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Abstract

The majority of evidence on the interplay between academic and non-academic skills comes from high-
income countries. The aim of this study was to examine the bidirectional associations between Ghanaian
children's executive function, social-emotional, literacy, and numeracy skills longitudinally. Children (N =
3,862; M age = 5.2 years at time 1) were assessed using direct assessment at three time points over the
course of two school years. Controlling for earlier levels of the same skill, early executive function
predicted higher subsequent literacy and numeracy skills, and early literacy and numeracy skills predicted
higher subsequent executive function, indicating that the development of executive function and
academic skills is inter-related and complementary over time. Early literacy and numeracy predicted
subsequent social-emotional skills, but early social-emotional skills did not predict subsequent literacy
and numeracy skills. The findings provide longitudinal evidence on children’s learning and development in
West Africa and contribute to a global understanding of the relations between various developmental
skills over time.
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Abstract
The majority of evidence on the interplay between academic and non-academic skills comes
from high-income countries. The aim of this study was to examine the bidirectional associations
between Ghanaian children's executive function, social-emotional, literacy, and numeracy skills
longitudinally. Children (N = 3,862; M age = 5.2 years at time 1) were assessed using direct
assessment at three time points over the course of two school years. Controlling for earlier levels
of the same skill, early executive function predicted higher subsequent literacy and numeracy
skills, and early literacy and numeracy skills predicted higher subsequent executive function,
indicating that the development of executive function and academic skills is inter-related and
complementary over time. Early literacy and numeracy predicted subsequent social-emotional
skills, but early social-emotional skills did not predict subsequent literacy and numeracy skills.
The findings provide longitudinal evidence on children’s learning and development in West
Africa and contribute to a global understanding of the relations between various developmental
skills over time.
Keywords: executive function; social-emotional; early academic skills; cross-lagged panel

analysis; Ghana; sub-Saharan Africa.



Research Highlights
Uses cross-lagged panel analysis to examine longitudinal associations between Ghanaian
children’s executive function (EF), social-emotional (SE), early literacy, and early numeracy
skills over two years.
Earlier EF skills predict subsequent academic skills, and earlier academic skills predict
subsequent EF skills.
Early academic skills predict subsequent SE skills, but early SE skills do not predict
subsequent early academic skills.
This study contributes to a global understanding of the bidirectional relations between

developmental skills over time.



The Role of Executive Function and Social-emotional Skills in the Development of Literacy
and Numeracy during Preschool: A Cross-Lagged Longitudinal Study

As young children transition to school, they draw on a multitude of social, emotional,
behavioral, and academic competencies. Evidence suggests that these competencies are
interconnected, with non-academic skills such as executive function (EF) and social-emotional
(SE) competence supporting children’s ability to learn academic content in the classroom. Less
is known, however, about whether academic skills support children’s growth in EF and SE, or
whether there are bidirectional relations between EF and SE skills themselves. Furthermore, the
evidence to date on children’s early skill development comes almost exclusively from high-
income countries. As such, questions remain regarding how academic and non-academic skills
develop over time in different cultural contexts or in settings where educational quality and
learning levels are low, such as sub-Saharan Africa (Sandefur, 2016).

In this study, we examine the interplay between non-academic skills—namely, EF and
SE competencies—and children’s early academic skills during the preschool (i.e., pre-primary)
years in Ghana. Ghana is a lower middle-income country in West Africa where, despite having
free universal preschool and one of the highest preschool enrollment rates on the continent, many
young children do not meet basic cognitive and social-emotional milestones (McCoy et al.,
2016). Using cross-lagged panel analysis, we examine how EF and SE contribute to prospective
learning, and vice versa, over two years of schooling. In doing so, we provide the first
longitudinal empirical evidence of the interplay between EF and SE skills and academic growth
in sub-Saharan Africa.

Defining and Linking Academic and Non-Academic Skills



A growing body of research has identified non-academic skills as core to young
children’s school readiness (Blair, 2002; Duncan et al., 2007; Raver, 2003). In particular, EF
skills include the higher-order cognitive processes that help children control impulses, maintain
and shift attention, and manipulate information in working memory (Blair, 2000; Miyake et al.,
2000). Although many past studies have examined sub-components of EF (e.g., working
memory, set shifting, inhibitory control) as distinct subskills (e.g., Bull & Lee, 2014; Lan,
Legare, Ponitz, Li, & Morrison, 2011), recent research suggests that EF skills in early childhood
may be best represented as a unidimensional construct (Garon, Bryson, & Smith, 2008; Miyake
et al., 2000; Willoughby & Blair, 2016). Accordingly, and in line with previous work (e.g.,
Welsh, Nix, Blair, Bierman, & Nelson, 2010), in this study we operationalize EF as a single
construct, measured by both inhibitory control and working memory.

SE skills have been defined through several frameworks, but generally include the
abilities to recognize and manage emotions, appreciate the perspectives of others, constructively
handle interpersonal conflicts, make responsible decisions, and form positive relationships (Ellis
etal., 1997; CASEL, 2017). Past research has often focused narrowly on specific SE skills,
including prosocial behaviors that foster positive peer and teacher relationships (e.g., helping,
sharing, taking turns; Coolahan, Fantuzzo, Menden, & McDermott, 2000), emotional
competencies (e.g., the ability to recognize and regulate emotions; Denham & Burton, 2003;
Greenberg, Kusche, & Speltz, 1991), and social problem-solving skills (e.g., defining social
conflict and generating positive solutions; Ladd, Buhs, & Seid, 2000). Very little early childhood
research, however, has tested the dimensionality of these skills, their relationships with one
another, or how they may collectively represent overall SE development (Denham & Brown,

2010). In this study, we take a broad approach to the measurement of SE skills by



operationalizing a range of social-emotional competencies—including emotional awareness,
perspective taking, constructive conflict resolution, peer relations, and self-awareness—as a
unidimensional construct (Pisani, Dowd, & Borisova, 2018).

Both EF and SE skills have been shown to grow rapidly during the early childhood
period, reflecting both increasing environmental demands for these skills (e.g., in the context of
preschool classrooms), and children’s increasing neurodevelopmental capacity for higher-order
thinking (Shonkoff & Phillips, 2000; Zelazo & Carlson, 2012). Collectively, SE and EF skills
are central to children’s academic learning, as they are thought to support students’ ability to
manage stress, attend to, engage with, and process information in educational settings, and get
along with both peers and teachers (Blair, 2000; Ursache, Blair, & Raver, 2012; Liew, 2011).

Indeed, a broad body of correlational research suggests that children’s early EF skills are
predictive of their academic outcomes, both cross-sectionally and longitudinally (Blair & Razza,
2007; Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009; Bull, Espy, & Wiebe, Sheffield, &
Nelson, 2011; Matthews, Ponitz, & Morrison, 2009; McClelland et al., 2007; Ponitz,
McClelland, Matthews, & Morrison, 2009). For example, prior work has shown positive
associations between different EF sub-skills and math achievement in preschoolers, including
those from non-U.S. settings and low-income backgrounds (e.g., Lan et al., 2011; McClelland et
al., 2014; Welsh et al., 2010). In a review the links between EF and math, Bull and Lee (2014)
concluded that updating/working memory explains significant variation in math achievement,
whereas the findings for shifting and inhibition are less robust. A smaller but growing body of
evidence has examined associations between EF and reading outcomes. When analyzing the
three components of EF separately, working memory was found to be the best predictor of

reading among six- to eight-year-olds in Brazil (Engle de Abreu et al., 2014). Several recent



studies from Germany have found evidence of bidirectionality between EF (measured as a single
latent construct) and young children’s language skills, with language being a stronger predictor
of EF development than vice versa (Meixner, Warner, Lensing, Schiefele, & Elsner, 2018; Slot
& von Suchodoletz, 2018).

