively predicted
Prosocial Skills across the time points from the fall of Kindergarten through the spring of
Grade 2. For a one SD increase in EF 1 (working memory, planning, problem solving)
there was a marginal decrease in the SD of Prosocial Skills with this relationship
remaining relatively constant (3 =-.11 —-.15).

Prosocial Skills as a Predictor of EF 1 (H1). From the spring of Kindergarten
through the Spring of Grade 1 Prosocial Skills significantly, but inconsistently and
marginally predictive of a student’s levels of EF 1 (8 = -.06, .03).

EF 2 as a Predictor of Prosocial Skills (H1). EF 2, which represents the shifting
and emotional regulation components of EF, significantly and positively predicted
Prosocial Skills across the time points from the spring of Kindergarten through the spring
of Grade 2. The coefficients ranged between .16 and .30, but this range excludes the
coefficient that was significant, but not meaningful in Grade 1 (fall to spring, 8 =.04, p =
.02). Thus, for a one SD increase in EF 2, there was an increase in Prosocial Skills (B =

.24, .04, .30, .16). In other words, these findings suggested that having greater shifting
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and emotional regulation of symptoms yielded a higher score on Prosocial Skills, but the
pattern of this relationship is somewhat unstable.

Prosocial Skills as a Predictor of EF 2 (H1). Prosocial Skills significantly,
positively, and marginally predicted EF 2 within each grade (K- Gr.2), such that for a one
SD increase in Prosocial Skills there was a small SD increase (8 =.07 —.12) in EF 2, as
represented by shifting and emotional regulation. However, this relationship was not
significant across the two time points that included the summer lag time (spring to fall of
Kindergarten to Grade 1 and Grade 1 to Grade 2).

Children’s Gender Effects (H3). When children’s gender was regressed on EF 1,
EF 2, and Prosocial Skills the standardized parameters (STDY) results suggested a small
but statistically significant effect at one or more time points. For simplicity, Figures 2 and
3 do not reflect children’s gender effects. Recall that children’s gender was assessed
using teacher reports (0 = male, 1 = female). Being identified as a girl was associated
with a marginally lower score on EF 1, which measures working memory, planning, and
problem solving, as compared to being identified as a boy in Grade 1 through Grade 2 (
=-.06--.10, SE =.02 — .04, p = .001 — .03). To give an example of this effect size,
because the mean score of EF 1 for Cohort 1 and 2 ranged from 2.66 to 2.96 (on a Likert
scale with a potential from 0 to 4), the SD represents at most a .30 decline in girls’ scores
on EF 1. Similarly, being a girl was associated with a marginally lower score on EF 2,
which measures shifting and emotional regulation, compared to being a boy, across all
time points from the spring of kindergarten through the spring of Grade 2 (B = - .07 — .13,
SE =.02 — .04, p =.001 — .02). Surprisingly, girls also had a small but significant
decrease in their standardized scores of Prosocial Skills across from the fall of Grade 1
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through the spring of Grade 2 (8 = -.07 —-.18, SE = .03 — .05, p <.001) compared to
boys, but again this represents at most a .30 decline in girls’ scores on the Prosocial Skills
scale (e.g., Cohort 1 fall Grade 1 mean of 1.55 x -.18, see Table A6).

Being identified as a girl meant a significant small to moderate greater value in
standardized Math scores as compared to boys (but not Reading). This was observed
across all time points from the spring of Kindergarten through the spring of Grade 2 (3 =
.11 - 26, SE =.04 — .06, p <.001 - .003). There was a slight u-shaped curve observed
such that the value of the standardized scores decreased starting in the fall of Grade 1
(from .26 to .13) and then increased at the final time point observed in the spring of
Grade 2 (from .11 to .17).

Aim 2: Academic Achievement. The statistically significant cross-lagged paths
between each of EF 1, EF 2, and Prosocial Skills with academic achievement (Reading
and Math) are described below, which concern hypothesis 4 (H4) and hypothesis 5 (H5).

EF 1 as a Predictor of Math (H4). EF 1 significantly and positively predicted
Math across the time points from the fall of Kindergarten through the spring of Grade 2,
with a medium size effect observed (8 = .24 —.42), suggesting that for one SD increase in
EF 1 (working memory, plan, problem solving) there was a .24 to .42 SD increase in
Math scores. An effect size in this range is meaningful as recall Math score represent
percentage correct. For example, for Cohort 1 this represents an 8.8% increase in
Kindergarten spring Math scores (21.01 x .42, see Table A7, Cohort 1, T2). Examining
effect sizes across time, the magnitude of this association slowly decreased, then

increased such that from spring of Kindergarten to the spring of Grade 1 the coefficient
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declined slightly (from .42 to .29 to .24), then rose slightly (to .32 and .31) from the fall
to the spring of Grade 2 but remained positive in direction and moderate in strength.

EF 1 as a Predictor of Reading (H4). EF 1 also significantly and positively
predicted Reading from the fall of Kindergarten through the fall of Grade 2. The effect
size initially observed was medium (13 = .38, SE = .4, p <.001), which means it
represented an increase in about 13 words per minute for Cohort 1 (33.70 x .38, see Table
A7, Cohort 1, T2).

However, the effect size of this relationship halved from the spring of
Kindergarten through the fall of Grade 1. Thus, as students moved forward in grade level
the relationship between EF 1 and Reading became not particularly meaningful by the
fall of Grade 2 (B =.13, SE = .03, p <.001) and became non-significant for the final time
point when assessed in the spring of Grade 2.

EF 2 as a Predictor of Math (H4). EF 2 (shifting, emotional regulation) at the
preceding time point significantly and negatively predicted student math scores across
three of the five time points observed. In the fall of Kindergarten for a one SD increase in
EF (i.e., better emotional regulation and shifting) there was a .11 SD decrease in Math
achievement (SE = .04, p <.01) the following spring (Kindergarten). This represented a
2.3% decrease in math scores. A similar relationship was observed at two later time
points from the spring of Grade 1 through the spring of Grade 2 (B = -.13, -.12). Given
the small effect size in conjunction with an inconsistent relationship across time these
results are not very meaningful.

EF 2 as a Predictor of Reading (H4). EF 2 in the fall of Kindergarten was
significantly and positively predicted students reading scores in the spring of
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Kindergarten (B =.16, SE = .02, p <.001), such that a one SD in EF 2 represented students
being able to read an additional five words per minute (33.70 x .16, see Table A7, Cohort
1, T2). This relationship was also significant, although even less meaningful, in the fall of
Grade 1 on students reading scores in the spring of Grade 1 (8 =.06, SE = .02, p <.001).
Given that this relationship was inconsistent over time and not very strong to begin with
(in Kindergarten), these results are also not very meaningful.

Prosocial Skills as a Predictor of Reading (H5). Prosocial Skills also
significantly predicted Reading (but not Math) from the spring of Kindergarten through
the fall of Grade 1. In the fall of Kindergarten for a one SD increase in Prosocial Skills
there was a .07 SD decrease in Reading (SE = .03, p = .05) the following spring
(Kindergarten). A similar coefficient was observed for the Spring of Kindergarten to the
Fall of Grade 1 (8 = -.06, SE =.02, p = .04). While these effects were statistically
significant, and in an unexpected direction (given the raw correlations), they are not
meaningful given they represents, for example, a decrease in roughly two words read per
minute for Cohort 1’s spring Reading scores (33.70 x .07, see Table A7, Cohort 1, T2).

Furthermore, the effect size of this relationship became non-significant over time.
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DISCUSSION

Second Step® is the most widely distributed Social-Emotional Learning (SEL)
classroom curriculum used in the United States. The program was revised in the last
decade to explicitly target executive functioning (EF) skills in conjunction with social-
emotional skills. EF skills are broadly defined as the cognitive functions that enhance
goal-related problem-solving behavior. Second Step® was revised on the premise that the
integration of these two domains (SEL Skills and EF) may bolster academic
improvements. Despite this, studies to date with the revised Second Step® have yielded
inconsistent and weak effects on reading and math achievement (e.g., Low et al., 2019),
but only direct effects have been examined. In theory, revised program logic would
hypothesize impacts on academic achievement (distal outcome) via improvements in SEL
Skills and/or EF. Although the current study does not examine intervention effects, its
aims delineate the reciprocal, longitudinal relationship between SEL Skills, EF, and
academic impacts; an important validation of underlying program logic/theory for Second
Step® and SEL program more broadly.

The current study had two general aims: the bidirectional longitudinal relationship
between EF and Prosocial Skills (as a proxy for SEL Skills); and the unique and co-joint
relationship of EF and Prosocial Skills to Reading and Math achievement.

Aim 1: Bidirectional Relationship

The first major aim of this study, which was to examine the bidirectional

relationship between EF and Prosocial Skills, involved two hypotheses, which will be

discussed sequentially.
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EF 2 Predicts Prosocial Skills (H1)

First, to examine H1, which was that EF and Prosocial Skills will positively and
reciprocally influence each other across time points, controlling for the stability of each
construct respectively. The current study’s data lends some supports this hypothesis, but
this needs to be qualified.

There was support for a bidirectional relationship between EF 2 (shifting,
emotional regulation) and Prosocial Skills. In the case of Prosocial Skills contributing to
the development of EF 2 (shifting/emotional regulation), those relationships, while
significant, were marginal, less consistent, and limited to within-school year associations.
Such a trend is interesting and may suggest that classroom specific social interactions
bolster related skills of shifting and emotional regulation. The school day is filled with
transitions to various activities within and outside of the classroom (e.g., different
workstations, break times, physical education, library time) and while the timing of some
of these activities is very consistent (i.e., break times), the timing of others is more fluid.
The data suggests children with more Prosocial Skills have a slightly easier time with
these transitions while these specific activities are in effect during the school year.
Perhaps being able to shift one’s perspective more routinely focused outside of oneself
onto the other is a strength in the classroom because it broadens one’s “visual field”, so to
speak, during times of transition that act as a cue or reminder that transition times are not
self-specific nor self-isolated acts but are more like a community event. It is important to
remember, however, that this relationship is marginally meaningful.

However, the strength of the relationships between EF 2 and Prosocial Skills
across time were consistent and much stronger, and thus indicative of a greater cascade

87



effect, than the relationship between Prosocial Skills and EF 2. The data that EF 2
predicts Prosocial Skills lends support to the assumption that some innate hard-wired
skills (i.e., shifting, emotional regulation) may temporally precede the acquisition of
socially driven, interactive Prosocial Skills that may require not only underlying
foundational cognitive capabilities, but time to develop as children learn to function in
various social environments. From Piaget’s theory of human development, I could posit
that classroom environments, like all environments, are predicated on the ability of the
organisms (children in this case) to adapt to change, be it a change in classroom daily
routines, transitioning from one subject to the next, and changes in the emotional
temperature of a classroom throughout the day. However, unlike the case of an ameba, in
the case of the human child, that environment is a social environment. The ability to
respond to this change may function to free up energy that would otherwise be spent
regulating oneself (i.e., emotional regulation) in a changing environment (i.e., shifting)
and in turn being able to look outside of oneself to one’s peers. Classrooms, much like
human society depends on cooperative, prosocial behavior. A child who is transitioning
better will have more time to engage with peers during these times of transition.
Furthermore, recall that it is teachers who are rating both of these skills (EF and Prosocial
Skills). It is possible that children who adjust well to changes in plans and can better
regulate their emotions may be perceived by teachers as more able to meet the demands
of their social environment, and thus, be deemed more prosocial.

That being said, the relationships between EF 2 and Prosocial Skills should be
qualified herein with regards to two pathways. First, this relationship is not significant in
Kindergarten (fall to spring pathway). Kindergarten is a time when children’s executive
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functions are still more unitary in nature and thought to be less compartmentalized due to
the stage of their brain maturation (e.g., Best et al., 2009; Peterson & Welsh, 2014;
Wiebe et al., 2011). Brain maturation then may take a little bit of time to catch up such
that it is an adaptive function enabling kids to adapt to the social demands of the
classroom by the spring. Second, the relationship emerges as meaningful and significant
from the spring of Kindergarten to the fall of Grade 1, but then remains significant (but
not meaningful) in Grade 1 (fall to spring). In examining one slice of this pie (i.e.,
shifting), perhaps Grade 1 is a transitional time in the development of children’s shifting
abilities. While we know that shifting develops linearly and progressively (Best & Miller,
2010), Anderson’s (2002) review of nearly a dozen studies suggested shifting undergoes
a rapid period during middle childhood (ages 7-9). Thus, for the component of shifting, at
least, perhaps there is an emerging — receding — emerging element in development of
children’s shifting that may in turn be contributing to the initially inconsistent
relationship between EF 2 and Prosocial Skills in the model.
Progressive Reciprocal Association Not Supported (H2)

Hypothesis 2 predicted that the magnitude of the reciprocal association between
EF and Prosocial Skills (i.e., the cross-lagged pathways) would strengthen over time.
This hypothesis was predicated on an assumption based on two notable trends in the
research: first, that EF and Prosocial Skills increase in normally developing children, and
second, that these two constructs are generally found to be at least moderately correlated.
While I did not find a progressive relationship in the sample of early elementary school
aged children in the current study, data with a population that spans a larger age range
may yield different results. Middle school is a time when children transition away from
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solitary work assignments to more social cooperative assignments. In these environments,
peers with slightly greater cognitive abilities would be in a position to scaffold their
peers, possibly contributing to gains in cognitive growth of executive functions. In other
words, because EF develops at slightly different rates of cognitive expansion (e.g.,
myelination, neuron proliferation, synaptogenesis) and regression (e.g., cell death,
synaptic pruning) even among same-sage peers (Best & Miller, 2010), peer and
friendship dyads could be viewed as dynamics in which scaffolding can occur. The child
is also an active participant in the social skills they are creating with their peers (i.e.,
“social agent”; Vygotsky, 1930-1934/1978) and it has long been established social skills
such as prosocial behavior are fostered in the peer and friendship dynamic (e.g., Cillessen
et al., 2005; Meuwese et al., 2016; Poorthuis et al., 2012). It is those same social skills
that are developing in the context of this relationship dynamic that has the potential to
foster cognitive development (Hartup, 1996). In other words, Prosocial Skills that foster
learning in the zone of proximal development can create the environment for executive
function growth in middle elementary school when the environment better provides the
opportunity for such an exchange.

