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Preface to “Early Child Development: From
Measurement to Optimal Functioning and
Evidence-Based Policy”

This textbook was first conceptualized during an invitation to create and edit a Special Issue
dedicated to international child health. The Multidisciplinary Digital Publishing Institute gave
me the freedom to propose a theme for the Special Issue that is of interest for a global audience.
Although putting together a call for papers, editing, and contributing to a Special Issue as the only
Guest Editor—during the COVID-19 pandemic—was a monumental task, I welcomed the challenge.
The response from international colleagues and the quality of the papers made the Special Issue stood
out. Consequently, I was invited to edit this textbook, including the content of the Special Issue
entitled Early Child Development: From Measurement to Optimal Functioning and Evidence-Based
Policy. The purpose of this textbook is to highlight the importance of focusing and investing
in early child development. Following my clinical expertise and research interest, the guiding
frameworks used in this textbook are the World Health Organization’s International Classification
of Functioning, Disability and Health (ICF) and the United Nations Convention on the Rights of the
Child. As such, the content promotes a rights-based approach and a functioning-based approach in
early child development, topics of global interest and application. As a developmental pediatrician,
I'am passionate about learning about the environmental factors influencing children’s developmental
trajectories, in particular identifying modifiable factors to promote optimal functioning of children
with and without disabilities. This is crucial because early child development and overall children’s
developmental trajectories have long-term implications for health, functioning, and earning potential
as these children become adults. Importantly, failing to reach developmental potential contributes
to the global cycles of poverty, inequality, and social exclusion. In recent decades, the recognition of
the close connection between the development of the child and the development of families and
communities has served as the basis for national and global initiatives in health and education.
Chapter 1 provides an overview of the content of this textbook, and it describes how the studies
included in each chapter align with the core areas of Early Child Development, with a special focus
on measurement, optimal functioning, and implications for evidence-based policy. The content
of this textbook raises global awareness of the importance of a child’s first years of life and the
crucial role of child—environment interactions where the child lives, plays, and grows. The studies
included in this textbook represent all the continents with diverse cultural and socioeconomic
backgrounds. I am grateful to the international experts who generously shared information related
to pivotal topics in early child development, including the need of culturally sensitive tools,
successful transdisciplinary models of care, novel intersectoral frameworks, population-based data,
and ongoing and upcoming environmental projects that invite positive change in practices. As such,
I trust this text contributes—to the global community—novel information promoting optimal
functioning in natural environments, ultimately guiding high-quality programs and evidence-based

policies for young children around the world.

Veronica Schiariti
Editor
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The Importance of Early Child Development

Early child development and overall children’s developmental trajectories have long-
term implications for health, functioning, and earning potential as these children become
adults. Importantly, failing to reach developmental potential contributes to the global cycles
of poverty, inequality, and social exclusion. The recognition of the close connection between
the development of the child and the development of families and communities has served
as the basis for national and global initiatives in health and education in recent decades.

In 2015, for the first time, an international initiative—the 2030 Sustainable Develop-
ment Goals (SDGs)—included an early childhood development goal. Specifically, SDG 4 is
to ensure lifelong learning, early stimulation, increased length of schooling, school perfor-
mance, and adult income. In addition, early childhood development is intricately linked to
other SDG goals, poverty reduction, health and nutrition, equality for girls and women,
and ending violence. Nevertheless, the risks for delay, disability and unmet potential
in the early development of young children are still pervasive, particularly in low- and
middle-income countries.

This editorial letter introduces the main contribution of this Special Issue and invites
the readers to explore and share its content to benefit a wider audience. The Special Issue
is dedicated to Early Child Development: from measurement to optimal functioning and
evidence-based policy, it includes 15 open access papers addressing key topics of global
interest and application.

From Measurement to Optimal Functioning and Evidence-Based Policy

Early child development measurement tools and their association with long-term
outcomes were covered by many papers included in this issue [1-5]. Janus et al. [1] synthe-
sized research using the Early Development Instrument (EDI), which was developed in
Canada as a population-level assessment of children’s developmental health at school entry.
This narrative review shows the ability of the EDI to monitor children’s developmental
outcomes in various populations, how the EDI contributes to expanding the understanding
of the impacts of social determinants on child development, and how it applies to special
populations. Moreover, Isquith-Dicker et al. [2] examined the associations between the
data obtained using child development assessment tools and educational attainment, aca-
demic achievement, or wealth. Their review demonstrates the potential for certain child
development assessment tools to adequately assess long-term outcomes, but identifies that
additional prospective studies using validated, culturally appropriate tools are needed. On
the other hand, Napoli et al. [4] developed a novel International Classification of Function-
ing, Disability and Health-based tool for children with autism spectrum disorder (ASD) in
Argentina, called TEA-CIFunciona. This is the first ASD culturally sensitive pediatric tool
that guides the comprehensive description of functioning in Latin America. In addition,
Schneide et al. [5] describe the cross-cultural validation of the responsive interactions for
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learning measure, the authors show that the Brazilian Portuguese version is a valid and
reliable instrument for a brief assessment of responsive caregiving.

Different developmental trajectories of specific areas such as language development [3],
nationwide growth patterns [6] and vision development [7] were covered by the original
papers conducted in South Korea [3,6] and Spain [7]. Interestingly, Pinero-Pinto et al. [7]
present the first study in a large sample of toddlers, describing the developmental correla-
tions between visual and motor systems in typical developing toddlers.

Enabling optimal functioning, with special emphasis on child—environment inter-
actions during early childhood, was addressed by several papers in this Special Issue.
For example, Bendini & Dinarte [8] from The World Bank explored the effect of maternal
depression on early childhood cognition in Peru using data from the Young Lives Sur-
vey [8]. Their findings make a strong case for recognizing maternal mental health problems
as disorders of public health significance and guide maternal and infant health policies
in Peru.

A qualitative study led by van Zyl, C [9] explored the environmental modifiable
factors that could potentially have affected the first 1000 days of absent learners in the
Western Cape of South Africa. The authors found six predominant themes that played a
role during the first 1000 days of the lives of these absent learners, including health and
nutrition of both the mothers and their children, substance use/abuse during pregnancy,
toxic stress, support received by the mothers and their children, attachment, attentive care,
and stimulation and play.

Professor McWilliam R.A and his international collaborators from 10 countries con-
tributed to a project report on the global implementation of the Routines-Based Model
(RBM) [10], sharing implementation challenges and successes, the group concluded that
support-based visits with families—an RBM hallmark—can shape excellent early interven-
tion practices for international use.

A narrative review [11], co-authored by professor Simeonsson R., synthesizes key
global initiatives driving the international agenda on early child development. Furthermore,
this paper proposes a universal assessment and intervention framework promoting the
developmental potential in early childhood to be adopted across sectors [11].

Lastly, a study protocol by Longo et al., entitled GO-ZIKA-GO, describes a promis-
ing child-friendly environmental intervention for children affected by congenital Zika
syndrome in Brazil [12].

A special mention to the paper led by Yu Hsin et al. [13], a collaboration between
Sweden, U.S.A, and Dubai, which investigates the impact of using assistive technology
(video-coding approach) to facilitate communication and social participation for all children
with complex needs in day-to-day functioning. As such, the topic of this study enhances the
content of this Special Issue, particularly how to promote optimal functioning in children
and youths who need it the most. The study advocates for children’s rights to express their
opinions regardless of their physical limitations.

The implication of contributing quality early child development data that can ulti-
mately guide evidence based-policy was covered by many papers [8,9,11,13-15]. Notably,
Gladstone et al. [14] report on the psychometric properties of the World Health Organiza-
tion (WHO) indicators of Infant and Young Child Development (IYCD). Specifically, the
study validates the IYCD in Brazil, Malawi and Pakistan, showing that the IYCD performed
well in cognitive testing, had similar developmental trajectories and high reliability across
countries. Importantly, the IYCD initiative creates a set of global population-based devel-
opmental indicators for the currently overlooked population of children aged 0 to 3 years
of age, a major contribution that will provide data/evidence of the developmental status
and needs of this population, a crucial step for creating evidence-based polices globally.

Finally, a paper by Schiariti & McWilliam [15] focuses on innovative strategies pro-
moting collaborative empathic teleintervention for children with disabilities during and
post the COVID-19 lockdown. This perspective paper proposes to apply principles of RBM



Int. ]. Environ. Res. Public Health 2021, 18, 5154

beyond the age of five in combination with novel rights and ability-oriented approach
e-tools—e.g., My Abilities First [15].

Contributions of This Special Issue to the International Community

This Special Issue raises global awareness of the importance of children’s first years
of life and the crucial role of child-environment interactions where the child lives, plays,
and grows. The papers included in this Special Issue represent all the continents with
diverse cultural and socioeconomic backgrounds. International experts generously shared
information related to pivotal topics in early child development, including the need of
culturally sensitive tools, successful transdisciplinary models of care, novel intersectoral
frameworks, population-based data, and ongoing and upcoming environmental projects
that invite positive change in practices. As such, this Special Issue contributes—to the global
community—novel information promoting optimal functioning in natural environments,
ultimately guiding high-quality programs and evidence-based policies for young children
around the world.
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Abstract: Background: The Early Development Instrument (EDI) was developed as a population-
level assessment of children’s developmental health at school entry. EDI data collection has created
unprecedented opportunities for population-level studies on children’s developmental outcomes. The
goal of this narrative review was to synthesize research using the EDI to describe how it contributes
to expanding the understanding of the impacts of social determinants on child development and
how it applies to special populations. Methods: Select studies published in peer-reviewed scientific
journals between 2015 and 2020 and incorporating the social determinants of health perspectives
were chosen to highlight the capability of the EDI to monitor children’s developmental health and
contribute knowledge in the area of early childhood development. Results: A number of studies have
examined the association between several social determinants of health and children’s developmental
outcomes, including hard-to-reach and low-frequency populations of children. The EDI has also
been used to evaluate programs and interventions in different countries. Conclusions: The ability of
the EDI to monitor children’s developmental outcomes in various populations has been consistently
demonstrated. The EDI, by virtue of its comprehensive breadth and census-like collection, widens
the scope of research relating to early childhood development and its social determinants of health.

Keywords: Early Development Instrument; developmental health; social determinants of health

1. Introduction

Over 20 years ago, Dan Keating and Clyde Hertzman formulated a framework con-
necting early child development with the wealth and health of nations [1], introducing the
term “developmental health.” This term was created to emphasize the intersection between
different aspects of health, operationalizing the World Health Organization’s definition of
health, described as more than just the absence of illness. The idea is that health includes
components of physical, mental, and social well-being, which are linked and intertwined,
whereby improvements in abilities in one area require the promotion and support of other
areas [2]. It is now widely recognized that developmental health extends beyond cognitive
abilities and combines children’s physical, mental, social, and emotional well-being [1,3].
Until early in the 21st century, much of the research on child development at school entry
focused on cognitive abilities or a concept of school readiness that rarely went beyond
the academic aspects [4]. Longitudinal studies show that measuring children’s cognitive
abilities leaves significant variance in later academic achievement unexplained [5]; other
childhood characteristics—factors such as motivation, sociality, self-regulation, and physi-
cal capacities—influence success in school [6,7]. More importantly, however, the strongest
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predictors of school success are often social context factors, such as poverty, opportunities
for learning, and environments in which children learn [8].

In the early 2000s, researchers began examining developmental health from a more
holistic perspective. One tool developed in Canada in the late 1990s was designed to
do just this—the Early Development Instrument (EDI) [9]. The EDI was developed as a
population-level assessment of children’s developmental health at school entry, taking a
developmental epidemiology approach [10,11], which is used to characterize the distri-
bution of children’s developmental health in kindergarten children and examine factors
that might be associated with their developmental vulnerabilities. Its implementation in
jurisdictions across Canada and internationally has led to many population-level studies
on children’s developmental outcomes, including the examination of the associations with
social determinants of health. The population-level approach is achieved through assess-
ment of all children in a jurisdiction; in the case of the EDI, data are collected for each child
in kindergarten [12].

Through this approach, the EDI has enabled researchers to examine hard-to-reach, low-
frequency populations of children. Representative research evidence on minority groups is
needed to effectively plan and implement large-scale interventions to improve children’s
developmental health. To create universal change and lower the burden of developmental
vulnerability for all children, widespread monitoring using valid instruments and reliable
reporting is required [13]. The EDI has been a valuable tool in providing empirical evidence
on the status of kindergarten children’s developmental outcomes, something that has led to
the implementation of various child-related policies. Before the development of the EDI,
the majority of developmental research was sample-based. While sample-based studies are
informative, they are unable to examine certain associations that population-level studies
can, and thus are limited in terms of their ability to provide comprehensive answers [14,15].
In contrast, population-level studies allow for comprehensive representativeness, including
subpopulations of children, such as minority groups, which tend to be much less represented
in sample-based studies.

The EDI has also enabled researchers to examine the impacts of early childhood pro-
grams and interventions meant to help improve developmental outcomes for children,
for example by evaluating the effectiveness of preschools [16,17] or in-home interven-
tions [18,19]. As the understanding of the pervasive influence of social determinants of
health on children development increased, it has also become more evident that they may
moderate the impacts of interventions [20]. Targeted interventions, such as Head Start in
the USA for example [21], often by default address social determinants of health, as they
focus on children in families experiencing poverty. In contrast, universal interventions,
such as provision of preschool or full-day learning in kindergarten, are intended to reach
everyone, but may have differential impacts depending on social determinants, such as
neighborhood or family socioeconomic status [17,22].

In Canada, the EDI has been used for over 20 years, providing a population-wide
view of early childhood development at school entry for over 1.2 million children. The
EDI has been adapted and validated in many countries, including Australia, Ireland,
Scotland, Sweden, Brazil, Chile, Estonia, Peru, Jordan, Mexico, and the United States [9]. Its
utilization of teacher ratings makes the EDI a cost-effective way to gather population-level
data and has allowed the collection of data from a variety of jurisdictions across the full
spectrum of wealth and health. The EDI encompasses five developmental domains and
provides a well-grounded, holistic view of early child development.

Although the benefits of population-level data may seem obvious in theory, it is
necessary to examine the extent to which population-level data on child development
have indeed contributed to the research discourse relevant to implementation science and
policy [14]. This article is part of a Special Issue entitled “Early Child Development: From
Measurement to Optimal Functioning and Evidence-based Policy.” This article represents
a narrative review of select policy-relevant studies that have involved an internationally
widely used population-based tool for measurement of early child development outcomes—
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the EDI. In the United Nations Children’s Fund (UNICEF) Report Card #11 published in
2013 [23], the EDI was mentioned as being the only population-based tool that can be used
to understand early child development outcomes in different national contexts—providing
unique opportunities to study trends over time of childhood development outcomes, as
well as variability in childhood development outcomes in connection with social context
factors (e.g., poverty, access to resources, socioeconomic status).

In this article, we examine the ways in which research studies using population-
based EDI measurement have been able to contribute to the discourse on “evidence-based
policies” that seeks to enhance “optimal functioning” (e.g., positive health and education
outcomes) of children. In the following, we will provide background information that
situates the EDI within a context of linking international early child development research
to social determinants of health and policy or decision-making that seeks to enhance
population health. We then provide a narrative review of select studies using EDI data to
address three questions related to the theme of the Special Issue and discuss remaing gaps
and limitations, as well as future opportunties for population-based developmental health
and social determinants of health (SDOH) research, in order to inform policy-making that
enhances population health. In this narrative review, we synthesize selected published
research on child development, conducted using the EDI as one of the measures. Our aim
was to identify and describe the areas of research in which the EDI has:

(1) Widened the scope of understanding of the magnitude of the impacts of social deter-
minants of health on child development by including large populations of children
and hard-to-reach subgroups;

(2) Extended the understanding of how the social determinants of health impact devel-
opmental health in special populations of children;

(3) Contributed to the understanding of the impacts of early interventions on
child development.

2. Materials and Methods

This paper represents a “narrative review” [24], as we conducted a directed synthesis
of select studies using population-level EDI data to illustrate the themes of this paper. In the
following, we describe the study selection process and criteria for inclusion in this review.

2.1. Paper Selection Process

This qualitative overview started by looking at all peer-reviewed papers published
between 2015 and 2020 that used EDI data as an outcome measure (included in the EDI
Bibliography page, https:/ /edi.offordcentre.com/resources/bibliography-of-the-edi/ (ac-
cessed on 23 February 2021). These papers (1 = 133) were summarized based on the research
question, population studied, analyses conducted, results, and new knowledge created.
The summaries were then reviewed for suitability to the three research areas listed in the
introduction. Papers had to describe an empirical study (either prospective or secondary
data analysis), include research questions that could be categorized as addressing social
determinants of health (including prevention or intervention programs), and identify the
EDI as the main outcome measure. As a result, papers that represented study protocols
or data repository profiles, straightforward validation studies, commentaries, or reviews
were excluded. No restrictions were put on country or region of origin or sample size.
The authors each selected five papers they considered as most relevant for each area of
research and then agreed upon selection criteria for inclusion in this review via consensus.
Once we reached a relative saturation level for a specific topic [25], we limited further
inclusion of papers. During the process of writing the sections, the list of papers included
in the review was expanded to incorporate papers published prior to 2015, resulting in an
addition of two papers: one published in 2010 addressing intersectionality [26] and one
published in 2013 [27], including data from Scotland to increase geographical coverage.
Where possible, for each category, we included work that addressed diverse populations,
represented several geographic regions, and was authored by researchers from a range
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of institutions. The findings of the 33 included papers are described and summarized in
the results (13, 13, and 7 papers in each of the three areas of research, respectively). The
limitations of this approach are addressed in the Discussion.

2.2. Measures
Early Development Instrument

The EDI [9] is a population-level measure of children’s developmental health at school
entry. It is a teacher-completed questionnaire that assesses children’s age-appropriate
abilities in five different areas of development: physical health and well-being, social
competence, emotional maturity, language and cognitive development, and communication
skills and general knowledge. While teachers complete the EDI for every child in their
class, the results are never interpreted at the individual level. Rather, they are aggregated
and analyzed for groups of children (e.g., school, neighborhood, sex). For example, reports
are provided to school authorities at the school- and district-level, to communities at the
municipality-level, and to provinces or territories at the jurisdictional level. For research
purposes, children are often grouped into various categories of interest (e.g., sex, age,
illness, special needs, immigrant status) and results are compared between groups [9].

The EDI’s validity, reliability, and consistency has been extensively tested in a number of
countries. In Canada, the EDI has shown internal consistency values in the range of 0.84 to
0.94 for the various domains, while an assessment of test-retest reliability showed values
in the range of 0.80 to 0.90 [9]. Additionally, international studies have reported similar
values of internal validity and test-retest reliability. A comparison across Canada, Australia,
Jamaica, and the United States showed internal consistency values ranging between 0.62 to
0.94 [28]. Evidence of predictive validity has been provided by studies from Canada and
Australia [6,29,30]. Additionally, studies have shown that EDI teacher ratings align well
with those of parents and with other forms of developmental assessments [31-33]. Moreover,
developmental vulnerability indicated by any of the five EDI domains in kindergarten is
predictive of academic, emotional, and social incompetence in later elementary school years
in Canada [30], Australia [29], and the USA [34].

3. Results
3.1. Social Determinants of Health and Early Childhood Development

It was evident early in the history of published EDI literature that it provided a new
and useful vehicle for widening the scope of research on the effects of SDOH on children’s
development, fulfilling and expanding the promise of such data predicted by Keating and
Hertzman [1]. Indeed, by 2007, when the first peer-reviewed paper was published on the
development and psychometric properties of the EDI [9], there were already seven papers
published on the relationship between neighborhood-level EDI scores and their associated
socioeconomic and demographic contexts. Most of these appeared in the first EDI-focused
Special Issue in the journal “Early Education and Development” [32,35-37].

EDI literature examining SDOH contexts has demonstrated a steady output over time
of over 60 articles, with at least five published in any two-year period going back to 2007,
likely because of the EDI’s usefulness in studying the social determinants of health (SDOH)
from a population perspective. In contrast, the majority of peer-reviewed literature on EDI
psychometric properties was published in 2011 or earlier.

Population-level studies, such as those made possible by the EDI, help to illustrate the
fundamental and enduring impacts of SDOH on children’s health. Population-level studies
commonly focus on modeling the effects of SDOH as the key variables of interest [38].
In psychological child development studies, it is common to relegate SDOH variables,
such as parental education and household income, to the role of controlling for selection
effects. When SDOH variables are explicitly modeled, studies have shown that they have
stronger effects on children’s outcomes than child-level “risk factors”. For example, using
population-level data in Manitoba, Brownell et al. found that family risk factors (e.g.,
being on income assistance) and neighborhood socioeconomic status (SES) indicators (e.g.,
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proportion not completing high school) were more strongly associated with language and
cognitive outcomes in kindergarten than were factors influencing child health at birth
(e.g., low birth weight) [39]. Guhn et al. found similar findings for population-level linked
data in British Columbia for mental health outcomes [40]. While several birth-related
factors were significantly associated with conditions such as hyperactivity and anxiety for
kindergarten-age children, as well as for children up to age 15, the largest associations with
these outcomes were seen with family-level poverty.

3.1.1. Area-level Socioeconomic Status and Early Child Development

Given its emphasis on area-level interpretations of whole populations, the EDI has
naturally spurred research interests in examining area-level SDOH in ways that capture the
breadth of available socioeconomic and demographic variables, and yet also attend to the
particular context of families with young children. As Kershaw and Forer [26] point out,
pan-Canadian administrative data, such as the census and income tax file data, provide a
treasure trove of SDOH indicators to model area-level developmental outcomes in children.
However, the choice of such indicators in the neighborhood effects literature has not
been sufficiently informed by considerations relating to the intersectionality of race, class,
and sex for families with young children. Kershaw and Forer’s models of EDI outcomes
using custom-tabulated administrative data demonstrated the usefulness of including
intersectional variables (e.g., percentage of couples with female-only earners, income
inequality for lone mothers) that are rarely included in other studies of neighborhood
effects.

This dual analytic strategy of widening the scope of SDOH predictors being modeled
while building in intersectionality concerns has been applied recently to the development
of a pan-Canadian, neighborhood-level SES index [41]. This index is a composite of
10 variables taken from the census and income tax files that accounts for almost twice as
much of the variance in overall pan-Canadian vulnerability rates as other existing SES
indices [42]. Most of the new index’s variables are specific to families with children under
age six, with some specific to single-parent families of young children.

Having an efficient SES index tailored to the developmental outcomes of young
children in Canada is crucial in order to examine SDOH—child development associations in
a variety of contexts relevant to our first research question and described in the next section.
For example, Webb et al. used this new SES index to examine how EDI-SES gradients
vary by children’s sex [43]. They found that the gradients were steeper for boys than girls,
consistently across all developmental domains and across all Canadian provinces. More
generally, it is a goal of international EDI research activities to examine the patterns of
associations between SDOH and child development outcomes. Understanding the extent
to which similar or different mechanisms and factors may be related to child development
outcomes in different contexts and subpopulations will establish a more differentiated
evidence base for identifying which actionable, changeable conditions may be addressed
to enhance child development and well-being [44].

3.1.2. Social Gradients in Child Development

Examining SES gradients in child development has been a ubiquitous analytic ap-
proach to demonstrating the effects of social determinants and has been employed by
researchers from many countries [1,45]; we describe three examples herein using the EDI to
examine such associations. In Canada, using a newly developed pan-Canadian SES index
and based on EDI scores from almost 300,000 kindergarten children from essentially all
Canadian jurisdictions, Forer et al. found that children in the lowest SES quintile were
developmentally vulnerable at 1.5 to 1.8 times the rate of those in the highest quintile,
depending on the jurisdiction [41]. Ip et al., in a study of 567 preschool children in Hong
Kong, found a strong EDI-SES gradient at the child and family level of analysis [46]. The
family SES index was composed of variables relating to parental education, parental occu-
pation, family income, and family material assets. In Scotland, Woolfson et al. used the
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EDI to study developmental vulnerability in a sample of all 1090 Primary 1 children in one
Scottish school district [27]. Using the Scottish Index of Multiple Deprivation as their index
of socioeconomic status, they found that children in the lowest SES quintile were at least
twice as likely as those in the highest quintile to be developmentally vulnerable.

3.1.3. Contributions of Social Determinants of Health to Prediction of Risk for Later
Outcomes

Due to the population-wide implementation of the index, the EDI data, when linked
with other data sources, offer the opportunity to examine developmental outcomes at
kindergarten in relation to later outcomes for otherwise “undiagnosed” populations—for
mental health outcomes, academic outcomes, or both.

Two sets of studies, one from Canada and one from Australia, provide examples of
this opportunity. Thomson et al. studied the mental health of over 35,000 kindergarten-
age children in British Columbia using EDI data. The study examined the patterns of
children’s emotional maturity and social competence (based on the subdomains of the EDI)
and investigated the degree to which sociodemographic variables were related to these
patterns [47]. Using latent profile analysis, six distinct social-emotional profile groups
were found, with membership in the lowest functioning groups associated with being
male, having English as a second language, and lower household income. In a subsequent
study, children were followed up to age 14 using administrative health databases [48]. The
latent socioemotional functioning profiles were applied once again and were found to be
associated with early-onset mental health conditions. An examination of sociodemographic
characteristics revealed that boys, children in households with unmarried parents, younger
mothers, and those receiving subsidies were overrepresented in the lower socioemotional
functioning groups.

These findings were reflected in Australian research [49,50]. In a study by Green
and colleagues, four developmental profiles were identified using the EDI domains and
subdomains that were hypothesized to present varied levels of risk for future development
of mental health disorders [49]. The authors found that the odds of being in the risk groups
were related to several SDOH (e.g., socioeconomic disadvantage, maltreatment) and non-
SDOH (e.g., parental history of mental illness and criminal offending) variables. In a study
by Piotrowska and colleagues [50] linking kindergarten data to educational, health, and
protection records up to 11 years of age, researchers explored the context of transition from
competence to vulnerability and found that only about 22% of children deemed as typically
competent on the EDI transitioned to later vulnerability; 42% of those identified with a
cluster of emotional vulnerabilities in kindergarten were also vulnerable later and 41% of
children with cognitive vulnerabilities remained vulnerable. Demographic factors that
have been shown to impact child development and mental health, such as parental mental
illness, parental offending, and evidence of use of child protection services, were powerful
determinants in influencing a child’s transition between developmental profiles.

3.1.4. Racial Inequalities and Early Child Development

Only a few studies using EDI data examined racial inequalities in child development.
Race is a complex construct to study, and is almost impossible to study in Canada, where
race and ethnicity data are rarely collected. EDI results from the US point to racism as the
root cause of observed racial inequalities. Halfon et al. [51], based on a sample of over
180,000 kindergarten children in the United States, found large differences in developmental
vulnerability between racial groups; specifically, vulnerability on one or more domains was
32% for Black children, 26% for Latinx children, 19% for White children, and 18% for Asian
children. All groups showed the familiar gradient by neighborhood income, although it
was steepest for White children and least steep for Black children. Halfon et al. concluded
that equity from the start was required, and “must consider the services, supports, and
interventions that children and families need to promote optimal health development”
(p. 1708).
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3.2. Studying Social Determinants of Health among Special Populations of Children

Hard-to-reach, vulnerable populations tend to be under-represented in research. As
Brownell and colleagues reported in 2004, children living in lower socioeconomic (SES)
neighborhoods tend to be less represented in educational data than those in higher SES
neighborhoods [52]. In their analyses of Grade 3 standardized test outcomes, they found
that greater percentages of children from lower SES neighborhoods either did not complete
the provincial standardized tests, received an exemption from writing them, or were absent
during the time the test was being written [52]. Due to the population-level reach of the EDI,
it has been possible to examine associations between SDOH and developmental outcomes
in a number of different special populations of children. In this section, we will focus on
research involving immigrant and refugee children, children with health disorders, and
children who experience maltreatment or who are placed in out-of-home care.

3.2.1. Immigrant and Refugee Children

Immigrant and refugee children represent a socially, culturally, and economically
diverse group, which in Canada is a growing percentage of the population. To date, the
literature on child development outcomes of immigrant and refugee children tends to
be sample-based and relies on parent reports, which while an important source of data
on children, may not provide a representative picture, as families who do not speak the
study language fluently are often excluded and there may be mistrust towards researchers.
Recently, a group of Canadian researchers started examining the associations between
the SDOH and developmental outcomes using EDI data linked with a range of other
datasets. For example, guided by Bronfenbrenner’s bioecological model [44,53], Milbrath
and Guhn [54] examined the relationship between immigrant children’s cultural back-
ground, neighborhood-level socioeconomic factors and cultural composition, and their
developmental outcomes. Their study used EDI data linked with administrative immigra-
tion records and census data to examine the effects of family and neighborhood poverty,
neighborhood cultural density (in terms of being similar or not to the child’s culture), and
immigrant generational status on children’s developmental health at school entry among
Cantonese, Mandarin, Punjabi, and Filipino children in comparison to non-immigrant,
English-speaking children. In line with previous studies, they found a negative association
between family and neighborhood socioeconomic disadvantage and children’s EDI scores.
They also found differences in the associations between a neighborhood’s cultural diver-
sity and children’s developmental outcomes based on neighborhood SES indicators and
children’s cultural backgrounds, with Mandarin-speaking children having lower devel-
opmental outcomes in neighborhoods with greater cultural density and Punjabi-speaking
children having better developmental outcomes in poorer neighborhoods with greater
cultural density.

Another Canadian study by Gagné and colleagues [55] investigated the relationships
between income and literacy and numeracy trajectories from kindergarten to Grade 7 for
various groups of migrant children living in the Canadian province of British Columbia.
They examined the three official categories of migrant children: economic, family, and
refugee categories. They found that similarly to non-migrant children, lower income was
associated with lower literacy and numeracy trajectories in all but one group of migrant
children. Migrant children who were in the high-achieving economic class group were
less impacted by low income. Gagné et al. [55] found that parental education levels and
children’s abilities in English predicted high literacy and numeracy trajectories, despite
low income.

3.2.2. Children with Health Disorders

Until recently, Canada has lacked nationally representative data pertaining to social
indicators of young children’s developmental health, especially for those with health
disorders. The ability to link EDI data with other datasets has allowed researchers to
conduct studies on children with health disorders that were not possible before, either
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because of non-representative samples or because of a lack of data on certain key variables.
Here, we will describe some studies from Canada and Australia that have examined SDOH
in kindergarten children with health disorders.

Using pan-Canadian EDI data linked to a custom,-built neighborhood-level SES in-
dex [41], Zeraatkar and colleagues [56] examined the relationships between neighborhood-
level SES and developmental health in children with disabilities, as identified in the EDI.
Their results showed that all developmental domains were positively correlated with
neighborhood-level SES, with the strongest relationship evident in the language and cogni-
tive development domain. This association had already been noted in typically developing
children (e.g., [41]), however this was the first Canadian population-level study to examine
this link in children with disabilities. Relatedly, in Australia, O’Connor and colleagues [57]
found a link between neighborhood-level SES and the odds of having an established
or emerging special health-care need, with children living in the most disadvantaged
neighborhoods having the highest odds of having a special health-care need.

Other studies have focused on specific health disorders, such as autism spectrum
disorder [58-60], fetal alcohol spectrum disorder (FASD) [61,62], and unaddressed dental
needs in kindergarten [63]. These studies consistently demonstrated the relationships
between children’s diagnoses, health needs, and SDOH, such as indicators of socioeconomic
status at the neighborhood level.

3.2.3. Child Maltreatment and Children in Care

Developmental information on children in out-of-home care or those who experience
maltreatment has been hard to come by without the opportunities to link administrative
data with the EDI. Studies in Australia found that more children who have been mal-
treated tended to be vulnerable in all domains of their development than those who were
not [64,65]. Green and colleagues [64] found that children exposed to two or more types of
maltreatment and those with reported maltreatment before the age of 3 years had greater
odds of being vulnerable on the EDI compared to their non-maltreated peers. Similarly, for
children who were reported to child services by 5 years of age, those with the highest num-
ber of reports of maltreatment had the highest odds of being vulnerable on three or more
developmental domains [65]. Maltreated children placed in the care of child protection
services had slightly better developmental health in three domains (physical health and
well-being, language and cognitive development, and communication skills and general
knowledge) compared to maltreated children not placed in care. The authors also found
that children with reports of maltreatment before the age of 18 months had the highest
odds of being vulnerable in at least three domains compared to those with no maltreatment.
A Canadian study reported somewhat different results. In a population-based cohort of
53,477 children living in the province of Manitoba, Wall-Weiler and colleagues [66] found
that children placed in out-of-home care by child protection services were more likely to
be vulnerable than children not placed in care. They also examined vulnerability levels
in a subcohort of children for whom one sibling was taken into care while another one
was not, as well as for discordant cousins, and did not find any differences in vulnerability
between the discordant siblings or cousins. The discrepancy between the findings in the
Australian and Canadian studies indicates that while children who experienced maltreat-
ment are at risk for poor developmental outcomes, it is the larger, systemic, environmental,
and social factors intersecting with microsystem characteristics (e.g., family environment)
that contribute to shaping children’s developmental trajectories and that require action at
policy levels.

3.3. Using the EDI to Evaluate Programs and Interventions
3.3.1. Preschool Programs

EDI data collected in countries across the globe, such as Canada, Australia, Ireland, and
Ethiopia, have been used to implement and evaluate programs meant to improve children’s
developmental health at school entry [16-18,67]. One of the most important and ubiquitous
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programs put in place to help support early child development is preschool. Worldwide, up
to 50% of children aged 3-5 years attend preschool [68], and preschool attendance has been
associated with better school readiness and academic achievement [69,70]. An Australian
study of over 250,000 children showed that preschool attendance was associated with
reduced odds of developmental vulnerability during children’s first year of formal schooling,
as reported by teachers in the EDI. Children who attended preschool had higher scores
than those who did not in all developmental domains except emotional maturity, regardless
of a child’s socioeconomic status [17]. Goldfeld and colleagues’ study emphasized most
specifically the importance of continued attendance. In contrast, in a study conducted in
Ireland [67], socioeconomic factors were stronger predictors of child development at school
entry than preschool attendance. Children attended one year of a free preschool at any time
between ages 3 years and 2 months and 4 years and 7 months, and teachers used the EDI to
evaluate their development in the first year of school. Although children who participated
in preschool had better social and emotional skills, and to a lesser extent better cognitive
and language skills, other factors such as a child’s home life and socioeconomic status had
stronger effects than preschool attendance. In addition, developmental health was relatively
stable over time for most children: children starting the program with higher EDI scores
tended to have higher scores than their peers at the end of the program [67]. Another recent
study in Mozambique evaluated the impacts of a community-based preschool program
and saw increases in all EDI domains correlated with attendance [71]. Similarly to the
Ireland study, children with higher initial levels showed greater academic progress in the
program. The EDI has also been utilized to evaluate the effectiveness of a comprehensive
preschool curriculum in Addis Ababa, Ethiopia [16]. In one of very few randomized control
intervention trials that utilized the EDI as an outcome, this study assigned children to either
the regular basic preschool curriculum or to a new comprehensive preschool curriculum.
The authors found that children attending the comprehensive preschool curriculum scored
higher on the social competence, emotional maturity, language skills, cognitive development,
communication skills, and general knowledge domains of the EDI compared to their peers
receiving the basic curriculum [16]. However, the recency of this study does not allow
consideration of whether this effect lasted beyond school entry.