Correlational research on the links between early SE skills and later learning outcomes is
more mixed, with numerous studies showing positive associations (e.g., Arnold, Kupersmidt,
Voegler-Lee & Marshall, 2012; Curby, Brown, Bassett & Denham, 2015; Graziano, Reavis,
Keane, & Calkins, 2007; Izard et al., 2001; McKown et al., 2015), and others showing no such
links (e.g., Duncan et al., 2007). For example, several studies have found associations between
preschoolers’ emotion knowledge—including both receptive and expressive identification of
emotions—and their academic competence across both literacy and numeracy domains (Garner
& Waajid, 2008; Leerkes, Paradise, O'Brien, Calkins, & Lange, 2008; Rhoades et al., 2011).
Similar associations with academic outcomes have been found for prosocial behaviors, including
sharing, helping, and cooperating (Bierman, Torres, Domitrovich, Gest, & Welsh, 2009; Caprara,
Barbaranelli, Pastorelli, Bandura, & Zimbardo, 2000). Nevertheless, Duncan and colleagues
(2007) found no links between social skills and later math and reading achievement after
controlling for other dimensions of school readiness (e.g., academic performance and attention).

Experimental research provides additional evidence that non-academic skills may play a
key role in improving children’s learning, with several randomized control trials of SE and EF
interventions showing impacts on children’s language, literacy, and math outcomes, despite the
fact that these academic skills were not directly targeted (Durlak et al., 2011). For example, the
Chicago School Readiness Project-which focused on improving low-income preschoolers’ self-

regulation skills—identified gains in both early literacy and numeracy skills at the end of the



intervention year (Raver et al., 2011), whereas the Head Start REDI program—which targeted
young children’s social competence, emotion regulation, and social problem solving skills using
the Preschool PATHS curriculum—showed positive impacts on reading outcomes into
kindergarten (Nix, Bierman, Domitrovich, & Gill, 2013).

Although the majority of research examining the associations between non-academic and
academic skill development has hypothesized a unidirectional “flow” in which children’s early
EF and SE skills lay the foundation for later academic development, emerging evidence suggests
that these relations may not be unidirectional. Instead, it is also possible that children’s early
growth in academic skills predict their later development of SE and EF. In a recent review,
Clements, Sarama, and Germeroth (2016) posit that the development of early math skills may
also translate into gains in children’s skills in EF, as learning math “exercises” children’s
working memory and logical thinking, both of which are central to EF (Clements, Sarama, &
Germeroth, 2016). Similarly, Hanno, Jones and McCoy (2019) hypothesize that children’s early
language and literacy skills may also facilitate EF development, citing evidence that linguistic
strategies like “self talk” may provide children with basic mental tools for managing and
planning behavior (Vygotsky, 1962; Winsler et al., 2000). Experimental evidence evaluating
academically-oriented interventions supports these theories. In particular, participation in a math
curriculum was found to reduce preschoolers’ behavior problems (Dobbs, Doctoroff, Fisher, &
Arnold, 2006), whereas implementation of a language and mathematics curricula as part of the
Boston pre-k program improved multiple dimensions of EF (Weiland & Yoshikawa, 2013).

Although less well studied, there is also reason to believe that early language and
numeracy skills may facilitate children’s SE development (Denham & Brown, 2010). For

example, improved academic outcomes may lead to higher self-confidence and, as a result,



prosocial behaviors. On the contrary, children who struggle academically may experience
negative emotions that may compromise their social-emotional wellbeing. Several studies
support these hypotheses. Herbert-Myers and colleagues (2006), for example, found that
children’s language skills at age three were predictive of social competence at age eight, whereas
Miles and Stipek (2006) found negative links between first grade literacy and third grade
aggression. Importantly, there is also some evidence to suggest that certain EF sub-skills (e.g.,
attention) may partially explain the longitudinal links between academic and SE skills (Herbert-
Myers et al., 2006). Together, these hypotheses are consistent with a cascade model of
development (Masten et al., 2005) and dynamic complementarities across ages (Cunha,
Heckman & Schennach, 2010), which posit that early skill development in one domain may
“spill over” into skill development in other areas. Yet few studies have examined these
hypotheses empirically, and research on the bi-directional, longitudinal associations between EF
and SE and academic skill development is lacking.

Similarly, relatively little work has considered the ways in which EF and SE skills may
support one another over time. One study by Valiente and colleagues (2011) found that first
graders’ effortful control skills (which, like EF, involve higher-order inhibition) were predictive
of their social functioning (e.g., social competence) two years later. (Importantly, these gains in
social functioning attributable to early effortful control were also found to predict subsequent
academic performance, as measured by teacher- and child-reported grades [Valiente et al., 2001],
once again supporting the interconnectedness of academic and non-academic competencies.)
Additional research has shown cross-sectional and longitudinal associations between EF and SE
skills (Razza & Blair, 2009; Riggs et al., 2006), with a common explanation that well-regulated

children are better equipped to engage in positive social interactions and to be viewed as “good



citizens” by their teachers and peers (Liew, 2011). Less is known, however, about whether SE
skills may support EF development over time.
Executive Function and Social-Emotional Development in Developing Countries

Although a growing body of evidence suggests the importance of EF and SE for
supporting learning and academic behavior in the U.S. and high-income countries (e.g.,
Diamond, 2013), much less is known about how these skills emerge for children living in
developing countries. On the one hand, it is possible that EF and SE development look quite
different in different parts of the world, both in level and form. For example, there is strong
evidence that the high rates of poverty, malnutrition, and other forms of adversity found in
developing countries pose substantial risks for young children’s development across domains
(Black et al., 2017), suggesting that EF and SE skills may be compromised. In addition, research
has shown that different cultures may emphasize different competencies as important for success
in school and community life (e.g., Henrich, Heine & Norenzayan, 2010; Serpell, 2011), making
it possible that EF and SE are less necessary for learning in developing country classrooms.

On the other hand, it is possible that EF and SE skills are “universal” in their
manifestation and relevance for academic skill development. Supporting this hypothesis, results
of sustained attention and delay-of-gratification assessments suggest that children in Africa,
unlike with other abstract cognitive tests, perform at or above Western norms (Lamm et al.,
2018). Furthermore, several studies have shown links between EF and academic outcomes in
developing country settings. McCoy, Zuilkowski, Yoshikawa and Fink (2017) for example,
found that young Zambian children’s EF skills were predictive of their on-time school
enrollment. In Albania, children’s self-regulation skills were found to be correlated with

emergent academic skills (Von Suchodoletz, Uka, & Larsen, 2015).
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Although less research is available related to SE and academic development in low- and
middle-income countries, a recent study in Tanzania suggests that both parents and teachers see
social and emotional competencies as central to academic success but have different perceptions
about which competencies are most important (Jukes et al., 2018). Another recent study in
Ghana found that a teacher training intervention that increased activity-based and child-centered
learning improved both social-emotional and academic outcomes for preschool children (Wolf,
Aber, Behrman, & Tsinigo, 2019). These cross-sectional and two-time-point studies provide
initial evidence that EF and SE may play a role in children’s early development, but—similar to
the U.S. literature—do not necessarily consider how these associations unfold over time.
Preschool and Child Development in Ghana

In the present study, we advance the literature on the links between non-academic and
academic skills outside of the U.S. by exploring these longitudinal processes in Ghana. While
participation in preschool (or pre-primary school) is on the rise globally, sub-Saharan Africa still
has relatively low rates of access and enrollment (21.9 percent; UNESCO, 2015). Ghana is an
exception. In 2007, two years of pre-primary (i.e., kindergarten 1 or “KG1” for 4-year-olds, and
KG2 for 5-year-olds) education was introduced as part of the country’s education reforms,
making it part of the universal basic education system. On-age enrollment is around 75 percent
(Ghana Ministry of Education, 2016), which is nearly four times higher than average for sub-
Saharan Africa. Enrollment rates are as high as 94 percent in some communities (Bidwell, Perry,
& Watine, 2014). In this paper, we refer to these two years of schooling as preschool.