Marginal Gender Effects (H3)

In Hypothesis 3 | further proposed that children’s gender will influence EF and
Prosocial Skills. While there is support for this hypothesis, the effects are marginal. In
the current study girls had significantly lower scores as compared to boys on all
components of EF (working memory, planning, problem solving, shifting, emotional
regulation). Broadly, research suggests that the effects of gender on the development of
EF are inconsistent (e.g., see Brocki & Bohlin, 2004) and can vary based on type of
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measure used to collect data (Fournet et al., 2015; Peterson & Welsh, 2014), with rating
scale results not well studied (Catale et al., 2015). Results can also vary by type of
informant (Thorell et al., 2013).

Furthermore, while the current study found girls had significantly lower Prosocial
Skills compared to boys, given the ample research to suggest otherwise (see Eisenberg &
Fabes, 1998; also see Adams et al., 1999; Caputi et al., 2012; Carlo, 2014; C6té et al.,
2002; Knafo & Plomin, 2006; Scourfield et al., 2004; Zimmer-Gembeck et al., 2005), and
that scores were only marginally lower herein, it would be premature to make inferences
based on these results.
Aim 2: Executive Functioning and Prosocial Skills Predict Academic Achievement

The second aim of this study, which concerns hypotheses 3 and 4 below, was to
examine the longitudinal relationship of both EF and Prosocial Skills to children’s
reading and math achievement.
EF 1 is a Stronger Predictor than EF 2 (H4)

The results of the current study provide support for Hypothesis 4 that predicted
EF (1 and 2) would directly influence academic achievement. While there is support for
this hypothesis, this statement must be qualified in two ways.

First, EF 1 is a stronger predictor of Math than Reading. The longitudinal study of
EF and academic achievement in school aged children using EF tests typically measures
the combination of working memory, inhibition, and shifting due to the popularity of the
associated well-established EF tests (refer to Table A1 and Appendix C), rather than the
single component of working memory or planning/problem solving (Baggetta &
Alexander, 2016; Best et al., 2009). As such, there is a comparatively limited amount of
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research to which to compare the results of the current study, in which EF 1 was a
consistent and moderate predictor of Math from Kindergarten through Grade 2. Similarly,
research examining Math as an outcome variable suggests small to medium size effects
with both EF test mesuring working memory (e.g., see Adams & Hitch, 1997; Cragg &
Gilmore, 2014; De Smedt et al., 2009; Friso-Van den Bos et al., 2013; Geary, 2011) and
planning/problem solving (e.g., Friedman et al., 2014), as well as the combination of
these components assessed by EF rating scales (e.g., Decker, 2017; Thorell & Nyberg,
2008; Thorell et al., 2013; Waber et al., 2006). Reading, on the other hand, is less
commonly examined in relation to EF in general, and working memory,
planning/problem solving specifically (e.g., Thorell et al., 2013), and in this study, as has
been found elsewhere (e.g., Geary, 2011), working memory and planning/problem
solving components of EF appear to be more salient predictors of reading for younger
students (e.g., Kindergarten and Grade 1). When children are first learning to read, they
need to remember a combination of sounds and to read in a particular order (e.g., right to
left, up/down, space between words). However, as children advance in grade level, these
particular reading skills, which are closely associated with working memory (refer to
Table A2), do not require additional development. Math, on the other hand, is essentially
a problem solving skill that requires the use of working memory (e.g., Bull & Lee, 2014;
Goeff et al., 2005) with rules becoming progressively more complex, unlike the rules for
reading that do not change. Children in early elementary school are learning
computations (addition, subtraction, basic multiplication and division) and order of
computations (i.e., BEDMAS), which requires them to preform steps of a task in order
(working memory) and to use resources (i.e., bead counting) to solve a problem
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(planning/ problem solving). Thus, the results of this study lend support for the idea that
the proportion of variance in a child’s reading skill is largely accounted for by one’s
previous reading ability, particularly as children transition out of Kindergarten and
onwards, which is not the case for math (refer to Table A15).

The second caveat of hypothesis 4 is that EF 1 is a stronger predictor than EF 2
(shifting/ emotional regulation) of academic achievement (and more precisely, of math,
as described above). As previously discussed, our understanding of emotional regulation
as a predictor of children’s academic achievement has seldom been studied using EF
tests, with EF rating scales generally lacking in longitudinal investigation (refer to section
Executive Functioning as a Predictor of Academic Achievement). Meta-analyses of the
relationship between EF tests of shifting and reading and math suggest a weak correlation
(Yienad et al., 2013), however, shifting is a common component of EF tests based in a
multi-factorial component of EF of working memory, inhibition, and shifting, with
findings related to academic achievement likely attributed to working memory (Bull &
Lee, 2014). Such results are in line with the current study in which EF 2 (shifting/
emotional regulation) was not a significantly meaningful longitudinal predictor of Math
or Reading. Shifting and emotional regulation likely have greater implications for non-
academic related performance, and as discussed earlier (refer to section EF 2 Predicts
Prosocial Skills (H1)), one of these implications may be the development of Prosocial
Skills.

EF 1 is a Stronger Predictor than Prosocial Skills (H5)

Hypothesis 5 proposed that EF would be a stronger predictor of academic

achievement than Prosocial Skills. This hypothesis is largely supported but must be
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qualified in light of the finding that EF 1 (working memory, plan/problem solving) is a
stronger and hence more meaningful predictor of academic achievement than EF 2
(shifting/emotional regulation).

In the current study, Prosocial Skills was not a significant predictor of Math, nor a
meaningful predictor of Reading for early elementary school children (refer to section
Results — Prosocial Skills as a Predictor of Reading). Contrarily meta-analytic studies
suggest there is a large body of evidence that SEL Skills are related to school outcomes
(e.g., Durlak et al., 2011; Taylor et al., 2017). An important caveat made by Durlak et al.
(2011) is that this relationship is stronger, and therefore more meaningful, when a
combination of SEL Skills is measured. The current study only examined one SEL Skill,
that of Prosocial Skills, because the most commonly cited measures of SEL Skills (i.e.,
SSIS; Gresham & Elliott, 2008; SSIS SEL — RF; Gresham & Elliott, 2017) are in fact a
measure of prosocial behavior (refer to section Major Dimensions of SEL Skills and
Appendix C), aligning with the CASEL Core-5 (Elliott et al., 2017; Gresham et al., 2018).
That being said, the measure of Prosocial Skills used in the current study was not as
comprehensive as, for example, rating scales such as the SSIS SEL — RF (Gresham &
Elliott, 2017). As such, the results of the current study reiterate Durlak et al.’s notion that
a number of SEL Skill need to be measured in order to find an achievement effect.

However, one noteworthy benefit of the current study is that I directly compared
the effects of Prosocial Skills versus EF on academic achievement in the same model,
with results suggesting that EF (i.e., EF 1), which was merely a 9-item measure of
working memory, planning, and problem solving, is a much stronger predictor of
academic achievement. Taking all this in consideration with the number of SEL Skills
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that need to be measured to find an achievement effect, one conclusion offered herein is
that EF has been seriously undervalued in the preponderance of SEL Skills intervention
worldwide. Not only are student gains in reading and math for a smooth transition
through the grades a major aim of American schools (e.g., Common Core Standards
Initiative, 2012), but is a goal shared by schools worldwide. Because EF is a
developmental skill that crosses cultural boundaries (e.g., Thorell et al., 2013) and SEL
programs only sometimes include ways to bolster EF, interventions that bolster EF could
have widespread implications for global administration of school-based interventions
whose goal is to find an intervention effect (e.g., bolster academic achievement).

Furthermore, interventions that bolster EF in a normative population of children
provide support for those same children who are at risk of developing EF deficits
compared to their peers. Implications for children who have difficulty with daily living
due to EF deficits but who do not meet the diagnosis for a clinical EF syndrome nor have
specific cognitive deficit (e.g., language, attention, motor) have an impairment termed
dysexecutive functioning. Cognitive deficits of dysexecutive functioning include reduced
working memory, planning and organizational problems, difficulties generating and/or
implementing strategies, and poor utilization of feedback (Gioia et al., 2000; 2001),
which comprises EF 1. Thus, including measuring children’s EF in in early elementary
school could additionally provide a screening mechanism in normative populations to
minimize long-term potential for children not achieving their full academic potential in
core curriculum subjects like reading and math, not to mention the psycho-social impact
of having difficulty engaging in routine tasks that are seemingly second nature to those
with greater EF capacities.
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As discussed, some measures of SEL Skills have begun to incorporate EF items.
Recall the DESSA- SSE (Devereux Center for Resilient Children, 2012) has a 36%
overlap in its items with established childhood rating scales of EF (refer to section
Conceptual Relationship Between Executive Functioning and SEL Skills), with 16 of 36
of these items parallel commonly cited rating scales of EF’s components of working
memory, planning, and problem solving. However, as previously argued, for conceptual
clarity it is important that such measures acknowledge they are measuring EF skills,
rather than labeling such skills as SEL Skills.
Limitations

The current study’s limitations are twofold. First, due to secondary data use, a
measure of EF was created herein. Its two-factor solution containing four of the five most
commonly researched components of EF (see Baggetta & Alexander, 2016), and is
psychometrically on par with other reputable scales (i.e., CHEXI, Thorell & Nyberg,
2008). However, highly developed scales have the advantage of better distinction among
the factors, unlike the current study’s measure of EF that contained two correlated factors
that were deemed moderately (r = .66, based on EFA results) to highly (r =.78 — .92,
based on structural model results) correlated, bordering on multicollinearity. That being
said, the intercorrelations among the factors of the most commonly cited rating scales
have not been published in factor analyses studies of Thorell and Nyberg’s (2008) widely
accessible CHEXI (Camerota et al., 2018; Catale et al, 2012, 2015, 2018; Thorell &
Nyberg, 2008; Thorell et al., 2010). As for the BRIEF (Gioia et al., 2000), while Lyons et
al. (2016) report the intercorrelation among the two factors (the MCI and BRI indices) is
moderate (r = .50, based on EFA results), there is some controversy on both the specified
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two factor solution (e.g., Egeland & Fallmyr, 2010; Fournet et al., 2015; Jimenez &
Lucas-Molina, 2019) and its latest version’s (BRIEF-2; Gioia et al., 2015) three factor
solution (for a review see Jimenez & Lucas-Molina, 2019).

To date, the most widely utilized rating scales of EF have had very limited
factorial invariance testing (for a review see Jimenez & Lucas-Molina, 2019), although
there has been some success reported with a limited version (problem solving, attention,
behavioral/emotional regulation) of Gioia et al.’s (2000) BRIEF (see Garcia-Barrera et
al., 2011; 2013). The current study’s measure of EF, on the other hand, demonstrated
sound longitudinal invariance.

Measurement limitations aside, the current study’s findings cannot be generalized
beyond early elementary school aged children. This is an important consideration, as
curriculum, classroom demands, and teacher-student relationship transform considerably
across one’s school trajectory. Thus, the extent to which each skill (i.e., EF, Prosocial)
contributes to the development of the other may change or strengthen as children’s
schoolwork becomes more integrated and partner oriented. In brief, the current findings
should be viewed in light of the developmental period (early elementary) during which
the study took place.

Implications

Schools around the globe purchase SEL interventions posited as being salient
direct or indirect predictors of children’s academic achievement, yet meta-analyses
indicate effect sizes are small (Durlak et al., 2011), and often based on non-core
academic indicators (e.g., percent meeting minimum learning benchmarks). In the case of
the meta-analysis by Taylor, Oberle, Durlak & Weissburg (2017), the authors noted
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academic outcome effects sizes averaged .33; however, only 8 published studies were
found that examined academic outcomes, and most of these programs were multi-tiered,
intensive family-school or wrap-around models, and many of the largest studies to date
were not included. Some of these interventions function to hone both EF and SEL skills
(Bierman & Torres, 2016), such as recent changes to Second Step®, with a modified
rating scale (i.e., DESSA — SSE; Devereaux Center for Resilient Children, 2012) that
includes EF-type items. However, DESSA — SSE is primarily a SEL skills scale used to
measure intervention effects between SEL Skills and academic achievement. As
previously discussed, SEL Skills items from the DESSA — SSE highly overlap with items
that are thought to measure EF components of working memory, inhibition, shifting,
planning/problem solving, and emotional regulation (refer to section Construct Overlap:
Ratings Scales Item Similarities). Therefore, it is important for researchers to realize that
when they are using this scale that they are measuring EF components, and in turn not to
misattribute results of a relationship between SEL skills and academic achievement,
when in fact, EF is being measured.