3.3.2. Early Interventions

In addition to preschool evaluations, the EDI has also been used to explore the impacts
of early child development programs. One such program is the Primeira Infancia Melhor
(Better Early Childhood), a home-visiting program held in Rio Grande do Sul State, Brazil,
involving regularly scheduled visits to pregnant women in their home, which continue
after the child is born. The goal of this program was to help women promote their child’s
health and holistic development. The EDI was used to assess the efficacy of this program.
The results showed that the earlier a child exited the program, the more vulnerable they
were in all five developmental domains of the EDI [19], suggesting the program was
effective at improving children’s developmental health; however, a multivariate analysis
found no overall difference among the study groups in terms of EDI outcomes. Many other
countries have attempted to use early at-home interventions to improve developmental
outcomes for marginalized communities before entering preschool [18,72]. A study by
Enns et al. [18] focused specifically on the Families First Home Visiting (FFHV) program
available to indigenous populations in Manitoba. An analysis of data for over 4000 families
showed no significant difference in a child’s likelihood of being vulnerable in one or more
domains of the EDI in comparison to non-participants. Another study of early intervention
was conducted in Australia and explored the efficacy of a nurse home visiting (NHV)
program, in which mothers from disadvantaged populations received home visits by a
registered nurse during the immediate postnatal period. The children enrolled in this
program were followed up at age five and did not show any improvement in EDI scores in
comparison to children who were not involved in the NHV program [72].
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4. Discussion

In this narrative review, we integrated insights from select studies that allowed us to
examine the ways in which the population-based EDI data have been useful for exploring
the questions raised by the Special Issue theme; that is, the extent to which population-
based measurements can inform evidence-based policy in support of enhancing children’s
optimal functioning [73]. In this regard, our review highlighted several points. Importantly,
the population-level collection of EDI data in numerous jurisdictions internationally has
provided unique opportunities to systematically examine the variability in child develop-
ment outcomes in relation to social determinants of health, and to do so for subpopulations
that are commonly either unrepresented or under-represented in sample-based research.
The EDI has helped investigators widen the scope of research relating to the social determi-
nants of health by virtue of its comprehensive breadth, both conceptually and analytically,
in addition to as a result of the census-like nature of the data collected. The EDI also
offers researchers and policy-makers the opportunity to address systemic differences in
children’s development. The studies investigating the impacts of early programs and
interventions using the EDI have shown inconsistent results. These inconsistences suggest
that these interventions and programs may be ineffective for these children or for the
domains measured with the EDI, or that the impacts of the program might be evident only
in the long term.

Studies utilizing the EDI have contributed to our understanding of the role of social
context factors at multiple ecological levels (e.g., community, family) in the early develop-
ment of a child. By linking the EDI with administrative data, researchers have been able to
examine associations between children’s developmental health and the social determinants
of health at the population level, which were previously difficult to examine. This type of
research has allowed us to gain a better understanding of the socioeconomic disparities
across various jurisdictions, such as with the work conducted by Forer and colleagues [41].
The EDI has also facilitated the monitoring of child developmental trajectories over time,
which combined with other indicators, can inform future research and child-related policies
about early developmental outcomes and predictors of later health and development.

Another advantage of the population-level data collected using the EDI is that re-
searchers are able to study special populations of children, for whom numbers are typically
low in sample-based research. Using the ED], researchers have been able to examine the
developmental health of children with autism spectrum disorder, fetal alcohol spectrum
disorder, unaddressed dental needs, and children with disabilities in relation to social de-
terminants of health. These studies have consistently demonstrated an association between
neighborhood-level socioeconomic status and children’s developmental health. These
studies have also been able to identify jurisdictional differences in either the prevalence of
a given disorder or developmental vulnerabilities in these children. This research is vital
for policy-makers, as it offers information that can help improve our ability to identify
children earlier in order to provide early intervention and access to services. Some of this
work is already being translated into policy briefs and recommendations (e.g., [74]).

The EDI has also been used to evaluate early programs and interventions meant
to improve children’s developmental health. Our review indicates that the results are
mixed, with some studies showing a large effect (e.g., [17]), small effect (e.g., [19]), or no
effect (e.g. [72]). The research examining the impacts of home visiting in particular has
not shown advantages for child development at school entry. There are many potential
possibilities, not the least of which is that home visiting rarely leads to overall better
cognitive or behavioral outcomes in children [75]. The impacts of participating in preschool
in the year prior to school entry also showed mixed results. While conceptually a sound
strategy, such an intervention may not be enough to deflect the strong influence of other
early social determinants, such as socioeconomic status. These studies add not only to our
understanding of the limited reach of the early interventions and short preschool programs,
but also to the methodological considerations in terms of evaluating their outcomes. A
recent meta-analysis of early parenting interventions with a specific focus on reducing
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children’s disruptive behavior failed to show any evidence to support the argument for the
better effectiveness of programs implemented for younger rather than older children, even
though they were mostly effective [76].

This also gives us an opportunity to focus on the EDI’s characteristics as an instrument
that provides evidence suitable for policy-level use. The EDI detects variability in early
child development outcomes in a population; population-level monitoring may be the
best way of capturing and examining how social determinants of health and macrosystem
factors (such as implementation of preschool, variability in poverty and income, or minority
status) are related to early childhood outcomes and early child development trajectories.
Population-level developmental health monitoring may, thus, be an ideal tool providing
evidence of the extent to which policies that significantly affect SDOH and macrosystem
factors achieve lasting positive effects on developmental health outcomes, and whether
such policies help to reduce inequities that exist in our societies.

Opverall, results from the studies discussed in this paper show that the social determi-
nants of health show a strong association with children’s developmental outcomes at an
early age, and that the SDOH have a much stronger association than child characteristics.
These findings also suggest that program interventions alone, such as preschool or home
visiting, will often not be enough to compensate for the detrimental effects of poor SDOH
on children’s development without addressing the more fundamental social determinants,
such as poverty.

Limitations and Future Opportunities

Itis important to acknowledge several limitations. One limitation relates to the authors’
personal preferences, which could have influenced the selection of studies reviewed in
this paper. In some cases, several papers addressed the same or similar issues, and
the final selection could have been swayed by the authors’ own research interests or
unconscious preferences for a certain methodology, despite a thorough review of the final
included papers and all authors’ consensus. All papers using the EDI are listed on the
EDI bibliography website, which is constantly updated and may be easily reviewed by
readers. We have not included in this review research including indigenous children, since
our author team did not include indigenous members. We recognize that this is a limitation
and aspire to rectify this in future reviews. Finally, the focus of this review has been on
potentially unique contributions of population-based measurements of child development
to inform policy-making in order to enhance children’s optimal functioning. However, a
population-based lens is not a substitute for in-depth, developmental, longitudinal child
development studies or evaluation studies of early interventions; rather, the different
disciplinary lenses ideally complement and inform each other. We anticipate that future
developmental research that draws from population-level data linkages may be able to
integrate population-level data on child development at different stages of the life course—
and eventually follow child cohorts intergenerationally—involving comprehensive data on
children’s social context (e.g., family, community, school, socioeconomic factors, policy)
and also measured during different life periods (e.g., childhood, youth, adulthood). Such
comprehensive socioecological, developmental, population-based monitoring and data
linkages would realize the type of developmental science that has been proposed by
Urie Bronfenbrenner, in his influential formulation of the “bioecologial model of human
development”. In fact, this trend is already noticeable in the EDI literature, as the papers
using individual-level linkages between EDI and other data sources constitute 59% of
articles published within the past five years.

5. Conclusions

One of the major characteristics of the EDI that lends itself well towards the population-
wide studies reviewed in this paper is its holistic nature. Research demonstrates that the
EDI is an effective tool for monitoring children’s developmental health, both in typically
developing children and those with health disorders. Thus far, the research using the EDI
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has contributed to the expansion of our knowledge on the associations between SDOH and
children’s developmental health, and mostly through linkages with other databases has
opened many possibilities for further investigation of early childhood development.

Author Contributions: Conceptualization, M.]. and M.G.; writing—original draft preparation, N.R.,
C.R.-W., M ]., and B.E; writing—review and editing, N.R., C.R.-W., M., B.E,, and M.G. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: We would like to acknowledge the contributions of the late Dan Offord, Clyde
Hertzman, and Fraser Mustard to the development of the idea of population-level measures of early
child development in service of improving the odds for optimal development of all children.

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

References

1.  Keating, D.P; Hertzman, C. Developmental Health and the Wealth of Nations: Social, Biological, and Educational Dynamics; The
Guildford Press: New York, NY, USA, 1999.

2. National Research Council (USA); Institute of Medicine (USA). Committee on Integrating the Science of Early Childhood Development,
from Neurons to Neighborhoods: The Science of Early Childhood Development; National Academies Press: Washington, DC, USA, 2000.

3. Hair, E; Halle, T.; Terry-Humen, E.; Lavelle, B.; Calkins, J. Children’s school readiness in the ECLS-K: Predictions to academic,
health, and social outcomes in first grade. Early Child. Res. Q. 2006, 21, 431-454. [CrossRef]

4. Janus, M.; Gaskin, A. School Readiness. In Encyclopedia of Quality of Life and Well-Being Research; Metzler, ].B., Ed.; Springer:
Dordrecht, The Netherlands, 2014; pp. 5703-5706.

5. Cerda, C.A.; Im, M.H.; Hughes, ].N. Learning-related skills and academic achievement in academically at-risk first graders.
J. Appl. Dev. Psychol. 2014, 35, 433-443. [CrossRef]

6.  Davies, S.; Janus, M.; Duku, E.; Gaskin, A. Using the Early Development Instrument to examine cognitive and non-cognitive
school readiness and elementary student achievement. Early Child. Res. Q. 2016, 35, 63-75. [CrossRef]

7. Romano, E.; Babchishin, L.; Pagani, L.S.; Kohen, D. School readiness and later achievement: Replication and extension using a
nationwide Canadian survey. Dev. Psychol. 2010, 46, 995-1007. [CrossRef] [PubMed]

8. Ray, K, Smith, M.C. The Kindergarten Child: What Teachers and Administrators Need to Know to Promote Academic Success in
all Children. J. Fam. Econ. Issues 2010, 38, 5-18. [CrossRef]

9. Janus, M.; Offord, D.R. Development and psychometric properties of the Early Development Instrument (EDI): A measure of
children’s school readiness. Can. J. Behav. Sci. Rev. Can. Sci. Comport. 2007, 39, 1-22. [CrossRef]

10. Costello, E.J.; Angold, A. Developmental Epidemiology. In Developmental Psychopathology; American Cancer Society: New York,
NY, USA, 2016; pp. 1-35.

11.  McLaughlin, K.A. Developmental Epidemiology. In Handbook of Developmental Psychopathology; Lewis, M., Rudolph, K.D., Eds.;
Springer: Boston, MA, USA, 2014; pp. 87-107.

12.  Janus, M. The Early Development Instrument: A Population-Based Measure for Communities. A Handbook on Development, Properties,
and Use; Offord Centre for Child Studies: Hamilton, ON, USA, 2007; Available online: https://edi-offordcentre.s3.amazonaws.
com/uploads/2015/07/2007_12_FINAL.EDI_HANDBOOK.pdf (accessed on 23 February 2021).

13.  Offord, D.R.; Kraemer, H.C.; Kazdin, A.E; Jensen, PS.; Harrington, R. Lowering the Burden of Suffering From Child Psychiatric
Disorder: Trade-Offs Among Clinical, Targeted, and Universal Interventions. J. Am. Acad. Child Adolesc. Psychiatry 1998, 37,
686-694. [CrossRef] [PubMed]

14. Keating, D.P. Formative Evaluation of the Early Development Instrument: Progress and Prospects. Early Educ. Dev. 2007, 18,
561-570. [CrossRef]

15.  Vernon-Feagans, L.; Blair, C. Measurement of School Readiness. Early Educ. Dev. 2006, 17, 1-5. [CrossRef]

16. Deyessa, N.; Webb, S.; Duku, E.; Garland, A.; Fish, I.; Janus, M.; Desta, M. Epidemiological study of a developmentally and
culturally sensitive preschool intervention to improve school readiness of children in Addis Ababa, Ethiopia. J. Epidemiol.
Community Health 2020, 74, 489-594. [CrossRef] [PubMed]

17.  Goldfeld, S.; O’Connor, E.; O’Connor, M.; Sayers, M.; Moore, T.; Kvalsvig, A.; Brinkman, S. The role of preschool in promoting

children’s healthy development: Evidence from an Australian population cohort. Early Child. Res. Q. 2016, 35, 40-48. [CrossRef]

16



Int. ]. Environ. Res. Public Health 2021, 18, 3397

18.

19.

20.

21.

22.

23.
24.
25.
26.
27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Enns, ].E.; Chartier, M.; Nickel, N.; Chateau, D.; Campbell, R.; Phillips-Beck, W.; Sarkar, J.; Burland, E.; Lee, ].B.; Katz, A ; et al.
Association between participation in the Families First Home Visiting programme and First Nations families” public health
outcomes in Manitoba, Canada: A retrospective cohort study using linked administrative data. BM] Open 2019, 9, e030386.
[CrossRef]

Gongalves, T.R.; Duku, E.; Janus, M. Developmental health in the context of an early childhood program in Brazil: The “Primeira
Infancia Melhor” experience. Cadernos de Saiide Piiblica 2019, 35, €00224317. [CrossRef]

Brooks-Gunn, J. Do You Believe In Magic? What We Can Expect From Early Childhood Intervention Programs. Soc. Policy Rep.
2003, 17, 1-16. [CrossRef]

Deming, D. Early Childhood Intervention and Life-Cycle Skill Development: Evidence from Head Start. Am. Econ. ]. Appl. Econ.
2009, 1, 111-134. [CrossRef]

Brownell, M.; Nickel, N.; Chateau, D.; Martens, P.; Taylor, C.; Crockett, L.; Katz, A.; Sarkar, J.; Burland, E.; Goh, C. Long-term
benefits of full-day kindergarten: A longitudinal population-based study. Early Child Dev. Care 2014, 185, 291-316. [CrossRef]
[PubMed]

Adamson, P. Child Well-being in Rich Countries: A comparative overview. In Innocenti Report Card; no. 11; UNICEF Office of
Research: Florence, Italy, 2013.

Ferrari, R. Writing narrative style literature reviews. Med. Writ. 2015, 24, 230-235. [CrossRef]

Fusch, PI; Ness, L.R. Are We There Yet? Data Saturation in Qualitative Research. Qual. Rep. 2015, 20, 1408-1416.

Kershaw, P; Forer, B. Selection of area-level variables from administrative data: An intersectional approach to the study of place
and child development. Health Place 2010, 16, 500-511. [CrossRef]

Woolfson, L.M.; Geddes, R.; McNicol, S.; Booth, J.N.; Frank, J. A cross-sectional pilot study of the Scottish early development
instrument: A tool for addressing inequality. BMC Public Health 2013, 13, 1187. [CrossRef]

Janus, M.; Brinkman, S.A.; Duku, E.K. Validity and Psychometric Properties of the Early Development Instrument in Canada,
Australia, United States, and Jamaica. Soc. Indic. Res. 2011, 103, 283-297. [CrossRef]

Brinkman, S.; Gregory, T.; Harris, J.; Hart, B.; Blackmore, S.; Janus, M. Associations between the Early Development Instrument at
Age 5, and Reading and Numeracy Skills at Ages 8, 10 and 12: A Prospective Linked Data Study. Child Indic. Res. 2013, 6, 695-708.
[CrossRef]

Guhn, M.; Gadermann, A.M.; Almas, A.; Schonert-Reichl, K.A.; Hertzman, C. Associations of teacher-rated social, emotional, and
cognitive development in kindergarten to self-reported wellbeing, peer relations, and academic test scores in middle childhood.
Early Child. Res. Q. 2016, 35, 76-84. [CrossRef]

Forget-Dubois, N.; Lemelin, J.-P.; Boivin, M.; Dionne, G.; Séguin, J.R.; Vitaro, F; Tremblay, R.E. Predicting Early School
Achievement With the EDI: A Longitudinal Population-Based Study. Early Educ. Dev. 2007, 18, 405-426. [CrossRef]

Janus, M.; Duku, E. The School Entry Gap: Socioeconomic, Family, and Health Factors Associated with Children’s School
Readiness to Learn. Early Educ. Dev. 2007, 18, 375-403. [CrossRef]

Lloyd, J.E.; Hertzman, C. From Kindergarten readiness to fourth-grade assessment: Longitudinal analysis with linked population
data. Soc. Sci. Med. 2009, 68, 111-123. [CrossRef] [PubMed]

Duncan, R.J.; Duncan, G.J.; Stanley, L.; Aguilar, E.; Halfon, N. The kindergarten Early Development Instrument predicts third
grade academic proficiency. Early Child. Res. Q. 2020, 53, 287-300. [CrossRef]

Lesaux, N.K.; Rupp, A.A ; Siegel, L.S. Growth in reading skills of children from diverse linguistic backgrounds: Findings from a
5-year longitudinal study. J. Educ. Psychol. 2007, 99, 821-834. [CrossRef]

Lapointe, V.R.; Ford, L.; Zumbo, B.D. Examining the Relationship between Neighborhood Environment and School Readiness for
Kindergarten Children. Early Educ. Dev. 2007, 18, 473-495. [CrossRef]

Kershaw, P; Forer, B.; Irwin, L.G.; Hertzman, C.; Lapointe, V. Toward a Social Care Program of Research: A Population-Level
Study of Neighborhood Effects on Child Development. Early Educ. Dev. 2007, 18, 535-560. [CrossRef]

Guhn, M.; Goelman, H. Bioecological Theory, Early Child Development and the Validation of the Population-Level Early
Development Instrument. Soc. Indic. Res. 2011, 103, 193-217. [CrossRef]

Brownell, M.D.; Ekuma, O.; Nickel, N.C.; Chartier, M.].; Koseva, I.; Santos, R.G. A population-based analysis of factors that
predict early language and cognitive development. Early Child. Res. Q. 2016, 35, 6-18. [CrossRef]

Guhn, M.; Emerson, S.D.; Mahdaviani, D.; Gadermann, A.M. Associations of Birth Factors and Socio-Economic Status with
Indicators of Early Emotional Development and Mental Health in Childhood: A Population-Based Linkage Study. Child Psychiatry
Hum. Dev. 2020, 51, 80-93. [CrossRef] [PubMed]

Forer, B.; Minh, A_; Enns, ].; Webb, S.; Duku, E.; Brownell, M.; Muhajarine, N.; Janus, M.; Guhn, M. A Canadian Neighbourhood
Index for Socioeconomic Status Associated with Early Child Development. Child Indic. Res. 2019, 13, 1133-1154. [CrossRef]
Webb, S.; Janus, M.; Duku, E.; Raos, R.; Brownell, M.; Forer, B.; Guhn, M.; Muhajarine, N. Neighbourhood socioeconomic status
indices and early childhood development. SSM Popul. Health 2017, 3, 48-56. [CrossRef]

Webb, S.; Duku, E.; Brownell, M.; Enns, J.; Forer, B.; Guhn, M.; Minh, A.; Muhajarine, N.; Janus, M. Sex differences in the
socioeconomic gradient of children’s early development. SSM Popul. Health 2020, 10, 100512. [CrossRef] [PubMed]
Bronfenbrenner, U.; Morris, P.A. The Bioecological Model of Human Development. In Handbook of Child Psychology; John Wiley &
Sons Inc.: Hoboken, NJ, USA, 2006; Volume 1, pp. 793-828.

Marmot, M. Social determinants of health inequalities. Lancet 2005, 365, 1099-1104. [CrossRef]

17



Int. ]. Environ. Res. Public Health 2021, 18, 3397

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Ip, P; Rao, N.; Bacon-Shone, J.; Li, S.L.; Ho, EK.-W.; Chow, C.-B.; Jiang, F. Socioeconomic gradients in school readiness of Chinese
preschool children: The mediating role of family processes and kindergarten quality. Early Child. Res. Q. 2016, 35, 111-123.
[CrossRef]

Thomson, K.C.; Guhn, M.; Richardson, C.G.; Ark, T.K.; Shoveller, J. Profiles of children’s social-emotional health at school entry
and associated income, gender and language inequalities: A cross-sectional population-based study in British Columbia, Canada.
BM] Open 2017, 7, 015353. [CrossRef] [PubMed]

Thomson, K.C.; Richardson, C.G.; Gadermann, A.M.; Emerson, S.D.; Shoveller, J.; Guhn, M. Association of Childhood Social-
Emotional Functioning Profiles at School Entry With Early-Onset Mental Health Conditions. JAMA Netw. Open 2019, 2, e186694.
[CrossRef]

Green, M.].; Tzoumakis, S.; Laurens, K.R.; Dean, K.; Kariuki, M.; Harris, E; O'Reilly, N.; Chilvers, M.; A Brinkman, S.; Carr,
VJ. Latent profiles of early developmental vulnerabilities in a New South Wales child population at age 5 years. Aust. N. Z. ].
Psychiatry 2018, 52, 530-541. [CrossRef] [PubMed]

Piotrowska, PJ.; Whitten, T.; Tzoumakis, S.; Laurens, K.R.; Katz, 1.; Carr, VJ.; Harris, F.,; Green, M.]. Transitions between
socio-emotional and cognitive vulnerability profiles from early to middle childhood: A population study using multi-agency
administrative records. Eur. Child Adolesc. Psychiatry 2020, 29, 1659-1670. [CrossRef] [PubMed]

Halfon, N.; Aguilar, E.; Stanley, L.; Hotez, E.; Block, E.; Janus, M. Measuring Equity From The Start: Disparities In The Health
Development Of US Kindergartners. Health Aff. 2020, 39, 1702-1709. [CrossRef]

Brownell, M. How Do Educational Outcomes Vary with Socioeconomic Status?: Key Findings from the Manitoba Child Health Atlas 2004;
Manitoba Centre for Health Policy, Dept. of Community Health Sciences, Faculty of Medicine, University of Manitoba: Winnipeg,
MB, USA, 2004.

Bronfenbrenner, U. The Ecology of Human Development: Experiments by Nature and Design; Harvard University Press: Cambridge,
MA, USA, 1979.

Milbrath, C.; Guhn, M. Neighbourhood culture and immigrant children’s developmental outcomes at kindergarten. Early Child.
Res. Q. 2019, 48, 198-214. [CrossRef]

Gagné, M.; Janus, M.; Muhajarine, N.; Gadermann, A.; Duku, E.; Milbrath, C.; Minh, A.; Forer, B.; Magee, C.; Guhn, M.
Disentangling the role of income in the academic achievement of migrant children. Soc. Sci. Res. 2020, 85, 102344. [CrossRef]
[PubMed]

Zeraatkar, D.; Duku, E.; Bennett, T.; Guhn, M.; Forer, B.; Brownell, M.; Janus, M. Socioeconomic gradient in the developmental
health of Canadian children with disabilities at school entry: A cross-sectional study. BM] Open 2020, 10, e032396. [CrossRef]
[PubMed]

O’Connor, M.; O’Connor, E.; Quach, J.; Vashishtha, R.; Goldfeld, S. Trends in the prevalence and distribution of teacher-identified
special health-care needs across three successive population cohorts. ]. Paediatr. Child Health 2018, 55, 312-319. [CrossRef]
[PubMed]

Janus, M.; Mauti, E.; Horner, M.; Duku, E; Siddiqua, A.; Davies, S. Behavior profiles of children with autism spectrum disorder
in kindergarten: Comparison with other developmental disabilities and typically developing children. Autism Res. 2018, 11,
410-420. [CrossRef]

Siddiqua, A.; Duku, E.; Georgiades, K.; Mesterman, R.; Janus, M. Neighbourhood-level prevalence of teacher-reported Autism
Spectrum Disorder among kindergarten children in Canada: A population level study. SSM Popul. Health 2020, 10, 100520.
[CrossRef] [PubMed]

Siddiqua, A.; Duku, E.; Georgiades, K.; Mesterman, R.; Janus, M. Association between neighbourhood socioeconomic status and
developmental vulnerability of kindergarten children with Autism Spectrum Disorder: A population level study. SSM Popul.
Health 2020, 12, 100662. [CrossRef]

Brownell, M.; Enns, J.E.; Hanlon-Dearman, A.; Chateau, D.; Phillips-Beck, W.; Singal, D.; MacWilliam, L.; Longstaffe, S.;
Chudley, A ; Elias, B.; et al. Health, Social, Education, and Justice Outcomes of Manitoba First Nations Children Diagnosed with
Fetal Alcohol Spectrum Disorder: A Population-Based Cohort Study of Linked Administrative Data. Can. ]. Psychiatry 2019, 64,
611-620. [CrossRef]

Pei, J.; Reid-Westoby, C.; Siddiqua, A.; Elshamy, Y.; Rorem, D.; Bennett, T.; Birken, C.; Coplan, R.; Duku, E.; Ferro, M.A; et al.
Teacher-Reported Prevalence of FASD in Kindergarten in Canada: Association with Child Development and Problems at Home.
J. Autism Dev. Disord. 2021, 51, 433-443. [CrossRef] [PubMed]

Janus, M.; Reid-Westoby, C.; Lee, C.; Brownell, M.; Maguire, J.L. Association between severe unaddressed dental needs and
developmental health at school entry in Canada: A cross-sectional study. BMC Pediatr. 2019, 19, 1-9. [CrossRef]

Green, M.].; Tzoumakis, S.; McIntyre, B.; Kariuki, M.; Laurens, K.R.; Dean, K. Chilvers, M.; Harris, F; Butler, M.;
Brinkman, S.A.; et al. Childhood Maltreatment and Early Developmental Vulnerabilities at Age 5 Years. Child Dev.
2017, 89, 1599-1612. [CrossRef] [PubMed]

Rossen, L.; Tzoumakis, S.; Kariuki, M.; Laurens, K.R.; Butler, M.; Chilvers, M.; Harris, F.; Carr, V.J.; Green, M.J. Timing of the first
report and highest level of child protection response in association with early developmental vulnerabilities in an Australian
population cohort. Child Abus. Negl. 2019, 93, 1-12. [CrossRef]

Wall-Wieler, E.; Roos, L.L.; Lee, ].B.; Urquia, M.L.; Roos, N.P.; Bruce, S.; Brownell, M. Placement in Care in Early Childhood and
School Readiness: A Retrospective Cohort Study. Child Maltreatment 2019, 24, 66-75. [CrossRef] [PubMed]

18



Int. ]. Environ. Res. Public Health 2021, 18, 3397

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

McKeown, K.; Haase, T.; Pratschke, J. Determinants of child outcomes in a cohort of children in the Free Pre-School Year in
Ireland, 2012/2013. Ir. Educ. Stud. 2015, 34, 245-263. [CrossRef]

UNICEF. A World Ready to Learn Prioritizing Quality Early Childhood Education; United Nations Children’s Fund: New York, NY,
USA, 2019.

Barnett, W.S.; Frede, E. The Promise of Preschool: Why We Need Early Education for All. Am. Educ. 2010, 34, 21.

Nores, M.; Belfield, C.R.; Barnett, W.S.; Schweinhart, L. Updating the Economic Impacts of the High/Scope Perry Preschool
Program. Educ. Eval. Policy Anal. 2005, 27, 245-261. [CrossRef]

Martinez, S.; Naudeau, S.; Pereira, V.A. Preschool and Child Development Under Extreme Poverty: Evidence from a Randomized
Experiment in Rural Mozambique; Social Science Research Network: Rochester, NY, USA, 2017; Available online: https:/ /papers.
ssrn.com/abstract=3092440 (accessed on 18 December 2020).

Sawyer, A.C.; Le Kaim, A.; Mittinity, M.N.; Jeffs, D.; Lynch, ].W.; Sawyer, M.G. Effectiveness of a 2-year post-natal nurse
home-visiting programme when children are aged 5 years: Results from a natural experiment. |. Paediatr. Child Health 2018, 55,
1091-1098. [CrossRef]

Janus, M.; Reid-Westoby, C. Monitoring the development of all children: The Early Development Instrument. In Early Childhood
Matters; Moreno, T., Ed.; Bernard van Leer Foundation: The Hague, The Netherlands, 2016; pp. 40-45.

Canadian Autism Spectrum Disorder Alliance. Policy Compendium: The Development of a National Autism Strategy through
Community and Stakeholder Engagement; Canadian Autism Spectrum Disorder Alliance; 2020. Available online: https:
/ /kidsbrainhealth.ca/wp-content/uploads/2021/01/CASDA-KBHN-Briefs-Compendium-_28102020-.docx-1.pdf (accessed on
20 February 2021).

Peacock, S.; Konrad, S.; Watson, E.; Nickel, D.; Muhajarine, N. Effectiveness of home visiting programs on child outcomes: A
systematic review. BMC Public Health 2013, 13, 17. [CrossRef] [PubMed]

Gardner, F; Leijten, P.; Melendez-Torres, G.; Landau, S.; Harris, V.; Mann, J.; Beecham, J.; Hutchings, J.; Scott, S. The Earlier the
Better? Individual Participant Data and Traditional Meta-analysis of Age Effects of Parenting Interventions. Child Dev. 2018, 90,
7-19. [CrossRef] [PubMed]

19






N

J and Public Health

1 International Journal of
5 Environmental Research

Review

Early Child Development Assessments and Their Associations
with Long-Term Academic and Economic Outcomes: A
Systematic Review

Leah N. Isquith-Dicker L2 Andrew Kwist 13, Danae Black -3, Stephen E. Hawes 13 Jennifer Slyker 13
Sharon Bergquist * and Susanne P. Martin-Herz 5*

check for

updates
Citation: Isquith-Dicker, L.N.; Kwist,
A.; Black, D.; Hawes, S.E.; Slyker, J.;
Bergquist, S.; Martin-Herz, S.P. Early
Child Development Assessments and
Their Associations with Long-Term
Academic and Economic Outcomes:
A Systematic Review. Int. ]. Environ.
Res. Public Health 2021, 18, 1538.
https:/ /doi.org/10.3390/ijerph18041538

Academic Editor: Verénica Schiariti
Received: 25 December 2020
Accepted: 30 January 2021
Published: 5 February 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 Department of Global Health, University of Washington START Center, Seattle, WA 98195, USA;
leahiuw@gmail.com (L.N.L-D.); andrew.kwist@gmail.com (A.K.); danaesb@uw.edu (D.B.);
hawes@uw.edu (S.E.H.); jslyker@uw.edu (].S.)

2 Department of Anthropology, School of Public Health, University of Washingto, Seattle, WA 98195, USA

3 Department of Epidemiology, School of Public Health, University of Washington, Seattle, WA 98195, USA

4 Bill & Melinda Gates Foundation, 500 5th Ave N, Seattle, WA 98109, USA;
sharon.bergquist@gatesventures.com

5 Department of Pediatrics, University of California San Francisco, 1825 Fourth St., 6th Floor, UCSF Box 4054,
San Francisco, CA 94143, USA

*  Correspondence: susanne.martinherz@ucsf.edu; Tel.: +1-415-502-1338

1t Leah N. Isquith-Dicker and Andrew Kwist are co-first authors and contributed equally to this project and
manuscript preparation.

Abstract: Developmental screening instruments were designed as diagnostic tools, but there is
growing interest in understanding whether select tools can also be used systematically in research
to examine intervention impacts on long-term outcomes. As such, this systematic review aims to
examine associations between child development assessment tools and educational attainment,
academic achievement, or wealth. We included studies identified in PubMed, PsycINFO, and Ed-
ucational Resources Information Center if they reported an association between at least one tool
from a pre-established list and one outcome of interest after age 10. Of 597 studies identified, 11 met
inclusion criteria; three examined educational attainment as the outcome of interest, six examined
academic achievement, one wealth, and one both educational attainment and wealth. Intelligence
tests were utilized in five of the included studies, neuropsychological/executive function or behavior
tools were used in five, and one study used tools across the domains. High-quality studies were
identified across all three of the domains, but educational attainment and wealth had the greatest
proportion of high-quality studies, as compared to academic achievement. Our review demonstrates
the potential for certain child development assessment tools to adequately assess long-term outcomes
of interest, but additional prospective studies using validated, culturally appropriate tools are needed.
PROSPERO registration number: CRD42018092292.

Keywords: child development; functioning; outcomes; education; measurement; child development
assessment; academic achievement; educational attainment; wealth /socioeconomic status

1. Introduction

Recent findings from the Lancet series on early childhood development estimate that
over 250 million children under five years of age in low-and middle-income countries
are at risk of not achieving their full developmental potential [1]. Children in low- and
middle-income countries may face a variety of adversities, including recurrent illness,
malnutrition, and trauma, with long-term consequences for their health, productivity, and
overall well-being [2]. It has been previously estimated that children not reaching their full
developmental potential results in an average adult annual income deficit of 19.8% [3]. In
addition to income loss, developmental delays have also been associated with considerable
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academic underachievement [4-6]. These factors have led to increased interest in child
development assessment tools that are adequately associated with long-term academic,
economic, and human capital outcomes from a young age. However, existing child devel-
opment assessment tools were generally designed to assess risk or developmental status at
the time of testing [7-10]. Limited research focused on this topic suggests that available
tools may not have strong predictive potential for later outcomes [1,4], highlighting the
need for additional investigation to determine if specific tools or developmental domains
may be useful for both prediction of outcome without intervention or in evaluation of
intervention programs.

This systematic review was conducted to identify child development assessment
tools that are associated with the long-term outcomes of educational attainment, academic
achievement, and wealth. Given that an assessment of study quality is also included in
this review, this synthesis provides information to aid researchers in the selection and
prioritization of tools or domains for further research in this area.

2. Materials and Methods
2.1. Data Sources

A literature search was conducted in PubMed, PsycINFO, and Educational Resources
Information Center (ERIC) on March 30, 2018. Publication date was restricted to manuscripts
published in 1990 or later, due to differences in assessment tools and publication standards
in comparison to more recent literature (Document S1). A search template was created that
was applied to all 3 databases with minimal tailoring (Document S2). The search yielded
597 unique results that were exported into the Covidence (Melbourne, Australia) systematic
review software [11]. This systematic review was conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines and
preregistered at PROSPERO: CRD42018092292.