Importantly, despite the fact that social, emotional, and behavioral skills are listed as
priority areas in Ghana’s national KG curriculum (Ghana Education Service, 2004), supporting

children’s skill development in these areas is rarely practiced (Ghana Education Service, 2012;
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Agbenyega, 2018). It is estimated that approximately one-third of Ghanaian preschool-aged
children do not meet basic developmental milestones such as following directions, working
independently, and getting along with others (McCoy et al., 2016). Indeed, the early childhood
education system in Ghana tends to focus primarily on academic skill development (Agbenyega,
2018), reflecting the demands of many African parents for schools that are highly structured and
“academically rigorous” (Bidwell et al., 2014; Jukes et al., 2018). Researchers have raised
concerns that the “traditional” approaches to education that are used to promote academic growth
in African societies (e.g., rote instruction and memorization) may be developmentally
inappropriate for young children (Choi, 2006; Osei, 2006). These practices are in contrast to
“modernist” approaches to early education (i.e., child-centered, activity- and play-based
approaches) that address social skills and the unique needs of very young children (Hirsh-Pasek,
2009).

Despite this academic focus, learning outcomes are also low in Ghana (RTI International,
2016). Collectively, this evidence suggests that one mechanism for promoting children’s early
academic skills in Ghana may be through supporting early EF and SE development.
Nevertheless, more evidence is needed regarding the links between these skills in this particular
context prior to encouraging broad-scale curricular changes.
The Present Study

The objective of this study is to use longitudinal data to examine how preschool
children’s non-academic (EF and SE) skills both predict and are predicted by their academic
learning (literacy and numeracy). We examine how cross-domain development unfolds over time
during a particularly sensitive developmental period of early childhood in the under-studied

context of Ghana. Drawing on developmental “cascade” (Masten et al., 2005) and models of
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dynamic learning complementarities across ages (Cunha et al., 2010), as well as prior research
from high-income contexts, we hypothesize strong associations between early non-academic and
prospective academic outcomes, and significant but smaller associations between early academic
outcomes and prospective non-academic outcomes. Similarly, based on research from high-
income countries, we hypothesize that early EF will predict subsequent SE, whereas the reverse
relation (early SE predicting later EF) will be substantially less robust.

This study contributes to the knowledge base on the universality of EF and SE skills, and
the role they play in children’s learning across contexts. In addition, the findings can inform
educational intervention and policy efforts designed to promote young children’s learning and
development by providing evidence of the broader skills children draw upon as they learn
academic content. In particular, the results contribute to the evidence base on the importance of
promoting social, emotional, cognitive, and behavioral skills for preschool children globally.
This study also serves as the first cross-lagged longitudinal analysis of both EF and SE skills in
early childhood in sub-Saharan Africa. Our objective is to expand a robust body of literature
from high-income countries to a population of children who stand ready to benefit from high-
quality early-education services, and to inform teacher professional development efforts as
countries across Africa expand their preschool systems.

Methods
Participants and Procedure

Data come from an impact evaluation study of the Quality Preschool for Ghana project
(Wolf et al., 2019), which tested the impacts of a teacher in-service training and parental
awareness program in six districts in the Greater Accra Region of Ghana. The interventions were

implemented during the 2015-2016 school year, and data were collected at three time points:
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September 2015 (“time 1), June 2016 (“time 2”), and June 2017 (“time 3”’). Schools (N = 240)
were randomly assigned to one of three treatment arms: (a) Teacher-training and coaching (82
schools), (b) Teacher-training and coaching plus parental awareness meetings (79 schools), and
(c) control group (79 schools). Impacts of the program have been presented in other papers (Wolf
et al., 2019; Wolf, Aber, Behrman & Peele, 2019; Wolf & Peele, 2019).

All schools in the six districts were identified using the Ghana Education Service
Educational Management Information System (GES-EMIS) database, which listed all registered
schools in the country. Schools were randomly sampled from the list, stratified by district and by
public and private schools. A school census was then conducted to confirm the presence of each
school and to obtain information on each school’s head teacher and proprietor. Because there
were fewer than 120 public schools across the six districts, every public school was sampled.
Private schools (490 total) were sampled in proportion to the total number of private schools in
each district relative to total for all districts.

At time 1, passive consent of all Kindergarten 1 (KG1) and Kindergarten 2 (KG2)
children in the selected schools was sought via forms sent home to caregivers. Ten caregivers
refused their children’s participation. Of the rest, 15 children (8 from KG1, M age = 4.7 years in
the fall; and 7 from KG2, M age = 5.8 years) were randomly selected from each class roster to
participate in direct assessments. A small percentage of schools (10%) had one combined KG
classroom rather than two separated by levels. In these schools, 15 children were randomly
selected from the combined class. In schools with fewer than 15 KG children, all children were
sampled.

School mobility is common in Ghana, with children often moving to live with extended

family in the middle of a school year for educational or economic reasons. We made three
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attempts to follow up with each child in the sample, including trying to locate them in new
schools as long as they were in the Greater Accra Region. Nevertheless, attrition did occur. As
such, at time 2, 432 children were added to the sample based on two scenarios: (1) to replace
children who had left the school with children from the existing classroom roster, and (2) to add
children to schools that had fewer than 15 KG children in the fall where enroliment increased by
the spring. At time 3, considerable effort was made to include all children from the time 1 and 2
samples, even if they were not available the previous wave. In total, 3,867 children were sampled

across all three waves. Five of the sampled children were missing data at every wave, resulting in

a final analytic sample of 3,862 children. Over two-thirds of the sample (68.8%; N = 2,657) had
data at all three time points; 20.3% (N = 782) had data at two of the three waves, and 11.0% (N =
423) had data at one wave. Approximately half of children (50.8%) were male, and the average
age at time 1 was 5.23 years (SD = 1.37). The sample was balanced in terms of demographic
characteristics across treatment and control groups (Wolf et al., 2019). See Table 1 for additional
sample descriptive statistics.

Children’s skills were assessed directly by trained, multi-lingual data collectors in
children’s school environments using the language(s) with which each child was most
comfortable (Twi/Fanti only: 39.0%; Ewe only: 1.3%; Ga only: 5.0%; English only: 37.9%; and
mixed English and local language: 16.9%). Data collectors had prior experience working with
children and completed a five-day training by a certified Master Trainer. Their inter-rater
reliability was calculated during field-based practice sessions, resulting in an average kappa
value of .87 across the four developmental domains (kappa = .82 for social-emotional; .86 for

early numeracy; .90 for early literacy; and .88 for executive function). Children’s demographic
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characteristics were reported by their primary caregiver (41.6% mothers, 44.6% fathers, and
13.8% other) at time 1, and/or taken from school records.
Measures

All child non-academic and academic skills were measured via direct assessment at each
of the three time points using the International Development and Early Learning Assessment
(IDELA,; Pisani et al., 2018; Wolf et al., 2017). The IDELA was designed for use in global, low-
resourced settings to broadly measure multiple developmental domains and was derived from
several commonly used assessments of school readiness, including the Early Development
Instrument (EDI; Janus et al., 2007), the Ages and Stage Questionnaire (ASQ; Squires &
Bricker, 2009), the Malawi Development (MDAT; Gladstone et al., 2010), and the East Asia
Pacific-Early Child Development Scales (EAP-ECDS; Rao et al., 2014). See Pisani and
colleagues (2018) for a detailed accounting of the development of IDELA and Halpin and
colleagues (2019) for an examination of its measurement properties across multiple countries.