Furthermore, it is important to be able to determine which components of EF and
SEL Skills affect which outcomes. One reason SEL interventions may not be as effective
as intended is that they do not always include ways to bolster EF, and when they do, the
program may not be designed to ensure the EF and SEL skills are being taught in a way
that supports their mutual development in relation to each other and to academic
achievement. For example, there is a tendency in EF and SEL Skills interventions to
predominantly target EF components of working memory, inhibition, and shifting (e.g.,
Head Start Research-Based Developmentally Informed (REDI), Bierman et al., 2008a;
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Rathlisberger et al., 2012), with marginally significant improvement in said EF
components (e.g., see Bierman et al., 2008b). Yet as the results of the current study
suggest, this combination of components of EF may not be optimal when attempting to
bolster both SEL Skill outcomes and academic achievement.

The purpose of this paper was an attempt to hone the direction of SEL
interventions in two ways. First, by exploring which, if any, of the EF components are
most likely to positively influence the development of SEL Skills. This exploration began
by resuming an overlooked discussion in the fields of EF and SEL Skills on the
conceptual and empirical relationship between these two constructs. Given the results of
the current study suggest that these hard-wired EF skills of shifting and emotional
regulation influence the development of Prosocial Skills, the implication is that by
incorporating ways to bolster children’s EF’s components of shifting and emotional
regulation in SEL programs may in turn bolster the very social skills, namely prosocial
behavior, that these programs were intended to foster. It is posited that this may in turn
strengthen program outcomes.

Second, given that SEL interventions aim to improve academic achievement, the
current study informs us that EF components of working memory and planning/problem
solving are the most salient. Currently interventions that bolster the EF component of
planning/problem solving are scarce, while interventions that include working memory
typically involve video games, sociodramatic play, or small groups (Bierman & Torres,
2016; Diamond & Lee, 2011), with some promising results (see Kroesberg et al., 2014; St
Clair-Thompson et al., 2010; Thorell et al., 2009; Traverso et al., 2015). However, these
promising results do not always extend to improved academic achievement (Bierman &
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Torres, 2016; Cragg & Chevalier, 2011; St Clair-Thompson et al., 2010), and as such EF
interventions have challenges to overcome regarding their efficacy (Bierman & Torres,
2016; Morrison & Chein, 2011). In addition to bolstering EF components, this paper
helps make the case for isolating, labeling and discreetly measuring the program inputs in

order to optimize evaluations of program validity.
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CONCLUSION

To date, Second Step®, which is the most widely distributed SEL intervention
program in the US, has found no program effects related to academic achievement. This
raises questions about the relationship between SEL Skills and academic achievement
more broadly, both within and outside of the context of interventions. While meta-
analyses have been conducted suggesting a relationship between SEL Skills and
academic achievement (e.g., Durlak et al., 2011; Taylor et al., 2017), this evidence does
not appear as strong as evidence of the relationship between EF and academic
achievement. Rarely have both constructs been tested longitudinally in one model in
elementary school aged children. Additionally, some of the SEL literature, namely
research and rating scales (e.g., DESSA — SSE), blurs the boundaries between these two
constructs. While there is some overlap between these closely related (i.e., highly
correlated) broad constructs, they come from distinct theoretical traditions with different
definitions and measures. Ensuring that these measurement of these constructs remains
distinct will in turn clarify the contribution of each construct to academic achievement.

In the current study, | first conducted a thorough review of the Second Step®
measure, the DESSA — SSE (Devereux Center for Resilient Children, 2012) to examine
its content overlap with widely cited measures of EF. Having identified the items with the
greatest overlap (e.g., grounded in EF theory and measurement), | established
longitudinal measurement invariance for a two-factor EF measure of working memory,
planning, and problem solving (EF 1), and shifting and emotional regulation (EF 2). |
was then able to test two overarching and related questions concerning EF and SEL. First,
what is the longitudinal bidirectional relationship between EF (1 and 2) and SEL, using
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Prosocial Skills as a proxy (Aim 1)? Second, of these two constructs (i.e., EF and
Prosocial Skills), which is the most salient in predicting academic achievement (Aim 2)?

The results of the current study suggested that there is a bidirectional relationship
between EF 2 (shifting/ emotional regulation) and Prosocial Skills, but that the strength
of this association is strongest in the direction of EF 2 predicting Prosocial Skills. The
data lends support to the assumption that innate hard-wired skills (i.e., EF) would
temporally precede the acquisition of socially driven, interactive Prosocial Skills that may
require not only underlying foundational cognitive capabilities, but time to develop as
children learn to function in various social environments. Children who transition better
throughout the day in the micro-evolving nature of the social environment that is their
classroom may be in turn better able to engage with peers during these times of transition,
and hence, behave more prosocially.

The results of the current study also suggest that the EF components of working
memory, planning, and problem solving (EF 1) is a more significantly meaningful
predictor of academic achievement, particularly Math, compared to EF 2 (shifting and
emotional regulation) and Prosocial Skills. The finding that EF 1 is a stronger predictor
of academic achievement than EF 2 is consistent with the literature and suggests shifting
and emotional regulation likely have greater implications for non-academic related
performance, such as the development of Prosocial Skills. Furthermore, because EF 1 is a
stronger predictor of Prosocial Skills and given that only some SEL skill interventions
incorporate EF, these results suggest that SEL programs that want to find an achievement
effect should consider incorporating ways to bolster EF components of working memory,
planning, and problem solving. Beyond the scope of academic achievement, interventions
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that enable children’s social skills and executive functions to thrive will ultimately
provide the fertile ground for the next generation of cooperative problem solvers to

emerge.
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Table Al

Executive Functioning Tests Cited and Reviewed

EF Tests in Appendix C

EF Tests Cited In Literature Review

Working Memory (i.e., updating)

“Store and manipulate information over brief periods of time”
(Alloway et al., 2006, p.1698)

Digit Span Backwards/
Backward Word Span
Wechsler Intelligence
Scale for Children —

4™ edition
(Wechsler, 2003)

Description: repeat
sequence of numbers
or letters in backwards
order.

Backwards Word Span (Davis & Pratt, 1996)

Counting Span (Case et al., 1982)

Digit Span Backwards (Alloway, 2007)

Digit Span WISC — Il Variation (Wechsler, 1991)

Digit Span Test (Wechsler, 1991)

Digit Span Tests (Eilertsen & Johnsen, 2003)

Dual Task Performance (Baddeley et al., 1997)

Keep Track (Van der Sluis et al., 2007)

Letter-Number Sequencing (WISC-1V; Wechsler, 2003)

Listening Span Test (van der Sluis et al., 2005)

Odd One Out (Alloway, 2007)

Stanford Binet Intelligence (Thorndike et al., 1986)

WAIS-R-NI (Wechsler, 1981)

Working Memory Test Battery for Children
(Pickering & Gathercole, 2001)

Inhibition (i.e., response inhibition, inhibitory control, self-restraint, self-stopping)

(a) Suppress or disrupt a dominant response;
(b) stop behavior towards a goal or an ongoing response that is inefficient,; and
(c) resist distractions/interference to persist towards the goal

Stroop Color-Word
Interference Test
(Stroop, 1935)

Description: Reading
colored words in a
non-corresponding
Colored ink. Scores
based on timed
reading of color-word
combinations

Animal Stroop (Wright et al., 2003)
Day/Night Stroop Task Variations
(Gerstadt et al., 1994; Berlin & Bohlin, 2002)
Eriksen Flanker Task (Eriksen & Eriksen, 1974)
Flanker Task Variation
(Ridderinkhof & van der Molen. 1995)
Go/No Go Variaton (Berlin & Bohlin, 2002)
Stop-Signal (van Boxtel et al., 2001)
Wisconsin Card Sorting Task (Heaton et al., 1993)
Wisconsin Card Sorting Task Computerized Version
(Somsen et al., 2000)
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Table A1 (continued)

EF Tests Reviewed in Appendix C EF Tests Cited In-Text

Shifting (i.e., (cognitive) flexibility, attentional set-shifting, attention switching, task switching)

“Freely moving from one situation, activity, or aspect of a problem to another as the
situation demands” (Gioia et al., 2000, p.321).

Wisconsin Card-Sorting Test (Berg, 1948) Advanced Dimensional Change Card Sort
(Zelazo et al., 1996)
Description: Time and number of errors Children Coloured Trail Test

made when figuring out the rules to sort (Llorente et al., 2003)
cards by color, shape, then number. Cognitive Flexibility Task

(Zimmermann et al., 2004)
Color Trail Test (D’Elia et al., 1994)
Dimensional Change Card Sort
(Zelazo et al., 2006)
Delis-Kaplan Executive Function System
(Delis et al., 2001)
Wisconsin Card Sorting Task Computer
Version (Somsen et al., 2000)
Dots Tasks (Diamond et al., 2007)
Go/No Go Accuracy and Time Subtests
(Berlin & Bonhlin, 2002)
Planning/Problem Solving

“Ability to plan actions in advance and to approach a task in an organized, strategic
and efficient manner” (Anderson, 2002).

Tower of Hanoi (Piaget, 1974/76) n/a
Tower of London (Shallice, 1982)

Description: moving objects onto pegs
according to a set of rules and within a

certain number of moves.

Emotional Regulation

“Regulating emotional responses such that the emotion conveyed is appropriate to the
situation or stressor (Gioia et al., 2000) for the purpose of facilitating adaptive
functioning (Dodge & Garber, 1991).

Children’s Gambling Task (Kerr & Zelazo, 2004) n/a
Description: cards chosen from two decks,

one of which is riskier. Happy/sad faces

determine wins/loses.
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Table A2

Overlap Among Rating Scale Items

EXECUTIVE FUNCTIONING SOCIAL EMOTIONAL
LEARNING SKILLS

WORKING MEMORY
Remember

When shown something complicated to do he/she cannot Remember important
keep it in mind so as to do it correctly (BDEFS — CA, 14)  information

(DESSA — SSE, 1)
Difficulty remembering lengthy instructions (CHEXI, 1)

Steps of a Task
Has trouble doing things...in proper order (BDEFS-CA, 24) Perform the steps of a
task in order
When asked to do several things he/she only remembers ~ (DESSA —SSE, 23)
the first or last (CHEXI, 6)

Has difficulty carrying out activities that require several
steps (CHEXI, 14)

Has difficulty with tasks/activities with several steps
(CHEXI, 20)

Learn from Experience

Unable to “think on his/her feet”, problem solve, or Learns from experience
respond effecitvely to unexpected events (BDEFS—CA, 25) (DESSA —SSE, 30)

Difficulty thinking ahead/learning from experience
(CHEXI, 21)
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Table A2 (continued)

EXECUTIVE FUNCTIONING

SOCIAL EMOTIONAL
LEARNING SKILLS

INHIBITION
Disrupts Response/Resist Interference

Has difficulty waiting for things; has to have things or do
things he/she wants right away (BDEFS - CA, 28)

Stop Behavior
Unable to inhibit his/her reactions to events or to what
others say or do to him/her; reacts on impulse
(BDEFS — CA, 30)

Likely to do things without considering the consequences
(BDEFS — CA, 34)

Acts without thinking things over (BDEFS — CA, 35)
Adjust to Change

Is disturbed by changes in teacher of class (BRIEF — 2, 60)

Wait for turn
(DESSA — SSE, 21)

Pass up something
he/she wanted, or do
something he/she didn’t
like to get something
better in future

(DESSA — SSE, 25)

Thinks things out
before acting
(SDQ, 21)

Acts without thinking
(SSIS — RS/
SSIS — SEL RF, 47)

Adjusts well to changes
in plans
(DESSA — SSE,31)

Adjusts well when
going from one
setting to another
(DESSA - SSE, 36)
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Table A2 (continued)

EXECUTIVE FUNCTIONING

SOCIAL EMOTIONAL
LEARNING SKILLS

SHIFTING (continued)
Getting Stuck

Gets stuck on one topic or activity (BRIEF -2, 17)

PLANNING/PROBLEM SOVLING
Follow Through

Procrastinates or puts off doing things until the last
minute (BDEFS - CA, 1)

Not able to prepare in advance for things he/she knows
he/she is supposed to do (BDEFS — CA, 11)

Has difficulty planning for an activity (CHEXI, 12)
Preparation

Not prepared on time for schoolwork (or assigned tasks
given at home (BDEFS — CA, 4)

Time Management

Has a poor sense of time (BDEFS - CA, 2)

Repeats the same things
over and over

(SSIS — RS/

SSIS — SEL RF, 60)

Take steps to achieve
goals
(DESSA - SSE, 4)

Takes an active role in

learning
(DESSA - SSE, 7)

Gets things done in a
timely fashion

Wastes or doesn’t manage his/her time well (BDEFS—CA, 3) (DESSA - SSE, 12)

Not prepared on time for schoolwork or assignemnts given

at home (BDEFS — CA, 4)

Has difficulty judging how much time it will take to do
something or get somewhere (BDEFS — CA, 8)
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Table A2 (continued)

EXECUTIVE FUNCTIONING

SOCIAL EMOTIONAL
LEARNING SKILLS

PLANNING/PROBLEM SOLVING
(continued)
Creativity

Has trouble considering various ways of doing things
(BDEFS — CA, 15)

Not as creative or inventive as others of his/her age
(BDEFS — CA, 20)

Resourcefulness
Slow at solving problems he/she

encounters in his/her daily life
(BDEFS — CA, 26)