2.2. Development Tool Selection

The search template contained a list of 104 child development assessment tools
(Table S1). An initial list of 1398 tools was generated from a search of the PsycTEST
database, a repository of assessment tools indexed from articles in peer-reviewed jour-
nals and books by experts at the American Psychological Association [12]. The PsycTEST
search utilized the search terms, “child development, executive function, school, education,
academic, readiness, reading, literacy” and excluded the terms “sexual behaviors and
divorce.” As many tools were not relevant to study objectives, one of the authors (SMH)
manually filtered the list and added additional relevant assessment tools absent from
PsycTEST database to assemble the final list. Tools were retained in the final list if they
measured at least one of the five most common domains of development (gross motor, fine
motor, language, cognitive, and social emotional), or examined reading/pre-reading skills
or executive function. Tools were required to show some indication of psychometric proper-
ties, since it was felt that at least some evidence of reliability and validity were prerequisites
to adequate association between the tools and future educational and economic outcomes,
even if this was obtained from cross-sectional as opposed to longitudinal research. Tools
were excluded if they examined only sublevels of developmental domains, were specific to
second language learning, were designed explicitly to evaluate gender differences, were
specific to health or mental health diagnoses, were specific to a particular study context,
examined child or caregiver attitudes toward a developmental domain or skill set rather
than the child’s development (e.g., child reading attitude), or focused specifically on theory
of the mind, math achievement, or home literacy environment.

2.3. Study Inclusion and Exclusion Criteria

Studies were included in this review on the basis of the following criteria: (1) the
study was conducted using an experimental or observational design; (2) the study used at
least one of the assessment tools in the list with children under the age of 18; (3) the study
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reported at least one outcome related to educational attainment, academic achievement,
or wealth and assessed this outcome after the age of 10 years; educational attainment was
defined by the highest-grade level completed at the time of data collection, while academic
achievement was defined as performance in one or more subject areas; (4) articles were
published in English or French; French-language articles were included in an attempt to
ensure inclusion of articles that were conducted in Francophone Africa.

Cross-sectional studies were excluded because the study objective was to identify
tools that were associated with long-term academic and socioeconomic outcomes. Studies
conducted with children who were hospitalized or had severe neurologic injuries, genetic
conditions, or autism spectrum disorder were excluded, because the use of a tool in such
a sample could not easily be generalizable to the larger pediatric population. The age of
10 was chosen as a lower bound for long-term outcomes due to concern that children in
some low-and middle-income countries may terminate formal schooling near this age.
There were no exclusion criteria related to the length of time between tool assessment and
outcome evaluation or the specific geographic location. Detailed inclusion and exclusion
criteria can be found in the study’s PROPSERO preregistration.

2.4. Research Processes

Title and abstract screening were completed for all identified studies independently
by two reviewers (LNID and AK), and discordance was resolved by a third reviewer (JS).
Full text screening was also completed by two reviewers (LNID and AK), with discordance
resolved by a third reviewer (DB). For studies excluded by full-text review, reviewers
selected one primary reason for exclusion, and discordance in study exclusion rationale
was resolved by a third reviewer (JS). The exclusion hierarchy was as follows, in order of
priority: outcome not of interest, cross-sectional study design, outcome assessed at younger
than 10 years of age, population with medical/developmental condition, assessment tool
not on list. A PRISMA flowchart is provided in Figure 1.

In addition to this structured search, targeted searching was conducted in two ways.
First, publications identified from a list of cohort studies recommended by subject matter
experts (SMH and SB) were evaluated for their adherence to study inclusion criteria [13-16].
Second, an additional search using cohort studies identified during the initial stages of the
title and abstract screening process was undertaken, and three potentially relevant studies
were added to the total pool for title and abstract screening (additional studies identified
through other sources in Figure 1). These additional steps were taken in an effort to broaden
the scope of the review in the event that the search terms missed relevant studies.

2.5. Data Abstraction

The following information was abstracted from the articles identified in the full-text
review: author, publication year, sample size, sampling method, time between assess-
ment tool and outcome, assessment tool(s) used, age at which assessment tool was used,
outcome(s), age at which outcome was evaluated, and measure(s) of association. For stud-
ies that used an assessment tool at multiple time points without separate effect measures,
we only reported the greater duration from child development assessment to outcome
(e.g., for tool applied at age 11 and age 16 and outcome measured at age 19, we only
reported association between age 11 to age 19). In some studies, more than one assessment
tool was used, including some child development assessment tools that were not on our
pre-specified list. In these cases, only the associations between the tools on the list and our
outcomes of interest were reported. Effect measures are presented adjusted for standard
sociodemographic factors (i.e., parent education, sex, and wealth) unless otherwise stated.
Regression coefficients and odds ratios are presented with statistical significance, and
confidence intervals when measures of statistical significance were unavailable.
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Figure 1. A Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of the selection
process of published studies.

2.6. Data Synthesis

We used a narrative approach to data synthesis, which is the preferred method when
empirical approaches and variables are highly varied across studies [17]. Tools were then
categorized by the domain or construct area they assessed. This classification was initially
made by a developmental-behavioral pediatrician (SMH) and then independently by
3 volunteer neuropsychologists. We used outcome, tool domain, and a study quality
assessment as the classification schemes for synthesizing data.

2.7. Quality Assessment

A quality assessment was conducted to determine the rigor of study methods and
relevance of the effect measures reported, in the context of the objectives of our study.
For the quality assessment, five criteria were evaluated by the two authors (DB and
LID) who completed the data extraction. These criteria were adapted from the Cochrane
Collaboration Risk of Bias Tool, usually applied to evaluations of quantitative evidence
from systematic reviews [18]. The authors of this tool recommended the assessment of five
specific categories of bias and one category for other types of bias as needed in accordance
with study objectives. Detail on bias categories is provided below; other categories were not
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considered given the sufficient coverage provided by those applied. The authors evaluated
the criteria on these categories independently by maintaining separate data sheets that were
shared only when evaluations were complete. Discordance was discussed and resolved by
a third reviewer (JS). Each criterion is defined below and was assigned a designation of,
low, high, or unclear quality with point values of —1, 1, and 0, respectively. Criteria were
weighted equally because each category of bias was deemed of equal importance to study
quality. An overall assessment of study quality was ascertained by the sum of the point
values, termed the "cumulative quality assessment”, which was used to categorize studies
as of high, low, or neutral quality. The unclear designation was assigned when information
regarding a criterion were not provided in the article itself and was not possible to ascertain
from supplemental materials or earlier publications describing study methods. Quality
assessment criteria were as follows:

(1) Selection: Evaluated how participants were selected for inclusion in the study. A
study with a random sample or an attempted census was designated high quality
and a convenience sample was designated as low quality.

(2) Sample size: Examined the adequacy of the sample size. A total sample size of
>100 participants was designated high quality for the current review, as smaller
studies may have very limited statistical power.

(3) Attrition: Assessed loss to follow up, withdrawal, or exclusion from analysis. Studies
with a rate of attrition of < 25% were designated high quality.

(4) Duration: Evaluated the length of time between child development assessment and
outcome. Studies with durations >5 years were considered to be high quality.

(5) Outcome reporting: Evaluated the extent to which authors provided information on
how outcomes were measured. Standardized tests, registries, or assessment tools and
those reported by teachers or trained experts (e.g., psychologist) were designated
high quality, and self-report (child or parent) was designated low quality.

(6) Cumulative quality assessment: Sum of point values for criterion 1-5.

3. Results
3.1. Overview of Studies

Of 597 unique articles identified, 500 were excluded during the title and abstract
screening phase, largely due to being cross-sectional in nature, not assessing an outcome
of interest, or having the outcome of interest but assessing it prior to 10 years of age.
During this phase, none of the publications identified by subject matter experts for targeted
searching met criteria for full-text review. Of the 97 articles included in the full text review
phase, 11 met study criteria for inclusion (Table S2); the number of articles excluded for
each criterion is documented in Figure 1. All included studies were observational cohort
studies, with a follow-up duration range from 2 years to greater than 20 years. Six studies
were sampled from a school setting [19-24], two from birth cohorts [25,26], one via an
adoption agency [27], and two through larger population-based studies [28,29]. Sample
sizes varied widely, with smaller cohorts (<50) among special populations (e.g., low-income
families) and larger population-based cohorts (>6000).

3.2. Assessment Tool Domains of Studies Included for Review

The child development assessment tools utilized in the 11 included studies were
classified into three categories: neuropsychological/executive function and behavior, in-
telligence, and general development and achievement (Table 1). Figure 2 displays the
distribution of studies by the domain of the tool used. Neuropsychological /executive func-
tion and behavior tools were employed in five studies; intelligence tests in five studies, and
multiple tools from both the general development/achievement and intelligence domains
were used in one study (see Figure 2 notes for details). Studies that analyzed multiple tools
independently were counted separately for each tool.
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Number of studies

Table 1. Child development assessment tools utilized in included studies, by domain.

Domain Tools

CBCL—Child Behavior Checklist

Neuropsychological / RINT—Reitan-Indiana Neuropsychological Battery for Children
executive function and SDQ—Strengths and Difficulties Questionnaire
behavior SMFQ—Short Mood and Feelings Questionnaire
YSR—Youth Self Report of the Child Behavior Checklist
CAAS—Children’s Attention and Adjustment Survey

Stanford-Binet FE (Fourth Edition)
Stanford-Binet: LM (Form LM)
Intelligence WISC-R—Weschler Intelligence Scale for Children-Revised
WISC Verbal IQ
WISC Performance IQ

PIAT—Peabody Individual Achievement Test-Reading subscale

Development/achievement R N
PPVT-R—Peabody Picture Vocabulary Test-Revised

Development/achievement ~ Executive function and behavior Intelligence
Tool Domain

m High Quality Study = Low Quality Study = Neutral Quality Study

Figure 2. Included studies by domain of child development assessment tool. The total number of studies listed exceeds
the number of studies included in this review because [27] included 2 child development assessment tools of interest
in 2 domains (Development/achievement and Intelligence). A detailed explanation for the high/neutral/low quality
designation is provided in Section 3.4 below.

3.3. Outcomes

The association between a child development assessment tool of interest and ed-
ucational attainment was measured by four of the 11 selected studies, as shown in
Figure 3 [25,27-29]. Educational attainment was determined either by self-report of the
number of school years completed or national registries that included school completion
information. Six studies reported associations between a tool of interest and academic
achievement [19-24]. There was more heterogeneity in the measurement of academic
achievement, including standardized tests that were named (e.g., Iowa Test of Basic Skills,
Metropolitan Achievement Test, and General Certificate of Secondary Education) or un-
named, as well as school grade point averages, either from school records or by self-
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report. Only two studies assessed outcomes related to wealth, income, or socioeconomic
status [25,26].

2
S— e

Educational attainment Academic achievement Wealth

Outcome

= High Quality Study = Low Quality Study - Neutral Quality Study

Figure 3. Included studies by outcome of interest. NOTES: The total number of studies listed exceeds the number of studies

included in this review because [25] assessed both educational attainment and wealth. A detailed explanation for the

high/neutral/low quality designation is provided in Section 3.4 below.

3.4. Quality Assessment

Table 2 displays the results of the quality assessment, which identified two low quality
studies, four neutral quality studies, and five high quality studies. The low-quality studies
were published in 1995 and 2017 and represented small samples of children attending a
residential school in Canada (N = 20) and an elementary school in Switzerland (N = 103),
respectively [20,21]. These studies reported non-significant effect estimates for outcomes
and had short duration of follow-up (<3 years). The high-quality studies were published
between 2001 and 2014, included large cohorts (>1000) from New Zealand, Norway, and
The Netherlands, and a smaller cohort from the United States [22,25,26,28,29]. The effect
measures for the high-quality studies were almost all significant (except one effect mea-
sure from a study that used the Youth Self Report & Child Behavior Checklist [29] and
had greater length of follow up (range 5 to 29 years). The five high quality studies are
summarized below:

o Moffitt, 2011 [26]

A prospective cohort study from the participants in the Dunedin Multidisciplinary
Health and Development Study Cohort in New Zealand assessed childhood self-control,
socioeconomic factors, and IQ using the Wechsler Intelligence Scales for Children, Revised
(WISC-R; repeat measures at ages 3, 5, 7, 9, and 11), and the association with wealth
at age 32. Statistical models included adjustment for socioeconomic factors and fixed-
effects modeling applied to dizygotic same-gender twins to compare outcomes of siblings
with differential self-control levels and thus isolate the effect of self-control. The study
found that the intelligence assessment was significantly associated with four measures of
wealth: socioeconomic status, income, financial planfulness, and financial issues (regression
estimates —0.400, —0.291, —0.160, and 0.029, respectively; all p < 0.05).

e  Sagatun, 2014 [28]

A retrospective cohort study that utilized data from a Norwegian registry to assess
the association between the Strengths and Difficulties Questionnaire administered to 15-
to 16-year-olds and academic attainment as recorded in the national registry of school
completion at age 20-21. Statistical models included adjustments for children’s ethnic
background, county of residence, parents’ education, income, and marital status. The study
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found that this tool was significantly associated with odds of non-completion of school
(ORs 1.11-1.48, all p < 0.001).

e Lamp, 2001 [22]

A prospective cohort study among families enrolled in the Head Start Program in
the United States assessed intelligence using the Stanford Binet Intelligence scale at age
4 and its correlation with academic achievement at ages 5 to 10 years, measured by the
Metropolitan Achievement Test. No information regarding the factors used for adjustment
in statistical models was provided. The study found that intelligence as measured by
this tool was significantly correlated with academic achievement (correlation coefficients
0.39-0.62, all p < 0.01).

e  Fergusson, 2005 [25]

A retrospective cohort study involving participants from the Christchurch Child
Development Study in New Zealand assessed intelligence using the WISC-R in 8 to 9-
year-olds and analyzed its association with wealth, educational outcomes, and obtaining
a university degree between the ages of 18 and 25 years. Statistical models included
adjustment for a series of covariate factors including measures of childhood social and
family disadvantage and behavior. The study found that intelligence was significantly
associated with gross income (regression coefficient 1.595, p < 0.05) and gaining school or
university qualifications (regression coefficients 0.67-0.82, p < 0.01).

e  Veldman, 2014 [29]

A prospective cohort study to determine likelihood of educational attainment (mea-
sured by number of years of schooling completed) by age 19, using data from the Tracking
Adolescent’s Individual Lives Survey in The Netherlands, assessed 11 year-olds using the
Child Behavior Checklist and its Youth Self Report. Statistical models included adjustment
for children’s sex, age, IQ, parental educational status, and physical health status. The
study found that externalizing, internalizing, and attention problems, as assessed by these
combined tools, were associated with higher odds of low (primary, lower vocational and
lower secondary education) vs. medium (intermediate vocational and intermediate sec-
ondary) educational attainment at age 19 (OR 1.25-1.78; statistical significance varied—see
Table S3 for details).
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4. Discussion
4.1. Overview of Key Findings

This study sought to examine the evidence base for the association between child
development assessment tools and longer-term outcome. After applying a rigorous set of
inclusion criteria on 597 studies identified from our initial search, we retained 11 observa-
tional cohort studies in this systematic review that investigated the association between
a child development assessment tool of interest and a long-term outcome of interest.
Although the studies were distributed across all three outcomes of interest, and three devel-
opment tool domains, the majority of these studies investigated the outcome of academic
achievement and used intelligence or neuropsychological/executive function and behav-
ioral tools as predictors. Five of the eleven studies were determined to be high quality and
reported measures of association that were almost all significant; given that these studies
had at least 100 participants, and a minimum of 5 years duration of follow-up, these would
have more statistical power to show a significant effect size. These findings suggest that
child development assessment tools across a range of development domains may have
predictive potential for various types of outcomes later in life, but several limitations of the
available literature and limitations of our study suggest that further research is needed as
described below.

4.2. Limitations of the Available Literature

The evidence base supporting the ability of child development assessment tools to
predict long-term outcomes remains limited to remarkably few studies, with a need for
more high-quality studies that are adequately powered and have follow-up sufficient to
reveal associations with adult-life outcomes. Figures 2 and 3 illustrate that there are high
quality studies distributed across the three outcomes of interest and all three assessment
tool domains. However, the included studies were heterogeneous with respect to study
design, assessment tools, outcome measures, and statistical models. This heterogeneity
precludes direct comparison, even between studies that used the same tool (e.g., WISC-R)
to determine whether these associations are repeatable, and the effect sizes are consistent
across populations. Our quality assessment suggests that issues related to attrition remain
a challenge in longitudinal studies; continuing to engage and track study participants over
decades is a common challenge in longitudinal studies, so this finding is not all together
surprising. However, it is notable that two studies did not clearly describe attrition, which
threatens both evaluation of sample size and effect measures [20,24].

All included studies in this review were observational cohort studies, which are
susceptible to several limitations. Cohort studies are prone to differential loss to follow-up
of participants with medical or financial challenges, which can bias findings. While many
studies accounted for confounding with adjusted effect estimates, additional sources of
residual confounding likely remained, including family and community contextual factors,
the impact of developmental interventions, and children’s physical health. Longitudinal
studies that document and control for these contextual factors are needed.

Additionally, the use of multiple or composite assessment tools was framed as a
“best fit” approach by some authors. However, the utilization of multiple predictors can
diminish the statistical validity of significant results due to the increased probability of a
significant result due solely to chance, given the large number of hypothesis tests. A priori
assertions grounded in theoretical rationale for the utility of composite or multiple domain
assessment tools can help to mitigate this issue and provide better evidence as to whether
composite assessments improve prediction of outcomes; alternatively, the assessment of
predictors separately would help to isolate the effect of individual tools.

Finally, the generalizability of findings from this review is limited by the fact that all
of the studies took place in high-income countries among relatively homogenous racial
and ethnic groups. Few of the tools assessed in this review have been validated for use
in African, Asian, and South American populations. The absence of studies from low-
and middle-income countries may be a reflection of the small number of tools validated

30



Int. ]. Environ. Res. Public Health 2021, 18, 1538

for use in these populations, and limits generalizability of findings to populations from
low-income countries, and populations with high rates of malnutrition or limited access
to education.

4.3. Limitations of Present Study

There are several limitations to this review. First, the study was designed with a spe-
cific purpose to identify developmental assessment tools that predict long term outcomes
related to academic and economic potential of individuals and communities and did not
include research assessing other long-term outcomes with high relevance for health and
quality of life. Despite efforts to be comprehensive in its inclusion of tools by completing a
broad search of the PsycTESTS database and reviewing almost 1400 tools, some studies
were excluded at full-text review because they did not include an assessment tool from the
original search list (e.g., a study that examined educational attainment among three large co-
horts from Finland, the UK, and the Philippines and found significant positive associations
between cognitive development scores at early ages and attainment in adulthood [30]).
Despite a thorough search of three robust databases, there is likely additional relevant
research that was not captured. In particular, grey literature, such as non-peer reviewed
organizational reports, and economics literature (e.g., EconLit database) were not consid-
ered and may be a source of additional information regarding the socioeconomic outcome
of interest. Additionally, only English and French literature was reviewed due to the
linguistic capacity of the research team, and thus there may be additional literature in other
languages that may be particularly relevant to address the issue mentioned above related
to generalizability of findings to the low-and middle-income country context.

Next, this review was completed in 2018; to remediate the concern of additional
published literature not being reflected in this review, in January 2021 we conducted post-
hoc abstract screening of articles published in 2018-2021 in all three databases (PubMed,
Educational Resources Information Center (ERIC), and PsycINFO), using the same search
terms. Of 158 results across the three databases, five articles passed abstract screening
and were full-text reviewed, and only two additional studies met inclusion criteria [31,32].
First, Samuels et al., 2019 found that the Behavior Rating Inventory of Executive Function
(BRIEF) and BRIEF Self-Report (BRIEF-SR) were significantly associated with the upcoming
cumulative grade point average in a diverse population of 259 New York middle and
high school students, independent of gender, free /reduced lunch, and special education
status [31]. However, it is unclear whether this instrument predicts longer-term academic
performance because the time interval between tool assessment and outcome assessment
was notably short. Second, Kosik et al., 2018 found in a U.S based birth cohort that the
WISC at age seven was significantly associated with educational attainment, employment,
and wealth in adulthood [32]. Despite the identification of these two additional studies,
of which likely only Kosik et al., 2018 would be considered high-quality, we are confident
that the findings reported in our main review remain relevant and continue to fill a needed
gap in the literature. These studies’ findings do not conflict with findings of the five
high-quality studies in the main review, and in fact only further support our review’s
overall conclusions.

Finally, all of the high-quality studies reviewed reported positive associations, suggesting
publication bias and potential underreporting of null findings. Coupled with the small sam-
ple sizes and shorter follow-up of the low and neutral quality studies reviewed, additional
research is needed to support the associations identified between tools and outcomes
studied herein.

4.4. Recommendations for Future Research

Additional research evaluating regionally-validated tools, conducted in large and
diverse study populations with adequate follow-up, including low-and middle-income
countries, are needed to understand whether these tools can be used to predict long term
outcomes and assess the impact of interventions. Existing data from large cohort studies

31



Int. ]. Environ. Res. Public Health 2021, 18, 1538

References

in these low-and middle-income countries, either ongoing or already completed, could
also be leveraged to contribute to this field of work. Many of the tools evaluated in our
review were proprietary, and there is growing interest in developing tools that are valid
across multiple populations and that can be administered by medical staff or community
health workers [33]. Additionally, to address the limitation of the inability to capture all
potentially relevant development tools of interest, researchers conducting future research
on this topic could consider not restricting their search to specific tools, but instead develop
a detailed search string on keywords related developmental domains.

5. Conclusions

Our review identified 11 studies investigating associations between early childhood
assessment tools and long-term economic and academic outcomes of interest. Five of these
studies were determined to be high-quality and reported mostly statistically significant
associations, suggesting that certain child development assessment tools are associated
with the long-term outcomes of interest. Given that child development assessment tools
were designed to identify children with developmental delay at the time of assessment,
our study addresses a key need to characterize the potential for these tools to be sensitive
to intervention effects and to potentially predict longer-term outcomes. The high-quality
literature reviewed was primarily conducted in high-resource contexts and was relatively
sparse; as such, additional prospective studies, engaging large, diverse populations in
both high-income and low-and middle-income countries are needed to adequately address
remaining gaps in this evidence base.
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Abstract: Interest in the prognosis of skill levels has been an important issue among children with
cerebral palsy (CP). This study aimed to verify the stability of the Communication Function Classifi-
cation System (CFCS) in 2- to 18-year-old children with CP. Data collected from 171 children with
CP who received rehabilitation therapy in hospitals or attended special elementary schools in South
Korea were reviewed. They were divided into two groups, children <4 years and children >4 years.
Participants were evaluated over 1-year and 2-year intervals from the first rating. Agreement be-
tween the three measurements and the weighted kappa were analyzed. At the 1-year interval, results
demonstrated a high agreement rate of the CFCS in children >4 years old, and during the 2-year
interval the study revealed a low agreement rate in children aged 2—4 years. The results indicated
the stability of the CFCS in children >4 years old but some change of the CFCS in 2- to 4-year-old
children. Moreover, the findings suggested that the change of the CFCS varied with time and age.
Based on these results, it is recommended that the CFCS assessments be performed periodically,
especially among 2- to 4-year-old children with CP.

Keywords: children with cerebral palsy; agreement; stability; communication function classifica-
tion system

1. Introduction

For children with cerebral palsy (CP), it is essential to assess their communication
abilities to better support their needs. However, evaluating the communication function of
children with CP is difficult to do accurately with a single evaluation system. In the case
of children with CP, evaluating items included in communication measures poses many
challenges, including practicality and familiarity with the content of assessment and/or
evaluation measures. Therefore, there is a need for a comprehensive assessment that uses
an informal evaluation based on direct observation or parent and teacher feedback [1] and
comprehensive tools in a natural setting.

Communication among children with CP is one of relevant activities identified by
the International Classification of Functioning, Disability, and Health’s (ICF) conceptual
frameworks. Communication activities include the transmission and reception of messages
such as speaking, listening, reading, writing, and the use of alternative and augmenta-
tive communications [2,3]. The incidence of communication disorders in children with
CP has been reported to vary widely. The Communication Function Classification Sys-
tem (CFCS) [4] that is used to classify the communication level in individuals with CP
was developed based on the Gross Motor Function Classification System (GMFCS) [5]
and the Manual Ability Classification System (MACS) [6] as part of a growing trend
in classifying the activities and impairments proposed by the ICF [4]. Since they were
developed, the psychometric properties of the classification systems have been actively
studied. The reliability and validity of the GMFCS and MACS have been reported, and
studies on the validity of the CFCS [4] have also been reported. Sixty-one experts evaluated
68 children with CP and aged 2 to 18 years on the CFCS and reported a reliability of
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0.66 (95% CI = 0.55-0.78), a test-retest reliability of 0.82 (CI = 0.74-0.90), and an inter-rater
reliability of 0.49 (95% CI = 0.40-0.59) [4].

The Korean translation of the CFCS [7] was used to evaluate its reliability. The results
showed that the test-retest reliability among professionals was 0.991 (95% CI = 0.979-1.00),
the inter-rater reliability among professionals was 0.905 (95% CI = 0.864-0.946), and the
inter-rater reliability between the professional and parent groups was 0.882
(95% CI = 0.837-0.927) [7]. One of the important psychometric properties of the classi-
fication systems is stability over time. In the case of the GMFCS, 610 children with CP were
confirmed to be stable [8]. The MACS also confirmed the stability of 1267 children with
CP over five years and confirmed the stability of the MACS level over time [9]. In the case
of the first GMFCS, research has been conducted on whether the classification system is
stable over time [10,11], and subsequent studies on the MACS provide information on the
change [9]. However, the relatively recent developments in the CFCS have not been tested
for stability or change as children grow. Recently, one study [12] examined the stability
of the CFCS with GMFCS and MACS in 664 children with CP (with ages ranging from
18 months to 12 years). It was reported that the kappa coefficients varied from 0.76-0.88 for
the GMFCS, 0.59-0.73 for the MACS, and 0.57-0.77 for the CFCS. Whether or not the child’s
skill level will change because of a change in prognosis, decision making and counseling
with parents is an important issue, and the degree of stability of the classification system
can provide information regarding the possibility of changes in functioning in the child.
The stability of the classification system indicates whether children with CP maintain the
same level of functioning over time or whether they can be reclassified to different levels
over time [13]. Considering the lack of related information on the stability of the CFCS,
this study aimed to determine its stability over a second rating and third rating from the
first rating.

2. Materials and Methods
2.1. Participants

Totally, 171 children with CP (mean = 10.9 years, SD = 4.6 years) participated in this
study. Participants attended a convalescent or rehabilitation center for disabled individuals
or a special school for physical disabilities in South Korea. There were 99 boys (57.9%) and
72 girls (42.1%). The age range was 2 to 18 years. Totally, 21 children with CP were below
4 years and 150 were older. The parents of all children agreed to participate in this study.
The types of CP in the children were spastic (81.0%), dyskinetic/athetotic (6.8%), ataxic
(3.4%), and hypotonic (8.8%). The participants were classified using the GMFCS: 19 (11.1%)
were classified into Level I, 24 (14.0%) into Level I, 18 (10.5%) into Level III, 24 (14.0%) into
Level IV, and 86 (50.3%) into Level V. The present study was approved by the Research
Ethics Board of Jeonju University (Jeonju University IRB-1041042-2013-1).

2.2. Measurement

To classify their communication function, the CFCS was used. CFCS is a tool de-
veloped with support from the National Institute of Health (NIH), the Cerebral Palsy
International Research Foundation, and The Hearst Foundation. We used the Korean
version of the CFCS (http:/ /cfcs.us/wp-content/uploads/2018 /11 /CFCS_Korean.pdf) [7]
developed by Hidecker and her colleagues [4]. The CFCS content was as follows: Level
1 child with CP is an effective sender and receiver with unfamiliar and familiar partners.
Level 2 child with CP is an effective but slower paced sender and/or receiver with un-
familiar and familiar partners. Level 3 child with CP is an effective sender and receiver
with familiar partners. Level 4 child with CP is sometimes an effective sender and receiver
with familiar partners. Level 5 child with CP is seldom an effective sender and receiver
even with familiar partners. The inter-rater reliability of CFCS has been reported from
0.66-0.98 [4,14]. Hidecker et al. [15] reported the validity of the CFCS in preschool children
with speech and language disorders. The stability of the CFCS was reported by previous
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studies. Palisano et al. [12] reported the kappa coefficients to be 0.57-0.77 in 664 children
with CP.

2.3. Raters

Data regarding the CFCS were collected by 18 occupational therapists who had treated
children with CP for more than 6 months. One occupational therapist evaluated 3-9% of
the children with CP. Although occupational therapists met the eligibility requirements
for administering the CFCS evaluations, all therapists were trained specifically for using
these evaluation tools. They were encouraged to seek clarification from the investigators
regarding any question or problem arising during the assessments. The amount of time it
took to complete the CFCS was less than 5 min because the occupational therapists were
familiar with children with CP. The same evaluators performed the assessments across the
three measurements and were blinded to the previous CFCS ratings.

2.4. Data Collection Procedure

The data were collected once a year over two years during the same month. For
example, if data were collected on 1 September of the first year, data were collected
between 1 September and 31 September the next year. After the third measurement of
evaluation, all collected data were subjected to central statistical monitoring.

2.5. Statistical Method

Agreement rate of the CFCS and weighted kappa were used in this study to examine
the stability of the CFCS in three repetitive ratings in two years. Weighted kappa was
performed to investigate the change of the CFCS across three times measurements. In
general, the criteria for the weighted kappa are: a slight agreement between 0 and 0.20,
a fair agreement between 0.21 and 0.40, a moderate agreement between 0.41 and 0.60, a
substantial agreement between 0.61 and 0.80, and 0.81 to 1.00 interprets as an almost perfect
agreement [16]. Agreement rate of stability above 80% was of acceptable value [17].

Based on a previous study on CFCS’s stability, here the CFCS stability was verified
by evaluating data for children >4 years versus children <4 years [12]. The analysis was
completed for about 171 children (whole group) with 21 being below 4 years (younger
group) and 150 above 4 years (older group). The age criterion for dividing two subgroups
was set to 4 years with reference to the first study to find out the stability of the CFCS [12].
The age reference point for dividing the groups was 4 years at first rating.

3. Results
3.1. Agreement Rate across Three Measurement Points

The agreement rate between the first and second ratings according to age ranges is
shown in Table 1. In the whole group, the agreement rate between the first and second
ratings was 69.9% (n = 118). In total, 30 children with CP (17.6%) were rated in the more
severe functional level and 23 (13.5%) were rated in the less severe functional level during
the second rating than in the first rating. Regarding the younger group, the change rate was
33.3% (n =7). Three children with CP (14.3%) were rated in the more severe functional level
and four children with CP (19.0%) were rated in the less severe functional level during the
second rating than in the first rating. Regarding the older group, the change rate was 30.7%
(n = 46). Totally, 27 children with CP (18.0%) were rated in the more severe functional level
and 19 (12.7%) were rated in the less severe functional level.
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Table 1. The CFCS levels between the first rating and second rating.

Second Rating
Level1  Levelll Levellll LevellV LevelV Total
Whole group (Age from 2 to 18)

Category

First rating I 20 4 0 0 0 24
I 3 21 5 2 0 31

I 3 2 9 9 0 23

v 0 2 2 25 10 39

Vv 0 0 2 9 43 54
Total 26 29 18 45 53 171

Percentage agreement 69.9%, Weighted kappa 0.775 (95% CI 0.717~0.833)

Younger subgroup (Age below 4)
I

First rating 1 0 0 0 0 1
I 0 5 1 1 0 7

11 0 2 2 0 0 4

v 0 0 0 2 1 3

Vv 0 0 1 1 4 6

Total 1 7 4 4 5 21

Percentage agreement 66.7%, Weighted kappa 0.702 (95% CI 0.492~0.913)
Older subgroup (Age above 4)

First rating 1 19 4 0 0 0 23
T 3 16 4 1 0 24

i 3 0 7 9 0 19

v 0 2 2 23 9 36

\% 0 0 1 8 39 48
Total 25 22 14 41 48 150

Percentage agreement 69.3%, Weighted kappa 0.782 (95% CI 0.722~0.842)

The agreement rates between the first and third ratings among different age groups
are shown in Table 2. In the whole group, the agreement rate between the first rating and
ratings was 66.1% (1 = 113). In total, 21 children with CP (12.3%) were rated in the more
severe functional level and 37 (21.6%) were rated in the less severe functional level during
the third rating than in the first rating. Regarding the younger group, the change rate was
42.9% (n =9). Four children with CP (19.0%) were rated in the more severe functional level
and five children with CP (23.9%) were rated in the less severe functional level during the
third rating than in the first rating. Regarding the older group, the change rate was 28.7%
(n = 49). Totally, 26 children with CP (17.4%) were rated in the more functional severe level
and 23 (15.3%) were rated in the less severe functional level.

The agreement rate between the second and third ratings according to age ranges is
shown in Table 3. In the whole group, the agreement rate between the second and third
ratings was 80.1% (n = 137). In total, 13 children with CP (7.6%) were rated in the more
severe functional level and 21 (13.3%) were rated in the less severe functional level during
the third rating than in the second rating. Regarding the younger group, the change rate
was 33.3% (n = 7). Two children with CP (9.5%) were rated in the more severe functional
level and five children with CP (23.8%) were rated in the less severe functional level during
the third rating than in the second rating. Regarding the older group, the change rate was
18.0% (n = 27). Totally, 11 children with CP (7.3%) were rated in the more severe functional
level and 26 (10.7%) were rated in the less severe functional level.
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Table 2. The CFCS levels between the first rating and second rating.

Category Third Rating

Level I Level I Level Il LevelIV Level V Total

Whole group (Age from 2 to 18)

First rating I 20 4 0 0 0 24
I 5 17 8 1 0 31

I 4 2 9 8 0 23

v 0 2 1 27 9 39

Vv 0 0 2 12 40 54
Total 29 25 20 48 49 171

Percentage agreement 66.1%, Weighted kappa 0.757 (95% CI 0.699~0.815)

Younger subgroup (Age below 4)

First rating I 1 0 0 0 0 1
I 0 5 2 0 0 7

11 2 0 1 1 0 4

v 0 0 0 2 1 3

Vv 0 0 1 2 3 6

Total 3 5 4 5 4 21

Percentage agreement 57.1%, Weighted kappa 0.620 (95% CI 0.410~0.831)

Older subgroup (Age above 4)

First rating 1 19 4 0 0 0 23
T 5 12 6 1 0 24
i 2 2 8 7 0 19
v 0 2 1 25 8 36
A% 0 0 1 10 37 48
Total 26 20 16 43 45 150

Percentage agreement 67.3%, Weighted kappa 0.774 (95% CI 0.714~0.833)

Table 3. The CFCS levels between the second rating and third rating.