The version used in the present study was reviewed by Ghanaian child development
experts and piloted with 20 children to ensure cultural applicability. Very few changes were
made. The few minor changes were related primarily to word choice (e.g., simplifying
instructions and/or removing redundant words). Scoring rules for two of the prosocial items were
changed to allow children to receive a “correct” score for more than one response that local
experts decided to be relevant within the local context. Translations of the tool from English into
the three local languages (Twi/Fanti, Ewe, Ga) were conducted using forward and backward
translation by different individuals, followed by separate conversations with local experts to
resolve discrepancies and confirm accuracy. (For details about IDELA scoring, see Pisani et al.,

2018). We examined the distributions of all variables across time and found them to be normally
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distributed (see Appendix Figure 1).

Two recent studies examined the construct validity of IDELA and are worth noting. Wolf
and colleagues (2017) found strong support for a four-factor model (including items measuring
motor skills but not EF), compared to other alternative factor structures in Ethiopia. A follow-up
study replicated the factor structure in four additional low- and middle-income countries and
found evidence of partial measurement invariance for each domain across the four countries
(Halpin et al., 2019). Accordingly, in this study we operationalize each domain—numeracy,
literacy, EF, and SE—as a unidimensional construct.

Early numeracy. The early numeracy subscale of the IDELA included 39 items
measured via eight subtasks that assessed children’s number knowledge, basic addition and
subtraction, one-to-one correspondence, shape identification, sorting abilities based on color and
shape, size and length differentiation, and completion of a simple puzzle (« =0.72, 0.70 and 0.72
at times 1, 2, and 3, respectively). For example, to assess children’s one-to-one correspondence,
children were provided a pile of beans and asked by the assessor to hand him/her a certain
number of beans (e.g., 3, 8). A second example examining size and length differentiation
displayed two pictures of (i) three circles, and (ii) three sticks. Children were asked to identify
the biggest and smallest circles in the first picture, and the shortest and longest sticks in the
second picture. Scores for each subtask were calculated as the proportion of items correct, with a
possible range from 0 to 1, and averaged across all subtasks.

Early literacy. Children’s early literacy was measured using 38 items measured via Six
subtasks that reflected children’s print awareness, letter knowledge, phonological awareness, oral
comprehension, emergent writing, and expressive vocabulary (o = 0.74, 0.72, and 0.88 at each of

the three time points, respectively). For example, for letter knowledge, children were shown a
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series of letters. The assessor pointed to each letter one at a time and asked the child, “what letter
is this?”” Children were asked to identify 20 letters, with the first 10 high frequency letters, and
the second 10 lower frequency letters. A second example subtask on phonological awareness
asked children to identify words that begin with the same sound. A sample item is: “Here is my
friend mouse. Mouse starts with /m/. What other word starts with /m/? Cow, doll, milk”. Scores
for each subtask were calculated as the proportion of items correct, with a possible range from 0
to 1, and averaged across all subtasks.

Executive function. Executive function was captured using ten items measured via two
subtasks measuring children’s working memory (e.g., forward digit span) and inhibitory control
(e.g., head-toes task adapted from McClelland et al. (2014); a = 0.84, 0.83 and 0.79,
respectively). Scores for each subtask were calculated as the proportion of items correct, with a
possible range from 0 to 1, and averaged across all subtasks.

Social-emotional skills. Social-emotional competence was measured using 14 items via
five subtasks that capture children’s self-awareness, emotion identification, perspective-taking
and empathy, friendship, and conflict/problem solving (« = 0.69, 0.70, and 0.67, respectively).
For perspective taking and empathy, for example, children were shown a drawing of a crying girl
and asked to answer questions such as, “how do you think this child is feeling right now?” and
“what would you do to help her feel better?”” A second example is conflict resolution. Children
were asked what they would do if they were playing with a toy and another child wanted to play
with the same toy. “Correct” answers, as agreed upon with local staff, included talking to the
child, taking turns, and sharing. Up to three answers were scored. Scores for each subtask were
calculated as the proportion of items correct, with a possible range from 0 to 1, and averaged

across all subtasks.
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Covariates. In addition to controlling for time 1 IDELA scores, several additional
covariates were used in the analyses to account for possible confounding characteristics.
Children’s age and gender were reported by primary caregivers at time 1 and confirmed by data
collectors during the child assessment. Primary caregivers also reported on the number of books
in the home, and a set of ten household variables (e.g., number of household members, highest
grade completed by female head or spouse, employment of male head of house, materials used
for construction of household’s roof, source of drinking water, possession of materials such as
working radio). These ten variables were combined to construct the Simple Poverty Scorecard
for Ghana (Schreiner & Woller, 2010), a validated metric of household poverty levels for Ghana
that ranges from 0 to 100 (with lower scores indicating less wealth / higher poverty). Four
additional school-related characteristics were included: an indicator for whether the school was
private (vs. public), an indicator for the grade level of the child (KG1, KG2, or a mixed
KG1/KG2 classroom), a set of indicators for the school’s district, and treatment assignment at
baseline. Classroom quality was also included in a sensitivity analysis and was measured at each
time point using the Teacher Instructional Practices and Processes System (TIPPS; Seidman et
al., 2013), an observational measure designed to capture the nature of teacher-child interactions
in low-resourced settings. We averaged scores on teachers’ (1) facilitation of deeper learning
practices, (2) support for student expression, and (3) emotional climate and behavior
management practices (see Wolf et al., 2018), for a detailed measurement analysis of the TIPPS
items and the three domains of classroom quality in the present dataset).

Analytic Plan
We used cross-lagged panel analysis—a form of path analysis—to examine relations

between children’s non-academic and academic skills over time. In particular, we accounted for
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auto-lagged pathways between the same domains measured across time (e.g., EF at time 1
predicting EF at time 2; EF at time 2 predicting EF at time 3), as well as cross-lagged pathways
between different domains across time (e.g., EF at time 1 predicting literacy at time 2; literacy at
time 2 predicting EF at time 3). We also included the covariates listed above as predictors of all
time 2 and time 3 skills. To better account for potential measurement error, we included error
covariances across domains at each time point. Full-information maximum-likelihood (FIML)
was used to account for missing data on child outcomes and covariates, conditional on all other
variables in the model (see Table 2 for the observed sample size at each time point). We also
used a maximum-likelihood estimator with robust standard errors (MLR) to account for children
nesting within schools. We used the following criteria to establish model fit: a non-significant
model chi square, a Comparative Fit Index (CFI) and Tucker Lewis Index (TLI) of >.90, and a
Root Mean Square Error of Approximation (RMSEA) and a Standardized Root Mean Square
Residual (SRMR) of <.08 (Hu & Bentler, 1999; Kline, 2015). All analyses were conducted in
Mplus (version 6.2; Muthén & Muthén, 1998-2012).

Sensitivity analyses. Four sets of sensitivity analyses were run to assess the robustness of
the findings across different model and sample specifications. First, we included time-varying
estimates of classroom quality as an additional predictor variable in our primary model, within
our full sample. Second, we restricted our sample only to those children with at least two waves
of complete data. Third, to determine whether there may be differences in developmental
processes dependent on grade level (a proxy for both child age and schooling experience), we
compared results of our primary model in which parameters were fixed across KG1 and KG2
students to an alternative model in which parameters were allowed to vary across these groups.