EMOTIONAL REGULATION
Stays Calm

Reacts more strongly to situations than other children
(BRIEF — 2, 27)

Tantrums
Finds it difficult to walk away from emotionally upsetting
encounters with others or leave situations in which he/she

becomes very emotional (BDEFS — CA, 66)

Remains emotional or upset longer than other children
(BDEFS — CA, 65)

Shows creativity in
completing a task
(DESSA — SSE, 11)

Seeks out additional
knowledge or
information
(DESSA — SSE, 6)

Use available resources
(people or objects)
to solve a problem
(DESSA — SSE, 33)

Stays calm when faced
with a challenge
(DESSA — SSE, 28)

Often has temper
tantrums or hot temper
(SDQ, 5)

Has temper tantrums
(SSIS — RS, 57)
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Table A2 (continued)

EXECUTIVE FUNCTIONING SOCIAL EMOTIONAL
LEARNING SKILLS

EMOTIONAL REGULATION (continued)

Other Various Strong Emotions

Quick to get angry or become upset (BDEFS — CA, 57) Many worries, often
seems worried
Overreacts emotionally (BDEFS — CA, 58) (SDQ, 8)

Many fears, easily
scared (SDQ, 24)

Often unhappy, down-
hearted, or tearful
(SDQ, 13)

Note. BDEFS — CA = Barkley Deficits in Executive Functioning Scale — Children and
Adolescents (Barkley, 2012b); BRIEF — 2 = Behavior Rating Inventory of Executive Function
Reproduction by special permission of the Publisher, Psychological Assessment Resources,
Inc. (PAR), 16204 North Florida Avenue, Lutz, Florida, 33459 from the Behavior Rating
Inventory of Executive Function, Second Edition by Gerald A. Gioia, PhD, Peter K. Isquith,
PhD, Stephen C. Guy, PhD, and Lauren Kenworthy, PhD, Copyright 1996, 1998, 2000, 2015
by PAR. Further reproduction is prohibited without permission from PAR; CHEXI =
Childhood Executive Functioning Inventory (Thorell & Nyberg, 2008); DESSA — SSE =
Devereux Student Strength Assessment — Second Step® Edition (Devereux Center for Resilient
Children, 2012); SDQ = Strengths and Difficulties Questionnaire (Goodman, 1997);

SSIS — RS = Social Skills Improvement System Rating Scales (Gresham & Elliott, 2008);
SSIS SEL — RF = Social Skills Improvement System SEL Edition Rating Form (Gresham &

Elliott, 2017).
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Table A3

Descriptive Statistics of the Student Sample by Cohort

Cohort 1 Cohort 2

Variable n (%) n (%)
Grade

Kindergarten 1435 (100%) -

Grade 1 - 1594 (100%)

Muissing 0 0
Gender

Male 551 (38.4) 704 (44.2)

Female 546 (38.0) 724 (45.4)

Missing 338 (23.6) 166 (10.4)
Ethnicity

Asian 179 (12.5) 171 (10.7)

American Indian/ Alaska Native 39 (2.7) 93 (5.8)

Black/ African American 102 (7.1) 106 (6.0)

Caucasian/White 584 (40.7) 563 (35.3)

Hispanic 324 (22.6) 476 (29.9)

Native Hawaiian or Other Asian

[Pacific Islander 25 (1.7) 45 (2.8)

More than one ethnicity 96 (6.7) 131 (8.2)

Missing 86 (6.0) 79 (5.0)
English Language Learner (ELL) status

Not an ELL 756 (52.7) 854 (53.6)

ELL Student 255 (17.8) 415 (26.0)

Missing 424 (29.5) 325 (20.4)
Lunch program distribution

24% or less 140 (9.8) 118 (7.4)

25% - 49% 403 (28.1) 413 (25.9)

50% - 74% 492 (34.3) 506 (31.7)

75% or more 400 (27.9) 557 (34.9)

Muissing 0 0
Location

Arizona 332 (23.1) 486 (30.5)

Washington 774 (53.9) 982 (61.6)

Missing 329 (22.9) 126 (7.9)

Year 1 Year 2 Year 1 Year 2

Age

M (SD) 5.6 (.354) 6.6 (.345) 6.6 (.345) 7.6 (.378)

Range (years) 48-81 58-91 52-81 6.1-9.0

Missing (%) 0 0 0 0

156



Table A4

Descriptive Statistics of the Teacher Sample (Fall Year 1)

Variable n %
Gender
Male 9 6.0
Female 142 94.0
Missing 0 0
Hispanic or Latino/a
No 142 94
Yes 9 6
Missing 0 0
Ethnicity
Asian 6 4.0
American Indian/ Alaska Native 1 0.7
Black/ African American 0 0
Caucasian/White 128 84.8
Native Hawaiian or Other Asian/Pacific Islander 0 0
More than one ethnicity 10 6.6
Other 6 4.0
Missing 0 0
Grade(s) taught
Kindergarten 61 404
Kindergarten / Grade 1 Split 4 2.7
Grade 1 75 49.7
Grade 1 / Grade 2 Split 4 2.7
Missing 7 4.6
Highest degree received
Bachelor’s degree 48 31.8
Master’s degree 87 57.6
Professional degree 6 4.0
Doctorate degree 1 0.7
Missing 9 6.0
Location
Arizona 48 31.8
Washington 103 68.2
Missing 0 0
n M (SD)
Age 149 42.9 (11.9)
Missing 2
Number of years teaching 151 14.4 (9.4)
Missing 0
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Table AS

Current Study Measures by Factor

Factor 1 Executive Functioning 1 (EF 1)

Working Memory Component Items

Remember important information (DESSA — SSE 1)

Performs steps of task in order (DESSA — SSE 23)

Learns from experience (DESSA — SSE 30)

Plan/Problem Solving Component Items

Take steps to achieve goals (DESSA — SSE 4)

Takes an active role in learning (DESSA — SSE 7)

Gets things done in timely fashion (DESSA — SSE 12)

Shows creativity in completing a task (DESSA-SSE 11)
Seeks out additional knowledge/information (DESSA — SSE 6)
Use available resources to solve a problem (DESSA — SSE 33)

Factor 2 Executive Functioning 2 (EF 2)

Shifting Component Items

Adjusts well to changes in plans (DESSA — SSE 31)

Adjusts well when going from one setting to another (DESSA — SSE 36)
Emotional Regulation Component Items

Often loses temper (SDQ 5; Reversed)

Often unhappy, depressed, or fearful (SDQ 13; Reversed)
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Table A5 (continued)

Factor 3 Prosocial Skills (PS)

Considerate of other people’s feelings (SDQ 1)

Shares readily with other children. For example, toys, treats, pencils (SDQ 4)
Helpful is someone is hurt, upset, or feeling ill (SDQ 9)

Kind to younger children (SDQ 17)

Often offers to help others (parents, teachers, other children) (SDQ 20)

Note. The items above were derived from two SEL Skills scales, abbreviated as
DESSA — SSE for the Devereux Student Strengths Assessment — Second Step®
Edition (Devereux Center for Resilient Children, 2012), and the SDQ for the

Strengths and Difficulties Questionnaire (Goodman, 1997). Item numbers follow

the rating scale abbreviations.
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Table A6

Descriptive Statistics of Non-Academic Variables by Cohort

Range
Measure N % M Observed  Potential SD Skew Kurtosis Alpha
Missing
EF 1
Cohort 1
T1 1,011 29.5 2.66 0.22-4 0-4 0.78 -0.40 -0.07 .95
T2 982 31.6 2.96 0.22-4 0-4 0.74 -0.47 -0.15 .95
T3 1,174 18.2 2.79 0-4 0-4 0.76 -0.38 -0.13 .95
T4 1,019 22.0 2.87 0.11-4 04 0.78 -0.42 -0.30 .95
Cohort 2
Tl 1,326 16.8 2.70 0-4 0-4 0.78 -0.38 0.04 .95
T2 1,311 17.8 2.86 04 04 0.78 -0.43 -0.26 .95
T3 1,154 27.6 2.82 0.67-4 04 0.74 -0.31 -0.31 .95
T4 1,113 30.2 2.88 0.56-4 04 0.75 -0.29 -0.49 .95
EF 2
Cohort 1
T1 1,011 29.5 1.80 0.25-3 0-3 0.48 -1.32 2.40 .73
T2 983 315 1.80 0.25-3 0-3 0.45 -0.98 1.20 71
T3 1,175 18.1 2.45 0.50-3 0-3 0.47 -1.10 1.56 .75
T4 1,119 22.0 2.46 0-3 0-3 0.50 -1.26 2.15 77
Cohort 2
T1 1,331 16.5 2.44 0.50-3 0-3 0.48 -1.08 1.30 74
T2 1,311 17.8 2.48 0-3 0-3 0.50 -1.42 2.93 .78
T3 1,167 26.8 241 0.50-3 0-3 0.49 -1.01 1.09 74
T4 1,114 30.1 2.44 0.25-3 0-3 0.52 -1.07 0.95 .78
Prosocial
Skills
Cohort 1
T1 1,010 29.6 1.39 0-2 0-2 0.49 -0.42 -0.66 .83
T2 984 314 1.56 0-2 0-2 0.46 -0.92 0.22 .83
T3 1,168 18.6 1.55 0-2 0-2 0.45 -0.76 -0.24 .84
T4 1,118 221 1.56 0-2 0-2 0.46 -0.99 0.38 .84
Cohort 2
T1 1313 17.6 1.46 0-2 0-2 0.48 -0.53 -0.59 .85
T2 1313 17.6 1.55 0-2 0-2 0.46 -0.78 -0.28 .85
T3 1,150 27.9 1.55 0-2 0-2 0.46 -0.74 -0.38 .84
T4 1,112 30.2 1.55 0-2 0-2 0.47 -0.88 -0.06 .85

Note. EF 1= Executive Functioning (Working Memory/Plan/Problem Solving); EF 2 = Executive Functioning
(Shifting/Emotional Regulation). T1 = Time 1 (fall, Y1); T2 = (spring, Y1); T3 = (fall, Y2);

T4 = (spring, Y2).
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Table A7

Descriptive Statistics of Academic Variables by Cohort

Range
Measure N % M Observed  Potential SD Skew Kurtosis
Missin
9
Cohort 1 Reading
T1 1,030 31.1 7.63 0-151 0-151 20.81 4.46 21.41
T2 1,030 31.1 23.69 0-155 0-155 33.70 214 4.21
T3 1,171 21.7 40.85 0-221 0-242 40.00 1.34 1.18
T4 1,082 27.6 72.30 1-188 0-236 41.84 0.60 -0.52
Cohort 2 Reading
T1 1,373 13.9 35.52 0-201 0-242 34.70 151 2.05
T2 1,368 14.2 68.08 0-184 0-236 38.17 0.68 -0.23
T3 1,252 215 79.76 1-206 0-314 39.78 0.25 -0.44
T4 1,152 27.7 96.58 6-225 0-303 36.07 0.36 -0.02
Cohort 1 Math
T1 1,035 30.8 5.07 0-100 0-100 10.23 4.67 30.83
T2 1,035 30.8 26.39 0-100 0-100 21.01 1.16 1.42
T3 1,167 21.9 53.63 0-100 0-100 23.28 -0.24 -0.51
T4 1,084 275 79.30 0-100 0-100 18.21 1.13 1.03
Cohort 2 Math
T1 1,380 134 45.18 0-100 0-100 22.86 -0.01 -0.57
T2 1,367 14.2 78.70 3.6-100 0-100 1757 -1.01 1.09
T3 1,256 21.2 61.81 0-100 0-100 18.55 -0.30 -0.32
T4 1,132 29.0 81.81 17.9-100 0-100 15.82 -1.16 1.19

Note. Reading = Reading Curriculum-Based Measure (CBM); words correct per minute.

Math = CBM, percentage correct. T1 = Time 1 (fall, Y1); T2 = (spring, Y1); T3 = (fall, Y2);

T4 = (spring, Y2).
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Table A8

Correlations Among Executive Functioning (EF 1 and EF 2) and Prosocial Skills by
Cohort

EF1 EF1 EF1 EF1 EF2 EF2 EF2 EF2 PS PS PS PS

T1 T2 T3 T4 Tl T2 T3 T4 Tl T2 T3 T4
EF1T1 - JAFE A4R* AGFF 64** 52*%* 33*%F 35F*F 64**  AT*FF 26%*  28*%*
EF1T2 .66** - A9*%* - B0** B3 70**  34**  37F+ BIFF BB¥*F  22%*  26**
EF1T3 .41**  .46* - J5*FF 0 32%*%  37**  .68*  56**  .33**  20%*F  58**F  44x*
EF1T4 .37** .39** .76%* - 20%*% 0 39%*  b4FF 71x* 37F* 34*%*  50**  58**
EF2T1 .60** 47** 26%* 25** - 66%*  37FF 34 62**  47F* 25 27F*
EF2T2 .45** .67** .32** 30** .62** - A1 A1R* AB*F B8F* 27**  32%*
EF2T3 .27%* 30** .70** .53** 27** 33** - JO** 0 32%% 20%%  BB** 47
EF2T4 24%* 23** 54** 70** 27** 31** . 70** - 37F* 35%F 52%*F B1**
PST1 B4FF  A3FF 28%*F  27** 4Q** 38F* 23*FF 22%* - 63**  33**  35**
PST2 A6**  B8**  30** .26%* 40** 53** . 20%* 26%* .63** - 30** 34%*
PST3 26%*  20%*  BO*FF 46** 23**  28*%*F  61**  48** 30** 30** - .65**

PST4 22%% 0 21%*  45%%  Be** 21**  25%*  50**  59**  30** 32** 67F* -

Note. Cohort 1 is represented on the left of the diagonal; Cohort 2 is represented on the right
of the diagonal. EF 1 = Executive Functioning 1 (Working Memory/ Plan/Problem Solving)
EF 2 = Executive Functioning 2 (Shifting/Emotional Regulation). PS = Prosocial Skills.
T1=Time1; T2=Time 2; T3=Time 3; T4 = Time 4.