Category Third Rating

LevelI LevelIl Levellll LevellV LevelV Total

Whole group (Age from 2 to 18)

Second rating I 24 2 0 0 0 26
I 5 20 3 1 0 29

il 0 3 11 4 0 18

v 0 0 6 36 3 45

\ 0 0 0 7 46 53

Total 29 25 20 48 49 171

Percentage agreement 80.1%, Weighted kappa 0.873 (95% CI 0.832~0.914)

Younger subgroup (Age below 4)

Second rating I 1 0 0 0 0 1
II 2 4 1 0 0 7

I 0 1 2 1 0 4

v 0 0 1 3 0 4

\ 0 0 0 1 4 5

Total 3 5 4 5 4 21

Percentage agreement 66.7%, Weighted kappa 0.774 (95% CI 0.628~0.920)

Older subgroup (Age above 4)

Second rating I 23 2 0 0 0 25
I 3 16 2 1 0 22

111 0 2 9 3 0 14

v 0 0 5 33 3 41

\ 0 0 0 6 42 48
Total 26 20 16 43 45 150

Percentage agreement 82.0%, Weighted kappa 0.885(95% CI 0.843~0.927)
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3.2. Agreement across Three Ratings

In terms of the CFCS levels’ stability, the weighted kappa coefficients were 0.757 to
0.873 in the whole group (Tables 1-3). The lowest coefficient was between the first and third
ratings measurement points in the younger group. The highest coefficient was between the
second and third ratings in the older group. Appearance patterns of the weighted kappa
were the same in all age groups.

4. Discussion

The functional classification systems in children with CP are widely used not only
in research, but also in clinical practice. This aligns with a WHO proposed functioning
and disability assessment approach focused on activities and participation restrictions [18].
The CFCS for functional classification of communicative ability in children with CP has
been recently developed and has been built on five levels to correspond to the well-known
GMECS for motor performance. Our study was conducted to evaluate the stability of the
CFCS, which was developed to classify the level of communication function in children
with CP. Possessing information on the functional state of children with CP can help in
improving the quality of life of these children and their families, ensuring them a promising
future [19].

The weighted kappa coefficients, the primary measure of stability in our study, provide
evidence of the stability of the CFCS for 4-year to 18-year-old children with CP in one and
two-year intervals and for children below 4 years and with CP between the first and third
ratings based on the above 0.75 value. There was no stability of the CFCS for children below
4 years and with CP between the first rating and second rating and the first rating and
third rating. According to the criterion, the results of this study showed the almost perfect
agreement of the CFCS for children above 4 years and with CP between the second and
third ratings. The weighted kappa results showed higher value than in previous studies
that examined the stability of the CFCS for children with CP. Palisano et al. [12] reported
that the linear weighted kappa was 0.57 for children below 4 years and with CP in a
12 month visit and 0.77 for children above 4 years and with CP.

The weighted kappa for the CFCS was lower than the GMFCS and MACS. Over
0.80 weighted kappa for the GMFCS have been reported by previous studies. The weighted
kappa of 0.895 was reported in 103 participants aged 17-38 years [11], and Palisano et al. [8]
reported that the weighted kappa coefficient for the GMFCS between the first and last
measurements was 0.84 and 0.89 for children <6 years old and at least 6 years old, re-
spectively. Palisano et al. [12] reported that the weighted kappa was 0.76 to 0.95 from the
GMECS and 0.59 to 0.73 from the MACS. The first reason for the lower weighted kappa
might be due to the characteristics of the CFCS. The CFCS derives one overall rating based
on subjective judgments about how well your child sends messages, how quickly you
communicate, and how well your child receives or understands your messages [4]. The
need to resolve a single CFCS score to account for these skills is inconsistent between the
level of expressiveness and capacity-communication, or there is an expressive repertoire of
skills, but it is problematic for children with slow communication due to motorized speech
or augmentative and alternative communication (AAC) access [20]. The second reason
might be due to the characteristics of communication. Since communication is not a single
function, it is not possible to capture the multidimensional nature of communication with
a single five-stage measurement, suggesting a breakdown of the communication classi-
fication into component functions [21]. The findings of this study on the CFCS suggest
a challenge for further studies that need to find out why the kappa is lower than other
classification systems and what is the way to increase it.

The agreement rate of this study was 66.9% between the first and third ratings and
80.1% between the second and third ratings. This rate showed a different agreement rate in
relation to previous studies. The agreement rate of children below 4 years and with CP be-
tween the first and third ratings (57.1%) was higher than in the study by Palisano et al. [12]
(51.6%). Similarly, the agreement rate of children above 4 years and with CP between
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the first and second ratings (67.3%) was higher than in the study by Palisano et al. [12]
(64.5%). The agreement rate results were context with the linearly weighted kappa results,
which was lower than other classification systems. The original CanChild study of the
GMECS stability had a higher agreement of 76% and 83% for children younger and older
than 6 years, respectively [8]. One of the possible reasons that the results of this study
are not completely consistent with previous studies could be the environmental impact of
communication. The level of CFCS changed to a more severe functional level and a less
severe functional level. In this study, the number of children with CP that moved into a
2-level difference was seven both between the first and second rating and also between the
first and third rating. The number of children with a 2-level difference between the second
and third rating was five. The case that moved into a less severe functional level was
higher than those that moved into a more severe functional level. As a factor influencing
the change to a less severe functional level, the effect of child maturity and intervention is
expected. It is necessary to also consider the development of communication skills through
maturity as a cause that may affect the change in the level of CFCS in children. If the child
received AAC-based interventions or other effective speech and language interventions,
this would have affected the less severe functional changes in CFCS levels. As a factor
influencing the change to a more severe functional level, post-seizures, other co-morbidities
and losing access to AAC could be a possibility. Hidecker et al. [22] reported that seizures
and other co-morbidities have a negative relation with communication function in children
with CP. The number of reclassified children, especially those below 4 years, indicates that
children with CP do not always maintain the same level of function. Although a 3-year to
5-year period was recommended for children and young people aged 4 to 17 with regards
to the GMFCS re-evaluation period, the change rate of the CFCS found between the first
and third ratings in this study may suggest a need to re-rate the participants every two
years. Especially, short period re-rate of the CFCS for children below 4 years and with CP
might be needed for monitoring their communication ability.

Although this study provided information on the stability of the CFCS through obser-
vations at intervals of one and two years, from the first rating, there are some limitations.
First, the pilot study about the inter-rater reliability or test-retest reliability of the CFCS
of this study was not completed and demographic characteristics of the assessors of the
CFCS were not described. Second, there was a possibility that the occupational therapists
could be misclassifying CFCS levels for children below 4 years. Third, the number of
children below 4 years was relatively small and there was a high proportion of children
with GMECS level 5 observed and this proportion was higher than in a previous study [23].
Since children with severe CP showed that the stability of the functional classification
might be better, the results of this study should be interpreted in consideration of the
severity. Fourth, there were cases of the increase and decrease in GMFCS level, however,
the results lack specificity. In future studies, it will be necessary to investigate variables
that affect large functional changes.

5. Conclusions

Although the results of this study showed overall substantial agreement of the CFCS,
regular re-evaluation of the CFCS levels is necessary. The differences in each research
periods between the first and third ratings, with one-year intervals, suggested that there
were some differences in the stability of the CFCS according to the children’s ages. In future
research, systematic and periodic evaluation of the CFCS levels is warranted for verifying
the differences in the change rate according to age. In addition to the periodical evaluation,
it is considered necessary to include changes in communication methods and comorbid
diseases such as seizures after communication intervention. The results showed that the
CECS levels in children with CP increased and decreased in this study, but the factors
that influenced these changes should be confirmed in further studies. Understanding why
children’s CFCS levels change can help with their prognosis. In addition, information
on how the communication function of children with CP develops over time will help
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the clinician plan treatment strategies accordingly. Finally, insight into the aging-related
impact on communication function in children with CP can be used to develop policies
and programs that can help prepare such children for adulthood.
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Abstract: Background: Autism spectrum disorder (ASD) affects the daily functioning of children
and their families; however, in Argentina, there are no standardized tools to guide the description,
evaluation, and follow-up of functioning and disability of children with ASD. To fill this gap, the
overarching purpose of this study was to create a novel tool guided by the International Classification
of Functioning, Disability, and Health (ICF) Core Sets for ASD for clinical practice. Methods: A
multistep methodology was used to identify the most relevant ICF categories for an Argentinian
clinical setting. The content of this ICF-based shortlist was piloted and revised according to the results.
Subsequently, a toolbox of measures was proposed to operationalize each ICF category. Finally,
profiles of the functioning of 100 children with ASD were created. Results: An ICF-based tool called
TEA-CIFunciona was created, consisting of 32 ICF categories (10 body functions, 15 activities and
participation, 7 environmental factors categories). The application of TEA-CIFunciona incorporated
a family-centered approach in ASD evaluations and helped identify functional needs. Conclusions:
TEA-CIFunciona is the first ICF-based instrument that guides the description of functioning of
children with ASD in Argentina. TEA-CIFunciona standardizes collaborative assessments in pediatric
ASD populations in Latin American contexts.

Keywords: ICF; autism spectrum disorder; functioning; child; measure; assessment

1. Introduction

Autism spectrum disorder (ASD) is a developmental disorder with a variable phe-
notypic expression characterized by communication and socialization difficulties and
repetitive and stereotyped patterns of behavior [1,2]. ASD is generally diagnosed in early
childhood and is considered to be secondary to an alteration in early brain development
and neural reorganization [3]. The core symptoms of ASD have an early onset in childhood
and tend to persist throughout the lifespan.

The global estimated prevalence of ASD is 1-2% [4]. In Argentina there is a lack of
data on the overall prevalence of ASD; however, isolated studies have found similar figures
to the prevalence estimates for the Americas by the World Health Organization (WHO)
0.7% [5,6].

Early diagnosis of ASD guides individualized early intervention. ASD diagnostic
assessment warrants a detailed evaluation of the behavioral features described in manuals
of diagnosis and classification, including the Diagnostic and Statistical Manual of Mental
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Disorders (DSM-5) [7] and the International Statistical Classification of Diseases and Re-
lated Health Problems 10th revision [8]. However, a timely diagnosis of ASD should be
complemented with a comprehensive assessment of functional needs performing everyday
life activities, to ensure meaningful and adequate interventions.

In 2001 the WHO proposed the use of the International Classification of Functioning,
Disability, and Health (ICF) [9] to describe functioning and disability from a biopsychosocial
perspective. Functioning is an umbrella term to describe what a person with a health
condition does or is able to do in everyday life at home, school, and in the community [9,10].
In 2007 a Child and Youth version of the ICF (ICF-CY) [11] was published specifically to
capture functioning in developing individuals by adding and expanding on the descriptions
of categories provided in the ICE. The ICF-CY facilitates the description of functional
abilities and limitations in each area of development, promoting a family /child-centered
approach [11]. This is important because children with neurodevelopmental disorders and
their families cherish the child’s functional abilities rather than the physical challenges,
limitations, and participation restrictions associated with a specific diagnosis [12].

Moreover, the ICF systematically incorporates the role of environmental factors, in-
cluding family, friends, therapists, societal attitudes, services, health systems and policies,
and products and technology, as essential elements that facilitate or hinder participation
and social inclusion [9,11]. Additionally, all content in the ICF is in conformity with interna-
tional conventions and declarations on the rights of children and persons with disabilities,
encouraging a human rights-based approach [9,11].

The ICF structures health and health-related domains into a hierarchy starting with
components, then chapters, followed by categories. An ICF category is represented by an al-
phanumeric code. This code contains a letter that denotes one of the components of the ICF:
body functions (b), body structures (s), activities and participation (d), and environmental
factors (e) [9,11]. The component index letters are followed by a numeric code starting with
the chapter number adding one digit (e.g., b1 mental functions), followed by a second-level
category code adding two digits (e.g., b167 mental functions of language), and third and
fourth level code by adding one digit respectively (e.g., b1670 reception of language and
b16700 reception of spoken language). The categories with their corresponding codes
must be completed with a qualifier: one, or more numbers after a point which denotes the
severity of the problem or the extent to which a factor is a facilitator or barrier [9].

A key contribution of the ICF is to provide a framework and a structure for collecting
and organizing clinical information evaluated by professionals worldwide, providing a
universal language [9,11]. As such, the ICF is an important contribution to the growing
interest in identifying children’s needs based on their profiles of functioning rather than
using only diagnostic labels, including ASD [13-15].

The practical application of the ICF-CY (from here we use ‘ICF’ to refer to both
classifications) has been a challenge in clinical practice, including in clinical assessments
of children with ASD, as the entire classification is comprehensive, consisting of 1685 ICF
categories, In 2018, Bolte et al. following a rigorous step-wise multiple study methodology
specified by the ICF Research Branch of the WHO Collaborating Centre for the Family of
International Classifications in Switzerland, developed ICF Core Sets for ASD to facilitate
its use [16]. ICF Core Sets represent shortlists of ICF categories that cover the most relevant
areas of functioning and disability in a specific condition, which facilitate the application
of the ICF in day-to-day practice. The Comprehensive Core Set for ASD consists of
111 categories and the common abbreviated set has 60 categories; the version for children
0-5 years of age has 73 categories, the version for children 6-16 years of age 81 categories,
and the version for adults 79 categories [16,17].

Even though the ICF Core Sets for ASD, developed for the international context,
highlight the most relevant categories for ASD out of the entire ICF classification, the
length and complexity of these ICF Core Sets make them still difficult to use in everyday
clinical encounters in Argentina.
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There are multiple benefits of adopting ICF-based tools in clinical practice [15,18].
The systematic use of ICF-based tools defining the minimal key areas of functioning to be
measured and reported for a given condition may be helpful to guide treatment planning,
to identify facilitators and environmental barriers, and to reduce disparities in services.
Moreover, ICF-based tools facilitate involvement of parents as active participants in the
decision-making process on treatment goals and evaluation of intervention outcomes.

In Argentina, there is consensus on the diagnosis and treatment of people with
ASD [19], but there are no guidelines that standardize the assessment of daily function-
ing in children with ASD. This highlights the need of a tool to systematically describe
functioning of children with ASD in a comprehensive way. To fill this gap, the overall
purpose of this study was to create a brief ICF-based tool to standardize assessments of
ASD, with the following specific aims: (1) to identify the most relevant categories from the
ICF Core Sets for ASD in order to describe the daily functioning of children with ASD in
our country; (2) to propose measurement scales to evaluate each ICF category identified
in aim 1; (3) to assess the feasibility of using a self-developed shortlist of ICF categories
in clinical encounters; and finally (4) to describe the profile of the functioning of children
with ASD at our national referral center.

2. Materials and Methods

The study is a descriptive cross-sectional design with prospective data analysis con-
ducted between January and December 2019. Study data were collected and managed
using REDCap electronic data capture tools hosted at Prof. Dr. Juan P. Garrahan” Hospital
(JPGH). For statistical analysis, RStudio Software was used. The study was approved by
the Ethical Review Board of JPGH and a written informed consent form was signed by
parents.

2.1. Setting

The Argentinian health care system is characterized by considerable fragmentation,
including a public system, work-related social insurances, and private health insurances,
which causes great heterogeneity in assessments and interventions of ASD. According
to the latest national census data, 36% of the population depends on publicly-funded
medical insurance [20], showing the essential role of public hospitals in service provision
in the country. Hence, in Argentina, there is increasing demand for providers of health
services for persons with ASD in the public system, but only a few exist. One of these
service providers is “Prof. Dr. Juan P. Garrahan” Hospital, the largest national public
pediatric referral center in Buenos Aires, Argentina. The Division of Interdisciplinary
Clinics provides consultations for the evaluation, diagnosis, and management of children
with neurodevelopmental disabilities. Our division receives approximately 5000 visits per
year. Out of those visits, approximately 120 visits per year are related to ASD diagnosis
and a similar number to ASD follow-up visits, this reflects the average over the last three
years.

2.2. Study Team—DProfessionals and Caregivers

Our interdisciplinary team consists of developmental pediatricians (1 = 6), speech
and language therapists (1 = 4), and special educators (1 = 6), with more than 15 years of
experience in the diagnosis and follow-up of children with ASD. In addition, the study was
conducted with active collaboration from the parents and caregivers of children with ASD
attending follow-up visits at our clinic.

2.3. Study Participants

Children and their caregivers who attended regular ASD follow-up visits at the
Child Developmental Pediatric Unit of the Division of Interdisciplinary Clinics at JPGH,
were invited to participate, those who provided consent were included in a consecutive
sampling. The inclusion criteria were a child with a diagnosis of ASD made at the Division
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of Interdisciplinary Clinics and age of the child under 16 years old. There were no exclusion
criteria.

Children’s information including gender, age, comorbidities, genetic condition, or
another neurodevelopmental disorder were collected from health records. Severity of ASD
was categorized following the DSM-5 levels of severity [7]. An unsatisfied basics needs
(UBN) [20] score, measuring structural poverty was assigned to describe sociodemographic
characteristics.

2.4. Procedure
2.4.1. Interprofessional and Family-Centered Approach

The overall purpose of this study was to create a brief culturally sensitive ICF-based
tool to standardize assessments of functioning of children with ASD, especially to describe
functioning in terms of performance at home, at school, and in the community. In every
step of the study, the interprofessional study team, along with parents and caregivers,
maintained active communication and collaborated sharing their different perspectives on
day-to-day functioning. Thus, a multistep methodology was used to achieve the overall
and specific aims, as follows:

e Aim (1) Identify the most relevant categories from the international ICF Core Sets for
ASD to describe the daily functioning of children with ASD.

During two months, we conducted weekly sessions to familiarize ourselves with
the content of the ICF classification and structure. We reviewed the literature related to
the development and content of the comprehensive ASD Core Set [16,17]. In addition,
electronic health records were reviewed to capture the main concerns described by families
of children with ASD in previous years. Using the main concerns, each team member
completed a checklist linking the meaningful concepts to the ICF categories included in
the comprehensive ASD Core Set. We followed the ICF linking guidelines proposed by
Cieza et al. [21]. ICF categories with an agreement of 75% or greater were included in our
shortlist. This ICF-based shortlist was called TEA-CIFunciona.

e Aim (2) Propose measurement scales to evaluate each ICF category included in TEA-
CIFunciona.

During the following month, we conducted weekly sessions where measurement tools
were sought for each category included in our shortlist. We created a toolbox of measures
to assess the categories in TEA-CIFunciona. Specifically, we tried to identify a one-to-one
correspondence between an item of a measure and single ICF categories, at times this was
not possible. Therefore, we proposed a set of items. When we could not identify a scale or
measure to cover the content of the ICF category, we developed questions to assess that
category. We ensured that the content of the questions represented the ICF category, using
the ICF linking guidelines proposed by Cieza et al. [21].

e Aim (3) Feasibility and psychometric properties of TEA-CIFunciona version 0.0.

TEA-CIFunciona version 0.0 was piloted to check face validity, reliability, and feasi-
bility in 20 patients. Interviews were conducted by two members of the study team who
independently applied TEA-CIFunciona. Face validity: A questionnaire was answered
by both evaluators to determine if all aspects of the consultations were included in TEA-
CIFunciona. In addition, a questionnaire was answered by the parents to ensure that all
their concerns were addressed; each family was additionally asked to give their opinion
about the interview.

Inter-rater reliability: Two evaluators participated in each interview and indepen-
dently scored all ICF categories included in TEA-CIFunciona. Cohen’s Kappa statistics
were used to evaluate inter-rater reliability. k of 0.61-0.80 are considered as substantial
agreement and k > 0.80 as excellent agreement. Categories with a Kappa > 0.60 were
maintained on our shortlist. Feasibility: raters were asked to provide feedback on usability,
clarity, and objectivity of the TEA-CIFunciona using a brief questionnaire.
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e Aim (4) Describe the profile of functioning of children with ASD using TEA-CIFunciona.

Finally, using the final version of TEA-CIFunciona (version 1.0), we described the
profile of functioning of a larger group of children with ASD (7 = 100). We translated
clinical information into qualifiers following a self-developed guide, see below.

2.4.2. Translating Clinical Information and Standardized Assessment into ICF Qualifiers

As there is no gold standard to guide the translation of clinical information into ICF
qualifiers, we created a guide for our pediatric clinical setting. First, we identified the best
content correspondence [21] between item /s from standardized measures used in our ASD
clinic and the content of the ICF categories included in TEA-CIFunciona. Then, we followed
the ICF generic scale for problem severity (0-4% no problem/5-24% mild problem /25-49%
moderate problem/50-95% severe problem/96-100% complete problem) [9,11] and com-
pared it to the grading system of the assessment tools included in the toolbox. Additionally,
we coded clinical information directly into ICF categories and qualifiers using our clinical
expertise. Some categories were evaluated directly by parents, using the visual analog scale
(VAS) as reported in other studies [22], including a visual response card created by the
researchers to facilitate parents’ understanding when identifying the degree of difficulty
experienced by the children in a category. Parents’” answers were directly translated into
ICF qualifiers. Supplementary Material S1 shows examples of how clinical information
and scores from standardized measures were translated into the ICF qualifiers.

3. Results

The multistep process led to the creation of TEA-CIFunciona version 1.0 and subse-
quently its application in clinical practice (Figure 1). TEA-CIFunciona version 1.0 consists
of 32 ICF categories including, 10 body functions, 15 activities and participation, and
7 environmental factors.

‘ AIM 1 Select the most relevant ICF categories for children and youth with ASD

Caregivers
- and
Comprehensive ICF professionals ICF Shortlist for
Core Set for ASD perspectives 275% agree ASD
(Bolte et al 2018) » Relevant include TEA-CIFunciona

N=111 ICF categories areas of version 0.0

functioning

| AIM 2 Propose toolbox to evaluate each ICF category inciuded in TEA-CIFunciona

Translating clinical information TOOLBOX
into ICF qualifiers » VISUAL ANALOGUE SCALE
Collaborative approach caregivers ITEM/S STANDARDIZED TESTS
and professionals Self-developed questions

‘ AIM 3 TEA-CiFunciona Pilot n=20 patients - Feasibility, reliability, face validity

Capsnt ol TER-CIFUNcien » TEA-CIFunciona version 1.0
reviewed i .
2 ICF categoriesadded N=32 ICF categories

‘ AIM 4 Building Profile of functioning using TEA-CIFunciona version 1.0 ‘

Final revision TEA-CIFunciona version 1.0
Standardized assessment of functioning and disability
Description of Profile of functioning of children with ASD n=100

Figure 1. Multistep process for the development of TEA-CIFunciona and its clinical application.
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3.1. Aim (1) Identify the Most Relevant Categories from the ICF Core Sets for ASD in Order to
Describe the Daily Functioning of Children with ASD

Table 1 shows the categories included in TEA-CIFunciona version 1.0 as well as
the toolbox to operationalize each category. All ICF categories were obtained from the
Comprehensive Core Set for ASD, except d815 preschool education. This category was
included to cover a common concern expressed by parents during clinical consultations.

Table 1. TEA-CIFunciona version 1.0 and proposed toolbox.

Content of TEA-CIFunciona (n = 32 Item/s Used to Assess Alternative Item/s and Tools to Assess the Content
ICF Categories) Content of Each Category (Based on Availability of Tools)
Body Functions (b)
b117 Intellectual functions CAT/CLAMS._C:)ganQ WPPSI * S. Binet
domain
b125 . Dispositions and VAS (parents) *
intra-personal functions

b134 Sleep functions VAS (parents) *

b140 Attention functions VAS (parents) *

b156 Perceptual functions VAS (parents) *

. . . CLAMS (CD
b1670 Reception of language VABS (Subdomain receptive) * CELF GARDNER PLS receptive)
b1671 Expression of language VABS (Subdor‘}faln CELF GARDNER pLs CLAMS(CD

expressive) expressive)
b7602 Coordination of voluntary VAS (parents) *
movements
ADOS
b7652 Tics and mannerisms ADI-R (item 77) * (item: D2
module 2,3 6 4)
b7653 Stereotypies and motor ADI-R (item 78) *
perseveration
Activities and Participation (d)
d110 Watching ADI-R (item 50) *
d115 Listening CARS (item 8) *
d130 Copying CARS (item 2) *
.. . VABS * (Domain Daily Living
d155 Acquiring skills Skills)
d250 Managing one’s own CARS (item 6) *

behavior
d330 Speaking Observation/Interview *
d335 Producing nonverbal ADI-R (42,43, 44 ADOS 2

messages and 45) * (module 2 A7)

. . " ADOS 2
d350 Conversation ADI-R (item 35) (module 2 A5)
d530 Toileting VAS * (parents)
d550 Eating VAS * (parents)
d720 Complex interpersonal VABS * (Subdomain

interactions Interpersonal Relationships)
d7500 Informal rel:atlonsh1ps with PEDSQL* (Social Functioning)
friends
dsi15 Preschool education VAS * (parents)
ds20 School education VAS * (parents)
d920 Recreation and leisure VABS (sub(.:lomam Leisure
Time)
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Table 1. Cont.

Content of TEA-CIFunciona (n = 32 Item/s Used to Assess Alternative Item/s and Tools to Assess the Content

ICF Categories)

Content of Each Category (Based on Availability of Tools)

el25

e310
e355

e430

e5502

eb55

e5800

Products and technology for
communication

Environmental Factors (e)

Self-developed question *

Individual attitudes of

Immediate family Family Apgar *
Health professionals VAS *
people in positions of VAS *

Self-developed question *

Associations and

organizational services, VAS *
systems and policies

Health services, systems and

Self-developed question *

* Denotes item or items used to assess the content of each category included in TEA-CIFunciona, the items were selected from standardized
measurements. As shown, some categories were assessed using VAS or self-developed questions. First column describes the toolbox used in
this study, the second column proposes alternative options to assess each category. CAT/CLAMS: Clinical Adaptive Test/Clinical Linguistic
and Auditory Milestone Scale, ADI-R: Autism Diagnostic Interview-Revised, ADOS-2: Autism Diagnostic Observation Schedule-2, WPPSI:
Wechsler Preschool and Primary Scale of Intelligence, CARS: Childhood Autism Rating Scale, VABS: Vineland Adaptive Behavior Scales
2, CUD: Unique Disability Certificate, VAS: Visual Analog Scale, PedsQL: Pediatric Quality of Life Inventory, S. Binet: Stanford-Binet
Intelligence Scales, Gardner: Test de figura/palabra receptivo y expresivo Gardner, PLS: Preschool Language Scale, CELF-4: Clinical
Evaluation of Language Fundamentals 4, Family APGAR: Adaptability, Partnership, Growth, Affection, and Resolve.

3.2. Aim (2) Propose Measurement Scales to Assess Each ICF Category. Development of a Toolbox

All selected scales are used regularly in assessments of ASD, and the study team is
trained in their use. The selection of the tools was based on consensus. From each tool
we selected the item/s that best covered the content of the ICF category (Table 1). Experts
from other national and international institutions were consulted to provide feedback on
the proposed toolbox.

3.3. Aim (3) Feasibility and Psychometric Properties of TEA-CIFunciona

We showed that TEA-CIFunciona was reliable, relevant, and feasible for application
in our busy clinical consultations. After we piloted the first version of TEA-CIFunciona,
we revised the tool based on parents’ and professionals’ feedback. Hence, two categories
were added, as follows: Individual attitudes of people in positions of authority (e430) and
Associations and organizational services, systems, and policies (€555). Two categories (b125
and b140) showed a lower level of agreement than expected; therefore, it was agreed to
prioritize parents” opinion and they scored the categories using the VAS.

3.4. Aim (4) Describe the Profile of Functioning of Children with ASD Using TEA-CIFunciona;
Clinical and Demographic Variables of the Sample

Table 2 shows the general characteristics of the sample using the TEA-CIFunciona
version 1.0. Overall, 100 children were assessed, 81% were boys, with a mean age of 7 years
and 4 months (range, 3 to 16 years), 10% had structural poverty (positive UBN score), and
20% lacked health insurance coverage. Almost 69% presented with an associated medical
condition (e.g., sleep disorder, obesity, epilepsy) and 70% with associated developmental
disorder (e.g., intellectual disability, developmental coordination disorder). Importantly, we
included a representative sample of all severity levels for ASD proposed by the DSM-5 [7].
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Table 2. Characteristics of the sample using TEA-CIFunciona version 1.0.

Characteristics of the Children with ASD

Sample size 100
Age in months. Median (range) 89 (36; 192)
Age < 6 years 39% (39)
Age 6-16 years 61% (61)
Age of ASD diagnosis. Median (range) 42.5(20;112)
Boys 81% (81)
Gender % (n) -
Girls 19% (19)
UBN (Unsatisfied Basic Needs) 10% (10)
Severity level (DSM-5)
I Requiring support 30% (30)
II Requiring substantial support 42% (42)
III Requiring very substantial support 28% (28)
Yes 67% (67)
Language
No 33% (33)
Yes 97% (97)
Attending school
No 3% (3)
Associated medical conditions * 69% (69)
Sleep disorder 32% (22)
Obesity 20% (14)
Genetic syndrome 10% (7)
Chronic disease 5.8% (4)
Epilepsy 2.8% (2)
Associated developmental disorder ** 70% (70)
Yes 42% (30)

Intellectual Disability/GDD No 12.8% (9)

Not evaluated 61% (of the total sample)

Developmental Coordination Disorder 17% (12)

Anxiety 14% (10)

Language disorder 12.8% (9)

Behavioral disorder 8.5% (6)

ADHD (Attentioy Deficit Hyperactivity 8.5% (6)
Disorder)

Hearing Impairment 5.7% (4)

Learning disorders 4.3% (3)

* Associated medical condition: The values expressed in % were calculated from the 69% (the sample with
an associated medical condition). The same child may have more than one associated medical condition.
** Associated developmental disorder: The values expressed in % were calculated from the 70% (the sample
with an associated developmental disorder). The same child may have more than one associated developmental
disorder.

3.5. Profile of Functioning Using TEA-CIFunciona Version 1.0 (n = 100 Children with ASD)

Table 3 shows the frequency of the impairments, limitations, and restrictions in
daily functioning in the corresponding components of body functions, activities and
participation, and environmental factors. In the component body functions, intrapersonal
functioning (b125) was considered to be a moderate or severe problem in 61% of the
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children. A moderate-to-complete problem was observed in reception of language (b1670)
in 45% and in expression of language (b1671) in 73%.

In activities and participation, almost 20% of caregivers reported that their children
had severe problems in relation to toileting (d530) and eating (d550). Education, considering
school and preschool education (d815 and 820), appeared to be a problem in 40% of the
sample, with different levels of severity. Speaking (d330) and conversation (d350) were
considered moderate to complete problems in 33% and 79% of the children, respectively.
Maintaining a relationship (d720 and d7500) and the use of leisure time (d920) were
common functional challenges.

Regarding environmental factors, although the majority of parents considered atti-
tudes of people in positions of authority (e430) a facilitator, many (24%) found it to be a
barrier. Immediate family (e310) was a facilitator in 97% and health professionals (e355) in
61% of the sample.

Parents most often described problems in dispositions and intra-personal functions
(b125), attention functions (b140), perceptual functions (b156), and eating (d550). Overall,
support from parents’ associations (for example NGOs) was seen as facilitators but appear
to be an underused resource for families.

Figure 2A,B summarize the profiles of functioning of children with ASD under
6 years and >6 to 16 years, using TEA-CIFunciona version 1.0. As shown, there are
many commonalities among the groups; however, each age-group shows unique functional
characteristics and environmental factors, for example, in areas of receptive language,
coordination of movements, copying skills, speaking, producing non-verbal messages,
conversation, and using or accessing products and technologies for communication. Using
TEA-CIFunciona, we were able to show that younger children with ASD have greater
impact on functioning and less access to products and technology for communication. This
information can guide interventions as well as modifications of the environment.
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Functioning Profile
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Figure 2. Cont.
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Figure 2. (A) Profile of functioning of children with ASD (autism spectrum disorder) < 6 years of age using TEA-CIFunciona
version 1.0. (B) Profile of functioning of children with ASD 6 to 16 years of age using TEA-CIFunciona version 1.0.
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ICF Qualifiers in body functions, body structures and activities and participation: 0 =
no problem; 1 = mild problem; 2 = moderate problem; 3 = severe problem; and, 4 = complete
problem. ICF Qualifiers in environmental factors: 0 = no barrier/facilitator; +1 = mild
facilitator; +2 = moderate facilitator; +3 = substantial facilitator; +4 = complete facilitator;
1 = mild barrier; 2 = moderate barrier; 3 = substantial barrier; and 4 = complete barrier.
The component personal factors (pf) does not have ICF categories assigned, therefore it is
recommended to add themes representing personal factors to complement the profile of
functioning.

The ICF qualifiers used to create the profile of functioning of this study sample rep-
resent the qualifiers that have the highest percentage within each ICF category. This
profile of functioning was built using the ICF-based documentation form on this web page
https:/ /icf-core-sets.org/es/page0.php (accessed on 1 April 2019), courtesy ICF Research
Branch. P (performance): describes what an individual does in his or her current environ-
ment. C (capacity): describes an individual’s ability to execute a task or an action, meaning
the highest probable level of functioning that a person may reach in a “standardized”
environment.

4. Discussion

This study describes the creation of a novel ICF-based instrument called TEA-
CIFunciona version 1.0. This is the first study conducted in Latin America that describes
functioning in children with ASD. The contributions of this study are multiple, as follows:
(1) identification of the most relevant areas of functioning and disability to standardize
assessments of children with ASD in Argentina; (2) proposing a toolbox with standardized
scales and questionnaires to operationalize the categories selected; (3) description of the
profile of functioning of a large sample of children with ASD (1 = 100) in the region using
the ICF universal language.

4.1. Benefits of Using TEA-CIFunciona Version 1.0

TEA-CIFunciona incorporates the most relevant ICF categories for our cultural and
pediatric setting. The application of TEA-CIFunciona helped us to incorporate a family-
centered approach in the clinic. Consideration of parental views shifted the focus of
follow-up visits towards the aspects of daily living significant to them. This modified the
team’s perspective; thus, parents’ point of view and concerns were prioritized while taking
into account the available resources.