Finally, to ensure that results were not attributable to children’s intervention status, we compared
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our primary model to one in which all parameters were allowed to differ across the treatment and
control groups. For both of these latter models, we used a chi square difference test to determine
whether there were significant overall differences in model fit across subgroups.

Results

The main model was a cross-lagged path model for the full sample of children (N =
3,862). The goodness of fit statistics for the model were adequate: CFI = .98, TLI = .96, RMSEA
=.021, SRMR = .047, and »%(141) = 376.89, p < .001. All standardized and unstandardized path
coefficients for the primary model are presented in Table 3, and significant standardized
coefficients are displayed in Figure 1.

The strongest predictor of each skill, with one exception, was the same skill from the
previous wave. The magnitude of auto-lagged coefficients was roughly the same size across time
1 to time 2, and time 2 to time 3 (for numeracy: b = 0.48, S.E. = 0.02, p <.001; b3 0.41,
S.E. =0.02, p <.001; for literacy: bu-t =0.31, S.E. =0.02, p <.001; b3 =0.39, S.E. =0.02, p
<.001; for executive function: bu.» = 0.22, S.E. =0.02, p <.001; b3 = 0.24, S.E. =0.02, p <
.001; and for social-emotional: byt = 0.27, S.E. =0.02, p < .001; b3 = 0.29, S.E. =0.02, p <
.001).

There was also evidence for positive cross-lagged associations across developmental
domains. Within the academic domain, there were cross-lagged associations between literacy
and numeracy at both time points. Specifically, literacy at time 1 predicted higher numeracy at
time 2, b=0.15, S.E. = 0.02, p <.001, and literacy at time 2 predicted higher numeracy at time 3,
b =0.18, S.E =0.02, p <.001. Similarly, numeracy at time 1 predicted higher literacy at time 2,

b=0.33, S.E. =0.02, p <.001, and numeracy at time 2 predicted higher literacy at time 3, b=
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0.27, S.E. =0.02, p < .001. Notably, the cross-lagged association from numeracy to literacy
skills was larger in magnitude than the cross-lagged association from literacy to numeracy skills.
We also found evidence for cross-lagged associations between non-academic and
academic skills. In particular, we identified associations between early EF and later literacy and
numeracy skills that were similar in magnitude across time and roughly one-fifth to one-half the

size of the cross-lagged associations between literacy and numeracy. Specifically, EF at time 1
predicted higher literacy (b= 0.06, S.E. = 0.02, p <.001) and numeracy at time 2 (b=0.08, S.E.
=0.01, p<.001), and EF at time 2 predicted higher literacy (b= 0.06, S.E. =0.02, p <.001) and
numeracy at time 3 (b=0.09, S.E. = 0.02 p <.001). We did not find evidence for a cross-lagged
association between earlier SE and later academic skills.

We also found evidence of cross-lagged associations in which early literacy and
numeracy skills predicted later EF and SE. These cross-lagged paths from early academic to later
non-academic skills were one-quarter to three times larger than those leading from early non-
academic skills to later academic skills. Specifically, literacy at time 1 predicted higher EF (b =
0.10, S.E. =0.02, p <.001) and SE at time 2 (b =0.12, S.E. = 0.02, p <.001), and literacy at
time 2 predicted higher EF (b =0.14, S.E. =0.02, p <.001) and SE attime 3 (b =0.12, S.E. =
0.02, p <.001). Similarly, numeracy at time 1 predicted higher EF (b = 0.20, S.E. =0.02, p <
.001) and SE at time 2 (b =0.12, S.E. = 0.03, p <.001), and numeracy at time 2 predicted higher
EF (b =0.16, S.E. = 0.02, p < .001) and SE at time 3 (b = 0.11, S.E. = 0.02, p < .001).

Finally, we found minimal evidence for cross-lagged associations within the non-
academic domain between EF and SE skills. In particular, only EF at time 1 was found to be
marginally predictive of SE at time 2, b = 0.03, S.E. =0.02, p <.10.

Sensitivity Analyses
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Four sets of sensitivity analyses were run to assess the robustness of the findings across
different model and sample specifications. (See Appendix Table 1 for details.) First, we included
time-varying estimates of classroom quality as an additional predictor variable in our primary
model. Second, we restricted our sample only to those children with at least two waves of
complete data. For these analyses, we compared the magnitudes and directions of our
coefficients of interest against those of our primary model. We found that results were highly
similar in each case.

Third, to probe for differences across subgroups (i.e., treatment status, KG level), we
used the chi square difference test to compare our primary model in which parameters were
constrained to be equal across groups to one in which all parameters were allowed to differ. In
the case of treatment status, the chi square difference test was non-significant (i (113) =
67.52, p =.999), indicating that the model in which parameters were allowed to vary across the
treatment and control groups did not fit the data better than the primary model. As such, we
concluded that there was no evidence for variation in the relations between developmental
domains based on treatment status. Fourth, we compared our primary model to one in which all
parameters were allowed to differ for children in KG1 versus KG2 in the first year of the study.
In this case, we rejected the hypothesis that the primary, more parsimonious model provided
equivalent fit to the data (y2airr (127) = 154.51, p < .01), suggesting that there are differences in
how these variables relate over time for these two groups. Table 4 presents the results for each
group separately. While the overall pattern of associations was similar across the two groups, the
magnitudes of the coefficients are slightly larger for KG1 students, particularly for literacy and
numeracy outcomes.

Discussion
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The primary aim of this study was to examine the pattern of associations between
academic (literacy and numeracy) and non-academic (executive function and social-emotional)
skills across three time points in an under-studied population of preschoolers living in peri-urban
communities in Ghana. Specifically, we examined whether and how the specific non-academic
skills assessed (SE and EF) predicted prospective academic learning outcomes, whether and how
academic skills predicted prospective EF and SE, and whether and how EF and SE related to one
another over time. Our results revealed consistent evidence for small to moderate bidirectional
relations between developmental domains, providing support for dynamic and holistic theories of
young children’s development and school readiness. These findings were particularly strong for
younger children starting their first year of basic education, highlighting the interdependent
nature of skill development in children’s transition to school.

Links between Early EF and SE and Later Academic Skills

We found that while the strongest predictors of young children’s academic development
over time appear to be their prior respective academic skill levels (5 = 0.31 — 0.48), executive
function has considerable predictive power for children’s early learning in Ghana. Indeed, EF
skills predicted unique variance in prospective academic outcomes of about one-third the
magnitude of the respective previous academic skills (# = 0.06 — 0.09). This suggests that
children’s ability to hold information in their working memory and inhibit impulsive reactions
may be foundational “domain-general” skills for acquiring academic knowledge in Ghanaian
classrooms, just as they have found to be in the U.S. (e.g., Duncan et al., 2007, Blair & Razza,
2007).

Whereas EF appears to play a central role in supporting growth in children’s literacy and

numeracy skills, SE skills were not found to predict later academic development. Importantly,
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the majority of evidence linking SE skills to academic skills has focused on elementary school-
aged children (e.g., Durlak et al., 2011; Taylor et al., 2017). Research on younger children has
found relatively mixed results on the links between early SE skills and later learning outcomes
(e.g., Arnold et al., 2012; Duncan et al., 2007). Our findings complement this body of research,
and also may reflect the educational and cultural context experienced by children in Ghana. In
particular, the Ghanaian education system places a strong emphasis on children’s compliance
and obedience, and instruction and classroom management are accordingly highly teacher-
directed (Agbenyega, 2018; Akyeampong, 2017). As such, it is possible that children’s EF skills
are particularly relevant in Ghana to support the obedience and compliance that likely facilitate
learning in a teacher-directed context, whereas SE skills such as getting along with others,
identifying emotions, and solving social conflicts are less relevant for learning under these
circumstances.