* p < 05, **p < 01, ***p < 001, nCohort]_ = 713 — 1176, nCohor’[z = 868 — 1332
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Table A9

Correlations Among Academic and Non-Academic Variables by Cohort

Cohort 1
Math K Math Gr. 1 Reading K Reading Gr. 1
T1 T2 T3 T4 T1 T2 T3 T4
EF1
T1 24%*  39%*%  38F*  20%*  20**  31*¥*  32**  34**
T2 24**  35**  A5** 36*F*  20*%*  31**  34**F 38**
T3 21%*  35**  40**  40**  15**  20%*  37** 42**
T4 A9*F*  34**F 38F* 41**F 17F* 27*F% 34** A3**
EF 2
T1 09**  20%*  23** 17**  Q7* 11** 10** |13**
T2 A3F* 24%*%  27**  19**  Q7* | 11**  13**  19*%*
T3 .09* A9** 22%%  22%* 04 A1x* 17+ 21*%*
T4 A4x* 0 21%*  21**%  14**  (09* A4** 18** | 16**
PS
T1 A3** 20%*  21**%  14**  Q9**  14*%*  18** |16**
T2 A0**  26%*  26*%*  16** .02 08*  10**  14**
T3 01 A0** 13**  12** .07 .01 .04 .08**
T4 -.02 O07**  11%* 11**  -04 01 .03 07*
Cohort 2
Math Gr.1 Math Gr. 2 Reading Gr.1  Reading Gr. 2
T1 T2 T3 T4 T1 T2 T3 T4
EF1
T1 36**  33**  31*  25%*  36** A41**  40** 33**
T2 33**F 39**  36**F  28*%*  34**F 42**F 42**  36**
T3 27**  33**  38**  35*FF  35**F A43F* 44** 30**
T4 25%*  32**  33*  34**  31**  38**  40**  39**
EF 2
T1 A7** 0 19**  13**  11** 17** 19%*  19**  16**
T2 A7x* 27**  21%%  16%*  17**  25%%  23**  18*%*
T3 0%+ 16**  20%*  18**  16**  21**  22%*%  21**
T4 0% 15**  20**  19**  16** 21** 20%* @ 22*%*
PS
T1 A5**  18** 17+ 11**  10** | 15%* |16** |12**
T2 2% 14** 12**  10** .06* .12** |13** 09**
T3 .02 08* 1%+ 13**  10** 13**  14** [ 10**
T4 .02 .06 A10**  10** .06 A0** 10** 10**

Note. EF1=Executive Functioning (working memory, plan/ problem solving); EF 2 = Shift,

Emotional Regulation; PS = Prosocial Skills; K = Kindergarten; Gr.= Grade; T = Time.

*p <.05, **p < .01, ***p < .001; n range was 888 — 1380.
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Table A10

Factor Loadings (Pattern Matrix) for 24-Item Combined Factors Model Based on

Exploratory Factor Analysis with Direct Oblimin (n=1,130)

Item Factor
WM/Inh/  Shift/  Prosocial
Plan/PS ER
Hypothesized Working Memory Component of EF
Remember important information (DESSA — SSE 1) 1.04* -14*  -18*
Performs steps of task in order (DESSA — SSE 23) 91* A13* -.10*
Learns from experience (DESSA — SSE 30) J1* 14* 2%
Hypothesized Inhibition Component of EF
Waits his/her turn (DESSA — SSE 21) 43* .38* .20*
Passes up something he/she wanted, or does something .51* .09* 13*
he/she did not like to get something better in future
(DESSA — SSE 25)
Thinks things out before acting (SDQ 21) 35% 24* .35*
Hypothesized Shifting Component of EF
Adjusts well to changes in plans (DESSA — SSE 31) .36* .66* .00
Adjusts well when going from one setting to another 39* .60% .01
(DESSA — SSE 36)
Hypothesized Plan/Problem Solving Component of EF
Take steps to achieve goals (DESSA — SSE 4) 95* -.00 -.03
Takes an active role in learning (DESSA — SSE 7) 1.10* -24*  -02
Gets things done in timely fashion (DESSA — SSE 12) .92* .05 -.16*
Shows creativity in completing a task (DESSA-SSE 11) .94* =17 .02
Seeks out additional information (DESSA-SSE 6) 1.11% -34* .02
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Table A10 (continued)

Item Factor
WM/Inh Shift/ Prosocial
Plan/PS ER

Hypothesized Plan/Problem Solving Component of EF

Use available resources to solve a problem 76* 1% .08*
(DESSA — SSE 33)

Hypothesized Emotional Regulation Component of EF

Stays calm when faced with a challenge A42* 45%  07*
(DESSA — SSE 28)

Often loses temper (SDQ 5; Reversed) -11 .64%  20*
Many worries, often seems worried (SDQ 8; Reversed) .03 94% - 52*
Many fears, easily scared (SDQ 24; Reversed) .03 99* - 50*
Often unhappy, depressed, or fearful (SDQ13; Reversed) .01 88% -23*

Hypothesized Prosocial skills

Considerate of other people’s feelings (SDQ 1); .04 25%  .69*
Shares readily with other children (SDQ 4) .00 25%  .69*
Helpful if someone is hurt, upset, or feeling ill (SDQ 9); .04 .04 J78*
Kind to young children (SDQ 17) 01 A18*  .67*
Often offers to help others (SDQ 20) 19* -01 .70

Note. DESSA — SSE = Devereux Student Strengths Assessment — Second Step®
Edition (Devereux Center for Resilient Children, 2012); SDQ = Strengths and
Difficulties Questionnaire (Goodman, 1997).

*p <.05.
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Table A1l

Fit Indices for 24-Item Combined Factors Model Based on Exploratory Factor
Analyses with Direct Oblimin (n = 1,130)

Model 72 df RMSEA [90%CI]  WRMR CFI
1-Factor 6707.19%* 252 151 [147,.154] .107 922
2-Factor 4199.96%* 229 124 [121,.127] .089 952
3-Factor 2372.84** 207  .096 [.093,.100] .057 974
4-Factor 1311.88** 186 .073 [.069,.077] .031 086

Note. RMSEA = Root Mean Square Error of Approximation; 90% CI: 90% Confidence
Interval for RMSEA; WRMR = Weighted Root Mean Square Residual;
CFI = Comparative Fit Index.

**p< 0.01
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Table A12

Fit Indices by Model Based on Longitudinal Confirmatory Factor Analysis (n = 2,931)

7 2 DIFF Test Fit Indices

Model 42 df p Y af p RMSEA [90% WRMR CFlI  ACFI
Cl] Pass/
Fail

Executive Functioning Model EF 1 (Working Memory/Plan/Problem Solving)

1. 1674.01 132 <.001 - - - .063 .060, 0.029 .989 -
.066

2. 1705.77 140 <001 2855 8 <.001 .063 .059, 0.029 989 0
.064 Pass

3. 1784.23 166 <001 115.10 26 <001 .058 .055, 0.029 988  .001
.060 Pass

4, 1734.57 175 <001 64.01 9 <001 .055 .053, 0.030 989  .001
.058 Pass

Executive Functioning Model EF 2 (Emotional Regulation/Shifting)

1. 381.76 15 <.001 - - - .091 .084, 0.069 991 -
.099

2. 435.20 18 <001 57.16 3 <.001 .089 .092, 0.071 991 0
.096 Pass

3. 494.27 25 <001 58.94 7 <.001 .080 .074, 0.072 989  .002
.086 Pass

4, 508.65 29 <001 17.14 4 <001 .075 .069, 0.072 989 0
.081 Pass

Prosocial Skills

1. 374.82 29 <.001 — — - .064 .058, 0.035 .984 -
.070

2. 370.01 33 <001 851 4 .075 .059 .054, 0.036 984 0
.065 Pass

3. 438.08 37 <001 84.60 4 <001 .061 .056, 0.037 981  .003
.066 Pass

4, 447.86 42 <001 3147 5 <001 .057 .053, 0.038 981 0
.062 Pass

Note. RMSEA = Root Mean Square Error of Approximation; 90% CI: 90% Confidence
Interval for RMSEA; WRMR = Weighted Root Mean Square Residual; CFI =Comparative
Fit Index; A CFI = change in Comparative Fit Index; if change <=.01, the model “passed”.

1 = configural invariance; 2 = weak invariance; 3 = strong invariance; 4 = unique invariance.
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Table A13

Fit Indices for Auto-Regressive Cross-Lagged Models Using Accelerated

Longitudinal Design

Model N & df RMSEA | [90% CI] WRMR | CFI
Math 2,525 1166.93*** | 121 | .059 [.055, .062] | .049 979
Reading | 2,525 1285.88*** | 121 | .062 [.059, .065] | .055 979

Note. RMSEA = Root Mean Square Error of Approximation; 90% CI: 90% Confidence

Interval for RMSEA; WRMR = Weighted Root Mean Square Residual; CFl = Comparative
Fit Index

***n< 0,001,
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Table Al4

Structural Model Generated Within Time Correlations for Total Sample (N = 2,525)

EF1 EF 2 Prosocial EF1 EF 2 Prosocial
Fall Kindergarten Spring Kindergarten
EF 2 8*** — - 89*** - -
Prosocial ~.79*** 2% - J4FFE J6*** -
Math 2T*** 15x** . 18*** 22%** 30*** 19F**
Reading  .22*** 2% 1Fx* 16%** 1Fx* .06*
Fall Grade 1 Spring Grade 1
EF 2 B7*** — - 89F** - -
Prosocial .77*** JI5*** - JLEx* JLEF* -
Math 13Fx* 07** .05 18*** 5F*x* Q7%**
Reading  .21*** L7xE* .08* 18*** 16%** 09**>*
Fall Grade 2 Spring Grade 2
EF 2 88*** - - Q2% ** - -
Prosocial .77*** TB*** - J4FFE JLEF* -
Math 19x** 15x** 12%*x* 07* .04 .03
Reading = .12*** 10*** .06* 10*** .09** .08**

Note. Correlations reported for EF 1, EF 2, and Prosocial Skills were generated based
on the Math model, however, these correlations are identical for the Reading model.
EF 1 = Executive Functioning 1 (Working Memory, Plan, Problem Solving);

EF 2 = Executive Functioning 2 (Shifting, Emotional Regulation);

Prosocial = Prosocial Skills.

*p<0.05; **p<0.01; ***p<0.001.
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Table A15

Structural Models’ Stability Coefficients (N’s = 2,525)

Model 1 Model 2
Math Reading
Achievement (Math or Reading Models)
Spring K on Fall K A43(.02)*** .68(.02)***
Fall Gr. 1 on Spring K 57(.02)*** .83(.01)***
Spring Gr. 1 on Fall Gr.1 A45(.02)*** 79(.01)***
Fall Gr.2 on Spring Gr.1 48(.02)*** .85(.01)***
Spring Gr.2 on Fall Gr.2 42(.03)*** .85(.01)***
Prosocial Skills
Spring K on Fall K .91(.02)*** 91(.02)***
Fall Gr. 1 on Spring K .31(.03)*** 31(.03)***
Spring Gr. 1 on Fall Gr.1 .90(.01)*** .90(.01)***
Fall Gr.2 on Spring Gr.1 .34(.03)*** .34(.03)***
Spring Gr.2 on Fall Gr.2 .92(.02)*** .92(.02)***
Executive Functioning 1 (EF 1)
Spring K on Fall K T7(.02)*** J7(.01)***
Fall Gr. 1 on Spring K .66(.02)*** .66(.02)***
Spring Gr. 1 on Fall Gr.1 .79(.02)*** .79(.02)***
Fall Gr.2 on Spring Gr.1 .64(.02)*** .64(.02)***
Spring Gr.2 on Fall Gr.2 .83(.01)*** .83(.01)***
Executive Functioning 2 (EF 2)
Spring K on Fall K T71(.02)*** T71(.02)***
Fall Gr. 1 on Spring K 50(.02)*** 50(.02)***
Spring Gr. 1 on Fall Gr.1 T71(.01)*** T71(.01)***
Fall Gr.2 on Spring Gr.1 52(.02)*** 52(.02)***
Spring Gr.2 on Fall Gr.2 78(.01)*** 78(.01)***

Note. Achievement refers to either Math (second column) or Reading (third column).
Stability coefficients presented are the completely standardized parameter estimates.
EF 1 = Working Memory/Plan/Problem Solve; EF 2 = Shifting/Emotional Regulation
Fall K = Fall Kindergarten; Spring K = Spring Kindergarten; Gr. = Grade.