In addition, the recognition of children’s strengths and abilities was highly appreciated
by the parents. For example, use of eating utensils may not be important to the practitioner,
but may be essential to them. Generally, these skills can only be appreciated by the
professional after a thorough investigation of everyday activities [23].

The systematic consideration of environmental characteristics allows us to draw some
general conclusions regarding the difficulties these children and their families must over-
come, and which support they considered most important. In most cases, the immediate
family was identified as a substantial or complete facilitator, and its absence as an im-
portant barrier. This confirms once again not only the importance of a strong family
structure, but also the need for support networks in the community and the notion that
clinical interventions are successful when the uniqueness and diversity of families are
recognized [24].

Another finding was that the pediatrician was identified as a facilitator in only 61% of
the cases. The reasons given for this rating were lack of knowledge on ASD, or negative
attitude. Often children with ASD do not have a primary care pediatrician and parents
navigate a fragmented health care system without guidance. Sometimes the pediatrician is
unaware of the family’s priorities, and whether treatments or supports are working. Hence,
the application of TEA-CIFunciona can improve service provision for ASD, as it explicitly
examines the components of functioning that are often left out of traditional health care
provision. TEA-CIFunciona could help communicate functional information in a simple
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way (for example using an illustration shown in Figure 2), and therefore may encourage
the pediatrician to collaborate in teamwork and adopt a social model to evaluate disability.

TEA-CIFunciona showed extremely varied school experiences, being very positive
for some children and extremely negative for others. The latter was associated with
negative attitudes of the teachers and problems in adopting effective individual educational
strategies, such as anticipation pictures, calendars, or communication devices.

Again, TEA-CIFunciona helped us identify the main environmental barrier in our na-
tional context. We found that augmentative communication technology was not commonly
used. The devices were unknown to many of the parents and therapists but highly valued
by those who did use them. Although evidence is limited, different studies have reported
on the possible benefits of augmentative communication devices for children with autism.
Therefore, the lack of use or restricted use was considered as a barrier, mainly in children
with important verbal language impairment [25].

4.2. User Instructions TEA-CIFunciona

To facilitate adoption and implementation of TEA-CIFunciona in clinical practice, we
propose simple user instructions (Figure 3). Briefly, (1) to apply TEA-CIFunciona children
and youth have to have a confirmed diagnosis of ASD, using validated diagnostic tools;
(2) a multi-disciplinary team with active collaboration with parents and/or caregivers
and children with ASD—when possible should participate in the assessment process, a
proposed toolbox of items is suggested to address each ICF category contained in TEA-
CIFunciona version 1.0; then (3) build a profile of functioning to summarize the findings of
the assessment and highlights functional strengths and needs, along with environmental
barriers and facilitators; finally (4) develop a functional comprehensive collaborative plan
of intervention.

USER INSTRUCTIONS TEA-CIFunciona for children and youth with ASD

Identification of ASD
(confirmed diagnosis of ASD with validated tools)

Functional and comprehensive assessment (First form a

multidisciplinary team, active participation of parents and

children, evaluate categories included in TEA-CIFunciona,
follow the proposed toolbox)

Build a profile of functioning

(assign ICF qualifiers using clinical judgement)

Develop a functional comprehensive collaborative plan

Figure 3. User instructions TEA-CIFunciona version 1.0.
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4.3. Contributions of TEA-CIFunciona to Clinical Settings

This study proposes a new culturally sensitive ICF-based tool for clinicians working
in the field of childhood-onset disabilities, contributing to the few pediatric ICF tools
available today [13]. The application of TEA-CIFunciona could facilitate comparison of
outcomes and results of intervention across the country and hopefully in other countries
in Latin-America. However, clinical experience as well as training in the use and the ICF
language, are needed.

4.4. Additional Considerations and Contributions to the International Community

Asking about parents’ concerns and opinions also forces us to reconsider what the
goals of treatment should be, who should set the priorities for a child, how to assess quality
of care and support services, and even when to discontinue treatments. As described by
Campos et al. in a recent qualitative study applying the ICF in a pediatric Latin American
setting, it is crucial to incorporate parents’ perspective when describing functional needs
and setting goals for interventions, as parents are the ones who live and experience the
main functional limitations of their children [26].

To our knowledge, this study describes the first attempt to operationalize the content of
the ICF Core Sets for ASD in a pediatric clinical setting, as such; the multi-step methodology
applied for developing TEA-CIFunciona may encourage the international community to
replicate our effort in different cultural settings around the globe, and identify the most
relevant items or tools to assess the content of the ICF Core Sets for ASD in their countries.

In addition, by providing evidence of functional needs and environmental barriers
TEA-CIFunciona has the potential to guide health policies and may be useful guiding data
collection at a regional or global level, facilitating comparisons across settings, guiding
resource allocation, professional training, and capacitation. Overall, TEA-CIFunciona
proved to be a practical framework and guideline for comprehensive assessments of ASD,
although the time necessary for the interview may be a limiting factor.

4.5. Limitations

The translation of the scores of different grading scales into the ICF qualifiers posed
several challenges. It is important to note that there is no gold standard that we could follow,
currently, there are no rules guiding how to translate clinical information into ICF qualifiers
in pediatric populations. Other studies applying the ICF in pediatric populations have
used clinical judgement [10,22]. Our process required adjustments and modifications until
the final guidelines for assigning the qualifiers were proposed. The lack of standardized
tools to evaluate some of the categories, mostly those related to environmental factors, may
be an additional limitation.

Finally, the selection of categories from the comprehensive ASD Core Set may have
left out specific aspects that would be important in the evaluation of some children with
ASD. Further revisions and larger studies across the country are needed.

5. Conclusions

In conclusion, implementation of TEA-CIFunciona version 1.0 is feasible and stan-
dardizes the assessment of children with ASD in our country. The toolbox operationalizes
the content of TEA-CIFunciona and facilitates building a profile of functioning of children
with ASD. This study may encourage colleagues to adopt TEA-CIFunciona, systematize
the evaluations of patients with ASD using a biopsychosocial approach, benefitting both
the children and their families. Although these findings describe a specific population,
they may shed light on issues that are common to other children with ASD, regardless of
where they live [23].

Future Steps

Regarding the next steps, it will be necessary to expand the use of this tool in other
contexts, starting with community centers in Argentina and then in other Latin American
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countries with similar cultural background to identify common barriers and facilitators, to
obtain a more representative functional data of this population. This could help to optimize
delivery of health and rehabilitation services, to contribute to evidence-based policies, and
to respond most adequately to children’s and family’s needs. Finally, we expect that after
ongoing clinical application of TEA-CIFunciona version 1.0 in different settings, and based
on feedback and lessons learned, future revisions will be required to include updates and
recommendations not only from the professionals and caregivers’ perspectives on daily
functioning but from the children and youth with ASD perspectives as well.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/1jerph18073720/s1. Examples of translation strategies for ICF categories included in TEA-
CIFfunciona version 1.0 for the components body functions, activities and participation and environ-
mental factors.
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Abstract: Responsive caregiving is the dimension of parenting most consistently related to later
child functioning in both developing and developed countries. There is a growing need for efficient,
psychometrically sound and culturally appropriate measurement of this construct. This study
describes the cross-cultural validation in Brazil of the Responsive Interactions for Learning (RIFL-P)
measure, requiring only eight minutes for assessment and coding. The cross-cultural adaptation
used a recognized seven-step procedure. The adapted version was applied to a stratified sample
of 153 Brazilian mother—child (18 months) dyads. Videos of mother—child interaction were coded
using the RIFL-P and a longer gold standard parenting assessment. Mothers completed a survey on
child stimulation (18 months) and child outcomes were measured at 24 months. Internal consistency
(x = 0.94), inter-rater reliability (r = 0.83), and intra-rater reliability (r = 0.94) were all satisfactory to
high. RIFL-P scores were significantly correlated with another measurement of parenting (s ranged
from 0.32 to 0.47, p < 0.001), stimulation markers (r = 0.34, p < 0.01), and children’s cognition (r = 0.29,
p < 0.001), language (r = 0.28, p < 0.001), and positive behavior (r = 0.17, p < 0.05). The Brazilian
Portuguese version is a valid and reliable instrument for a brief assessment of responsive caregiving.

Keywords: responsive caregiving; parent—child interaction; observational measurement; thin slice
methodology; low- and middle-income countries; Brazil

1. Introduction

Responsive caregiving is a key element in fostering young children’s developmental
potential [1-4]. This special type of caregiving integrates sensitivity (defined as the care-
giver s ability to notice, interpret, and respond appropriately to an infant s signals, needs,
and internal state [5]) and stimulation (described as expanding and building on a child’s
interest by talking, pointing and demonstrating in a developmentally appropriate way
that supports early learning [6]). These attuned and reciprocal interactions—previously
operationalized as cognitive sensitivity [7] or responsive stimulation [3]—have been found
to predict cognitive [4,8,9], socioemotional [10,11], and brain development in young chil-
dren [12]. This aspect of parenting is best assessed observationally as caregivers can
only report on responses to signals that they notice and not those they miss or misinter-
pret [13,14].
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The Responsive Interactions for Learning (RIFL) measure combines the well-understood
concepts of sensitivity and stimulation in a brief, observational tool that can be used to
assess responsive caregiving at the population level. It has been shown to have good
reliability and validity in mothers, fathers, and siblings and is referred to as RIFL-P for
parents [15] and RIFL-S for siblings [7,16]. The coding scheme for this instrument uses a
thin-slice methodology proposed by Ambady [17], who argued that when a construct is well
articulated, it can be accurately, intuitively, and rapidly rated. Thin-slice ratings have been
shown to have similar psychometric properties to labor-intensive coding schemes [7,15].

Considering that most instruments measuring parental responsivity have been de-
veloped in Western countries based on middle-class samples [18], one cannot presume
that specific behaviors observed for those families and assessed by those instruments
are generalizable across cultures. To overcome this, the field recommends adaptation of
instruments with documented validity rather than the development of new ones since
cross-cultural adaptation is faster, easier, and less expensive [19,20]. Experimental and
correlational studies performed in Brazil have shown cultural evidence of the importance
of the construct of responsivity /sensitivity in the Brazilian society [21-23].

Given the public health importance of early responsivity to child development, and
considering that responsive caregiving is the cornerstone of successful early childhood
development (ECD) interventions [24,25], there is an urgent need for valid and reliable
measures appropriate for use in large-scale studies. Screening of parental responsivity at
the level of population groups could aid in identifying those caregivers who may benefit
from parenting programs. There is also growing recognition of the need to integrate
behavioral services into primary care [26] to strengthen early identification and access to
appropriate interventions [27]. This is especially relevant in Brazil, as this country has been
implementing massive ECD home visiting programs among disadvantaged families [28,29]
and parent training programs to coach caregivers on positive parent—child interactions [30].

The aim of the study was to describe the cross-cultural adaptation process and vali-
dation of the Brazilian Portuguese RIFL-P, thus providing a culturally adapted, validated,
and appropriate observational instrument to assess responsive caregiving in Brazilian
parent—child dyads.

2. Materials and Methods

The University of Toronto Research Ethics Board, as well as the Ethics Committee of
the Medical School of the Federal University of Pelotas approved the study. All participants
signed an informed consent form before being enrolled in this study.

2.1. Participants

Participants of phase 1 (cross-cultural adaptation) and phase 2 (testing the new mea-
sure) were different. For phase 1, nineteen participants took part, including supervisors
and home visitors from the Primeira Infincia Melhor program (N = 17) and two child health
university professors.

The phase 2 study was based on a subsample of the 2015 Pelotas Birth Cohort
Study [31] when the children were 18 months old. The target sample size was N = 155,
based on budgetary constraints and practice in the field [32,33]. The Pelotas cohort used
demographic data collected within two days of the child’s birth to identify a subpopulation
of children eligible for the current parenting study. Three hundred and ninety-five families
satisfied the selection criteria (full-term, singleton, normal birth weight, and aged between
17 and 18 months during a six-week data collection period). Families were stratified by
wealth quintiles according to household assets assessed at the child’s birth and recruited
until the target sample size was achieved. Recruiting stopped after 178 families were
contacted, 23 families refused (13%) and the target sample of N = 155 was achieved. Obser-
vational data were collected for 155 mother—child dyads. Two film clips were excluded for
technical reasons (duration of less than 5 min and third-party interference in the task). The
final sample of 153 dyads was determined to be optimal based on the proposed analyses
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and expected results [34]. Mean child age was 17.9 months (SD = 0.27), mean gestational
age was 39.4 weeks (SD = 1.23; range = 37-41.9 weeks). Females outnumbered males
(females = 55.5%, males = 44.5%). The participating families’ socioeconomic levels were
represented equally in the upper four quintiles with about 22% each, while the first quintile
(the poorest) accounted for about 12% of the children. Children in the 2015 Pelotas Birth
Cohort were followed up at 24 months of age, and developmental outcomes were col-
lected [35]. The relationship between our new parental responsivity measure and children’s
developmental outcomes could therefore be examined in the 153 families of our sample.

2.2. The Responsive Interactions for Learning Measure, Version for Parents

The RIFL-P (previously known as Cognitive Sensitivity) is a unidimensional 11-item
observational instrument designed to provide a rapid assessment of the extent to which a
parent identifies and responds, incorporating sensitivity and stimulation, to the feelings
and thoughts of the child with whom they are interacting. The RIFL-P measures three
interconnected skills of the caregiver—(i) communicative clarity (providing meaningful
verbal/nonverbal inputs to the child and fostering of shared understanding of the goals of
the task); (ii) mind-reading (thinking about what the child knows and understands); and
(iii) mutuality building (promoting reciprocity)—through a challenging task that elicits
cooperation. Assessment uses a thin slice methodology and takes around eight minutes
to administer and code (five minutes of observation of interaction, three minutes to code).
After watching a 5-min video recording just once, raters apply codes to each of the 11 items
using a five-point Likert scale, ranging from 1 (“Not at all true”) to 5 (“Very true”). A mean
of the 11 items is calculated, yielding a composite score of responsivity that can range from
1 to 5. Currently, the training of RIFL-P raters is completed in less than eight hours through
a password-protected, open-source online asynchronous course offered by the University
of Toronto, which is available in English, Portuguese, and Spanish. Psychometric properties
of the original instrument were found to be strong (inter-rater reliability (IRR) was & = 0.84;
internal consistency of the scale was « = 0.92) [15]. RIFL scores assessed both for parents
and siblings have been found to be associated with contextual risk (inversely), traditional
measures of maternal sensitivity, and a range of child outcomes, including receptive
vocabulary, executive functioning, theory of mind, and academic achievement [7,15,36].

2.3. Phase 1: Cross-Cultural Adaptation of the RIFL-P

Phase 1 was the cross-cultural adaptation of the RIFL-P from the source to the target
language. Prior to conducting this phase, written permission from the developers of
the original measure was obtained. A well-established method [19,37] was used for this
phase, based on six steps (see Figure 1) that maximize the level of semantic, idiomatic,
conceptual, and experiential equivalence achieved between the original and adapted
versions of the instrument.

At the end of each step, a written report and/or an updated version of the instrument
were produced and used to guide the next step. The focus groups and the formation of
an expert committee ensured conceptual and functional content validity [38]. The first
author (AS) coordinated the two 2-h group sessions with nine and eight participants each.
Participants were asked to read and discuss all the items in the scale, the response options,
and the extent to which the wording was clear and comprehensible. They collectively
rated the comprehensibility of the scale on a three-point scale. They were asked to con-
sider whether the items were representative of the parenting of Brazilian parents and to
raise any other important aspects of parenting that came to mind. Back translation was
elaborated with a double purpose, i.e., highlighting translation deficiencies and allowing
for review of possible cultural differences by the original developers. Back translation is
viewed as an additional quality control check [19,39]. It is also essential in a cross-cultural
adaptation of an observational measure to contextualize the coding in the new culture [32],
as described below.
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Preliminary: Formal
permission to adapt
the original measure

- Obtain permission from holders of intellectual property rights

) Translations 1 and 2

Step 1: Translation

- Two Portuguese first-language translators produce translations 1 and 2 Written reports

- Informed + uninformed translators
- Into target language (Brazilian-Portuguese)

Combined translation

Step 2: Synthesis

- First author synthesizes translations 1 and 2 into a combined translation Written report
- Resolve any discrepancies with translators’ reports

" ' - Two focus groups with experienced professionals to evaluate the combined ~ Content version
Sle]; 34 ]’.val;xahon by translation (n=17) Written report
s E@ Produce a content version >

21 4 Jo voneydepy [ermn) - ssoid

- Two epidemiologists review all reports and versions Penultimate version
Step 4: Expert - Reach consensus on discrepancies Written report
committee review - Produce penultimate version
- One English first-language translator Back traslation
Step 5: Back-translation - Blinded to the original English version version

- Work from penultimate version

Step

RIFL-P culturally
6: Authors’ review - Authors approve back translation adapted version 3

Figure 1. Step sequence for
(adapted from Beaton et al.

the cross-cultural adaptation process—the Brazilian Portuguese version of the RIFL-P measure

[19)).

2.4. Phase 2: Testing the New Measure

This phase included the collection and analysis of 155 videos of mother—child inter-
action. This phase had two components: Coder Training and Full Psychometrics. The
purpose of Coder Training was to train the second coder in the reliability criteria and to
elaborate the coder manual (for future training of coders) with specific information about
the Brazilian context and parenting. This was done with the first 39 dyads from the full
sample. The purpose of the Full Psychometrics component was to establish the reliability
and validity of the Brazilian Portuguese RIFL-P measure (namely, Interacdes Responsivas
para a Aprendizagem).

2.4.1. Measures

The RIFL-P (Brazilian Portuguese Version)

Mothers were given a task to do with their children. The mother sat on a yoga mat
and played with her child for five minutes. She was shown pictures of patterns on the
shape and color sorter of varying degrees of difficulty and asked to encourage the child to
make the patterns with her. The goal was to elicit maternal behaviors and speech related
to helping and teaching when the task was slightly too developmentally challenging for
the child. Following training on the scale, and after watching the recording once, raters
applied codes to each of the 11 items using a five-point Likert scale, ranging from 1 (“Not
at all true”) to 5 (“Very true”). The task plus coding took around eight minutes.

Parenting Interactions with Children: Checklist of Observations Linked to Outcomes,
PICCOLO (Brazilian Portuguese Version)

PICCOLO is a strengths-based checklist of 29 observable behaviors used to assess
positive parenting interactions with children aged 10 to 47 months [40]. PICCOLO items
are clustered in four domains with seven to eight items per domain: (a) affection (warmth,
physical closeness, and positive expressions toward the child); (b) responsiveness (respond-
ing sensitively to a child’s cues, needs, interests, and behaviors); (c) encouragement (active
support of play, exploration, curiosity, skills, and creativity); and (d) teaching (shared con-
versations and play, cognitive stimulation, explanations, and questions). After watching a
10-min film clip once, raters coded items on a three-point ordinal scale from “Absent”, or
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not seen, to “Clearly” seen. The task plus coding took around 45 min. Psychometric proper-
ties of the original instrument have been found to be strong (IRR ranged between r = 0.74 for
the responsiveness domain and = 0.80 for the affection domain; Cronbach’s « coefficient
=0.91 for the total PICCOLO score (ranging from o's of 0.75 for the responsiveness domain
to 0.80 for the teaching domain)) [40], as have those of the PICCOLO Brazilian Portuguese
version (IRR ranged between r = 0.63 for the encouragement domain and r = 0.77 for the
affection domain; Cronbach’s « coefficient = 0.94 for the total PICCOLO score (ranging
from «’s of 0.79 for the affection and teaching domains to 0.86 for the responsiveness and
encouragement domains)) [41].

INTERGROWTH-21st Neurodevelopment Assessment

The INTERGROWTH-21st Neurodevelopment Assessment (INTER-NDA) is a valid
and reliable international standardized screening assessment of early child development
at 2 years of age [42]. This multidimensional measure provides a comprehensive, rapid
assessment of cognition, fine and gross motor skills, language, and positive and negative
behavior for children aged 22-30 months. Its 37 items are administered in approximately
15 min using a combination of psychometric techniques, such as direct administration,
concurrent observation, and caregiver reports. For all INTER-NDA domains, except for neg-
ative behavior, higher scores reflect better outcomes. The INTER-NDA has demonstrated
good to acceptable agreement with the Bayley Scales of Infant and Toddler Development,
Third Edition [43]. The INTER-NDA is designed to be applied by nonspecialists to high-,
middle-, and low-income populations. The INTER-NDA instrument was used to evaluate
the development of 3776 children aged 24 months from the 2015 Pelotas Birth Cohort Study
in Southern Brazil [35].

Five Stimulation Markers

This scale was developed by Barros and colleagues [44] to examine the extent to which
children experienced a cognitively stimulating environment. Mothers answered no/yes
(no =0, yes = 1) to the following questions about their children’s activities in the past week:
whether someone read or told a story to the child; whether the child went to a park or
playground; whether the child had a story book; whether the child watched TV; whether
the child visited anyone’s house. The responses for the five items were summed, resulting
in a scale from 0 to 5 points. The scale has been found to be related to child development
outcomes in Brazil, particularly amongst children whose mothers are low in education [44].

2.4.2. Procedures

Data collection for phase 2 included a home visit to film mother—child interactions
(10 min PICCOLO task followed by the 5 min RIFL-P task) when children were around
18 months old. The mothers answered a one-page questionnaire about the five stimula-
tion markers before the home visit was terminated. The filmed interactions (collected at
18 months) were coded and analyzed in relation to demographic data (collected up to
two days after delivery, in the perinatal period) of the 2015 Pelotas Birth Cohort Study and
developmental data collected when children reached 24 months of age.

2.4.3. Data Coding Procedures

The first (AS) and fourth (TNM) authors, trained by expert coders, scored the RIFL-P
videos. Raters were trained until the inter-rater reliability of > 0.80 was reached and
then coded the remaining videos independently. Reliability testing was conducted using
every fourth film throughout data coding. Following the submission of reliability scores,
discrepancies were discussed to minimize rater drift. Scale developers were consulted on
three occasions.
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2.5. Data Analysis

Investigation of psychometric properties of the adapted RIFL-P instrument included
inter- and intra-rater reliability (Pearson correlation coefficient), item-level descriptive
statistics, and confirmatory factor analysis (CFA). The internal consistency of the adapted
version was computed using Cronbach’s alpha.

To examine convergent validity, the composite score of RIFL-P was correlated with the
scores of the PICCOLO Brazilian Portuguese version, Five Stimulation Markers, and INTER-
NDA scales. Discriminant validity was tested by examining the relationship between
gender and the RIFL-P scores and no significant association was expected. Different types
of correlation were used dependent on variable type (Pearson product-moment correlation
for continuous variables, point-biserial correlation for binary and continuous variables, and
Spearman’s correlation for ordinal variables). Statistical analyses were conducted using the
Statistical Package for Social Sciences (SPSS, Inc., Chicago, IL, USA) for Windows (version
21.0; Microsoft Corporation, Redmond, WA, USA), and the Stata® version 13.0 software.

3. Results
3.1. Phase 1: Cross-Cultural Adaptation of the RIFL-P

Three key adaptations were made during development of the Brazilian Portuguese
RIFL-P version. First, the term “parent” was replaced by “caregiver”. Second, in Por-
tuguese, “mind reading” was translated as “thought reading” (leitura do pensamento) in
order to preserve conceptual equivalence. Third, definitions of the scoring rubrics of the
adapted RIFL-P version were expanded to include a specific rubric for score 3 (“Sometimes
true/I partially agree”) and descriptions of scores 1 and 5 of the Likert scale gained one
more expression (i.e., 1 = “Not at all true/I totally disagree”; 5 = “Very true/I totally agree”).
The adapted RIFL-P coding sheet and manual, in Brazilian Portuguese, are presented as
Appendices A and B respectively.

3.2. Phase 2: Testing the New Measure
3.2.1. Coder Training

Additional guidelines for Brazilian coders (i.e., examples of culture-specific behaviors)
were elaborated for five of the 11 items to adapt the measure, both culturally and psycho-
metrically, for use with the local population. Three items were coded infrequently (1, 3,
and 8), meaning that what was average for those behaviors for Canadian mothers was not
average for Brazilian mothers. In order to ensure the underlying normal distribution on
all items in the adapted RIFL-P measure, the scoring rubrics for those three items were
softened in the Portuguese Brazilian version.

3.2.2. Full Psychometrics

Descriptive statistics for the RIFL-P items in the Brazilian sample are presented in
Table 1. The table shows that the least frequently observed item in the Brazilian sample
was item 8, namely “This parent is good at rephrasing what the child does not understand”
and the most frequently observed behavior was item 1 “This parent gives clear and specific
verbal directions”.
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Table 1. Descriptive statistics of responsive interactions for learning items (English and Portuguese versions) in the

Brazilian sample.

Brazilian Sample

Item Item (n =153)
(English) (Portuguese)
M SD
1. This parent gives clear and specific verbal 1. Este cuidador da instrugdes verbais claras 3.07 15
directions. e especificas. ’ ’
2. This parent gives positive nonverbal 2. Este cuidador da instrugdes nao verbais 287 0.85
directions. positivas. ’ ’
3. This parent reminds the child about 3. Este cuidador lembra a crianca dos 265 0.84
goals/rules of the task. objetivos/regras da tarefa. ' '
4. This parent will try to complete the taskin 4. Este cuidador procura completar a tarefa
a way that is sensitive to the child’s needs de maneira sensivel as necessidades e aos 2.71 0.88
and desires. desejos da crianga.
5. This parent will try to follow the rulesina 5. Este cuidador procura seguir as regras de
way that is sensitive to the child’s needs and maneira sensivel as necessidades e aos 2.35 1.01
desires. desejos da crianga.
6. This parent s clea;ellg his/her requests for 6. Este cuidador pede ajuda de maneira clara. 2.75 0.91
7. This parent is sensitively responsive to the 7. Este cuidador responde sensivelmente aos
child’s requests for help, even those that are  pedidos de ajuda da crianga, mesmo os sutis 244 0.9
subtle/nonverbal. e/ou nao verbais.
8. This parent is good at rephrasing what the 8. Este cuidador consegue reformular 1.98 1.06
child does not understand. instrugdes que a crianga nao entende. ’ ’
9. This parent is sensitive to what the child 9. Este cuidador € sensivel ao que a crianca 043 0.86
knows and/or understands. sabe e/ou compreende. ' ’
10. This parent gives positive feedback to 10. Este cuidador oferece feedback positivo 296 137
reinforce the child. para reforcar o comportamento da crianga. ' ’
11. This parent promotes turn taking 11. Este cuidador incentiva a alternancia na 041 0.88

between himself/herself and the child.

interagcao com a crianca.

Note: M = mean; SD = standard deviation.

Reliability

Inter-rater reliability of the total scale score was high (r = 0.83), well above the accept-
able minimum of 0.70 [45]. Intra-rater reliability, or rating consistency by the same rater
two weeks apart, was also high (r = 0.94).

Factorial Structure

Confirmatory factor analysis was conducted to investigate whether the unidimen-
sional structure of the original RIFL-P instrument applied to the Portuguese version. Model
fit for the one-dimensional CFA model was less than optimal (RMSEA = 0.12; CFI = 0.93;
TLI = 0.92; cut-off recommendations for acceptable fit require RMSEA < 0.06; CFI > 0.95;
TLI > 0.95) [46]. A likelihood ratio test comparing the CFA model to the saturated model
was significant, x2(44) = 143.55, p < 0.001. Investigation of the modification indices showed
very high correlations across three pairs of items (3 and 8, 1 and 6, and 8 and 10; modifica-
tion indices were 31.95, 16.88, and 13.52, respectively). Consequently, the insufficient model
fit in the CFA analysis was not due to deficient relationships among the items but rather to
potential redundancies among some of them. Once the CFA model was modified to take
these correlations into account, the model fit indices were high (RMSEA = 0.05; CFI = 0.97;
TLI = 0.96). All 11 items had high standardized factor loadings on a single factor (ranging
from 0.61 to 0.90, shown in Table 2). The percentage of variance explained by the latent
factor in each item (R2) ranged between 0.37 and 0.81. This unidimensional structure was
further confirmed with the internal consistency analysis. The Cronbach’s alpha was 0.94,
with item-total correlations ranging between 0.61 and 0.88.
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Table 2. Item loadings for the Responsive Interactions for Learning measure in the Brazilian sample.

Scale/Item Standardized Factor Loadings R?
1. This parent gives clear and specific verbal directions. 0.61 0.37
2. This parent gives positive nonverbal directions. 0.76 0.57
3. This parent reminds the child about goals/rules of the task. 0.79 0.62
4. This parent will try to complete the task in a way that is 0.89 0.80
sensitive to the child’s needs and desires. ’ :
5. This parent will try to follow the rules in a way that is 0.90 0.81

sensitive to the child’s needs and desires.
6. This parent is clear in his/her requests for help. 0.89 0.79
7. This parent is sensitively responsive to the child’s requests for

help, even those that are subtle/nonverbal. 0.87 0.75
8. This parent is good at rephrasing what the child does not

0.83 0.68
understand.
9. This parent is sensitive to what the child knows and/or

0.85 0.73
understands.
10. This parent gives positive feedback to reinforce the child. 0.65 0.42
11. This parent promotes turn taking between himself/herself

. 0.69 0.48

and the child.

Note: All standardized factor loadings are significant at the 0.001 level. R? = coefficient of determination.

Based on the results of psychometric analyses, composite RIFL-P scores were com-
puted as the mean of the 11 items. The mean Brazilian Portuguese RIFL-P score was 2.62
(SD = 0.81), ranging between 1.09 and 4.82. Comparable scores for the original measure,
in a sample of Canadian mother—child dyads, had a mean of 3.24 (SD = 0.70), with a
minimum score of 1.18 and a maximum score of 4.91 [15]. The differences between the
average RIFL-P scores in the Brazilian Portuguese and Canadian samples was statistically
significant, t(437) = 8.36, p < 0.001, with a large effect size (Cohen’s d = 0.82). RIFL-P
composite scores were positively correlated with family socioeconomic status (Spearman’s
0 =0.46,p <0.001).

Convergent and Discriminant Validity

The convergent validity analyses showed that the adapted RIFL-P was significantly
associated with all four Brazilian Portuguese PICCOLO domains (r = 0.32 for affection;
r = 0.37 for responsiveness; r = 0.41 for encouragement; and r = 0.47 for teaching, p < 0.001)
and the PICCOLO total score (r = 0.44, p < 0.001). In addition, the adapted RIFL-P was
significantly associated with the Five Stimulation Markers (r = 0.34, p < 0.01) and a range
of child outcomes assessed by the INTER-NDA, including cognition (r = 0.29, p < 0.001),
language (r = 0.28, p < 0.001), and positive behavior (r = 0.17, p < 0.05). Its association with
fine motor skills (r = 0.16, p = 0.055) was borderline significant and it was not significantly
associated with gross motor skills (r = 0.13, p = 0.110) or negative behavior scores (r = —0.001,
p = 0.992). With respect to discriminant validity, RIFL-P was not expected to correlate with
gender (r = —0.22, p < 0.01) but it did. The RIFL-P scores for boys were lower than for girls.

4. Discussion

Responsive caregiving is a dimension of parenting in the early childhood years that is
consistently related to subsequent cognitive and socioemotional aspects of
functioning [2,47,48]. This aspect of caregiving is modifiable. Results from randomized
controlled trials in developed and developing countries show that it is possible to improve
this aspect of parenting, that doing so improves children’s developmental outcomes, and
that it may be the modifiable risk factor with the strongest effect on later brain develop-
ment [3,49,50]. Although marked improvements to long-term child outcomes have now
been demonstrated for parental responsivity interventions [4], moving from efficacy to
effectiveness has proven to be a substantial challenge. If scalability is to be achieved, it
is essential to have an instrument that can measure parental responsivity. Unfortunately,
however, observational measures are the only ones that show good validity and most pre-
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vious measures take a long time to administer and code. On the other hand, the literature
suggests that adaptation of instruments that have shown reliability and validity evidence
is more advantageous in LMIC than novel instrument development [19].

The cross-cultural adaptation of RIFL-P involved gold standard methodology to avoid
cultural bias and the measure was successfully adapted to Portuguese and the Brazilian
context. The adapted RIFL-P measure showed strong psychometric properties, mirroring
the findings from the original instrument. As it is efficient, only taking eight minutes to
assess and code, it is a measure that can be used at the population level. Since the sample
was based on a stratified sample from a population cohort in one city of Brazil and refusal
rates from the cohort were low, a high level of representativeness was achieved. A recent
global effort led by the World Health Organization and UNICEF to monitor the Nurturing
Care Framework’s responsive caregiving component only provided proxy indicators (e.g.,
parental mental health, childcare availability, parental support) [51]. To make real progress
in this realm, it is imperative to assess responsive interactions at the population level with
measures, such as RIFL-P, that are psychometrically strong and quick to train, administer,
and code. An online course in three languages is available to researchers or parenting
professionals free of charge by contacting the first or last authors.

Four findings are worthy of further comment. First, the mean score for responsive
interactions in Brazil was lower than that found in Canada. This was expected given
the results of earlier studies in which the parenting of Latino mothers has been found
to be more directive and controlling [52], with a lack of emphasis on understanding the
child’s internal goals and need for autonomy [53]. Of course, cultures differ in their
values, customs, and beliefs [54], with the result that some parental behaviors receive less
attention than others [55]. Regarding childrearing practices, Latino mothers tend to value
obedience and politeness, physically guide their toddler ‘s actions, attribute less importance
to children ‘s autonomy, and report greater use of discipline as a teaching method when
compared to European American mothers of the same socioeconomic status [56]. Given
that parental responsivity (although lower in Brazil) was found to relate to children’s
developmental outcomes, this does suggest that improving parental responsivity should
be an important policy goal in Brazil. Second, in this study, Brazilian mothers were more
responsive to girls than to boys, according to the RIFL-P scores. This finding should be
cautiously interpreted as the same gender difference was not observed based on PICCOLO
scores and a meta-analysis of parenting as a function of gender reported no significant
differences [57]. An examination of this in future studies in Brazil is encouraged. Third,
for purposes of criterion validity, we examined relationships with child outcomes, as well
as other indices of parenting and contextual risk. Findings showed that both parenting
measures were significantly related (i.e., RIFL-P and PICCOLO scores), as well as RIFL-P
scores and a measure of parenting stimulation [44], and the strongest relationships with
child outcomes were observed for the cognitive and language domains, which is in line
with previous findings for the RIFL-P in a Canadian sample [15]. RIFL-P scores, both
in Brazil and Canada, have been found to be associated with contextual risk (inversely).
Fourth, as in previous work, low socioeconomic status (SES) was found in the current
study to be associated with lower levels of parental responsivity. The association between
socioeconomics and parenting has been widely reported [58] with evidence that economic
hardship leads to parental emotional distress which impairs parenting [59]. It is also
notable that economic hardship does not operate on its own. SES clusters risk [60] such that
children are exposed to multiple challenges that compromise development (e.g., maternal
depression, unemployment, domestic violence, poor neighborhoods) and parenting [61].