Alternatively, it is possible that our measure of SE skills did not adequately capture the
social competencies most important in the Ghanaian context. In Africa, in particular, scholars
have noted the importance of the social ontogenetic paradigm (Nsamenang, 2005), with
socialization organized to teach shared responsibly within the family and community (rather than
for individualization or academic pursuits; Nsamenang & Lamb, 1994). This emphasis on social
and emotional competence is shared by African parents, who often cite respect and social
compliance as core values that they hope schooling to instill in their children (Jukes et al., 2018).
The tool used to measure SE in the present study—the IDELA—was designed for global use, yet
is grounded in Western constructs of social and emotional skills (Pisani et al., 2018). Although
the IDELA has been found to demonstrate measurement invariance across five diverse countries

in three regions (Halpin et al., 2019), it does not necessarily capture the full range of social and
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emotional competencies that may be important for school success in the Ghanaian cultural
context. A measure that specifically operationalizes children’s competence in interpersonal
relationships within the Ghanaian classroom context may identify skills necessary for learning
that are not captured by IDELA.

Links between Early Academic Skills and Later EF and SE

One contribution of this study is our examination of whether and how academic skills
predict prospective EF and SE skills over time, a question that has been under-examined in the
literature to date. We find that early literacy and numeracy skills do indeed predict children’s
prospective EF and SE skills, and that the magnitude of these relations is even larger (= 0.12 —
0.22) than that of EF predicting both literacy and numeracy (# = 0.06 — 0.09). A recent study
among preschoolers in Germany found very similar results; children’s language skills were a
stronger predictor of their subsequent EF skills than the other way around (Slot & von
Suchodoletz, 2018). These findings support a developmental cascades model (Masten &
Cicchetti, 2010), which refers to the cumulative consequences of the many interactions and
transactions for development that “spill over” across domains. The results from both studies
suggest that across different contexts, the relative strength of cross-domain associations may be
consistent.

Future research is needed to understand the mechanisms through which these particular
cascades may operate. At the most basic level, it is possible that the improved language and
reasoning skills that often underlie academic gains could be central to children’s ability to
develop — and demonstrate — more advanced EF and SE skills. Social problem solving, for
example, may draw from the same skillset as academic problem solving, requiring children to

identify the component parts of the challenge, and to plan and enact an appropriate solution.
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Alternatively, it is possible that improvements in academic performance may build children’s
feelings of self-esteem and self-efficacy (e.g., Zimmerman, 2000), which may help to support
their growth in EF and SE. Finally, it may be possible that it is not academic skills themselves
that support children’s SE and EF development; rather, children’s parents, teachers, or peers may
respond to improved literacy and numeracy skills in ways that also support EF and SE
development. For example, in Ghana, improved academic skills may make it less likely that
teachers will cane (physically punish) a child for an incorrect answer to a question (Agbenyega,
2018). Given that stress is a known risk factor for both EF and SE development (Blair, 2010), it
is possible that simply removing the threat of punishment as the result of improved academic
skills could also indirectly support children’s non-academic growth, as well.
Links within Academic and Non-Academic Skills Over Time

We also explored the possibility for within-domain relations. No significant associations
were observed between EF and SE skills. The absence of significant relations within skills in the
non-academic domain is in keeping with the above evidence on the lack of prospective
association between early SE and later academic skills. In particular, whereas it is possible that
these skills develop on independent trajectories across the developmental continuum, it is also
likely that we have not fully captured all forms or representations of these skills relevant to the
Ghanaian context. Future work is needed to explore similar relations using expanded
measurement approaches in diverse parts of the world (e.g., Jukes et al., 2018).

Within the academic domain, however, we observe strong bidirectional links between
children’s literacy and numeracy skills. Notably, the relations between numeracy skills and
subsequent literacy skills (5 = 0.33 for time 1 to 2 and 0.33 for time 2 to 3) were larger in

magnitude than the reverse (5 = 0.15 for time 1 to 2, 0.22 for time 2 to 3). These findings are
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consistent with longitudinal descriptive research of several nationally representative samples in
the U.S. showing that early math skills have greater predictive power on later achievement than
do early reading skills (e.g., Duncan et al., 2007), and further reinforce the importance of
integrating practices that promote math instruction in early educational settings (Clements &
Sarama, 2011).

Limitations and Future Research

These findings must be interpreted within the study’s limitations. First, while this study
was conducted in a population under-represented in developmental science research, the findings
cannot be generalized outside of the peri-urban Greater Accra Region without further
investigation. There are large differences in the risk and protective factors experienced by
children living in urban and rural settings (Zhang, 2006), and in Ghana specifically (Cooke et al.,
2016), that may affect how children’s academic and non-academic skills interplay. Additional
research is needed to understand the external validity of these associations in diverse contexts, in
particular across sub-Saharan Africa.

Second, the same measures were used at each of the three time points. Although this
allowed us to directly compare these skills over time—a strength of the study design—it also
means that as children grew, the distribution of skills, in particular EF skills, became negatively
skewed. While the skewness statistic for all outcomes at each time point was below an absolute
value of one, adaptive measures may have been more sensitive to capturing change and growth.
Similarly, as noted above, despite the fact that the measure used in this study was intentionally
designed and validated for use in low-resource, international contexts, it was also largely
developed using a broad, Western perspective on children’s development. Future work using

expanded measurement batteries is needed to explore the interplay between more narrowly
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defined developmental processes that are known to be salient within the Ghanaian cultural
context (e.g., obedience, respect, social responsibility), but that were not necessarily captured
here. Doing so will also allow for a more nuanced understanding of the specific developmental
sub-skills that may be driving patterns of relations over time.

Third, extensive research using well-established measurements has examined the
components and factor structure of EF and SE skills across different stages of childhood in high-
income countries (e.g., Miyake et al., 2000). Similar work does not yet exist in sub-Saharan
Africa, and thus we do not have a strong psychometric evidence base from which to
operationalize SE and EF constructs in this sample. We follow two recent studies that support a
unidimensional operationalization of literacy, numeracy, SE, and EF skills using the items from
the IDELA (Halpin et al., 2019; Wolf et al., 2017), a newly available tool specifically designed
for measurement of early development in resource-limited settings. Nevertheless, we
acknowledge that future work is needed to examine the components and factor structure of these
domains in sub-Saharan Africa. Furthermore, additional measurement work is needed to
establish—and improve—the psychometric properties of tools used for measuring early
development in culturally and linguistically diverse settings, as well as to develop and validate
test norms for examining children’s developmental progress over time.