*p<0.05; **p<0.01; ***p<0.001.
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Table A16

Structural Models’ Parameter Estimates for the Cross-Lagged Paths (N'’s = 2,525)

Model 1 (Math) Model 2 (Read)

Executive Functioning 1 (EF 1)

Spring K on Prosocial (Fall K) -.02(.02) -.02(.02)
Fall Gr. 1 on Prosocial (Spring K) -.06(.03)* -.06(.03)*
Spring Gr.1 on Prosocial (Fall Gr.1) .03(.01)* .03(.01)*
Fall Gr.2 on Prosocial (Spring Gr.1) -.04(.03) -.04(.03)
Spring Gr.2 on Prosocial (Fall Gr.2) .03(.02) .03(.02)
Executive Functioning 2 (EF 2)
Spring K on Prosocial (Fall K) 07(.02)*** 07(.02)***
Fall Gr. 1 on Prosocial (Spring K) .04(.03) .04(.03)
Spring Gr.1 on Prosocial (Fall Gr.1) 12(.01)*** 12(.01)***
Fall Gr.2 on Prosocial (Spring Gr.1) .05(.03) .05(.03)
Spring Gr.2 on Prosocial (Fall Gr.2) 07(.02)*** 07(.02)***
Prosocial Skills
Spring K on EF 1 (Fall K) -.11(.02)*** -.11(.02)***
on EF 2 (Fall K) -.01(.02) -.01(.02)
Fall Gr. 1 on EF 1 (Spring K) .03(.03) .03(.03)
on EF 2 (Spring K) 24(.03)*** 24(.03)***
Spring Gr.1 on EF 1 (Fall Gr.1) -.13(.02)*** -.13(.02)***
on EF 2 (Fall Gr.1) .04(.02)* .04(.02)*
Fall Gr.2 on EF 1 (Spring Gr.1) -.11(.03)*** -.11(.03)***
on EF 2 (Spring Gr.1) .30(.02)*** .30(.02)***
Spring Gr.2 on EF 1 (Fall Gr.2) -.15(.02)*** -.15(.02)***
on EF 2 (Fall Gr.2) 16(.02)*** 16(.02)***
Academic Achievement
Spring K on EF 1 (Fall K) A2(.05)*** .38(.04)***
on EF 2 (Fall K) -.11(.04)** -.16(.02)***
on Prosocial (Fall K) -.01(.04) -.07(.03)*
Fall Gr. 1 on EF 1 (Spring K) 29(.05)*** 18(.03)***
on EF 2 (Spring K) -.02(.05) -.04(.02)
on Prosocial (Spring K) -.06(.04) -.06(.02)*
Spring Gr. 1 on EF 1 (Fall Gr.1) 24(.04)*** 21(.02)***
on EF 2 (Fall Gr.1) -.01(.04) -.06(.02)**
on Prosocial (Fall Gr.1) -05(.03) -.03(.02)
Fall Gr.2 on EF 1 (Spring Gr.1) .32(.05)*** 13(.03)***
on EF 2 (Spring Gr.1) -.13(.06)* -.06(.03)
on Prosocial (Spring Gr.1) -.06(.04) -.03(.02)
Spring Gr.2 on EF 1 (Fall Gr.2) .31(.05)*** .06(.03)
on EF 2 (Fall Gr.2) -.12(.06)* .01(.02)
on Prosocial (Fall Gr.2) -.02(.04) -.05(.02)

Note. Parameter estimates presented are completely standardized. *p<0.05; **p<0.01; ***p<0.001.
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Figure B1

Proposed Relationship Among Executive Functioning, Prosocial Skills, and Academic

Achievement Over 4 Waves
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Figure B2
Model 1 (Math) Auto-Regressive Cross-Lagged Model for Kindergarten through Grade 2

Using Accelerated Longitudinal Design

EF 1

EF 1

EF 1 . EF 1
SPGr FA Gr2 SPGr2

EF 1 EF 1 -
FAK SPK FAGrl \

EF 2
SPGL2

Prosocial
$POr2

Math
SPGr2

Math
SPK

Note. Significant paths are represented by solid lines. Significant and meaningful
pathways are represented by heavy set lines. Nonsignificant paths are represented by

dashed lines. Effect sizes are omitted for ease of presentation.
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Figure B3
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Model 2 (Reading) Auto-Regressive Cross-Lagged Model for Kindergarten through
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APPENDIX C

COMMONLY CITED MEASURES OF EXECUTIVE FUNCTIONING AND

SOCIAL EMOTIONAL LEARNING SKILLS
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Measures of Executive Functioning

Executive functioning tests. EF tests are laboratory measures that ask the
respondent to follow a task’s instructions to measure response time and/or accuracy
(Morrison & Grammar, 2016). The purpose of this section herein is twofold. First, this
section functions to familiarize the reader with EF tests by reviewing those that are
among the most commonly cited in the literature. This review is organized by component
of EF. Second, this section functions to review methodological issues previously
identified with EF tests.

Review of executive functioning tests by component. Every effort has been made
in this section to review the most commonly used EF tests, based on Jacob and
Parkinson’s (2015) identification. In limiting this review of EF tests to the most
commonly cited tests, it is hoped that not only will readers be better equipped to deepen
their understanding of the components of EF, but in turn to deepen their familiarity with
EF tests more generally. In the hopes that familiarity breeds comfort (not contempt), the
reader may be better equipped to evaluate studies using various EF tests in the literature.

Working memory. The Wechsler scales are the most widely used measure of
intelligence worldwide (Flanagan & Kaufman, 2009), with one of its scales, the Wechsler
Intelligence Scale for Children- Fourth Edition (WISC-1V; Wechsler, 2003) containing
the component of working memory. WISC — IV subtests include the Digits Span
Backward and Letter-Number Sequencing, both with good test-retest reliability (rs = .83;
Alloway et al., 2008). Recent meta-analyses suggest the Digit Span Backward (Baggetta
& Alexander, 2016; Jacob & Parkinson, 2015) and Backward Word Span tests (Jacob &
Parkinson, 2015) are the most frequently used test for working memory. These tests
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involve an experimenter reading a sequence of numbers/digits, words, or letter-numbers
before the child is asked to repeat the sequence in backwards order (e.g., see Alloway et
al., 2008). Validity issues of backward word-span type tests include not discriminate
between various types of working memory (Kane et al., 2004), questionable factor
structures (Maricle & Avirett, 2012), and capturing a related but distinct construct, that of
executive attention (Conway et al., 2005). Other types of working memory span tests
(e.g., counting, operations, and reading) are also widely used and tend to have adequate
reliability (Alloway et al., 2008; Conway et al., 2005) and good convergent, discriminant,
and predictive validity (Conway et al., 2005).

Inhibition. In Baggetta and Alexander’s (2016) meta-analysis (N = 106),
inhibition was assessed 92 times by 28 different EF tests. While there are many ways to
assess inhibition, the Stroop Color-Word Interference Test (SCWT; Stroop, 1935)
remains the most frequently used EF test (Baggetta & Alexander, 2016; Jacob &
Parkinson, 2015). There are multiple variations of the SCWT, translated into multiple
languages (see Homack & Riccio, 2004). Developed for attention and cognitive
flexibility, the test is primarily used to measure inhibition of thoughts (versus behaviors).
The SCWT involves color-word processing such that it juxtaposes automatic process
(word reading) against a controlled process (color naming) (MacLeod, 1992). For
example, the respondent is asked to read the word “yellow” written in blue ink. The
Color-Word task involves creating a composite score based on three separate scores
obtained by identifying the number of words (Word task), number of bar colors (Color),
and number of color words (Color—Word) within a certain amount of time (Homack &
Riccio, 2004).
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The psychological processes involved to master the test are referred to as the
Stroop effect and have been the subject of hundreds of studies and is judged to have good
reliability and validity (for a review, see MacLeod, 1991). One meta-analysis conducted
using the SCWT and its variations in children with clinical disorders (K = 33) suggests
the test has good sensitivity and specificity for certain populations with EF deficits
(Homack & Riccio, 2004). The task has been criticized for task impurity (Miyake &
Friedman, 2012), such that it is influenced by reading skills (Golden, Espe-Pfeifer, &
Wachsler-Felder, 2000; MacLeod, 1991). As such, opponents argue the test should not be
used to assess EF (Reynolds & MacNeill, 2014). Archibald and Kerns’ (1999) proposed
solution is the Fruit Stroop Task (test-retest reliability r = .87-.93), which asks
respondents to name the color of rectangles, and properly and improperly colored fruits
and vegetables.

Shifting. In Baggetta and Alexander’s (2016) meta-analysis (N = 106), shifting
was assessed 80 times by 33 different EF tests. The Wisconsin Card-Sorting Test
(WCST; Berg, 1948) is among the most common measure, with a revised test-manual
published thereafter (Heaton, 1981). Respondents are asked to determine the rules needed
such that cards (two decks of 32 cards each) are sorted in the order of color (i.e., red,
green, yellow, blue), shape (i.e., triangle, star, cross, circle), and then number (i.e., 1-4)
(Goldstein & Naglieri, 2014; Jacob & Parkinson, 2015). Scoring is based on the time it
takes and the number of errors made when trying to figure out the sorting rule, which
changes throughout the test, a common scoring method among shifting tests (Monsell,

2003). Variations include an adapted version of the Delis-Kaplan Executive Function
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System (D-KEFS; Delis, Kaplan, & Kramer, 2001), a common battery of EF (Baggetta &
Alexander, 2016).

There is a dearth of studies on the reliability and validity of the WCST in
normally developing children, with data on adults (e.g., Bowden et al., 1998) suggesting
adequate interrater reliability. While age effects are reported to be small (Lezak, 2004),
data from the WCST administered in various countries suggests performance on the test
improves as children age (e.g., see Yeniceri & Altan-Atalay, 2011). For example, in
Bujoreanu and Willis” (2008) study of American children (N = 196), while error rates
were constant across the age groups (6, 11, and 18 years), the youngest age group had the
poorest performance, suggesting that number sorting improves with age. One meta-
analysis suggested the test has good sensitivity and specificity for ADHD populations
(Romine et al., 2004).

Planning/Problem Solving. Two common EF tests of planning in school-aged
children are the Tower of Hanoi (ToH; Piaget, 1974/1976) and the Tower of London
(ToL; Shallice, 1982) with graduated levels of difficulty to assess developmental
differences. Both these tests are disk-transfer tasks involving moving objects onto pegs
according to a set of rules and within a certain number of moves (Welsh & Huisinga,
2001). The ToH uses disks of varying sizes and three same-sized pegs and the ToL,
which is based on the ToH, uses colored balls and three different-sized vertical pegs.
Children’s rating scales (e.g., BRIEF; BDEFS-CA; CHEXI) also measure planning (refer
to subsection on Rating Scales).

There are a variety of variations of the ToH and ToL tests, with few reviews or
meta-analyses conducted, making it difficult to report on their reliability and validity in a
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consistent manner. In order to address issues of low reliability for the ToH, proposed
revisions have been suggested (e.g., see Ahhoniska et al, 2000; Welsh and Huisinga,
2001). A review of studies on the reliability for the ToL suggest a range of poor to
excellent (e.q., test-retest, split-half, intra-class correlation), with proposed revisions
including increasing the number of problems a respondent is asked to complete (Tunstall
et al., 2014). With regards to construct validity, Miyake et al. (2000) suggest inhibition
and planning load on the same factor, however, this analysis was conducted on a sample
of adults (N = 137). Bishop, Aamodt-Leeper, Creswell, McGurk, and Skuse (2001)
suggest ToH, administered to children aged 7 to 15 (N = 238), was not significantly
correlated with inhibition. Similarly, for the ToL, results of a factor analysis conducted
by Bull, Epsy, & Senn (2004) on a sample (N = 118) of normally developing three-to six-
year-olds suggested the ToL did not load on planning but loaded on inhibition. Perhaps
this finding is due to the mix of preschoolers and elementary school aged children in the
sample. For example, Baughman and Cooper (2007) found that children (N = 34) who
had fewer occurrences of rule breaking (execution) on multiple tasks using a
computational approach to the ToL were older (aged 5 and 6) while younger children
(aged 3 and 4) had higher occurrences of rule breaking, a phenomena attributed to the
development of inhibition among the older children. In short, many childhood EF
researchers use the ToH or ToL as simultaneous measures of inhibition and planning
(e.g., refer to studies in section Developmental Trajectories). With regards to addressing
construct validity, Zelazo and Muller (2010) suggest planning tests distinguish between

planning and later phases such as execution. Both tests have good specificity in
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identifying prefrontal damage related to planning in various clinical populations (Welsh
& Huisinga, 2001).

Emotional regulation. Few EF tests independently examine emotional regulation,
with the Children’s Gambling Task (Kerr & Zelazo, 2004) being one such test (Peterson
& Welsh, 2014). Developed for preschoolers, it is suitable and often used to assess
school-aged children (Zelazo & Muller, 2010), with developmental differences easily
observed (Kerr & Zelazo, 2004). This test has two distinguishable decks of cards that
have varying amounts of happy and sad faces on each card and children loose or win
candy based on the card selected (Zelazo & Muller, 2010). The ratio of rewards to losses
in each deck if different with one deck having a greater and more variable reward to risk
ratio than the other deck. Because the first half of cards drawn do not count towards the
total score, the child has a chance to notice the distinction between the more and less
risky deck of cards and thus the proportion of disadvantageous choices is evident. At the
end of fifty card draws, the pieces of candy remaining (total score) represents emotionally
significant consequences of decision making.