Limitations and Future Directions

This research has limitations that should be considered when interpreting the results.
Although the study tested the instrument using an adequate sample in terms of size
(n = 153) and socioeconomic variability, thus ensuring its statistical power, the numbers
were not sufficient to provide normative data, and the age range of the children was limited
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to 18-month-old toddlers. A large study would be necessary for RIFL-P standardization
and, therefore, for its clinical use.

The significance and novelty of this study was the development of a Brazilian Por-
tuguese version of a psychometrically sound measure of responsive caregiving that requires
little training (free, online), uses a short video clip of caregiver—child interaction (5 min),
and takes little time to code (approximately 3 min per interaction). Thus, the adapted
RIFL-P instrument represents a suitable measure for application in large-scale studies in
Brazil to potentially impact policy, practice, and research.

5. Conclusions

The culturally adapted Brazilian Portuguese version of the RIFL-P measure proved
to be a valid and reliable instrument for a brief assessment of responsive caregiving in
parent—child interactions in Brazil. Efficient and valid measuring instruments of responsive
caregiving appropriate to primary care settings are essential tools to advance ECD policies
and programs. This study is one of the first of its kind, designed to provide a culturally
adapted, reliable, and valid strengths-based measure of responsive parenting interactions
with children under two years of age in Brazil.
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Appendix A. RIFL-P Coding Sheet (Brazilian Portuguese Version)

1D: Codificador: Hora/inicio: Hora/fim: Data/codificagao: /.

Interacoes Responsivas para a Aprendizagem
Codificacao de Interacoes Breves em Duplas Cuidador-Crianca

e  Responda as perguntas abaixo com base na interagao deste cuidador especificamente
com esta crianga.

e  Pontue rapidamente, de acordo com suas reagdes iniciais e impressoes gerais; nao se
detenha demais em nenhum item.

e  Use todas as informagdes disponiveis, incluindo as ndo verbais, para formar sua
reagao e impressoes.

e  Tente usar toda escala de 5 pontos, ndao deixe itens em branco (dé a cada item seu
melhor palpite/avaliagao).

e Observe somente por 5 min. Se ultrapassar 5 min, interrompa.
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Dé sua impressao de como este cuidador (Nada ver- (Algumas vezes ver- . .
. . . . . . . (Muito verdadeiro/
interage com a crianga no dia-a-dia, com dadeiro/Discordo dadeiro/Concordo
. . Concordo totalmente)
base no que vocé observou: totalmente) parcialmente)
Clareza na Comunicacao
1. Este cuidador da 1ns€r.ugoes verbais 1 2 3 4 5
claras e especificas.
2. Este cuidador da %r}strugoes nao verbais 1 ’ 3 4 5
positivas.
3. Este cuidador lembra a crianga dos
- 1 2 3 4 5
objetivos/regras da tarefa.
4. Este cuidador procura completar a tarefa
de maneira sensivel as necessidades e aos 1 2 3 4 5
desejos da crianga.
5. Este cuidador procura seguir as regras
de maneira sensivel as 1 2 3 4 5
necessidades e aos desejos da crianca.
6. Este cuidador pede ajuda de maneira 1 5 3 4 5
clara.
Leitura do Pensamento
7. Este cuidador responde sensivelmente aos
pedidos de ajuda da crianca, mesmo os 1 2 3 4 5
sutis e/ou nao verbais.
8. Este cuidador consegue reformular 1 ’ 3 4 5
instrugdes que a crianga nao entende.
9. Este cuidador é sensivel ao que a crianga
1 2 3 4 5
sabe e/ou compreende.
Desenvolvimento da Mutualidade
10. Este cuidador oferece feedback positivo 1 ’ 3 4 5
para reforcar o comportamento da crianga.
11. Este cuidador incentiva a alternancia na 1 ’ 3 4 5

interacao com a crianga.

Appendix B. RIFL-P Manual (Brazilian Portuguese Version)

Interacoes Responsivas para

a Aprendizagem

Codificagao de Interacoes Breves em Duplas Cuidador-Crianca

e Responda as perguntas abaixo com base na interacao do cuidador especificamente
com esta crianga.
e  Pontue rapidamente, de acordo com suas reagdes iniciais e impressoes gerais; nao se
detenha demais em nenhum item.
e  Use todas as informagdes disponiveis, incluindo as nao verbais, para formar sua
reagao e impressoes.
e  Tente usar toda a escala de 5 pontos, nao deixe itens em branco (dé a cada item seu
melhor palpite/avaliagao).

1 = Nada verdadeiro/Discordo totalmente

2

Escala Likert de 5 pontos

3 = Pouco verdadeiro/Concordo

4

5 = Muito verdadeiro/Concordo totalmente
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CLAREZA NA COMUNICACAO

1. Este cuidador da instrugoes verbais claras e especificas.

Este item se refere a comandos verbais com informagoes especificas e nao genéricas. O cuidador da informacodes suficientes para
que a crianga complete a tarefa, sem ser vago ou ambiguo.

Exemplos: “Coloque o bloco azul grande ao lado do bloco amarelo pequeno”; “Conte quatro circulos e depois coloque aqui”; “Eo

bloco verde claro”; “Vamos separar os blocos, vocé pega os azuis claros e eu pego os azuis escuros”; ao invés de “Coloque esse 1a”;
“Me dé aquele”; “Separe os blocos.”

2. Este cuidador da instrugdes nao verbais positivas.

Este item se refere ao uso de agdes fisicas para comunicar o que a crianca deve fazer a seguir, incluindo também a modelagem. As
acoes sao consideradas “positivas” na medida em que promovem a realizagao da tarefa de forma colaborativa, nao agressiva e nao
hostil.

Exemplos: “Guiar a mao da crianca, apontar para o lugar correto, apontar para a figura, apontar para um objeto e sugerir que a
crianga o pegue, servir de modelo, modelar (“Olha o que a mamae vai fazer” ou “Olha s6 [e mostra como a crianca deve fazer]”).

3. Este cuidador lembra a crianga dos objetivos/regras da tarefa.

O cuidador cria um contexto para a atividade, comunicando a crianca a ideia geral da tarefa, os objetivos e os passos a seguir.

"o "o

Exemplos: “Lembra que nds estamos tentando copiar essa figura”; “A gente quer construir uma casa”; “Noés queremos colocar
todos os blocos azuis para baixo”; “Agora vamos montar o brago”; “Nao esquega que s6 temos 5 min”.

4. Este cuidador procura completar a tarefa de maneira sensivel as necessidades e aos desejos da crianga.

Este item descreve a clareza com que o cuidador comunica a crianga que ha uma tarefa a ser feita na qual ele esta engajado,
estimulando assim a participagao da crianca. O cuidador demonstra envolvimento na atividade e esforgo em completa-la. Se a
crianga parece nao estar muito interessada na tarefa ou demonstra dificuldade, o cuidador procura contemplar com sensibilidade
tanto os desejos/necessidades da crianca quanto o objetivo da tarefa. Nao é necessario que a atividade seja realizada corretamente,
mas o cuidador deve tentar seguir a estrutura da tarefa. Um cuidador que desconsidera as necessidades da crianca para completar a
tarefa terd pontuagao mais baixa nesse item, assim como um cuidador que nao tenta modelar a estrutura e os objetivos da atividade.
Um cuidador que leva em conta as necessidades da crianga e também as exigéncias da tarefa devera ter pontuacao mais alta.

Exemplos: Seguir o ritmo da crianga, fornecer uma orientagao completa e abrangente, demonstrar paciéncia quando a crianga esta
tentando realizar a tarefa, reformular as instru¢des quando a crianga nao entende.

5. Este cuidador procura seguir as regras de maneira sensivel as necessidades e aos desejos da crianca.

O cuidador segue as instrugoes do entrevistador, incluindo quaisquer regras mencionadas (p. ex., tocar nas cores certas), levando
em consideracao as necessidades da crianga. Se a crianga nao compreende, entao o cuidador explica as regras. Se a crianga nao
demonstra interesse em seguir as regras, o cuidador procura de maneira sensivel fazer com que a crianga siga as regras. Um
cuidador que desconsidera as necessidades da crianca para seguir rigidamente as regras tera pontuacao mais baixa nesse item. Um
cuidador que leva em conta as necessidades da crianga e também as regras da tarefa devera ter pontuacao mais alta.

Exemplos: O cuidador segue as regras da tarefa, lembra a crianga sobre as regras, o cuidador € flexivel quando a crianca insiste em
nao seguir as regras e tenta fornecer oportunidades de aprendizagem.

6. Este cuidador pede ajuda de maneira clara.

O cuidador se comunica de uma forma que a crianca consegue compreender. Este item nao se refere especificamente a instrugoes
verbais ou nao verbais, mas a clareza geral da comunicacao.

LEITURA DO PENSAMENTO

7. Este cuidador responde sensivelmente aos pedidos de ajuda da crian¢a, mesmo os sutis e/ou nao verbais.

Quando a crianga demonstra precisar de ajuda (de modo verbal ou nao verbal), o cuidador percebe e responde adequadamente. O
cuidador ndo ignora sinais sutis ou 6bvios de que a crianca precisa de ajuda. Esse item ndo inclui respostas em tom irritado,
frustrado ou hostil.

Exemplos: [A crianca nao consegue achar o bloco] “Esse esta dificil de encontrar, nao é?”; [A crianca nao consegue achar o bloco]
“Olha o bloco ali!”; [puxa para perto o bloco que a crianca esta procurando].
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CLAREZA NA COMUNICACAO

8. Este cuidador consegue reformular instru¢oes que a crianga nao entende.

Quando a crianca tem dificuldade em entender as instrugoes ou a tarefa, o cuidador percebe e ajusta a linguagem para que ela
compreenda melhor.

Exemplos: O cuidador percebe que a crianca nao esta conseguindo achar o bloco amarelo pequeno, e diz “Procure o que tem s6 4
circulos”; [ao construir o rob6] a crianga nao responde quando o cuidador diz “Vamos comegar de baixo” e o cuidador reformula
dizendo “De que cor sao os pés do rob6?”

9. Este cuidador € sensivel ao que a crianca sabe e/ou compreende.

O cuidador é capaz de avaliar o nivel de compreensao da crianga e que tipo de ajuda ela precisa em cada tarefa, identificando a
zona de desenvolvimento proximal (isto €, 0 nivel em que as instrugdes sao mais proveitosas para a crianga - nem muito faceis, nem
muito dificeis).

Exemplos: Divide a tarefa em partes menores, usa linguagem adequada para o nivel de desenvolvimento da crianga, da instrugoes
basicas e apropriadas, percebe quando a crianca nao compreende algo, incentiva a independéncia da crianga quando apropriado.

DESENVOLVIMENTO DA MUTUALIDADE

10. Este cuidador oferece feedback positivo para refor¢ar o comportamento da crianga.

O cuidador responde as agoes da crianga com afirmagoes, vocalizagdes e/ou comportamentos positivos.

Exemplos: “Muito bem!”, “E assim mesmo!”, “Beleza!”, “Isso mesmo!”, “Isso!”, “Feel!”, “Parabéns!”, “Que bonito!”; “Que legal!”;
[bate palmas; balanga a cabeca seguindo as acoes da crianga].

11. Este cuidador incentiva a alternancia na intera¢ao com a crianga.

Este item é codificado quando o cuidador incentiva a reciprocidade e a alternancia na interacao, verbalmente ou nao, e de modo
explicito (p. ex., “Agora é a sua vez”) ou sutil (p. ex., “O que a gente vai fazer agora?”).

Exemplos: “O proximo é vocé quem faz”; “Agora é a sua/minha vez”; [apontar para a crianca para indicar que é a vez dela];
“Onde sera que esse bloco vai... [estimulando a crianga a dar sua opiniao]”. Outros exemplos incluem: “Agora a mae coloca ...

agora a Maria coloca”; “A mae vai botar primeiro e depois tu tens que fazer igual”; [A crianga colocou a pega na parte de cima do
wou

pino e a mae diz] “A mae empurra pra ti”; “Agora bota tu”. Em intera¢oes altamente reciprocas, isto pode ser sutil (p. ex., o
cuidador se inclina levemente para tras e/ou olha para a crianga quando termina a sua vez).
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Abstract: This study aimed to investigate the nationwide growth pattern of infants in Korea ac-
cording to the birth-weight group and to analyze the effect of growth on development. A total of
430,541 infants, born in 2013 and who received the infant health check-up regularly from 6 months
to 60 months of age, were included. The weight, height, head circumferences percentiles, and
neurodevelopment using screening tests results were compared among the birth-weight groups.
Using longitudinal analysis, the study found a significant difference in height, weight, and head
circumference, respectively, according to age at health check-up, birth weight group, and combination
of age and birth weight (p < 0.001). The growth parameters at 60 months of age showed a significant
correlation with those at 6 months of age especially in extremely low birth weight infants. The
incidence of suspected developmental delay was significantly higher in infants with growth below
the 10th percentiles than in those with growth above the 10th percentiles. Among 4571 (1.6%) infants
with suspected developmental delay results at 60 months of age, birth weight, sex, and poor growth
parameters were confirmed as associated factors. This nationwide Korean study shows that poor
growth and neurodevelopment outcomes persisted among low-birth-weight infants at 60 months of
age. Our findings provide guidance for developing a nationwide follow-up program for infants with
perinatal risk factors in Korea.

Keywords: developmental delay; child health; birth weight; growth measurement

1. Introduction

Due to the improvement in perinatal care, the survival and major morbidity free
survival of preterm infants have improved dramatically. The focus of neonatology has
shifted towards improving nutrition and anthropometry [1]. Growth and nutrition in
preterm infants have long-term implications for neurodevelopmental and cardiometabolic
outcomes [2]; consequently, growth monitoring is a cardinal precept of pediatric practice.

A significant number of infants are discharged with their growth parameters still
well below the normal range. In particular, very low birth weight (VLBW) infants and
small for gestational age (SGA) preterm infants have a higher risk of growth deviations [3].
Several studies have shown an association between impaired extrauterine growth and poor
long-term performance [4]. In moderate and late preterm children, poorer growth in the
first seven years is associated with poorer neuropsychological functioning. Poor postnatal
growth, especially head circumference, in preterm infants is associated with increased
levels of motor and cognitive impairment [5].

The catch-up growth patterns of preterm infants have been a matter of debate. Ap-
proximately 80% of preterm infants after initial postnatal growth failure show catch-up
growth in weight, length, and head circumference (HC), generally starting early in the first
months of life and often achieving targets within the first two years of life [6]. However,
late catch-up growth of preterm infants throughout childhood and even in adolescence has
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also been described. Catch-up growth is linked to an adverse health outcome, while rapid
catch-up increases the risk of metabolic disease later in life [7].

In Korea, the total number of births in 2013 was 436,455, including 5.5% of which were
low birth weight (LBW) infants and 0.7% of which were VLBW infants. The national health
screening program in Korea checks anthropometric measurement and developmental
progress serially until 6 years of age. However, little is known about the postnatal growth
patterns of infants in Korea. Thus, it is important to use population-based nationwide data
to understand of the early growth patterns of preterm infants.

This study aimed to estimate the nationwide growth patterns according to the birth-
weight group and to analyze the relationship between growth and development using a
population-based surveillance system. We hope that our findings will inform policymakers,
medical practitioners, and public health experts, and provide guidance for developing
a nationwide follow-up program for public services, especially healthcare-delivery and
social welfare delivery systems.

2. Materials and Methods
2.1. Patients and Data Source

We initially identified 430,541 infants who were born in 2013 and examined their
infant health check-up records for the 1st to 6th visits from the National Health Insurance
Service (NHIS) database. Healthcare claims including diagnostic codes of almost all Korean
residents, approximately 98% covered by NHIS and 2% by medical aid, were linked to
health check databases. The data, including gestational age and birth weight, were also
grouped according to the International Classification of Diseases-10 codes (ICD-10: P07.01,
P07.02, P07.09-14, P07.19, P07.20, P07.23, P07.29, P07.30, P07.39) [8]. The data were entered
by the hospital or obtained from self-report questionnaires used by the national health
screening program. Based on the birth statistics [9], the total number of births in 2013 was
436,455, and the number of infants who lived to be at least 1 year of age was 435,150, which
shows that this study population 430,541 covered 99% of national births.

The national health screening program for infants and children in Korea, launched in
November 2007 is a kind of population surveillance system that consists of history taking,
physical examination, anthropometric measurements, screening for visual acuity, and
administration of Korean Developmental Screening Test (K-DST), oral examination, and
questionnaires with anticipatory guidance [10]. The questionnaire contains the birth weight,
preterm, vision, hearing, nutrition (meal, milk, snacks), multimedia, and safety education.
We used only the information of birth weight and preterm status in questionnaire from
family.

The period for national health screening program (1st to 6th visits) was divided and
classified as follow; 6 months for 4-6 months of age, 12 months for 9-12 months of age,
24 months for 18-24 months of age, 36 months for 30-36 months of age, 48 months for
42-48 months of age, and 60 months for 54-60 months of age. The age at exam was defined
as chronologic ages.

For growth assessment, the National health screening program checks anthropometric
parameters including body weight, height, and HC serially at every follow-up. The
percentile of growth was assessed using the Korean growth curve, which provides sex
specific data. Poor growth was defined as measurements below the 10th percentile of
weight, height, and head circumference individually.

The K-DST is used an effective screening tool for infants and children with neurode-
velopmental disorders and has been used since 2011. It is used to verify whether infants
are developmentally appropriate or neurodevelopmentally delayed in six domains: gross
motor, fine motor, cognition, communication, social interaction, and self-control.

The K-DST is conducted to screen children according to their corrected age before
36 months of age as recommendation and after that age, it is allowed to take tests ac-
cording to chronological age. There is no K-DST at first visit, and at 5th, 6th visit (4248,
54-60 months of age) the participants take the test papers according to their chronological
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age. The participants take the tests papers at the time of their clinic visit and get the result
as four categorized groups based on the standard deviation (SD) scores; the scores above
1 SD are defined as ‘high-level’, those between —1 and 1 SD as ‘peer-level’, those between
—2 and —1 SD as ‘follow-up test’, and those below —2 SD as ‘further evaluation” [11].
Additional positive questions that take into account clinically important diseases, such as
cerebral palsy, language delay, and autism spectrum disorders, that should be referred for
‘further evaluation” are also included in the questionnaire. To evaluate the ability of the
K-DST to identify infants with developmental delay, critical cutoff scores for 6 domains
were set below —1 SD [12,13]. Suspected developmental delay was defined as a K-DST
result of ‘further evaluation” and ‘follow-up test’.

In this study, growth and developmental results were analyzed according to five strati-
fied birth weight groups (<1000 g, 1000-1499 g, 1500-1999 g, 2000-2499 g, and 2500—4500 g).
LBW infants and VLBW infants were defined as having a birth weight below 2500 g and
1500 g, respectively. Preterm infants were defined as infants born before 37 weeks of
gestation.

2.2. Statistical Analyses

The cohort was stratified according to the birth weight or the age of checkup. The
characteristics of the subjects were expressed as means and standard deviations for contin-
uous variables and as percentages for categorical variables. Correlations for height, weight
and HC between 6 months and 60 months of ages as time periods were computed using
Pearson’s correlation coefficient. Multiple logistic regression model was used to determine
the independently associated factors with among infants with odds ratios (OR) and 95%
confidence intervals (CI). Multivariate longitudinal data analysis was done using multi-
variate repeated measured model (PROC MIXED and GENMOD). All statistical analyses
were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). p-values < 0.05 were
considered statistically significant.

2.3. Ethics Statement

In this study, all identifiable variables, including claim-, individual-, and organizational-
level identification numbers, were re-generated in random by the NHIS database to protect
the patients’ privacy. This study used NHIS data (NHIS-2019-1-569) maintained by the
NHIS. The study protocol was approved by the Institutional Review Board of Gangnam
Severance Hospital (No. 3-2019-0147). Informed consent was waived.

3. Results
3.1. Growth Outcome

Among 430,541 infants, born in 2013 and included in the study, 219,576 (51%) were
male. The numbers of infants, who underwent health checks ranged from 286,331 (67%)
to 347,153 (81%). The highest number of infants (1 = 347,153, 81%) were included in the
health check at 24 months of age. The highest number of preterm infants underwent the
health check at 36 months (1 = 26,338, 93%). The distribution of a number of infants who
participated in the infant health check according to birth weight group were shown in
Table 1.

Table 1. The population characteristics at the health checkup according to birth-weight group.

Age at Exam  Total Infants <1000 g 1000-1499 g 1500-1999 g 2000-2499 g 2500-4500 g Preterm
6 months 311,446 (72.3) 137 (0.0) 693 (0.2) 2332 (0.7) 11,539 (3.7) 295,989 (95.0) 11,398 (3.7)
12 months 313,235 (72.8) 196 (0.1) 819 (0.3) 2487 (0.8) 11,826 (3.8) 297,151 (94.9) 10,919 (3.5)
24 months 347,153 (80.6) 314 (0.1) 1376 (0.4) 3050 (0.9) 13,320 (3.8) 328,176 (94.5) 12,355 (3.6)
36 months 344,468 (80.0) 643 (0.2) 1959 (0.6) 3495 (1.0) 13,240 (3.8) 324,086 (94.1) 26,338 (7.6)
48 months 323,958 (75.2) 606 (0.2) 1425 (0.4) 3747 (1.2) 12,809 (4.0) 304,361 (94.0) 26,028 (8.0)
60 months 286,331 (66.5) 662 (0.2) 1174 (0.4) 4584 (1.6) 12,288 (4.3) 266,669 (93.1) 23,542 (8.2)

Data are presented as Number (%).
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The mean percentile of weight, height, and HC according to age at health check was
seen in Figure 1. Longitudinal analysis showed a significant difference in height, weight,
and HC according to age, birth-weight group, and the combination of age and birth weight,
respectively (p < 0.0001). The lower birth weight group showed a lower mean percentile
of weight, height, and HC. There was a significant difference in height, weight, and HC
between the low birth weight infants (<1000 g, 1000-1499 g, 1500-1999 g, 2000-2499 g) and
the reference group with birth weight of 2500-4500 g according to age at health checkup.

-=-<1000g ~#-1000-1499g 1500-1999g 2000-2499 g —#2500-4500g ‘
100 @ Mean height percentile of infants according to age at check-up by birth-weight group
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b Mean weight percentile of infants according to age at check-up by birth-weight group.
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Figure 1. Mean growth percentile of infants according to age at check-up by birth-weight group. (a) Height. (b) Weight. (c)
Head circumference (HC). Significant differences in height, weight, and HC between the low birth weight infants groups
and the reference group according to age at health checkup were shown. p-values were significant in height, weight, and
head circumference between each low birth weight group and the reference group compared at age of health check-up.
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A total of 10,227 (7.4%) infants had a poor HC growth at 60 months of age, 10,950
(7.92%) infants had poor height growth, and 12,481 (9.03%) infants had a poor weight
growth. Using longitudinal analysis, this study found a significant difference in the
incidence of poor height, weight, and HC growth according to age at health check, birth-
weight group, and combination of age and birth weight, respectively (p < 0.0001) (Figure 2).
The lower birth-weight groups showed a higher incidence of poor weight, height, and HC
growth. There was a significant difference in height, weight, and HC between the low
birth weight group (<1000 g, 1000-1499 g, 1500-1999 g, and 20002499 g) and the reference
group with birth weight of 2500-4500 g according to age at health checkup.

= <1000g = 1000-1499g =1500-1999g 2000-2499g H2500-4500g ‘

a The incidence of poor height according to age at check-up by birth-weight group.

BW Group P<0001
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b The incidence of poor weight according to age at check-up by birth-weight group.
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¢ The incidence of poor head circumference according to age at check-up by birth-weight group.
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Figure 2. The incidence of poor growth (below 10th percentile) according to age at check-up by birth-weight group. (a)
Height. (b) Weight. (c) Head circumference. A higher incidence of poor weight, height, and HC growth in the lower
birth-weight groups was noted. A significant difference in height, weight, and HC between the low-birth-weight groups
and the reference group according to age at health checkup were shown. p-values were significant in height, weight, and
head circumference between each low-birth-weight group and the reference group compared at age of health check-up.
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The Pearson correlation coefficient of the growth percentiles (the height, weight, and
HC percentile) at 6 and 60 months of age obtained using correlation analysis is shown as
Figure 3. Figure 3a was the results for the whole study population. Among the infants below
1000 g of birth weight, only weight showed a highly positive correlation (coefficient = 0.72)
between 6 and 60 months of age, height (coefficient = 0.65) and HC (coefficient = 0.64)
showed a moderate positive correlation. Pearson correlation coefficient analysis between 6
and 60 months of age was performed only among the infants who fell below 10th percentile
in terms of height, weight, and HC at 60 months of age, and the results were shown in
Figure 3b. Among the infants below 1000 g of birth weight, weight, height, and HC showed
a weakly positive correlation; otherwise, there was no association.

a b

Birth Weight Birth Weight WT HT HC
<1000 g <1000 g 0.41 0.36 0.35
Pearson
1000 — 1499 g 1000-1499¢g | 022 0.11 0.19 =

1500 — 1999 g g 1500-1999g | 0.39 0.26 0.27

2000 -2499 g 2000-24999g| 029 0.18 0.33

2500 — 4500 g 2500-4500g | 026 0.22 0.24

Figure 3. Pearson correlation coefficient between 6 months of age and 60 months of age for birth-weight groups among
whole population (a) and among infants who were below the 10th percentile of height, weight, and HC at 60 months of age (b).

To analyze the relation between the growth at 6 months and 60 months, the risk of
poor growth in the infants below 10th percentile of growth at 6 months was compared to
the infants within 10-90th percentile of growth. The infant below the 10th percentile of
HC and height at 6 months of age, respectively, showed the higher risk of HC and height
below the 10th percentile at 60 months of age (HC, OR (95% CI) 1.62 (1.32-1.98); Height,
1.64 (1.38-1.95)). However, weight status at 6 months showed no significant association
with the risk of weight below the 10th percentile at 60 months of age.

3.2. Developmental Outcome

The incidence of suspected developmental delay result at 60 months of age was 10%
(29,020). In particular, further evaluation was recommended for 4572 (1.5%) infants, and
the “follow-up test” for 24,448 (8.5%) infants. According to the birth-weight group, K-DST
results were presented in Table 2. The smaller birth weight group had a greater number of
‘further evaluation’ results. The infants below 1000 g of birth weight were only 0.2% of the
screened population, but among them, 14.8% of this group had ‘further evaluation” and
21.0% of this group had ‘follow-up test’ recommendations. The lower birth-weight groups
showed a higher incidence of suspected developmental delay.

There is a significant difference in the incidence of suspected developmental delay
results between the infants with poor weight, height, and HC growth and above 10th
percentile at 60 months of age by birth weight group (Table 3). The infants with poor weight,
height, and HC growth demonstrated higher frequency of suspected developmental delay
results at 60 months of age.

Lower birth weight, male sex, poor HC, poor height, and poor weight were confirmed
as factors associated with suspected developmental delay results at 60 months of age using
multivariate logistic regression analysis (Table 4). Infants with poor HC at 60 months of
age had more suspected developmental delay results (OR 1.81, 95% CI 1.66-1.98), and the
infants who weighed less than 1000 g at birth had more suspected developmental delay
(OR 5.05, 95% CI 3.79-6.73) compared to infants with 25004500 g birth weight.
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Table 3. Poor growth outcomes (below 10th percentile) at 60 months of age according to birth-weight
group among the infants with suspected developmental delay results.

BW Group Nlll:;:;rs(’f WT Poor HT Poor HC Poor
<1000 g 147 96 (65) 73 (50) 86 (59)
1000-1499 g 205 71 (35) 88 (43) 83 (40)
1500-1999 g 381 112 (29) 117 (31) 146 (38)
2000-2499 g 1201 319 (27) 342 (28) 393 (33)
2500-4500 g 27,024 2520 (9) 2663 (10) 2958 (11)

Data are presented as No. (%). BW, birth weight; WT, weight; HT, height; HC, head circumference.

Table 4. Multivariate logistic regression analysis for the suspected development delay results at

60 months of age.
Variable OR (95% CI) p Value
Poor HC at 60 months of age 1.81 (1.66-1.98) <0.001
Poor HT at 60 months of age 1.63 (1.48-1.80) <0.001
Poor WT at 60 months of age 1.18 (1.07-1.30) <0.001
BW 1000 g vs. 25004500 g 5.05 (3.79-6.73)
1000-1499 g vs. 25004500 g 3.05 (2.35-3.96) 0.001
1500-1999 g vs. 2500-4500 g 2.37 (1.92-2.92) <0
2000-2499 g vs. 2500-4500 g 1.64 (1.44-1.87)
Male vs. Female 2.02 (1.90-2.15) <0.001

HC, head circumference; HT, height; WT, weight; BW, birth weight.; OR, odds ratio; CI, confidence interval.

4. Discussion

This is the first large study showing the longitudinal growth and developmental
patterns of children born with low birth weight in Korea. LBW infants are subject to a
significant burden of morbidities, such as postnatal growth failure and neurodevelopmental
impairments. However, extreme preterm infants have been the primary focus of the
research over the years. In this study, longitudinal growth outcome in LBW infants from
birth to 60 months was shown using nationwide population-based health check-up data.
We confirmed an association between poor post-natal growth and developmental delay,
both of which are persisting on long term follow-up, especially among LBW infants.

Our findings are consistent with those of previous international studies, which re-
ported that a lot of preterm infants born lighter and shorter than full-term infants remain
growth-restricted beyond the catch-up period [14]. We found that some degree of catch-up
growth did occur with time; however, the difference remained until 60 months of age
compared to the infants with 2500-4500 g. As shown in Figure 1, the smaller birth-weight
group showed lower catch-up growth even at 60 months. Mean weight, height, and HC
percentiles were persistently below 40 percent among LBW infants, as well as VLBW in-
fants. Among children with poor growth, there is a decreasing trend in the incidence of
poor growth until the 36 months of age, which then showed a stable or slightly increasing
trend in the 48- and 60-months of age. Relatively poor growth can be seen in more preterm
infants due to limitation of chronologic age up to 3 years of age; however, the difference
in growth has persisted from 3 to 6 years old. Poor growth is still a serious problem in
preterm infants, although there is an increase in survival and morbidity free survival in
Korea. Therefore, close check-ups and support for catch-up growth until school age should
be provided for preterm infants, as well.

Both the severity and duration of the growth retardation are related to the degree of
prematurity of an infant [15]. We found the smaller the birth weight, the lower the mean
growth percentiles, and the higher the incidence of poor growth. SGA children have a
higher risk of growth failure throughout the follow-up period [16]. A 6-year follow-up
study of very preterm infants showed the catch-up growth was mostly achieved before
2 months of age; however, it was continued until 6 years of age in SGA infants [17]. There
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have been reports of risk factors for growth failure that persist even after the catch-up
period, and there are reports that SGA infants and more premature infants with morbidities
are more vulnerable to growth failure [18-20]. In this study, SGA infants showed a higher
risk for growth failure at 60 months of age than non-SGA infants did. In terms of height,
most infants born SGA can catch-up by 2 years but around 15 % of them cannot achieve
catch-up growth and remain short-heighted in adulthood. [19,21].

Children with poor growth have greater neurodevelopmental functioning problems
than those with normal growth [22]. A nationwide Japanese population-based study
analyzed the association of SGA infants with poor postnatal growth at 2 years of age
with neurobehavioral development both at 5.5 and 8 years of age and reported that the
findings warranted early detection and intervention for attention problems among these
group [23]. Consistent with the other study, this research found that, children born with
smaller birth weight showed poorer developmental results, and children with weight,
height, HC less than 10th percentile at 60 months of age also showed higher incidence of
the poor development, confirming growth is related to neurodevelopmental functioning.

Early postnatal growth is positively related to neurodevelopmental outcomes, espe-
cially Intelligence Quotient [22]; Postnatal growth rate of infants with intrauterine growth
restriction has been associated with later cognitive outcomes, specifically Pylipow et al.
reported that growth in the first 4 postnatal months is a risk factor for cognitive outcome at
age 7 years [24]. Neurodevelopmental score at 8 year was related to weight, height, and HC
at 8 years [25]. We confirmed the mean percentile of weight, height, and HC at 60 months
of age were correlated with the mean growth percentile of 6 months of age. Therefore, close
monitoring from early infant period and proper intervention for growth are important.

Previous studies reported that growth restriction was more common in preterm
infants but recent studies have shown positive reports of catch-up growth through nu-
tritional support and quality improvement [26]. Small for gestational age infants with
less than 28 week’s gestation had appropriate catch-up growth at term, improved with
postnatal nutrition and care [27]. Early HC growth failure in very preterm infants can
be improved by optimizing parenteral nutrition [28]. Although an aggressive nutritional
strategy including using human milk fortifier or preterm formula, and high amino acid
composition of parenteral nutrition were adopted in Korea, in this study we confirmed
postnatal growth impairment is common in LBW infants, and catch-up growth may be
delayed and incomplete in some.

Children who fail to achieve catch up growth within 2 years of life remain short
after childhood so an early initiation of growth hormone treatment was recommended by
previous research [29,30]. The length Z and changes of scores at 12 months of corrected age
may be correlated with catch-up height at 3 years and so it is useful for earlier initiation of
growth hormone treatment in VLBW infants [31]. We found that the infants with a height
below 10th percentile at 60 months of age were more numerous in VLBW (25%) group
than in LBW (14%) or 25004500 g (5%) group. At 60 months of age, the mean percentile of
height had correlations with the mean height percentile of 6 months of age.

The main strength of this study was that it was a nationwide study with a large popu-
lation and it was able to report an association between growth and neurodevelopmental
outcomes overtime. A total of 99% of eligible infants participated in the national health
screening program for infants and children, so these results are an accurate representation
of the growth of the infant population in Korea. These nationwide data accounts for all
infants, including LBW but not VLBW infants, who participated in health check-ups during
the first five years of life in addition to the infants weighing 2500-4500 g infants as a
reference.