Finally, although our use of auto-lagged pathways to account for time-invariant
characteristics and our inclusion of a broad set of covariates lessens possible issues of selection
bias, the results of this study cannot be considered as fully causal. As we note throughout our
discussion, it is likely that unobserved characteristics—either of children’s environments or their
own skills—may partially or fully explain the observed associations between the developmental

skills captured in this study. As has been noted extensively by others (e.g., Clements et al., 2016;
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Jacob & Parkinson, 2015), additional research using experimental designs targeting only one
skill domain at a time is necessary for establishing causal linkages over time.
Conclusion and Implications

Results from this study advance a growing body of research demonstrating the
importance of social, emotional, and higher-order cognitive aspects of development for early
academic skills and school success. Indeed, more studies are highlighting the importance of
examining multiple school readiness domains simultaneously rather than separately (e.g., Pace,
Burchinal, Alper, Hirsh-Pasek, & Golinkoff, 2018). The field of education must also move
beyond skill-levels at a particular grade to skill acquisition both within- and across-domains. As
close to ninety percent of children in the world live in a low- or middle-income country (World
Bank, 2016), and these children are attending preschool at growing rates (Behrman et al., 2013;
McCoy et al., 2018), research examining children’s transition to schooling in developing
countries is needed. These results can provide some direction on how to best target early skills
via preschool curricula and early intervention to support children’s development across diverse
contexts. Furthermore, understanding how non-academic and academic skills unfold over time in
cultures that focus on integrating children in to hierarchical social networks (e.g., Lamm et al.,
2018), as in the case in Ghana, contribute to a cross-cultural research program that is critical for
understanding child development from a global perspective. Such a program of research is

needed to support global efforts to improve educational quality and child development.
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Figure 1. Standardized coefficients from path analysis

Time 1: Fall 2015

Time 2: Spring 2016
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Time 3: Spring 2017
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Notes. Models adjust S.E. estimates by school clusters. Error correlations between all domains within time points are included but not shown.
Covariates predicting all endogenous variables include child age, child gender, household wealth at time 1, caregiver education level at time 1,
number of books in the household at time 1, kindergarten grade level in the first academic year, treatment status indicators, a dummy indicator for
whether the school in year 1 was private, and five dummy variables representing each districts in the region from which schools were sampled.
Coefficients represent standardized estimates.
Model fit statistics: RMSEA = 0.021, CFI = 0.976, TLI = 0.960, SRMR = 0.047.



Table 1. Sample characteristics

43

M or % SD Range

Child characteristics
Child age (wave 1) 5.20 1.32 3-11
Child gender is male 50.8%
Grade level

KG1 46.1%

KG2 42.9%

Mixed KG class 11.0%
Household characteristics
Number of books in the home 3.11 3.69 0-54
Primary caregiver is female 50.90%
Age of primary caregiver (years) 38.1 8.9 17 -82
Caregiver's education level (%)

Less than primary school 20.6%

Primary school 7.2%

Junior high school 40.3%

Secondary high school 13.2%

O/A level, Vocational, or Diploma 13.3%

Bachelor's degree or more 5.0%
Household wealth (0-100)? 60.81 13.64 14 - 92
Food Security (in the last 30 days)
No food due to lack of resources 20.5%
Went to bed hungry 11.3%
Spent a whole day and night without eating 6.2%
School characteristics
Private (vs. public) school 53.4%
School district

Ga East 15.49

Ga South 25.04

Adenta 12.94

Ledzokuku-Krower 22.25

Ga Central 13.12

Madina 11.17

2 A score of 60 or below indicates a high likelihood of living in poverty.



Table 2. Descriptive statistics and bivariate correlations of developmental skills at all time points
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N M SD 1 2 3 4 5 6 7 8 9 10 11
1 Early literacy T1 3,435 0.459 0.217
2 Early numeracy T1 3,435 0.444 0.195 0.76
3 Executive function T1 3,435 0.488 0.207 050 0.48
4 Social-emotional T1 3,435 0.414 0.199 055 052 043
5 Early literacy T2 3,402 0.614 0.201 0.70 068 0.44 0.40
6 Early numeracy T2 3,402 0.575 0.189 065 073 047 042 0.74
7 Executive function T2 3,402  0.587 0.183 045 047 044 030 054 054
8 Social-emotional T2 3,402 0.539 0.188 042 041 030 045 051 047 043
9 Early literacy T3 3,121  0.703 0.182 063 065 037 037 075 069 048 041
10 Early numeracy T3 3,121 0.666 0.163 058 065 042 040 065 072 048 038 0.71
11 Executive function T3 3,121 0.636 0.161 041 042 042 026 048 047 047 028 052 0.49
12 Social-emotional T3 3,121  0.583 0.169 040 038 032 044 041 040 029 046 0.46 0.40 0.30

Notes. All skills scored as proportion correct from 0-1.



Table 3. Cross-lagged effects of academic and non-academic skills

b S.E. p-value /]
Fall 2015 (T1) = Spring 2016 (T2)
Numeracy
Num T1 - Num T2 0.481 0.019 0.000 *** 0.499
LitT1 > Num T2 0.152 0.019 0.000 *** 0.176
EFT1 > Num T2 0.075 0.014 0.000 *** 0.083
SET1-> Num T2 0.006 0.015 0.677 0.007
Literacy
Num T1 > Lit T2 0.331 0.019 0.000 *** 0.324
LitT1 > LitT2 0.314 0.019 0.000 *** 0.343
EFT1-> LitT2 0.063 0.016 0.000 *** 0.065
SET1 > LitT2 0.007 0.015 0.651 0.007
Executive function
Num T1 > EF T2 0.204 0.023 0.000 *** 0.218
LitT1 > EFT2 0.098 0.021 0.000 *** 0.116
EFT1> EFT2 0.222 0.018 0.000 *** 0.252
SET1>EFT2 0.002 0.018 0.896 0.002
Social-emotional
Num T1 > SE T2 0.121 0.025 0.000 *** 0.125
LitT1 > SET2 0.122 0.024 0.000 *** 0.141
EFT1 > SET2 0.032 0.017 0.059 + 0.035
SET1 > SET2 0.265 0.020 0.000 *** 0.280
Spring 2016 (T2) - Spring 2017 (T3)
Numeracy
Num T2 2 Num T3 0.407 0.018 0.000 *** 0.473
LitT2 > Num T3 0.176 0.016 0.000 *** 0.216
EF T2 > Num T3 0.083 0.014 0.000 *** 0.094
SET2-> Num T3 -0.002 0.013 0.853 -0.003
Literacy
Num T2 - Lit T3 0.270 0.018 0.000 *** 0.281
LitT2 > LitT3 0.391 0.017 0.000 *** 0.431
EFT2 > LitT3 0.063 0.015 0.000 *** 0.064
SET2 > LitT3 0.012 0.014 0.411 0.012
Executive function
Num T2 2 EF T3 0.164 0.022 0.000 *** 0.193
LitT2 > EFT3 0.139 0.019 0.000 *** 0.174
EFT2 > EFT3 0.238 0.020 0.000 *** 0.272



SET2>EFT3 0.002
Social-emotional

Num T2 > SE T3 0.106

LitT2 > SET3 0.123

EFT2 > SET3 0.027

SET2-> SET3 0.286

0.016

0.023
0.021
0.017
0.017

0.913

0.000 ***
0.000 ***
0.117

0.000 ***

0.002

0.119
0.145
0.029
0.319

Notes. Sample size = 3,862 children. Models adjust S.E. estimates by school clusters. Error correlations
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between all domains within time points are included but displayed. Covariates predicting all endogenous
variables include child age, child gender, household wealth at time 1, caregiver education level at time 1,
number of books in the household at time 1, kindergarten grade level in the first academic year, treatment

status indicators, a dummy indicator for whether the school in year 1 was private, and five dummy
variables representing each districts in the region from which schools were sampled.
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Table 4. Cross-lagged effects of academic and non-academic skills by kindergarten grade level