Methodological problems with executive functioning tests. There are a host of
problems associated with EF tests, notably, with respect to validity. For example, one of
the largest issues is the task impurity problem; some test may be used to measure one
component of EF, but simultaneously measure other non-EF cognitive functions (Miyake
& Friedman, 2012). The problem remains despite attempts to rectify it, such as Miyake et
al.’s (2000) latent variable approach that tease out variance attributed to non-EF factors
(Miyake & Friedman, 2012). Along these lines, researchers do not consistently attribute a
specific EF tests to the same component (Best & Miller, 2010; Lezak, 2004; Morris,
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1996), possibly because most EF tests were developed to assess other psychological
functioning (Lezak, 2004), unlike EF rating scales. For example, the Wisconsin Card
Sorting Task and the children’s version (Dimensional Change Card Sorting Task; Frye,
Zelazo & Palfai, 1995) have been described as inhibition tasks by some and shifting tasks
by others (Garon et al., 2008). Furthermore, a review by Mahone et al. (2002) suggests
some neuropsychological tests of EF are moderately correlated with measures of 1Q (e.g.,
WISK-R & WISC I1l), contrary to EF rating scales (Alderman et al., 2003; Barkley &
Murphy, 2011). In addition, a plethora of tests make comparison across research findings
a challenge. In a review of 106 studies measuring EF, 109 different tests were identified
with 27% of these tests contained two to six components, in addition to sometimes being
used to measure EF as a global construct (Baggetta & Alexander, 2016). Most studies
(54%) only use one task (versus multiple tasks) to measure a component, raising issue of
validity and reliability. Furthermore, some studies (e.g., Huizinga et al., 2006) note EF
tests of the same component (e.g., inhibition) on similar populations do not yield the
same results.

EF tests emerged out of research derived from frontal-lobe functioning in adults
whereas rating scales emerged from theories using a developmental framework (Brocki
& Bohlin, 2004). Consequently, EF tests are less adept at capturing deficit in everyday
functioning (Buchanan et al, 2010; Gioia, Isquith, & Guy, 2001) over time (Barkley &
Murphy, 2011). For example, many EF tests (e.g., Trail Making Test, Stroop, Wisconsin
Card Sorting) account for a much smaller amount of variance in everyday functioning
compared to rating scales (e.g., DEX, BAFT, DEFS/DEFI) (Chaytor, Schmitter-
Edgecombe, & Burr, 2006; Barkley & Murphy, 2011, Barkley & Fischer, 2011) because:
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(a) these tests observe the subject over small windows of time (e.g., 5-30 minutes)
compared to rating scales (Barkley, 2012b); and (b) a subject taking an EF test is unlikely
to repeat this activity in her every day functioning (Alderman, Burgess, Knight, &
Henman, 2003). Barkley (2012a, 2012b) further argues that EF tests, unlike rating scales,
do not measure social behaviors and skills associated with EF over time (i.e., hours,
weeks, months) such as social interdependence (e.g., cooperation), daily social exchanges
(e.g., sharing, turn-taking, reciprocity), and mutualism (e.g., reciprocal concerns for the
long-term welfare of others) for the purpose of obtaining future goals. In other words, EF
tests and rating scales may capture different aspects of EF (Chaytor, Schmitter-
Edgecombe, & Burr, 2006) with Toplak, West, and Stanovich (2013) arguing that EF
tests capture efficiency of cognitive abilities while rating scales capture success in goal
pursuit.

Efforts to overcome measurement issues associated with EF tests are underway,
such as the proposed revised version to the National Institutes of Health Toolbox
Cognitive Battery® (Weintraub et al., 2013; Zelazo et al., 2013). This measure of EF and
attention was developed in conjunction with a large panel of experts based on EF tests
commonly associated with working memory (NIH’s List Sorting Working Memory Test),
shifting (Dimensional Change Card Sort; Zelazo, 2006), and inhibition (Eriksen Flanker
Task; Eriksen & Eriksen, 1974) to develop a measure of EF over the life course (for a
study on the factor validity, see Mungas et al., 2013).

To conclude, | would like to draw the reader’s attention to an addition concern I
have, not with EF tests, but the way EF tests are used in the EF literature. A plethora of
EF tests are used in EF research but the test names are often not referenced in the EF
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literature, including book chapters, meta-analyses, meta-reviews, and literature review
sections in article. In other words, when EF components are discussed in terms of
trajectories or their relation to other variables (e.g., achievement) the research reviewed is
not differentiated by EF test. In an effort to address this issue, the various EF tests used in
studies described herein are explicitly named, cited, and referenced. Refer to the second
column of Table Al for a concise overview of additional EF tests not reviewed in this
section above that are cited in later sections of this literature review.

Rating scales. Rating scales involve a series of questions that measure behavioral
manifestations of one or more components of EF via self or other (teacher/parent) reports
(Jacob & Parkinson, 2015). Three prominent children’s rating scales are discussed
below. Table Al (column 3) includes a description of these three scale items to better
convey each component of EF in the context of every day functioning.

Behavior Rating Inventory of Executive Functioning (BRIEF; Gioia, Isquith,
Guy, & Kenworthy, 2000). The BRIEF is one of the two most commonly used rating
scales to assess EF in children (Catale et al., 2015) and was developed by a team of
neuropsychologists. BRIEF is an 86 item, 3-point Likert scale with two versions (parent
and teacher) to rate children aged 5 to 18, with different age groups scored separately.
The measures were developed and standardized on large samples (Nparent-Report = 1419 and
Nteacher-Report = 719) of ethnically diverse American children, suggesting a two-factor
solution accounting for 74-83% of the variance of EF (Gioia et al, 2000, Gioia, Isquith, &
Guy, 2001): (a) Metacognition Index (MCI) measures problem-solving abilities around
self-managing tasks and monitoring one’s performance (subscales: initiate, working
memory, plan/organize, monitor, and organization of materials); and (b) Behavior
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Regulation Index (BRI) measures the child’s ability to use inhibitory control by
modulating emotions/responses and behavior and by using shift cognitive set (subscales:
inhibit, shifting, and emotional control) (Isquith & Gioia, 2013).

With over 400 peer-reviewed studies (Roth, Erdodi, McCullah, & Isquith, 2015),
the scale’s merits include: good reliability among normative and clinical samples for both
versions (o = .80-.98) (Gioia et al., 2000); good reliability in translated versions (Fournet
et al., 2015); good convergent and discriminant validity (Gioia et al., 2001; Hoefling,
2016); good specificity with ADHD populations (Gioia et al., 2000); and good sensitivity
by not overly identifying EF deficits (Roth et al., 2015). However, there is some
controversy on the specified two factor solution (e.g., Egeland & Fallmyr, 2010; Fournet
etal., 2015).

Childhood Executive Functioning Inventory (CHEXI; Thorell & Nyberg,
2008). The second of the two most commonly used rating scales to assess EF in children
(Catale et al., 2015) is the CHEXI, a 26-item, 4-point Likert scale with two versions, one
for parents and one for teacher (Thorell & Nyberg, 2008). CHEXI was initially tested on
Swedish children (N = 130, Mage = 6 yrs.) with results suggesting a two-factor solution
(for both versions), supported by additional testing on Belgian children aged 8 to 11 (N =
242) by Catale et al. (2015) [x%@s1) = 520,336, p < .001, RMSEA .07, CFI .97, and
SRMR .06]. The two factors are labeled working memory/planning and inhibition/
regulation, accounting for 41% of the variance of EF using the parent version and 67% of
the variance using the teacher version (Thorell & Nyberg, 2008; Thorell, Veleiro, Siu, &
Mohammadi, 2013). The working memory/planning factor (13 items) represents having

difficulties such as remembering and understanding instructions, getting stuck, multi-
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tasking, and planning (e.g., remembering things, executing multi-step tasks) (Catale et al.,
2015). The inhibition/regulation factor (11 items) represents the cognitive and
motivational aspects of inhibitory control such as being overly excited, acts before
thinking, following through, and concentration. As such, this factor measures behaviors,
responses, and thoughts involved in inhibition. The working memory factor is partially
derived from Baddeley and Hitch’s (1974) dual component model of working memory,
which functions to store and process verbal and spatial information. The
inhibition/regulation factor is derived from Barkley’s (1997) hybrid model in which these
factors, in addition to working memory, are seen as constituting the major EF deficits in
children with ADHD. The CHEXI had high specificity and sensitivity to distinguish
between ADHD and controls in Thorell, Eninger, Brocki, and Bohlin’s (2010) study of
five year-olds (nabHp = 15; Ncontrol = 30) and in Catale et al.’s (2015) studies of Belgian
(nabHD = 25; Ncontrol = 25) and Swedish (nabHDp = 62; Ncontrol = 62) children aged 8 to 11.
Barkley Deficits in Executive Functioning Scale — Children and Adolescents
(BDEFS — CA; Barkley, 2012b). This scale is a 70-item, 4-point parent-report scale that
is based on the Barkley Deficits in Executive Functioning Scale (BDEFS for Adults;
Barkley, 2012c). The BDEFS — CA is rooted in Barkley’s research on ADHD (e.g.,
Barkley, Murphy, & Fischer, 2008) and tested on a normative sample of American
children ages 6 to 17 years (N = 1,922). Barkley’s (2012a; 2012b) assumes that EF is
highly important for social functioning and thus the BDEFS includes emotional
regulation, similar to the BREIF’s second factor (BRI) of modulating/ controlling one’s
emotional response to the situation or stressor (Gioia at al., 2000). Another distinction of
the BDEFS centers on Barkley’s (2012b) definition of EF: “acts of self-regulation across
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time towards future goals” (p. 8). These acts, or self-directed everyday life activities, are
represented by five subscales: a) self-regulation of emotions; b) self-
organization/problem solving; c) self-management of time; d) self-motivation; e) self-
restraint (inhibition of e.g., behaviors, responses, and thoughts). Barkley (2012b) reports
these five subscales account for 68.6% of the variance in EF as identified by a principal
component factor analysis using both varimax and promax solutions. The five factors are
moderately to highly intercorrelated (r = .64 - .89, p < .05), with the shared variance thus
accounting for between 39% and 70%, Barkley (2012b) argues the construct is unitary in
nature, represented by self-regulation. BDEFS — CA (parent version) has good test-retest
reliability three to five weeks after initial completion (N = 86, r =.73 - .82), on par with
Gioia et al.’s (2000) BRIEF (r =.76-.85), and Thorell and Nyberg’s (2008) reporting of
the CHEXI (r =.89). Barkley (2012b) also reports the BDEFS — CA has good construct,
convergent, divergent, and criterion validity.
Measures of Social Emotional Learning Skills — Prosocial Behavior

While there is a plethora of measures of prosocial behavior, four of the most
common measures are discussed, namely: (a) Devereux Student Strengths Assessment —
Second Step® Edition (DESSA — SSE; Devereux Center for Resilient Children, 2012); (b)
Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997); (c) the Social Skills
Improvement System Rating Scales (SSIS — RS; Gresham & Elliott, 2008); and (d) the
Social Skills Improvement System SEL Edition Rating Form (SSIS — SEL RF; Gresham
& Elliott, 2017).

Devereux Student Strengths Assessment — Second Step® Edition (DESSA —
SSE; Devereux Center for Resilient Children, 2012). DESSA-SSE is a rating scale for

188



teachers to report socio-emotional competencies of their students in Kindergarten through
8™ Grade that they observed over the last month based on 36 items rated on a 5-point
Likert scale (0 = never to 4 = very frequently). These socio-emotional competencies
function to assess protective factors, which Naglieri and LeBuffe (2006) define as
“factors that lead to resilient outcomes” (p.109), based on four subscales (9-items each)
in addition to a social-emotional composite subscale (36-items): skills for learning (e.g.,
does routine tasks or chores without being reminded); empathy (e.g., offers to help
somebody); emotion management (e.g., wait his/her turn), and problem solving (e.g., take
steps to achieve goals). The same version of the scale is administered to students in each
grade.

While there is scant information on the validity and reliability of the DESSA-
SSE, this survey is based on DESSA (LeBuffe, Shapiro, & Naglieri, 2009), a rating scale
for parents and teachers to report on resiliency behaviors of children from Kindergarten
through 8™ Grade based on eight dimensions of resiliency consisting of 72 items rated on
a 5-point Likert scale (Nickerson & Fishman, 2009). LeBuffe, Shapiro, & Naglieri (2009)
developed the scale based on identifying 765 characteristics of resilient children. A study
of largely Caucasian parents (n = 133) and teachers (n = 94) by Nickerson and Fishman
(2009) suggests the DESSA (LeBuffe, Shapiro, & Naglieri, 2009) has good reliability (a
=.87-.93) and that it is a valid measure of resilience. Validity was assessed via
convergent validity, whereby moderate to high positive correlations (positive and
negative, respectively) were reported on both the parent and teacher rating scales using
the Emotional Rating Scales (BERS-2; Epstein, 2004) and the Behavior Assessment
System for Children-2 Adaptive Skills composite (BASC-2, Reynolds & Kamphaus,
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2004). Divergent validity was suggested using subscales of externalizing problems,
internalizing problems, and adaptive skills on the BASC-2 (Behavioral Symptom Index
clinical version; Reynolds & Kamphaus, 2004), based on moderate to high negative
correlations for parent and teacher rating scales.

Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997). The SDQ is
comprised of 25-items rated by teachers or parents (two versions) on a 3-point scale to
assess the strengths and difficulties of children aged 4-16 years. Children’s difficulties
are assessed via four subscales (i.e., conduct problems, emotional symptoms,
hyperactivity, and peer relationship problems), each with five items. Children’s strengths
are assessed via a fifth subscale (prosocial behavior), also with five items. The items on
the prosocial scale are as follows: “considerate of other people’s feelings”; “shares
readily with other children”; “helpful if someone is hurt, upset, or feeling ill”’; “kind to
younger children”; and “often offers to help others”. The same version of the scale is
administered to students in each grade. The SDQ is a widely used measure for screening
and research purposes that has been translated into over 60 languages (Stone et al., 2010).