There are some limitations to this study. Since weight is the most important factor in
the growth assessment of newborns and infants, this study design was analyzed based only
on birth weight. Because birth weight is usually related with gestation, and SGA status
can make some discrepancy, we just display the infants dividing birth weight rather than
gestational age. Poor growth was defined as weight, height, and HC individually below
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the 10th percentile. VLBW infants accounted for 0.7% of total birth infants in this cohort,
which is a very small proportion. Preterm infants with intraventricular hemorrhage or
post-hemorrhagic hydrocephalus have larger HC but the effect isn’t considered due to a
small population. There are many factors having affecting on growth including nutrition
and co-morbidities, but we lack detailed data that may provide information on important
confounders. For the integrity of data on growth in preterm infants, we included the
growth parameter at only postnatal age, but not the corrected age.

5. Conclusions

This Korean population-based study showed that a significant number of LBW infants
did not achieve catch up growth even at 60 months of age. Close monitoring of appropriate
weight gain, nutritional intervention, and early intervention programs will be needed for
improving children’s growth and developmental outcomes. Our findings provide guidance
for developing a nationwide follow-up program for infants with perinatal risk factors.
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Abstract: Many studies have established a relationship between visual function and motor
development in toddlers. This is the first report to study two-year-olds via an assessment of their visual
and motor skills. The purpose of this study is to describe the possible changes that can occur between
visual and motor systems in typical developing toddlers. A total of 116 toddlers were included in this
observational, descriptive, and cross-sectional study. Their mean age was 29.57 + 3.45 months. Motor
development variables studied were dominant hand/foot; stationary, locomotion, object manipulation,
grasping, visual motor integration percentiles; gross motor, fine motor, and total motor percentiles;
and gross motor, fine motor, and total motor quotients. Visual development variables were assessed
including visual acuity, refractive error, ocular alignment, motor fusion and suppression, ocular
motility, and stereopsis. Our findings demonstrated that typical developing toddlers with slow gross
motor development had higher exophoria and further near point of convergence values compared to
toddlers with fast gross motor development (p < 0.05). No statistically significant differences were
found in visual acuity and stereopsis between slow and fast gross motor development toddlers.

Keywords: child development; motor skills; vision disorders; evaluation; physical therapy; optometry

1. Introduction

Visual and motor developmentinvolves a physical and physiological process that allows perceiving
precise details of an image (eyesight) and a perceptual process (vision) that requires multisensory
integration: vision, hearing, touch, and proprioception for the interpretation of visual information.
Vision delivers a key sensory input required for the proper functioning of neural circuits and is
therefore a brain process of sensory integration [1] that offers important information in most daily
activities [2]. Binocular vision offers improvements over monocular vision. It allows precise depth
perception (stereopsis). It also enables the exploration of the visual scene during movement planning
of the hands and feet directed at a target in space, such as the hand to grasp items [3] and the feet to
walk [4], climb obstacles [5], or even for sitting postural control [6]. Three- and six-month-old babies
can better assess if objects are within reach and move toward them using both eyes instead of one [7],
as demonstrated during crawling [8].
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Toddlers follow a pattern of skill development that allows them to know when they are progressing
adequately. The first years of life are critical to a child’s overall development. The central nervous
system grows at a very fast rate, similar to the skills that the child develops. During this period, the
development of postural reflexes and reactions, basic motor skills, and gross voluntary motor skills
lay the foundation for mature motor behavior [9]. Many developmental tests are based on motor
activity, such as the Peabody Developmental Motor Scale-II (PDMS) [10]. Gross motor development
assesses muscle control, coordination, and locomotion. Fine motor skills include the development of
control and coordination of body segments to perform more precise and complex tasks, integrating
muscle coordination and perceptual skills [11]. Motor development can be influenced by other areas of
development above and beyond sensory systems during childhood [12] For example, babies learns
motor skills through observation [13].

Many studies have established a relationship between visual function and motor
development [14-19]. They claim that binocular vision disorders such as amblyopia and strabismus
can adversely affect skills that depend on eye movements, including reading. Many of these studies
assessed only fine motor skills or eye-hand coordination in school-age children and their relationship to
amblyopia. They studied groups of participants with different age ranges, between 5-9 years [14], 8-12
years [15-17], and 10-30 years [18]. Other research determined that children with poor stereoacuity
have significant visuomotor deficits compared to typical developing children [20], while other reports
affirmed that stereoacuity may be limited to specific tasks. In a group of children aged 5 to 13 years
without visual impairment, Alramis et al. [21] showed that binocular vision and stereoacuity were
associated with higher performance of certain fine motor tasks, and task performance decreased in
younger children. They concluded that the role of vision in the performance of fine motor skills
depends on both the task and age.

In addition to fine motor skills, few studies measured postural stability and control or gross
motor skills in typical developing children. Some reported a delay in motor development and skill
acquisition in children with visual disabilities and described a delay in gross motor skills such as
control of the head and ability to sit, crawl, and walk during the first year of life [12,22]. Souza et al. [23]
observed that a group of 15- to 22-month-old toddlers with visual impairment presented an overall
delay in neuropsychomotor development, mainly in coordination. Celano et al. [24] suggested that
there may have been a delay in fine motor function and balance in a group of 4.5-year-old children with
unilateral visual impairment secondary to congenital cataracts. Chakraborty et al. [25] demonstrated
a close relationship between stereopsis and fine and gross motor skills in a group of 4.5-year-old
toddlers. Thompson et al. [26] studied a large group of 2-year-olds to fully evaluate the state of vision
(visual acuity, stereopsis, alignment of visual axes, eye motility, and self-refraction) and its possible
relationship with motor development. Their results demonstrated that global perception of movement
and binocular vision are associated with motor function at an early stage of development as measured
by the Bayley Scale of Infant and Toddler Development 3rd edition (BSID-III). All of the scientific
literature reviewed included babies and toddlers [12,22-24] with some form of visual impairment or
born with risk factors for neurological development [25,26]. To the best of our knowledge, this is the
first report to study visual and motor development in a sample of between two and three-year-olds
both visually and from the perspective of motor development.

The purpose of this study was to describe the vision development differences between slow and
fast motor development in typical developing toddlers. Vision study included ocular health screening,
visual acuity, refractive errors, ocular alignment, motor fusion and suppression, ocular motility and
stereopsis. Among motor development parameters, we studied fine motor development through
grasping and hand-eye coordination and gross motor development, analyzing static, locomotion, and
object manipulation.
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2. Materials and Methods

2.1. Design

This observational, descriptive, and cross-sectional study was conducted from October 2019 to
January 2020 in toddlers at the facilities of the University of Seville’s (Spain) nursery schools. This study
followed the Declaration of Helsinki’s tenets. The parents were written and orally informed about
the study characteristics, benefits, and risks. Written informed consent was obtained after explaining
the nature and possible consequences of the study. The Institutional Review Board of the University
Hospital Virgen Macarena of the University of Seville approved this research.

2.2. Subjects

The sample consisted of 116 typical developing participants. Inclusion criteria were toddlers with
normal or corrected-to-normal vision, and exclusion criteria were toddlers with previous history of
disorder, toddlers with learning disabilities, and preterm toddlers.

2.3. Measurements and Materials

A physiotherapist’s measurements were blinded to an optometrist’s measurements and vice versa.
A first examination was conducted in an individual room. After one hour, second measurements were
completed. If the toddlers reported signs of fatigue, they were given a 30-min break before the second
set of measurements was obtained.

2.4. Developmental Motor Assessment

The Peabody Developmental Motor Scale-Second Version (PDMS-II), the motor subscale [10]
was used to evaluate motor development. This scale evaluates gross and fine motor development in
toddlers from birth to five years. The gross motor component included three subtests for toddlers
ages two to three: stationary (standing balance, sit-ups, and push-ups), locomotion (walking, running,
jumping, and hopping), and object manipulation (throwing and taking different size balls). The fine
motor component is composed of two subtests, grasping and visual motor integration. The mean
between both scales is considered the total motor development score. The test requires the child to
perform specific motor activities that are scored with a2, 1, or 0 depending on whether the child partially
or correctly completes an activity according to the description. Results obtained are standard scores,
percentiles, age equivalents, quotient scores in fine and gross motor areas, and total motor development.

The mean value of the development quotients is 100 [10]. Above 100 (quotient > 100), motor
development is considered rapid and below 100 (quotient < 100), development is considered slower.
We presented two groups, toddlers with fast gross motor development (quotient > 100) and a group
of toddlers with slow gross motor development (quotient < 100) based on the variable gross motor
quotient (GMQ). The entire PDMS-II can be finished in 45 to 60 min. Separate fine or gross motor
subtest administration takes 20 to 30 min.

The PDMS-II is primarily designed to examine and evaluate motor development, but as a
secondary objective, it was developed as a research tool. The general test administration procedure is
standardized, and formal training is not required. Griffiths et al. [27] reviewed the characteristics and
psychometric properties of different tools for evaluating motor development. They determined that
the PDMS-II has good psychometric characteristics to evaluate motor development. Hua et al. [28]
reported that the scale’s internal consistency is excellent. Folio and Fewwell [10] determined that
it is good (24-35 months, & = 0.97). Wuang et al. [29] reported that the test has good reliability
(test-retest n = 141, ICC = 0.97), and excellent validity. The content and the structural validity are also
excellent [10,28]. The minimal detectable change was 7.76 (sensitivity 60.65%, specificity 74.13%) [29]
and standard error mean (SEM) for 24-59 months was 3 [10].
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2.5. Visual Development Assessment

2.5.1. Visual Acuity and Refraction

External structures of the eye were examined with a pen flashlight and head loupe. Red reflex
testing [30] was measured with a direct ophthalmoscope with the lens power set at 0. The red reflex
brightness should be identical in both eyes. Any absence of the red reflex, difference between the eyes,
or abnormal pupil color may indicate a serious eye condition. The quantification of visual acuity was
measured using Cardiff cards [31] and broken wheel tests [32]. Refractive errors were assessed with
the non-cycloplegic method and measured with Mohindra retinoscopy [33]. The retinoscope light
was the only stimulus for the toddler and did not induce accommodation. The unexplored eye was
occluded, and the optometrist was 50 cm from the child. Shadows observed were neutralized with
positive or negative spherical or cylindrical lenses. The spherical equivalent (SE) was calculated to
homogenize the refraction variables.

2.5.2. Ocular Alignment

Very young toddlers, such as our toddlers, cannot fixate on a target long enough for a valid cover
test. In such cases, the optometrist estimated the degree of ocular alignment with the corneal reflex
test and diopter prisms (the Krimsky test) or without diopter prisms (the Hirschberg test and kappa
angle) [34]. The kappa angle was described as the angle between the visual axis and pupil axis. Each
eye has a different Kappa angle, usually less than five degrees. A positive Kappa angle (displacement
toward the nose) is physiologic up to five degrees. A negative kappa angle represents a temporal
displacement (toward the ear). A large kappa angle may cause ocular alignment disorders [35]. Angles
that were zero or no differences between the visual and pupil axis were reported as centered.

2.5.3. Motor Fusion, Suppression, and Stereopsis

For convergence/divergence test, a fixed target was presented at 25 cm. First, a 20A base-out (BO)
prism was placed in front of one of the child’s eyes. Next, a 20A base-in (BI) prism was placed in
front of one of the child’s eyes. The child should direct his/her hand in front of or behind the fixed
target [36]. The near point of convergence (NPC) was determined by placing a fixed target 30 cm
from the eye in the midplane of the child’s head. The child was asked to maintain fixation on the
target. The toddlers were asked to describe the picture that they looked at during the measurement.
The target was moved slowly toward the eyes until one eye lost fixation and turned out. The distance
between the fixed target and the nose bridge was measured with a string and ruler. It was repeated
twice for each child [37,38]. To test ocular motility using binocular fixation, the toddler fixed on a small
dot for 20 s [17]. Next, smooth movement without restrictions was assessed via smooth pursuit to a
moving target located 30 to 40 cm away [36]. Saccades eye movements were also studied. The toddlers
were instructed to look at a target point as quickly and accurately as possible using their index finger.
Target appeared randomly at four eccentricities + 5 degrees or + 10 degrees from central fixation in the
horizontal plane [39]. The Lang stereo test IT was used to measure stereopsis. The test consisted of
three three-dimensional images, a moon, truck, and elephant, and one two-dimensional image, a star
that is seen without stereoscopic vision (visible with only one eye) that serves to capture the patient’s
attention. The test was placed with the observer in front of the child to observe his/her eye movements.
The toddlers were told to look at the picture lying perpendicular to approximately 40 cm from the
child’s face and asked if he/she saw anything, observing the eye movements. If the child was unable to
name the images, he/she was asked to locate an area on the card where there appeared to be something
different and try to describe their differences [40].

2.6. Statistical Analysis

The data were analyzed with SPSS statistical software (version 26.0 for Windows; SPSS Inc.,
Chicago, IL, USA). Descriptive analysis was conducted with values expressed as mean + SD. The data
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normality distribution was assessed with the Kolmogorov-Smirnov test. Gross, fine, and total motor
quotients were divided into two groups (fast motor development when the GMQ, FMQ, and TMQ was
> 100 and slow motor development when the GMQ, FMQ, and TMQ was 100). Differences in visual
development between the fast and slow motor development groups were assessed with Student’s
t-test for quantitative variables and the chi-squared test for qualitative variables. For all of the tests,
the level of significance was established at 95% (P < 0.05).

3. Results

This study included 116 toddlers, 53 males (45.68%) and 63 females (54.31%). The mean ages of
the toddlers were 29.57 + 3.45 (24.16 to 36.90) months. Population flow chart diagram is shown in
Figure 1. In the gender comparison, no statistically significant differences were found in any variable
except for the fine motor quotient (FMQ) where the males toddlers obtained 100.56 + 16.64 and the
females toddlers obtained 108.09 + 12.21 (t = 2.79, p < 0.01). Motor development variables included the
dominant hand and foot, stationary percentile, locomotion percentile, object manipulation percentile,
grasping percentile, visual motor integration percentile, gross motor percentile (GMP), fine motor
percentile (FMP), total motor percentile (TMP), gross motor quotient (GMQ), fine motor quotient
(FMQ), and total motor quotient (TMQ). They are presented in Table 1. Visual development variables
included the Cardiff visual acuity (VA) test for right, left, and both eyes; broken wheels VA test for
right eye, left eye, and both eyes; retinoscopy refraction in the mean spherical equivalent; kappa angle
for right and left eyes; Hirschberg reflex for right and left eyes; near point of convergence; base-out
and base-in test; Lang stereopsis test; Bruckner test; fixation, accuracy, and head tests for tracking
movements; and reflection and head tests for saccades movements. These are also presented in Table 1.

Total Population
(n=129)

Dedlined to i
l (n=6)

Participated Population
(n=123)

Uncompleted
l—. Measurements
(n=7)
Population Included
(n=116)

Figure 1. Population flow chart diagram.

Visual development differences between the fast and slow GMQ development groups (GMQ >
100 and GMQ <100, respectively) are presented in Table 2. The GMP demonstrated identical results for
the GMQ groups. We found no significant differences in visual development between the fast and
slow FMP, TMP, EMQ, and TMQ development groups. In the right eye kappa angle, only 17.5% of the
toddlers had a centered reflex in the slow gross motor development group (GMQ < 100), while 36.8%
of the toddlers had a centered reflex in the fast motor development group (GMQ < 100) (x> = 8.28,
P = 0.01). Similar results were found in the right eye Hirschberg test: only 17.95% of the toddlers had
a centered corneal reflex in the slow motor development group, whereas 39.5% of the toddlers had
the same type of corneal reflex in the fast motor development group (x? = 7.64, P = 0.02). The same
situation was found in the kappa angle and Hirschberg test for the left eye, although the results were
not statistically significant (x? = 4.74, P = 0.09, x> = 4.88, and P = 0.08, respectively).

The Krimsky and Bruckner tests obtained similar findings. In the slow motor development
group, 87.5% and 88.8% of the toddlers had a normal test while 12.5% and 11.3% had a deviated test,
respectively. However, in the fast motor development group, all of the toddlers had normal Krimsky
(Figure 2) and Bruckner tests and none had any deviations in their eyes (x> = 4.92 and P = 0.02 for the
Krimsky test and x? = 4.39 and P = 0.03 for the Bruckner test). The last statistically significant visual
development variable was near point of convergence (Figure 3C). The slow motor development group
had 2.46 + 4.07 cm, whereas better results were reported in the fast motor development group, 1.00
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+2.02 (t =2.56, P = 0.01). For visual acuity (Figure 3A), retinoscopy refraction (Figure 3B), base-out
and base-in test, stereopsis test, fixation test, accuracy and head position for tracking movements, and
reflection and head position for saccades movements, there were non-statistically significant differences
between slow and fast motor development including gross, fine, and total percentiles and quotients.

Population Pyramid for Right Eye Kappa Angle
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Figure 2. Population pyramid for kappa angle (expressed in percentage and count of toddlers in

square).
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Figure 3. Slow and fast motor development characteristics for main optometry variables. (A)—Box and
plot graph for both eyes’ visual acuity (Cardiff test, expressed in LogMAR). (B)—Box and plot graph for
mean retinoscopy refraction (expressed in diopters). (C)—Near point of convergence (expressed in cm).
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4. Discussion

This study evaluated the visual function and motor development in typical developing toddlers.
The objective was to determine the possible presence of visual dysfunction and/or motor disorders and
analyze possible differences between slow and fast motor development for visual system variables.
Visual acuity, alignment of visual axes, stereopsis, and ocular motor skills were included in the
present study. The percentiles and quotients of gross, fine, and total motor development in a group
of 116 toddlers aged from two to three years were also reported. Two main GMQ groups were
established, a slow motor development group (GMQ < 100) and fast motor development group (GMQ
> 100). We found statistically significant differences between slow and fast motor development for
certain visual system variables. Toddlers with slow gross motor development had a greater tendency
of exophoria and a further near point of convergence (NPC) than toddlers with fast gross motor
development. These findings agree with previous studies that demonstrated the link among the visual
and motor systems in babies, toddlers, and children [4,13-17,19,21,24-26].

Similar to our outcomes, Thompson et al. [26] studied a two-year-old large toddlers group.
They fully evaluated vision state (visual acuity, stereopsis, visual axes alignment, ocular motility, and
auto-refraction) and its possible relationship with motor development. They measured using the Bayley
Scale of Infant and Toddler Development 3rd edition (BSID-III), which has an excellent correlation with
the PDMS-II [41,42]. Their outcomes revealed that global movement perception and binocular vision
were associated with motor function at an early development stage. This study included toddlers born
with risk factors for neurological development. Thus, their early development rates differ from ours
since our sample was based on toddlers with neurotypical development. To the best of our knowledge,
our study is the first that analyzed typical developing toddlers two- to three-year-old both in motor
and visual function.

To date, the prevalence of visual, accommodative, and non-strabismic binocular dysfunction has
increased in the pediatric population [43-45]. Early diagnosis and proper management can improve
vision-related life in this population, thus guaranteeing its correct evolutionary development in all
areas. Different symptoms and signs can be used to diagnose visual function [46,47].

4.1. Visual Acuity Differences between Slow and Fast Gross Motor Development

Amblyopia refers to the unilateral or bilateral reduction of the best corrected visual acuity that
is not directly attributed to a structural alteration of the eye or visual pathways [48]. It constitutes
one of the main causes of visual impairment in children, with prevalence values ranging from 1%
to 4% [49]. Amblyopia is related to the presence of strabismus, refractive errors, astigmatism, and
anisometropia. Determination of visual acuity is generally the first clinical step to identify the presence
of amblyopia [50]. When we classified the subjects according to their GMQ values, we found no
differences in visual acuity values between the two groups. Visual acuity was identical in the RE and
LE (0.18 £ 0.10 LogMAR) measured with the Cardiff test, and there were no statistically significant
differences between both eyes (OD = 0.36 + 0.05 LogMAR, OI = 0.37 + 0.04 LogMAR) when evaluated
with broken wheels. Similar findings were obtained in binocular visual acuity values and did not differ
between the two groups. Many studies link visual acuity deficits with motor delays [14-17,21,51,52].
The presence of refractive errors, mainly hyperopia, is common in children with amblyopia, which is
normally associated with mild delays in many aspects of development [53]. In our study, the sample
consisted of toddlers without visual impairment whose objective refraction did not exceed +1.50
diopters in either of the two eyes, which could be why we did not find differences between the slow
and fast motor development groups.

4.2. Ocular Alignment Differences between Slow and Fast Gross Motor Development

Heterophoria is ocular misalignment in the absence of fusional vergence. Exophoria is a divergent
misalignment, while esophoria is a convergent misalignment [54]. The measurement of heterophoria
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is an important clinical test since it indicates the demand of the fusional vergence system [55]. It has
been fully evaluated in adults and older children, but is difficult to measure in toddlers younger than
five years because of their limited cooperation [38,54,56,57]. We found authors who established that
many toddlers under five years old were orthophoric [38,56]. However, our results are in line with
more recent studies showing that the phoria of children without visual impairment between two and
seven years old was mainly exophoric, with small differences in that age range [54,55,57].

Our study found that all of toddlers had clear exophoria, which significantly increased their slow
motor development. Overall, 72.5% in the slow gross motor development group had a right eye kappa
angle that was more positive (exophoric) than 61.8% in the fast development group (P = 0.01). The left
eye kappa angle had significant differences (P = 0.09). Correspondingly, the right eye Hirschberg
reflex was significantly more nasal (exophoric) (P = 0.02) and considerable (P = 0.08) in the slow motor
development toddlers. Furthermore, the slower gross motor development toddlers had an NPC of
2.46 + 4.07 cm, significantly higher than in the fast-gross motor development group, where the NPC
was 1.00 + 2.02 cm (P = 0.01).

The findings of Jeon et al. [58] were very revealing. They reported that the prevalence of exotropia
was higher in toddlers with several motor impairments. Motor function was studied using gross motor
function. In this case, our patients were typical developing, and we did not have cases of strabismus
but had cases of exophoria. In this sense, the slow motor development group had greater exophoria
than the fast motor development group. In addition, we found a decrease in the ability to merge with
an NPC increase in the slow gross motor development group. These results agree with Jeon et al. [58];
however, they found the same prevalence in exotropia and esotropia.

On the one hand, exophoria is characterized by a divergent deviation in the line of sight when the
visual axes are at rest. Exotropia is defined as a more serious, manifest, and fixed situation of ocular
exodeviation [59]. On the other hand, Barbosa et al. [60,61] categorized infants by the degree of motor
performance in three motor levels: cerebral palsy, motor delay, and typical development. Therefore,
our results could be very useful for anticipating below average cases of motor development in which a
higher prevalence of exophoria is demonstrated.

4.3. Stereopsis Differences between Slow and Fast Gross Motor Development

Stereopsis allocates depth calculations based on the binocular disparity between the images of an
object in the left and right eyes [62]. Toddler stereopsis determination allows rapid detection of visual
disturbances, mainly cases of amblyopia with a history of strabismus [63]. Previous studies concluded
that toddlers with deficient stereopsis have developmental disorders [20]. Other studies showed that
stereopsis is associated with higher performance of certain fine motor tasks at very young ages [21].
We also found studies that showed that many toddlers perform well on manual skill assessments even
with poor stereopsis [64]. Previous research demonstrated that toddlers who underwent strabismus
surgery showed postoperative improvements in motor performance that were not correlated with
stereopsis improvements [65]. Our stereopsis findings were similar in the toddlers’ fine and gross
motor development. This was probably because the toddlers in the sample did not present any type of
visual alterations. Stereopsis was positive in both groups, with a slight non-statistically significant
difference in the fast-gross motor development group (282.35 + 131.35) second arc, compared to the
slow gross motor development group (303.89 + 143.67) second arc with P = 0.45.

4.4. Future Research and Limitations

Future research could be assessed by visual and therapy programs. Visual therapy has been shown
to be a useful treatment option in subjects with visual disturbances [66,67] and assesses how it affects
motor development quotients. We also proposed the reverse option, conducting an intervention to
promote and enhance motor development in toddlers with slow gross motor development to ascertain
how it affects binocular vision development. Within the limitations, sample follow-up was missing
because this was a cross-sectional study. Future research should include longitudinal gross and fine
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motor development changes in this sample. The toddlers enrolled were in their last year of nursery
school. This issue could limit sample follow-up.

5. Conclusions

Neurotypical developing toddlers and without visual impairment with slow gross motor
development had higher exophoria and further near point of convergence values compared with fast
gross motor development toddlers. No statistically significant differences were found in visual acuity
and stereopsis between both slow and fast gross motor development toddlers.
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Abstract: This paper studies the effect of maternal depression on early childhood cognition in Peru,
where rates of depression are around 50%. By using an instrumental variables approach, this study
exploits variation in the exogeneity of the exposure to shocks during early life to instrument for
maternal depression. The empirical strategy exploits a novel longitudinal data—the Young Lives
survey—that includes information on cognitive outcomes of children and variation in their mothers’
mental health status between rounds of data collection. Results suggest that maternal depression
is detrimental to a child’s vocabulary at age 5, but effects fade out by age 8. Effects do not vary
by maternal education but are significant only for children living in disadvantaged households.
Estimations indicate that the presence of a partner worsens the effect of maternal depression on
vocabulary development, results that are driven mainly by households with heavy-drinking partners.
Our findings make a strong case for recognizing maternal mental health problems as disorders of
public health significance and guide maternal and infant health policies in Peru.

Keywords: child development; child vocabulary; maternal mental health; Peru

1. Introduction

Maternal depression is a major global public health challenge due to its high prevalence and direct
and indirect consequences. Globally, depression is experienced by about 10 percent of pregnant women,
and by 13 percent of women who have just given birth [1]. In developing countries, the prevalence of
depression is almost 50 percent higher than in developed contexts: Around 15.6 percent of women
experience it during pregnancy and 19.8 percent after childbirth [1]. Given the limited availability of
data on maternal depression in developing countries [2] and that it remains under-diagnosed and
undertreated, these figures likely represent a lower bound of the scale of the problem.

Existing studies on maternal mental health warrant concern about the economic and human
costs of maternal depression, not only to the women suffering from it but also to the children in their
care, given the crucial role mothers traditionally play in childrearing, particularly when children are
younger [3,4]. Maternal depression is characterized by sadness, negative affect, loss of interest in daily
activities, fatigue, difficulty thinking clearly, and bouts of withdrawal and intrusiveness, and may
interfere with the consistent, attentive, and responsive caregiving associated with effective parenting [5].
Because mother-child interactions during early life shape foundational neural circuits [6,7], neglect or
maltreatment associated with maternal depression can undermine children’s brain development and
lead to worse health (physical and mental), cognitive, and behavioral outcomes [8-10]. Given that
it often “goes hand in hand with poverty” [6], a major concern about maternal depression is that
it may increase poverty and contribute to its intergenerational transmission. In particular, maternal
depression can intensify the negative effects of material deprivation and exposure to exogenous shocks
associated with poverty, and confine children to substandard developmental trajectories and hence
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worse outcomes later in life. However, despite the potentially far-reaching harmful effects of maternal
depression on mothers and child welfare, there is still a limited amount of rigorous evidence that
quantifies its consequences on child development, the channels through which it acts, and how to
mitigate its impact on children, particularly in developing countries.

The present paper aims to provide causal evidence of the effects of maternal mental health
on children’s human capital accumulation in a developing country. We study the under-explored
relationship between maternal depression and child cognition, a dimension of child development
that has been extensively documented as a crucial determinant of life outcomes [11-13]. We focus our
analysis on the context of Peru, a developing country with a high prevalence of maternal depression.

To shed light on the issue, we conducted our analysis using information from the Young Lives
(YL) survey in Peru, a rich longitudinal household survey that follows households with at least one
child born between 2001 and 2002 (index child). For our analysis, we used YL’s first three rounds:
A baseline round in 2002, when the index child was 620 months old, the first follow-up when the
child was 4-6 years old, and the last round in 2009-2010, when the child index was 7-8 years of age.
The YL also has the novelty that includes questions related to maternal mental health and a child’s
vocabulary, along with a wealth of information on child, family, and community characteristics.

Inspired by the literature that links the exposure to shocks during pregnancy, maternal mental
health, and children’s outcomes, we employed an instrumental variable (IV) approach as an estimation
strategy. This approach helps us to address the reverse causality bias in the estimation of the effect of
maternal depression on a child’s vocabulary. We exploit the richness and longitudinal nature of the
data to better capture the dynamic nature of maternal mental health on child cognitive development at
the age of 5 and 8 years old. In particular, we instrument maternal depression with having experienced
a shock (loss of crop or livestock) at baseline (when the child was in utero or recently born). We also
strengthen the robustness of the analysis by considering variations of the indicator used for maternal
depression, exploring heterogeneous effects of household characteristics, such as mother’s education,
household wealth, and the presence of a male partner and some of his characteristics. Given the large
set of potential controls, and to avoid overfitting the model or omitted variables bias, we used a
machine learning procedure to select the instruments and controls to include in our model.

The remainder of the paper is organized as follows. In the next section, we describe our research
design, including details on the data we are using for our analysis and some descriptive statistics.
In Results, we present the main results, including some robustness checks. Finally, in Discussion
and Conclusions, we discuss the policy implications, this paper’s contribution to the literature,
and conclude.

2. Materials and Methods

In this section, we briefly described the data we used to assess the impact of maternal depression
on early child vocabulary in Peru. Then, we presented some descriptive statistics of the different rounds
of data used in our analysis. Since we restricted our study to the sample that had information across
all rounds, we also briefly described the results from the sample attrition analysis.

2.1. Data

2.1.1. Description

To measure the effects of MMH on child development, we used the first 3 rounds of the Young Lives
Peru Survey (YL), conducted by the University of Oxford and core-funded by the UK Department for
International Development. The YL survey was also being conducted in Vietnam, Ethiopia, and India
(Andra Pradesh region). As of now, 5 rounds of data have been collected, which can be publicly
accessible through the Young Lives website (https://www.younglives.org.uk/content/data-research).
This was a rich longitudinal survey that included a complete set of individual, parental, household,
and community characteristics, including early developmental, economic and demographic indicators,
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as well as information about social assistance programs in every community. The baseline sample of
YL was cluster stratified, with 20 districts randomly selected across the country. Because the YL project
was particularly interested in children living in poorer households, the sampling frame excluded the
top 5 percent of districts as measured by a district poverty ranking. Despite excluding the least poor,
it has been documented that the data reflects the Peruvian population in a broad range of indicators.
Within each of the selected districts, 100 households with at least one child born between 2001 and 2002
(index child) were chosen randomly to participate in the project. Within each household, YL surveyed
an index child who was born in 2000-2001 and was followed from infancy until they reached their
mid-teens. The baseline round was conducted in 2002 when the index children were aged 6-20 months,
the first follow-up conducted in 2006/2007, when they were between 4 and 6 years old, and the last
round in 2009/2010, when they were between 7 and 8 years of age. The attrition rate between the
3 rounds of data collection was approximately 4 percent, which was low by international standards [14].

Of the 2000 index children in the baseline round, we focused our analysis on the sample of 1095 of
them that were present in the first 3 waves for whom data on maternal mental health and Peabody
Picture Vocabulary Test (PPVT) scores were available. We presented below tests for differences in some
characteristics between the included and excluded samples.

2.1.2. Measures of a Dimension of Child Development

We use PPVT scores [15] as the measure of early vocabulary skills, a strong predictor of later
cognitive ability, including writing and reading skills, schooling, and labor market outcomes later in
life [13,16-18]. In the YL survey, this outcome was measured using the Spanish version of the PPVT
instrument. The PPVT measures receptive vocabulary; children are shown slides, each of which has
4 pictures, and were asked to identify the picture that corresponded to objects or actions named by the
test administrator. Children did not need to name the objects or actions or be able to read or write
them. It was just an object identification or association process. The test continued until the child
had made 6 mistakes in the last 8 slides. The number and the level of difficulty of questions differed
according to children’s age (see [19]). We, therefore, constructed age-specific z-scores by subtracting
the month-of-age-specific mean of the raw score and dividing by the month-of-age-specific standard
deviation. PPVT scores were available in the 2nd and 3rd rounds of the YL survey, i.e., when children
were 4-6 and 7-8 years.

2.1.3. Measures of Maternal Mental Health

The explanatory variable was constructed using the information on maternal common mental
disorders from the Self Reporting Questionnaire 20 items (SRQ20), a screening (case-finding) tool
included in the YL survey. The SRQ20 consisted of 20 yes/no questions with a reference period of the
previous 30 days. The tool had a number of limitations, including the small number of items, the fact
that it was not diagnostic, and could not separate out anxiety from depression. Still, the tool had been
recommended by the World Health Organization and has acceptable levels of reliability and validity in
developing countries. To the extent that depression and anxiety are closely related, and both of them
can undermine the quality of care mothers provide to their children, the information gathered from the
questionnaire was very valuable. Henceforth, we will use the term mental health to refer to both cases
of depression and/or anxiety.

Using the responses to the questionnaire, we estimated 3 mental health indexes: The simple
average of all items and 2 standardized items using factor analysis and principal components analysis.
As we explain below, we used the information on maternal mental health from the first round of the
YL survey.

2.1.4. External Shocks

We exploited the availability of data on exposure to external shocks in the first round of the
Peruvian YL. Caregivers were asked about events or changes that negatively affected the household
welfare, and that occurred since the mother of the index child was pregnant until the day of the
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interview. The survey respondents described the event, and the enumerator classified it among the
14 categories. We grouped these categories into 6 groups of shocks, including natural disaster, crop or
livestock loss, decrease in food availability, job or income loss, death or severe illness, and birth/new
household member.

2.1.5. Other Relevant Variables

In addition to the outcomes of interest and data on shocks, we used additional variables available
in the survey that we used to address potential concerns to our identification strategy, as we explained
in the following section. These additional variables consist of indexes that captured information
on wealth, housing quality, and consumption of durable goods. These indexes were created using
information reported by the caregivers. In each round, they were asked about the assets they own,
characteristics of the household (materials of the floor, walls, etc.), among others. To collect consumption
data, caregivers were asked how much they spent on non-food items during the last 30 days or on
durable goods over the last 12 months.

2.2. Descriptive Statistics

Table 1 reports the summary statistics of the variables used in this paper for the sample under
analysis. We separated the variables into 4 panels by mother, child, household, and community
characteristics. Columns 1-3 presented mean, standard deviation, and the number of observations for
the sample in the 2006/2007 round. Similarly, columns 4-6 showed the same statistics for the 3rd YL
round (2009/2010).

Table 1. Descriptive Statistics by Survey Round.