KG1 KG2
b S.E. b S.E.
Fall 2015 (T1) --> Spring 2016 (T2)
Numeracy T2
Num T1 = Num T2 0.461 0.032 *** 0.494 0.029 ***
Lit T1 > Num T2 0.197 0.028 *** 0.098 0.027 ***
EFT1 > Num T2 0.083 0.020 *** 0.064 0.019 **
SET1-> Num T2 0.001 0.024 0.001 0.020
Literacy T2
Num T1 > Lit T2 0.306 0.030 *** 0.331 0.029 ***
LitT1 > LitT2 0.333 0.038 *** 0.290 0.029 ***
EFT1-> LitT2 0.050 0.022 * 0.073 0.021 **
SET1-> LitT2 0.021 0.023 -0.017 0.021
Executive function T2
Num T1 > EF T2 0.238 0.034 *** 0.191 0.032 ***
LitT1 > EFT2 0.110 0.033 ** 0.059 0.020 +
EFT1>EFT2 0.219 0.038 *** 0.217 0.025 ***
SET1-> EFT2 0.032 0.036 -0.034 0.024
Social-emotional T2
Num T1 > SE T2 0.091 0.038 * 0.152 0.035 ***
LitT1 > SET2 0.157 0.031 *** 0.064 0.037 +
EFT1 > SET2 0.022 0.027 0.039 0.026
SET1-> SET2 0.298 0.028 *** 0.241 0.028 ***
Spring 2016 (T2) --> Spring 2017 (T3)
Numeracy T3
Num T2 - Num T3 0.437 0.025 *** 0.380 0.029 ***
LitT2 > Num T3 0.145 0.024 *** 0.178 0.023 ***
EF T2 > Num T3 0.095 0.019 *** 0.065 0.022 **
SET2-> Num T3 -0.012 0.018 0.022 0.019
Literacy T3
Num T2 2 Lit T3 0.326 0.027 *** 0.200 0.027 ***
LitT2 > LitT3 0.354 0.028 *** 0.393 0.024 ***
EFT2-> LitT3 0.048 0.022 * 0.072 0.020 ***
SET2 > LitT3 0.019 0.021 0.012 0.020
Executive function T3
Num T2 > EF T3 0.195 0.031 *** 0.148 0.030 ***

LitT2 > EF T3 0.104 0.033 ** 0.132 0.028 ***
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EFT2>EFT3 0.230 0.028 *** 0.248 0.028 ***

SET2 > EFT3 0.026 0.024 -0.032 0.022
Social-emotional T3

Num T2 > SE T3 0.136 0.037 *** 0.088 0.033 **

LitT2 > SET3 0.110 0.034 ** 0.099 0.029 **

EFT2>SET3 0.020 0.024 0.035 0.028

SET2 > SET3 0.252 0.027 *** 0.306 0.025 ***
Sample size 1779 1658

Notes. Sample size = 3,437 children and excludes children who were in a mixed grade class. Models
adjust S.E. estimates by school clusters. Error correlations between all domains within time points are
included but displayed. Covariates predicting all endogenous variables include child age, child gender,
household wealth at time 1, caregiver education level at time 1, number of books in the household at time
1, treatment status indicators, a dummy indicator for whether the school in year 1 was private, and five
dummy variables representing each districts in the region from which schools were sampled Coefficients

represent standardized estimates.



Appendix Figure 1. Kernel density plots of each developmental domain at each time point
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Appendix Table 1. Sensitivity analyses examining cross-lagged effects of academic and non-academic skills
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Restricted Sample of

By Treatment Status?

Controlling for Children with >2 Waves
Classroom Quality of Data Treatment Control
b S.E. b S.E. b S.E. b S.E.
Fall 2015 (T1) --> Spring 2016 (T2)
Numeracy T2
Num T1 --> Num T2 0.494 0.020 *** 0.480 0.019 *** 0.482 0.029 *** 0504 0.034 ***
Lit T1 --> Num T2 0.141  0.021 *** 0.152 0.018 *** 0.184 0.029 *** 0.174 0.034 ***
EF T1 --> Num T2 0.069 0.014 *** 0.075 0.014 *** 0.076 0.021 *** 0.081 0.027 **
SE T1-->Num T2 0.001 0.015 0.007 0.015 0.003 0.027 -0.033  0.026
Literacy T2
Num T1 --> Lit T2 0.344 0.021 *** 0.330 0.019 *** 0.291 0.027 *** 0.391 0.037 ***
Lit T1-->LitT2 0.305 0.022 *** 0.313 0.019 *** 0.356 0.029 *** 0.306 0.032 ***
EFT1-->LitT2 0.055 0.016 *** 0.062 0.015 *** 0.063 0.025 * 0.086 0.030 **
SET1-->LitT2 -0.002 0.016 0.007 0.015 0.014 0.031 -0.018  0.026
Executive function T2
Num T1-->EF T2 0.213  0.023 *** 0.204 0.023 *** 0.224 0.038 *** 0.197 0.037 ***
LitT1-->EFT2 0.086 0.023 *** 0.098 0.021 *** 0.083 0.033 * 0.158 0.036 ***
EFT1-->EF T2 0.218 0.019 *** 0.222 0.018 *** 0.247 0.029 *** 0.243 0.031 ***
SET1-->EFT2 -0.001 0.018 0.002 0.018 -0.028 0.030 -0.037  0.025
Social-emotional T2
Num T1 -->SE T2 0.142 0.025 *** 0.121 0.025 *** 0.108 0.041 ** 0.122 0.037 **
Lit T1-->SE T2 0.112 0.025 *** 0.122 0.024 *** 0.084 0.038 * 0.165 0.039 ***
EFT1-->SET2 0.026  0.017 0.032 0.017 + 0.024 0.027 0.050 0.032
SET1-->SET2 0.257 0.020 *** 0.265 0.020 *** 0.323 0.032 *** 0.221 0.034 ***



Spring 2016 (T2) --> Spring 2017 (T3)

Numeracy T3
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Num T2 --> Num T3 0412 0.018 *** 0.406 0.018 *** 0.423 0.032 *** 0.388 0.033 ***
Lit T2 --> Num T3 0.179 0.016 *** 0.175 0.016 *** 0.186 0.031 *** 0.158 0.029 ***
EF T2 -->Num T3 0.083 0.014 *** 0.083 0.014 *** 0.068 0.024 ** 0.076 0.024 **
SET2-->Num T3 -0.002 0.013 -0.002 0.013 0.006 0.022 0.014 0.025
Literacy T3
Num T2 --> Lit T3 0.274 0.018 *** 0.269 0.018 *** 0.293 0.027 *** 0.292 0.036 ***
Lit T2 --> Lit T3 0.394 0.017 *** 0.391 0.017 *** 0.396 0.030 *** 0.388 0.032 ***
EFT2-->Lit T3 0.063 0.015 *** 0.063 0.015 *** 0.058 0.025 * 0.041 0.030
SET2-->LitT3 0.013 0.014 0.012 0.014 0.016 0.025 0.017 0.026
Executive function T3
Num T2 --> EF T3 0.165 0.021 *** 0.164 0.022 *** 0.169 0.043 *** 0.162 0.035 ***
LitT2-->EF T3 0.140 0.019 *** 0.139 0.019 *** 0.174 0.033 *** 0.106 0.034 =**
EFT2-->EF T3 0.238 0.020 *** 0.238 0.020 *** 0.248 0.034 *** 0.255 0.032 ***
SET2-->EFT3 0.002 0.016 0.002 0.016 -0.027 0.025 0.007 0.030
Social-emotional T3
Num T2 -->SE T3 0.110 0.023 *** 0.106 0.023 *** 0.035 0.043 0.123 0.041 **
LitT2-->SE T3 0.126  0.021 *** 0.122 0.021 *** 0.186 0.034 *** 0.103 0.037 **
EFT2-->SET3 0.027 0.017 0.027 0.017 0.043 0.032 0.022 0.025
SET2-->SE T3 0.286 0.017 *** 0.286 0.017 *** 0.262 0.030 *** 0.301 0.030 ***
Sample size 3,862 3,439 2,645 1,217

Notes. *** p <.001; ** p<.01; *p<.05, + p <.10.

®Treatment status includes children combined from both treatment arms. The chi square difference test compared to the main model

presented in Table 3 was non-significant (42t (113) = 67.52, p = 0.999), indicating that the model in which parameters were allowed
to vary across the treatment and control groups did not fit the data better than the primary model.
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