A meta-analysis of 47 studies examined the psychometric properties of the parent
and teacher versions in children aged 4-12 (N = 131,223). Reliability for the parent and
teacher versions are satisfactory. Specifically, while the internal consistency weighted
mean (k = 26) on the parent version is borderline acceptable (a = .67), the mean on the
teacher version is good (o =.82). The test-re-test weighted mean (k = 8) on the parent
version is borderline acceptable (r = .65), and on the teacher version is acceptable (r =
.79). The inter-rater reliability between parent and teacher versions are satisfactory (k = 6,
r = .26), according to standards suggested by Achenbach, McConaughy, Howell, and
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Masters (1987). With respect to Stone et al.’s (2010) evaluation of construct validity,
when examining factor loadings on the five prosocial scale items across studies, more
studies had factor loadings of .70 or above compared to ranging between .40-.69 for the
teacher version (N = 19,105, k = 7) than for the parent version (N = 43,274, k = 14).
Further validity of the SDQ is suggested by high predictive and concurrent validity
(Goodman, 1997), as well as criterion and discriminant validity (Goodman & Scott,
1999).

Social Skills Improvement System Rating Scales (SSIS — RS; Gresham &
Elliott, 2008). Gresham and Elliott (2008) developed the Social Skills Improvement
System-Rating Scales (SSIS-RS), a multi-informant (teachers, parents, students), four-
point frequency scale used to identify social skills deficits in children aged 3 to 18 years.
Derived from the Social Skills Rating System (SSRS; Gresham & Elliott, 1990), the
SSIS-RS includes a social skills domain with seven subscales: assertion, cooperation,
empathy, responsibility, self-control, communication, and engagement. SSIS — RS’ social
skills domain measures prosocial behavior (Gresham, Elliott, Vance, & Cook, 2011;
Kettler, Elliott, Davies, & Griffin, 2011). SSIS — RS (Gresham & Elliott, 2008) and its
parent scale the SSRS (Gresham & Elliott, 1990) are widely used. For instance, a meta-
analysis of 85 different measures of social functioning from 1988 to 2010 found they
were the most commonly cited rating scale of children’s social skills in the research
(Crowe, Beauchamp, Catroppa, & Anderson, 2011). Furthermore, these scales are the
most widely used rating scales of social behaviors in the USA and some foreign schools
(Gresham et al., 2011); and have been translated into a dozen different languages (e.g.,
SSIS — RS; Sherbow et al., 2015).
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Social Skills Improvement System SEL Edition Rating Form (SSIS SEL —
RF; Gresham & Elliott, 2017). All items from the social skills subscale and three items
from the problem behavior subscale of the SSIS — RS (Gresham & Elliott, 2008)
constitute a newly created scale: the Social Skills Improvement System SEL Edition
Rating Form (SSIS SEL — RF; Gresham & Elliott, 2017). The SSIS SEL — RF was
created to fill a gap in the SEL measures literature for a rating scale that aligns with the
CASEL Core-5 (Elliott, Davies, Frey, Gresham, & Cooper, 2017; Gresham et al., in
press). Face validity of the SSIS SEL — RF was assessed by having a panel of seven
experts (i.e., SEL experts and teachers) assign each of SSIS — RS’s social skills domain
items to one of the CASEL Core-5 competencies until 100% consensus was reached.
SSIS SEL - RF is a four-point rating scale for teachers, parents, and students (51, 51, and
46 items, respectively) with five subscales, or “Core Skills”, one associated with each of
the CASEL Core-5 competencies (self-awareness, self-management, social awareness,
relationship skills, and responsible decision making). A sixth factor, academic
competence (7-items), was created for the teacher version.

Reliability and validity of the SSIS SEL — RF (Gresham & Elliott, 2017) was
assessed using nationally representative samples of teachers (n = 160), parents (n = 140),
and students/self-reports (n = 224) reporting on American elementary and secondary
school students. Reliability estimates of the SSIS SEL — RF for reports of elementary
school children (aged 5-12) on the parent, teacher, and student surveys are excellent (a =
.72-.97). To further assess the validity of the SSIS SEL — RF, three confirmatory factor
analyses were performed, one for each version of the rating scale (parent, teacher, and,
student) based on the data obtained to norm the original SSIS — RS on a sample of
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children (N = 4,700) aged 3 to 18 (Gresham et al., 2018). The values obtained using the
RMSEA (0.062, 0.080, and 0.054, respectively) suggest the model is a fair fit to the data,
however, the null hypothesis that the model was a good fit to the data was rejected based
on the chi square statistic (ps < 0.05). Thus, there is preliminary evidence to suggest the
SSIS SEL — RF is an adequate fit to CASEL’s Core-5 model. Additional evidence of
validity of the SSIS SEL — RF relates to convergent validity such that the parent, teacher,
and student versions of its Core Skills subscales are moderately to highly correlated with
the respective SEL — RS social skills domains (Gresham et al., 2018).

CASEL’s Core-5, Prosocial Behavior, and the SSIS SEL — RF (Gresham &
Elliott, 2017). As mentioned above, the social skills domain of the SSIS — RS (Gresham
& Elliott, 2008), from which the SSIS SEL — RF (Gresham & Elliott, 2017) is derived,
could be conceptualized as a measure of prosocial behavior (Gresham, Elliott, Vance, &
Cook, 2011; Kettler, Elliott, Davies, & Griffin, 2011) that integrates the CASEL (2012)
Core- 5 competencies described earlier (i.e., self-awareness, self-management, social
awareness, relationship skills, responsible decision making).

Self-Awareness of thoughts and emotions as these relate to behavior within a
social context is represented by eight items, including interacting and behaving well, such
as “has difficulty waiting for turn” (#51). Self-Management of thoughts, emotions, and
behaviors in regulating stress and impulses and sustaining motivation and goals is
represented by 15 items, including turn-taking, compromising, self-responsibility, and
“acts without thinking” (#47). Social Awareness (e.g., empathy, following norms, social
support awareness) is represented by six items, including comforting others and
classroom participation. Relationship Skills (e.g., communication, negotiation,

193



cooperation, resisting social pressure, and proving/seeking social support) is represented
by 14 items, including responding to and resolving disagreements, asking for help, acting
responsibly, being kind, and bullying behaviors. Last, Responsible Decision Making for
oneself and with regards to others is represented by eight items, including expression of a

problem, staying calm, and expressing feelings.
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Creating Connections. I)AR

Changing Lives. nE— ®

Sent Via Email: ddesfoss@asu.edu
April 14, 2021

Danielle Desfosses, PhD
Arizona State University
PO Box 873701

Tempe, AZ 85287-3701

Dear Dr. Desfosses:

In response to your recent request, permission is hereby granted to you to include items
17, 27 and 60 from the Behavior Rating Inventory of Executive Function, Second Edition
(BRIEF2) Teacher Form as an example in the appendix of your dissertation titled,
Cascade Model of Executive Functioning, Prosocial Skills, and Academic Achievement.
If additional material or further publication (i.e., Journal) is needed, then further
permission from PAR is required.

This Agreement is subject to the following restrictions:
1) Any and all materials used will contain the following credit line:

"Reproduced by special permission of the Publisher, Psychological Assessment
Resources, Inc. (PAR), 16204 North Florida Avenue, Lutz, Florida 33549, from
the Behavior Rating Inventory of Executive Function, Second Edition by Gerard
A. Gioia, PhD, Peter K. Isquith, PhD, Steven C. Guy, PhD, and Lauren
Kenworthy, PhD, Copyright 1996, 1998, 2000, 2015 by PAR. Further
reproduction is prohibited without permission from PAR."

2) None of the material may be sold, given away, or used for purposes other than
those described above.

3) Payment of a permission fee will be waived.

4) One copy of any of the material reproduced will be sent to PAR to indicate that
the proper credit line has been used.

BRIEF2 Desfosses Teacher Sample Items only in dissertation (Arizona State Univ) - 4-14-2021

6204 N. Florida Ave Lutz, FL 33549 | 813.968.3003 | parinc
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5) TWO COPIES of this Permission Agreement should be signed and returned to me
to indicate your agreement with the above restrictions. I will then sign it for PAR
and return a fully executed copy to you for your records.

Sincerely,
Vicki M. McFadden
Permissions Specialist

vmark@parinc.com

1-800-331-8378 (phone) 1-800-727-9329 (fax)

ACCEPTED AND AGREED:
' = Yy
BY: QG““”" g BY: Z'«ﬁf’l MAM
DANIELLE DESFOSSES, PhD VICKI M. MCFADDEN
DATE: April 14, 2021 DATE: April 15, 2021

PAR Customer No.: 237841

BRIEF2 Desfosses Teacher Sample Items only in dissertation (Arizona State Univ) - 4-14-2021

197



Subject: FW: Contact Us Form Submission - Permission to use DESSA-SSE
Date: Wednesday, March 17, 2021 at 1:02:56 PM Pacific Daylight Time
From: Jennifer Robitaille

To: danielle.desfosses@asu.edu

Attachments: image001.png, image002.png, image003.png, image004.png,
image005.png, image006.png, image007.png

Hi Danielle,

Thank you for your interest in the DESSA-SSE! Please consider this email response as
permission to reproduce the item content as you described in your email below in both
your dissertation and subsequent journal article as applicable. We ask that you do not use
this information for purposes other than that which is stated below and that you
appropriately reference and acknowledge the DESSA-SSE in your manuscript(s).

If you have any questions please feel free to reach out to me directly. I look forward to
seeing and learning from your findings!

Best,

Jennifer

Jennifer Robitaille, M.S., PMP
Director of Research and Development
Aperture Education

570-490-4397

From: Rudee Abello <Rudee.Abello@devereux.org>

Sent: Wednesday, March 10, 2021 5:50 PM

To: Jennifer Robitaille <JRobitaille@Apertureed.com>; Alyssa Ciarlante
<ACiarlante@Apertureed.com> Cc: Susan Damico <sdamico@devereux.org>
Subject: FW: Contact Us Form Submission

Hi, Jen and Alyssa:
Hope you’re both doing well!

| am wondering if you could respond to the inquiry below? She is requesting a response
no later than 3/23/2021. Let me know.
Thank you!

Rudee Abello | Marketing Specialist Pronouns: she / her / hers
Devereux Center for Resilient Children

444 Devereux Dr.

Villanova, PA 19085

(w) 610-542-3189
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From: DCRC Website <dcrc@devereux.org> Sent: Wednesday, March 10, 2021 5:38
PM

To: PA ED DECA <deca@devereux.org> Subject: Contact Us Form Submission
Name: Danielle Desfosses

Email: Danielle.desfosses@asu.edu

Country: United States

State: AZ

Agency: Grad student on behalf of Arizona State University

I’'m a doctoral student at Arizona State University and in preparing to submit my
dissertation for publication(s), it has just been brought to my attention that I need to
request your permission to reproduce a small percentage of content from your rating scale
the Devereux Student Strengths Assessment — Second Step® Edition (DESSA — SSE;
Devereux Center for Resilient Children, 2012). Specifically, this content refers to 14
items. In no way does the inclusion of these items enable readers to reproduce any of the
scale’s four subscales [(skills for learning (5 items - #1, 6, 7, 12, 23), empathy (0 items),
emotional management (5 items: #21, 25, 28, 31, 36), problem-solving (4 items: #4, 11,
30, 33)]. I obtained these items from a secondary dataset that belongs to my dissertation
advisor, Dr. Sabina Low, who purchased the DESSA — SSE.

Including these items is pivotal to my dissertation. As such, | kindly request your
permission to reproduce these items in my dissertation and related journal article (if
applicable). Your reply to this email will be included in my dissertation’s appendix as
validation that | acted in accordance with copyright law. However, if | do not receive a
response to this email by March 23, then | will take this to understand that you have
given me passive consent to reproduce these rating scale items.

Thank you for considering my request. I’d be happy to answer any additional questions
you might have regarding the reproduction of these items.

Best regards,
Danielle
Danielle Desfosses, PhD Candidate

Family and Human Development
T. Denny Sanford School of Social and Family Dynamics Arizona State University
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April 9, 2021
To Whom It May Concern:

The Arizona State University Institutional Review Board (IRB) has been requested to
determine if IRB approval was required for the use of a de-identified data set resulting
from research performed under IRB approval “Second Step Efficacy Study” IRB
1208008096 directed by Sabina Low of The Sanford School. The study is now
permanently closed and the data has been de-identified for future secondary use only.

Based on Dr. Low’s assertion that the data provided to Danielle A. L. Desfosses for her
dissertation titled “Cascade Model of Executive Functioning, Prosocial Skills and
Academic Achievement” was de-identified, the IRB has determined that IRB approval is
not required.

The decision is based on the fact that secondary use of permanently de-identified data
does not constitute Human Subjects Research under 46CFR46 because there was no
interaction with any individual and no identifiable private information was used.

If you have questions or need more information let us know.

Sincerely,

Debra 74@70?,

Debra Murphy

Director, Research Operations

IRB Institutional Official

Knowledge Enterprise

660 S Mill Avenue Tempe AZ 85287-6111
web: research.asu.edu
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