1 2) 3) @) (5) (6)

Variables Year 2006/2007 Year 2009/2010
Mean S.D. N Mean S.D. N
Panel A. Maternal characteristics

Age of the mother (years) 3143 6.64 1095 33.71 6.64 1095

Indigenous ethnic group 0.16 0.37 1095 - - -

Less than primary school 0.57 0.50 1095 - - -

Literate 0.79 0.41 1095 - - -

Attended antenatal care in 2002 0.94 0.23 1095 - = -

Mother has Mental Health Problems in 2002 0.30 0.46 1095

Panel B. Child characteristics

Child is a boy 0.50 050 1095 - - -

Weight at birth (kg) 321 0.51 1095 - - -

Long-term health problems 0.09 0.09 1095 - - -
Age (in months) 63.5 4.71 1095 94.9 3.58 1095
Child is the eldest 0.16 037 1095 0.23 0.42 1095
Height for age Z-score -1.42 1.08 1095 -1.05 1.02 1095
PPVT score (raw) 29.9 174 1095 47.6 129 1095
PPVT Z-score 0.06 098 1095 0.07 0.95 1095

Panel C. Household characteristics

Wealth index 0.49 022 1095 0.56 0.20 1095
Housing quality index 0.41 0.24 1095 0.44 0.24 1095
Consumption of durable goods index 0.37 0.23 1095 0.45 0.23 1095
Live in urban area 0.58 049 1095 0.76 0.43 1095
Household size 5.52 213 1095 5.44 1.94 1095

School aged children in the household (1) 1.33 1.25 1095 1.09 1.05 1095
Panel D. Community characteristics

Violent crime in community 0.33 0.47 1095 0.36 0.48 1095

Social assistance (education) available 0.95 0.22 1095 0.98 0.13 1095

Table 1 present summary statistics (mean and standard deviation) of the variables used in the analysis. These variables
are available in the first three rounds of the Peruvian Young Lives Survey. The sample is restricted to children with
available information on maternal mental health in 2002 and PPVT scores in 2006 and 2009.
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As presented in Panel A, mothers were 31-35 years old on average between the 2 rounds.
On average, 16% of these mothers reported being of indigenous origin, and although 79% of them
reported they were literate, 57% had not completed primary school. Finally, statistics showed that 30%
of mothers had mental health issues in 2002, and 94% of them reported that they attended antenatal
care while they were pregnant from the index child. In terms of children’s characteristics (Panel B),
half of index children were boys and 16% of them were the eldest. Cognitive outcomes, as measured
by PPVT Z-scores, were practically unchanged between the 2 rounds, even if, as expected, the mean
score increased as the children age, reflecting a larger vocabulary. The average child in the sample
scored 0.06 standard deviations above the mean PPVT score of a reference child in both 2006/2007 and
2009/2010. Children’s height-for-age Z-scores, on the other hand, showed an improving trend.

To summarize information at the household level, we created some indexes that captured
information on wealth, housing quality, and consumption of durable goods (see Panel C). Each of
these indexes took values between 0 to 1. A household with an index level close to 0 (1) indicated
that the family was worse (better) in the particular dimension that the index was measuring. In 2007,
the average household in the sample under analysis was below the median of the distribution in
all indexes. The wealth and housing quality indexes of the average household from our sample
remained similar between the 2 rounds. Only the consumption of durable goods index increased
between 2006-2009, which can be related to an increase in the number of older household members
that consumed more expensive durable goods. Moreover, 58% of households under analysis lived
in urban areas and had 5.5 members on average, 1.3 of them were school-aged children in 2006/2007.
Three years after, 18% of households were more likely to live in urban areas.

Appendix A compared the sample under analysis with the observations excluded from the study.
There are only 2 differences in maternal characteristics between these 2 sub-samples, and the difference
remained statistically significant at 10%: Mothers in the sample were less likely to have completed
primary school and were less likely to live in urban areas.

2.3. Empirical Strategy

What were the ways in which maternal depression can undermine children’s cognitive outcomes?
We framed our analysis following Frank and Meara’s Model (FMM) [20] of maternal depression effects
on the formation of children’s skill, which was inspired by Cunha and Heckman's inter-generational
model of human capability formation [13,21]. FMM assumed that a skill S was constituted in period ¢,
through a production function f and several determinants that occurred in the previous period (t — 1).
In sum, the model can be represented as follows:

St = f(S4=1,11-1,PS; M;—1,) 1)

where S is the level of skill formation, PS represents parental skill attributes (education, cognitive abilities,
etc.), I;_1 indicates monetary and non-monetary investments in child capabilities, and M;_; is maternal
mental health status at time ¢ — 1. Mental health problems that interfered with mother-child interactions
or undermined maternal behavior during t — 1 could potentially undercut the effectiveness of parental
skills and/or reduce the productivity of investments and result in deficient children’s cognitive ability
later in life.

To empirically estimate this theoretical model, we exploited information on maternal mental
health during the 1st round and data on cognitive outcomes for our sample of 1095 children for
which we have information of PPVT Z-scores from the 2nd and 3rd rounds of data collection. A naive
estimation of the effects of exposure to lagged maternal stress on cognitive development will regress
a measure of maternal stress in 2002 on the PPVT Z-scores in 2006/2007 and 2009/2010, using the
following specification:

PPVT;; = ag + a1MH; 11 + a2Cip + azM; s + agH;p + €5 2

where PPVT;; represents the PPVT Z-scores for child i in period ¢ (i.e., 2006/2007 or 2009/2010).
MH, ;1 captures the value of any of the three maternal mental health indexes we estimated using
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data from 2002. C;;, M;;, and H;; are vectors of child, mother, and household/community observable
and time-varying characteristics that can lead to differences in cognitive ability across children and
influence their parents’ investments in them. These vectors include all the variables presented in Table 1,
all of which have been documented to affect children cognition (for a review, see [6]). €;; represents a
random, idiosyncratic error term.

Under the assumption of complete exogeneity of MH;;_1, the parameter of interest, &1, measures
performance in the PPVT at each period t for children whose mothers were depressed in 2002. The fact
that the specification used measures of maternal depression and child’s vocabulary taken at different
points in time addressed, to a large extent, the possibility of reverse causality. However, the probability
that there were unobserved factors, such as pollution, access to services, or changes that had affected
the household between rounds—that influenced maternal mental health and children’s outcomes
cannot be entirely ruled out. Consequently, we used an instrumental variable (IV) approach to address
the possibility of omitted variable bias.

In addition, the IV estimation helped to remedy the problem of measurement error in the main
explanatory variable, which could be a relevant factor in the context of this paper. In particular, our main
explanatory variable captured symptoms of mental health issues that affected mothers 30 days prior to
the survey in 2002. We used those symptoms and estimated indexes of mental health, which constituted
proxies of the unobserved, latent variable MH?, ;. Thus, estimations of Equation (2) that incorporated
the proxy for maternal depression can produce inconsistent estimators of a; and lead to attenuation
bias of these coefficients if MH;;_1 and the error term €;; are negatively correlated [22,23].

The IV approach hinges on finding observable covariates that are correlated with maternal
mental health, but which do not affect child cognitive status or other possible omitted variables.
Considering this, we define our instrument by relying on the existing evidence that identifies the
negative effect of exposure to exogenous shocks during pregnancy or during the first months after
birth on children cognitive outcomes [3,24-29]. Some of these papers find that the main mechanism
driving this relationship is maternal stress induced by the shock. Therefore, by exploiting the fact that
the first round of YL asked caregivers about exposure to shocks, we use them to instrument maternal
mental health. We excluded natural disasters and decreases in food availability due to lack of variation
(less than 0.18% of households reported any of these shocks) and job or income loss because it can
be highly correlated with the fact that the woman just gave birth. Hence, we restricted our analysis
to the remaining three shocks-loss of crop or livestock, death or severe illness, or changes in their
household composition—as potential instruments of maternal mental health. In this sense, Equation (2)
corresponds to our second stage estimation, and our first stage will be given by the following:

MHij1 = Bo+p1S],_; + Xi +ei €)
where Sz]‘,t—l indicates if the mother of child i was affected by shock j and X; represent the vectors of
child, mother, and household characteristics described in Equation (2).

The validity of the instrument had to meet 2 conditions. First, it had to be relevant. In other words,
the correlation between the shock and maternal mental health had to be high and statistically different
from zero. To test this condition, we presented statistics of the shocks and measures of maternal
mental health in Table 2, panels A and B. Panel C summarizes the correlations between each measure
of maternal mental health and the three shocks under analysis. All correlations were statistically
significant. In particular, the correlation between the loss of crop or livestock and the different indexes
of maternal mental health ranges between 0.34 to 0.70.

The second condition for the instrument to be valid was exogeneity. In other words, suffering a
shock during pregnancy or during the 1st months after birth should not have an impact on children’s
vocabulary at the age of 5 other than through the impact on maternal mental health in the period
when the shock occurred. There were 3 potential concerns that might affect this assumption, but we
aimed to address those concerns with our specification. First, there was the concern of the nutritional
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effect of an income shock. A past shock can affect children’s nutritional status in t — 1, which can
then translate into worse cognitive development later in life. To address this concern, we controlled
for several children anthropometric measures. A 2nd concern was the learning resources: The shock
could limit the exposure of the child to enriching opportunities or materials that might help her to
improve her vocabulary development during childhood. To control for this potential channel, we
included in our specification some measures of household wealth and consumption in t — 1. Finally,
the 3rd concern was that the shock limited additional stimulation that might have been provided
to her by other members in the household, in addition to the mother and her partner. For example,
in extended households, non-working relatives tended to contribute to childcare duties. The shock
may forced these other household members to find a job, which could, in turn, limit opportunities
for child stimulation and consequent development. Since extended households were larger than the
non-extended ones, we controlled for that characteristic by including the variable household size
in our model. Alternatively, we tested the exogeneity assumption in our model by estimating the
correlation between the measure of vocabulary and the shock, conditional on the variables that captured
differences in availability of learning resources, child’s nutritional status, and the rest of the control
variables. These results are presented in Appendix B.

Table 2. Correlations between Shocks and Maternal Mental Health Indexes (MHI) in 2002.

(1) (2) 3)
Panel A. Descriptive statistics of Maternal MHI Mean S.D. N
MHI-1 —-0.02 0.50 1095
MHI-2 —-0.04 0.98 1095
MHI-3 —-0.04 0.92 1095
Panel B. Shocks experienced by mothers during pregnancy or Mean sD N
within the first year after the child was born (in 2002) € o
Crop or livestock loss 0.03 0.16 1095
Death, severe illness, divorce 0.13 0.34 1095
Birth/new household member 0.06 0.24 1095
Panel C. Correlations between shocks and Maternal MHI in 2002 MHI-1 MHI-2 MHI-3
Crop or livestock loss 0.34 *** 0.70 *** 0.65 ***
Death, severe illness, divorce 0.15 *** 0.32 *** 0.29 ***
Birth/new household member 0.13 ** 0.27 ** 0.24 **

Table 2 presents summary statistics (mean and standard deviation) of maternal mental health indexes and shocks
experienced by mothers of our sample of analysis. These variables are available in the first round of the Peruvian
Young Lives Survey (2002). The sample is restricted to children with available information on maternal mental
health in 2002 and PPVT scores in 2006 and 2009. Mental health index 1 is the standardized average of the SRQ-20
items. Panel A presents statistics of mental health indexes. Mental health index 2 and 3 are standardized indexes
estimated using principal components and factor analysis, respectively. Panel B presents the % of mothers reporting
being exposed to any of the four shocks. Panel C shows correlations between the mental health indexes and shocks.
*** and ** indicate statistical significance at 1% and 5%, respectively.

Finally, having at least three instruments and a large set of potential control variables posited the
challenge of selecting the “right” set of them. On the one hand, using too few controls or the wrong
ones may lead to omitted variable bias. However, by using too many, our model may be affected
by overfitting. To address this issue, we estimate the parameters of interest using the Instrumental
Variables Least Absolute Shrinkage and Selection Operator (IV-LASSO), a routine for estimating
structural parameters in linear models with many controls and/or instruments. In particular, we used
the post-double selection (PDS) methodology [30,31] that was applied in Stata’s built-in commands by
Ahrens et al. [32].

3. Results

We found three main results. First, maternal depression was detrimental to a child’s vocabulary
at the age of 5, but the effect faded out by age 8. Our estimations indicated that 1 standard
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deviation of maternal depression during pregnancy and postpartum reduced the vocabulary of
5-year-old children—measured through PPTV scores—in 0.54 standard deviations. This impact is
no longer statistically significant at the age of 8, even considering different measures of maternal
depression. The magnitude of these effects is large and consistent with the upper bound found in the
existing literature.

Second, heterogeneity analysis by household wealth shows that these effects were driven by
children living in disadvantaged households. When the impact of maternal depression was analyzed
separately by household wealth, there was evidence of worse effects for less wealthy households,
providing suggestive evidence that maternal mental illness may contribute to the intergenerational
transmission of poverty given the high rates of depression among low-income mothers cited in
the literature.

Finally, we explored if the presence of household members that supported mothers can dampen
the effect of experiencing a shock that affects maternal mental health. We focused on the presence of
a partner in the household when the woman was pregnant or during the first year after childbirth.
Our estimations indicated that mental health issues of women living with a partner when they
experienced a shock effect more their child’s vocabulary than those without a partner. Upon further
exploration, we found that women living with heavy-drinking partners were the ones driving the
negative impacts on the child’s cognitive development. In this sense, this set of results indicates that it
is not the presence of a partner in itself that matters, but the quality of such partners.

3.1. Main Results

Table 3 reports the main results of the paper. Columns 1-3 present results for Ordinary Least
Squares (OLS) with PDS-selected variables and full regressor set. Each column shows the results for a
measure of mental health, as defined above. Columns 4-6 show results for the IV with PDS-selected
variables and full regressor set as depicted in Equation (2).

First-stage estimates for the exposure to an external shock on maternal mental health are presented
in Panel B. Selected instrument by the LASSO regression was suffering crop or livestock loss during
pregnancy or within the first year of the index child. The outcome variable was a measure of maternal
mental health in 2002. The coefficient indicated changes in maternal mental health after experiencing a
shock of crop or livestock loss during pregnancy or after giving birth. Across columns, the precision
of the estimate does not change, but the size of the coefficients is sensible to the measure of mental
health used.

As presented in Panel A, our IV estimations indicate that poor maternal mental health has a
negative impact on child cognition. An increase by one standard deviation in maternal mental health
problems when children were 1-year-old or younger was associated with a reduction of 0.5-0.54
standard deviations in vocabulary Z-scores when children were 5 years old. This effect corresponds to
a reduction of 31 percent of the mean PPVT raw score. These large estimated effects were consistent
with existing evidence. For example, Aizer et al. [3] found that exposure to stress hormones in utero
negatively affects cognition (verbal IQ at age 7), behavior, and motor development. Specifically,
the authors found that exposure to cortisol in the top quintile of the distribution was associated with a
43 percent of a standard deviation reduction in verbal IQ.

The LASSO regression selected the following controls: Mother’s age, wealth index, living in an
urban area, child’s age, consumption of durable goods index, household size, number of children
younger than 5 years in the household, and height for age Z-score. The effects on child cognition of
demographic controls (not shown in the table) are in the expected direction. Z-scores of children living in
urban areas were higher than those of children living in an urban area. In addition, children’s nutritional
status also affected performance in the PPVT. The coefficients for wealth were positive, statistically
significant, and among the highest, which was in line with research that points to socioeconomic status
gradients of cognition as measured by vocabulary [16,33-35].
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Table 3. Effect of maternal mental health on children’s vocabulary at age 5.

Dependent Variable: Standardized PPVT

@ (2) 3) 4) (5) (6)
Panel A. Estimated coefficients from OLS with PDS-selected variables IV with PDS-selected variables
OLS and IV estimation approaches and full regressor set and full regressor set
MHI-1 MHI-2 MHI-3 MHI-1 MHI-2 MHI-3
Maternal Mental Health —-0.0314 —-0.0157 —-0.0173 -1.025*  -0499* —-0.536**
(0.0513) (0.0254) (0.0275) (0.527) (0.255) (0.274)
Observations 1095 1095 1095 1095 1095 1095
Mother controls Yes Yes Yes Yes Yes Yes
Child controls Yes Yes Yes Yes Yes Yes
Household controls Yes Yes Yes Yes Yes Yes
Panel B. First-stage estimation MHI-1 MHI-2 MHI-3
Shock: Crop or livestock loss 0.573**  0.616**  0.300 ***
(0.165) (0.179) (0.088)
Observations 1095 1095 1095
Mother controls Yes Yes Yes
Child controls Yes Yes Yes
Household controls Yes Yes Yes
Weak identification F-Stats (Full IV set) 11.53 11.69 11.75

Panel A in Table 3 presents the estimated impacts of maternal mental health on children vocabulary at the age of
5 years obtained from Equation (2), using Ordinary Least Squares (OLS) and Instrumental Variables (IV) as estimation
approaches. The dependent variable was measured using the standardized value of the PPVT test. Mental health
indexes are standardized values of the SRQ-20 items using three different estimation approaches. Columns (1-3)
present estimated coefficients using OLS and columns (4-6) show coefficients using IV. Both approaches were
implemented using the option PDS-selected variables and full regressor available in the LASSO command.
The selected instrument was suffering crop or livestock loss during pregnancy or within the first year of the index
child. Selected controls are mother’s age, wealth index, living in an urban area, child’s age, consumption of durable
goods index, household size, number of children younger than 5 years in the household, and height for age Z-score.
The sample is restricted to children with available information on maternal mental health in 2002 and PPVT scores
in 2006 and 2009. *, ** and *** indicate statistical significance at 10%, 5% and 1%, respectively. Confidence intervals
at the 95% confidence are presented in Appendix C. Robust standard errors in parentheses.

We then explored if these negative impacts were held three years after the first measure of
vocabulary. Using data of child vocabulary at the age of 8, we estimated the model presented in
Equations (2) and (3). The main results are presented in Table 4. Our estimations showed that maternal
depression had no effect on the child’s vocabulary at the age of 8. Not only were the estimated
coefficients not statistically significant, but also their sizes were very small—that is, the vocabulary of
children whose mothers’ experienced mental health problems when they were 1-year-old caught up
with the vocabulary of children whose mothers did not suffer mental health problems. As we present in
the table in Appendix D, the effects of a shock on maternal mental health are not statistically significant
a year after the woman experienced the shock. These results suggest that the effect of exposure to
maternal depression during early childhood need not undermine language development permanently,
and exposure to rich vocabulary environments later on during childhood can compensate for earlier
developmental gaps. For our sample, it is possible that the convergence in vocabulary development
is explained by the fact that by the time they reached age 8, all children had had exposure to formal
education opportunities (99.9% of children in our sample), which may have a compensatory effect
on children’s vocabulary development. Still, given that early vocabulary constitutes a foundational
skill that facilitates the development of other cognitive skills, based on our results, we cannot rule out
the possibility that exposure to maternal depression during early life does not undermine cognitive
development and academic achievement.

3.2. Heterogeneity by Household Characteristics

We explore heterogeneous effects by a number of maternal characteristics that have been identified
in the literature as moderators of the effect of mental health, using our main model and all measures of
mental health.
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Table 4. Effect of maternal mental health on children’s vocabulary at age 8.

Dependent Variable: Standardized PPVT

1) (2) 3) 4) (5) (6)
Panel A. OLS and IV OLS with PDS-selected variables IV with PDS-selected variables
second-stage estimations and full regressor set and full regressor set
MHI-1 MHI-2 MHI-3 MHI-1 MHI-2 MHI-3
Maternal Mental Health 0.006 0.006 0.008 —-0.065 —-0.032 —-0.034
(0.0471) —-0.0233 (0.0253) (0.501) (0.245) (0.265)
Observations 1095 1095 1095 1095 1095 1095
Mother controls Yes Yes Yes Yes Yes Yes
Child controls Yes Yes Yes Yes Yes Yes
Household controls Yes Yes Yes Yes Yes Yes
Panel B. First-stage estimation MHI-1 MHI-2 MHI-3
Shock: Crop or livestock loss 0.338 ***  0.689 ***  0.639 ***
(0.091) (0.184) (0.172)
Observations 1095 1095 1095
Mother controls Yes Yes Yes
Child controls Yes Yes Yes
Household controls Yes Yes Yes
Weak identification F-Stats (Full IV set) 13.61 13.65 11.75

Table 4 presents the effects of maternal mental health on children’s vocabulary at the age of 8 years. The dependent
variable was measured using the standardized value of the PPVT test. Mental health indexes are standardized
values of the SRQ-20 items using three different estimation approaches. Columns (1-3) present estimated coefficients
using OLS and columns (4-6) show coefficients using IV. Both approaches were implemented using the option
PDS-selected variables and full regressor available in the LASSO command. The selected instrument was suffering
crop or livestock loss during pregnancy or within the first year of the index child. Selected controls are mother’s age,
the mother is indigenous, mother literacy, wealth index, living in an urban area, consumption of durable goods
index, and height for age Z-score. *, ** and *** indicate statistical significance at 10%, 5% and 1%, respectively.

First, we run separated regressions by different levels of household wealth, which, it is generally
agreed, influences the extent to which maternal mental health affects children [3,6,36]. For our analysis,
we compared the vocabulary of children living with mothers with different mental health levels within
the upper or lower half of the wealth distribution. Using data from the 2002 round, we estimated three
indexes: Housing quality, consumer durables, and services indexes. Then, we created a wealth index
for each household of our sample that consisted of the average of the three first ones mentioned above.
Using the wealth index distribution, we separated our sample by the median of the wealth index
distribution. The results are presented in Table 5. Our estimations indicate that 1 standard deviation
of maternal mental health issues reduces vocabulary by 0.58 to 0.63 standard deviations of children
living in less wealthy households (columns 4-6). This is around 0.08 standard deviations more than the
impacts in the total sample. The effects of maternal mental health on the vocabulary of children living
in wealthier households are not statistically significant.

These results are an important contribution to the evidence of intergenerational transmission
of poverty. Poor households are less able to protect themselves from external shocks, such as crop
or livestock losses, which then increases stress levels for household heads. In low-income families
where there is a pregnant woman or with a child younger than 1-year-old, our results indicate that the
negative shock translates into a reduction in the child’s cognitive skills in the short term. Giving that
the development of these skills during early childhood is the foundation of future ones [13,16-18],
this negative effect can have long-lasting impacts in terms of human capital accumulation, which is
in line with existing literature indicating that events before five years old can have large long-term
impacts on adult outcomes [3,37].

The existing literature has also found that maternal schooling levels may modulate the impact
of depression [6,38]. A recent paper by Aizer et al. [3] finds that mothers with low levels of human
capital are characterized by higher stress levels and that the negative impact of their elevated stress
levels on their children is greater. We explore this heterogeneity using the YL data by separating the
sample into two groups: Mothers with less than primary education and mothers with at least primary
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education completed. Our estimations are presented in Table 6. Unlike the existing literature, there are
no apparent differences in the effect of maternal mental health for mothers who have completed or not
primary education.

Table 5. Heterogeneous effects of Maternal Mental Health on Children Vocabulary at Age 5 by HH

Wealth Level.
Dependent Variable: Standardized PPVT
(1 2) 3) @) (5) (6)
IV with PDS-selected variables and full regressor set
Effects on children from wealthier HH  Effects on children from less wealthy HH
MHI-1 MHI-2 MHI-3 MHI-1 MHI-2 MHI-3
Maternal Mental Health -2971 —1.427 -1.509 —1.194* —0.581 * —0.625 *
(4.212) (2.009) (2.111) (0.661) (0.319) (0.342)
Constant 1.098 1.101 1.098 1.147 ** 1.157 ** 1.158 **
(0.869) (0.854) (0.839) (0.583) (0.576) (0.574)
Observations 514 514 514 581 581 581
Mother controls Yes Yes Yes Yes Yes Yes
Child controls Yes Yes Yes Yes Yes Yes
Household controls Yes Yes Yes Yes Yes Yes

Table 5 presents estimated effects of maternal mental health on child vocabulary at age 5, separated by whether the
HH is in the upper or lower wealth half of the distribution. We estimate the model selected from LASSO procedure.
The selected control regressor set includes the mother’s age, wealth index, living in an urban area, child’s age,
consumption of durable goods index, household size, number of children younger than 5 years in the household,
and height for age Z-score. The sample is restricted to children with available information on maternal mental
health in 2002 and PPVT scores in 2006 and 2009. Robust standard errors in parentheses. * and ** indicate statistical
significance at 10%, and 5%, respectively.

Table 6. Heterogeneous effects of maternal mental health on children’s vocabulary at age 5 by the
educational level of the mother.

Dependent Variable: Standardized PPVT
(6)] (2) 3) @) (5) (6)
IV with PDS-selected variables and full regressor set

Effects on children from mothers  Effects on children from mothers with at

with primary incomplete least primary education complete

MHI-1 MHI-2 MHI-3 MHI-1 MHI-2 MHI-3

Maternal Mental Health —-0.799 —-0.389 —-0.419 -1.829 —0.889 —0.949

(0.513) (0.249) (0.268) (1.848) (0.885) (0.937)

Constant 1.292 %% 1.299 **  1.300 *** 0.739 0.736 0.739

(0.401) (0.398) (0.397) (0.778) (0.771) (0.763)
Observations 719 719 719 376 376 376
Mother controls Yes Yes Yes Yes Yes Yes
Child controls Yes Yes Ye Yes Yes Yes
Household controls Yes Yes Yes Yes Yes Yes

Table 6 presents the estimated effects of maternal mental health on child vocabulary at age 5, separated by whether
the mother has completed at least primary education or not. We estimate the model selected from LASSO procedure.
The selected control regressor set includes the mother’s age, wealth index, living in an urban area, child’s age,
consumption of durable goods index, household size, number of children younger than 5 years in the household,
and height for age Z-score. The sample is restricted to children with available information on maternal mental
health in 2002 and PPVT scores in 2006 and 2009. Robust standard errors in parentheses. *** indicates statistical
significance at 1%.

However, when we combine the heterogeneity by household wealth and maternal education,
we find out that our results are still in line with the existing literature for two reasons. First, the papers
finding that lower maternal education exacerbates the negative effect of maternal mental health on
early vocabulary argue that this low maternal education can be associated with sub-optimal childcare
practices or to restricted access to quality material inputs and opportunities. Access to quality inputs
that help to improve children’s vocabulary is restricted to less wealthy households as well. Second,
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there is extensive evidence of a strong correlation between a mother’s education and socioeconomic
status. In this sense, the expected differences in terms of lack of resources that allow overcoming the
negative effects of maternal mental health on child language are captured not by maternal education
but by household wealth in this particular context.

In addition, we explore whether the effects of exposure to maternal mental health issues during
a child’s young age varies depending on whether the mother has a partner, given that this factor
may modulate the impact of depression. The literature suggests that the presence of other members
in the household that provide support to the mother can buffer the effect of depression on children.
Our results are presented in Table 7. Our estimates suggest that having a partner can actually worsen
the negative effects of maternal mental health issues on a child’s vocabulary (Columns 1-3).

Table 7. Heterogeneous effects of maternal mental health on children vocabulary at age 5 by the
mother’s marital status and partner’s drinking behavior.

Dependent Variable: Standardized PPVT
()} 2 3) @) (5) (6) ) ) (&)

1V with PDS-selected variables and full regressor set

Effects on children from Effects on children from mothers Effects on children from mothers
mothers with a partner with a drinking partner with a heavily-drinking partner

MHI-1 MHI-2 MHI-3 MHI-1 MHI-2 MHI-3 MHI-1 MHI-2 MHI-3

Mateg‘:;ﬁ\ﬁe“ml ~0.880* —0433* -0465* -1.070% —0518* 0556 1150 -0549*  —0.587*
(0459)  (0222)  (0239)  (0.511) (0.246) (0.264) (0.573) (0.270) (0.287)
Constant 1.144 ¢ 1.047 % 1148 1.195** 1.201 *** 1.200 *** 1.653 *** 1.642 *** 1.633 ***
0.339)  (0.337)  (0336)  (0.379) (0.376) (0.375) (0.439) (0.434) (0.432)
Observations 963 963 963 770 770 770 486 486 486
Mother controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Child controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Household controls Yes Yes Yes Yes Yes Yes Yes Yes Yes

Table 7 presents the estimated effects of maternal mental health on child vocabulary at age 5, separated by whether
the mother lives with a partner and his drinking likelihood. We estimate the model selected from LASSO procedure.
The selected control regressor set includes the mother’s age, wealth index, living in an urban area, child’s age,
consumption of durable goods index, household size, number of children younger than 5 years in the household,
and height for age Z-score. The sample is restricted to children with available information on maternal mental
health in 2002 and PPVT scores in 2006 and 2009. Robust standard errors in parentheses. *, ** and *** indicate
statistical significance at 10%, 5% and 1%, respectively.

To understand these unexpected results, we further explore the characteristics of the partner.
First, we separate the sample of women living with a drinking (columns 4-6) and a heavily-drinking
partner (columns 7-9). Our estimations indicate that Z-scores of children with mothers whose mental
health was 1sd worse at t — 1 and lived with a drinking partner was, on average, 0.52 to 0.56 standard
deviations lower than Z-scores of children of mothers who were also living with a drinking partner.
These coefficients were statistically significant at the five percent level. Moreover, the estimated
coefficients for the effects of mentally ill mothers living with heavily-drinking partners indicated that
this group was driving the effects described before.

A potential explanation of these results was the alcohol-induced physical intimate partner
violence (AIPIPV). Existing evidence from psychology shows that Intimate Partner Violence (IPV) is
a major predictor of post-traumatic stress disorder in abused women [39] and can drive to negative
interactions between mother and children [40], directly affecting child development [41]. Using YL
data, Bedoya et al. [41] found that IPV was one of the main forms of violence against women in
Peru. The authors also found that early-life exposure to AIPIPV was indeed associated with lower test
scores in vocabulary.

A second explanation was budget constraints. Allocating household income to consume alcohol
reduces the availability of resources in the household for other needs, including inputs that help to
support child development. This creates a vicious cycle for mothers with mental health issues since it

can impose additional stressors.
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4. Discussion

Results in this paper underscore children’s incredible resilience, while at the same time
provide further evidence that maternal depression can undermine children’s development.
Moreover, the heterogeneous findings by household wealth and quality of partner, combined with
extensive evidence in the literature of the disproportionally high prevalence rates of anxiety and
depression among households with low socio-economic status around the world cited in this paper’s
introduction, suggests that maternal mental illness may contribute to the intergenerational transmission
of poverty. In addition, stress, in general, and associated maternal mental illness in particular,
constitute yet another pathway from poverty to substandard developmental trajectories and potentially
worse outcomes later in life.

What are the implications of these findings for policymakers? To the extent that the maternal
depression-child cognitive development relationship is causal, findings suggest that a two-pronged
approach may be necessary for protecting children’s cognitive development from maternal depression.
First, given its disease burden and the associated deleterious effects, a strong case can be made for
recognizing maternal mental health problems as disorders of public health significance and integrated
as such into maternal and infant health policies [38]. For this to occur, the public health commitment
to mental health problems should increase, particularly in developing countries, where the current
commitment is minimal [42].

Cost-effective interventions to effectively treat mental health issues that affect women in
poorer households have been successfully implemented in developed and developing countries.
Most relevant to this paper, evaluations of interventions that, in addition, to addressing maternal
depression, also included children reported improved mother-infant interaction and better cognitive
development [43]. Considering cultural differences and local sensitivities, similar initiatives could prove
effective and efficient in improving maternal mental health in developing countries such as Peru and
improving the livelihoods of children whose early development is hindered by maternal depression.

The heterogeneous results in this paper suggest that the child cognition nexus is a complex one,
determined not only by maternal illness but also maternal and household characteristics that interact
in ways that are not yet fully understood. Consequently, the most effective way to protect children’s
welfare may be to target children themselves and build support systems at the household, community,
or institutional level that protect vulnerable children’s outcomes. Programs and policies that promote
poor children’s cognitive development directly, such as by improving access to quality pre-school
programs or indirectly, by promoting cognitive stimulation at home and improving the quality of their
home environments, may help prevent and compensate for early deficits related to maternal depression.
In addition, given the hierarchical and interdependent nature of development, the earlier in life the
intervention, the better. In recent years, there have been a number of interventions in Latin America
that have successfully boosted the cognitive development of poor young children, including cash
transfers to very poor households in Nicaragua [44], programs that increase preschool availability in
Argentina and Uruguay [45,46], and a program of home visits in Colombia [47].

Contributions to the Global Literature on Early Child Development

This paper makes several contributions to the literature that studies how parents influence
children’s developmental outcomes. First, it uniquely identifies the impact of maternal depression on
child cognition in a developing country, which, to our knowledge, has not been done before, as previous
studies have focused on the effects of maternal depression on child health outcomes [48]. Findings
from previous research of the effect of maternal depression on cognitive development are mixed and
mostly use data from developed countries. In a study in England [14], the authors found that children
of mothers who were depressed in the first year had reliably lower cognitive skills as measured by a
test score at age 4 than children whose mothers had not been ill. Petterson and Albers [15] also reported
lower cognitive outcomes for children exposed to depression in the U.S. In addition, Kurstjens and
Wolke [16] concluded that maternal depression is linked with a higher probability of long-term effects
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for boys and neonatal risk born, chronic cases of depression, or if the family is exposed to other social
risks. Our study, which focuses on Peru, provides much needed empirical evidence of the deleterious
impact of maternal depression on child cognition in a region where the causal nexus between maternal
depression and child cognition has not been studied before despite maternal depression prevalence
rates that range between 35% and 50% [17].

Second, the paper focuses on an important marker of early cognition, the accumulation of
vocabulary, which has been extensively shown to predict reading comprehension throughout school
and into early adulthood [18]. To capture vocabulary competence, we use performance in the Peabody
Picture Vocabulary Test (PPVT), a test of receptive vocabulary, which has been widely used and
translated to Spanish and Quechua, the two most widely spoken languages in Peru.

Finally, this paper contributes to the literature on the protective effect that other household
members can have on the development of children exposed to maternal depression. Our results
suggest that, in and of itself, the presence of other household members does not attenuate the effect
of maternal depression on child vocabulary development. In fact, the presence of heavy-drinking
partners appears to worsen the effect of maternal depression. This latter result may be explained
by the increased risk of Intimate Partner Violence (IPV) associated with high alcohol consumption.
Evidence from psychology suggests that IPV constitutes a major predictor of post-traumatic stress
disorder in abused women [39] and can lead to negative interactions between mother and children [40],
directly affecting child development [41]. Using YL data, Bedoya et al. [41] found that IPV was one of
the main forms of violence against women in Peru. The authors also found that early-life exposure to
alcohol-induced IPV was indeed associated with lower test scores in vocabulary. Our results suggest
that maternal depression is a mechanism through which alcohol-induced IPV leads to worse child
vocabulary outcomes.

5. Conclusions

In this paper, we explore the extent to which maternal depression affects child cognition in Peru.
The identification strategy exploits variation in the exogeneity of the exposure to a particular shock
between pregnancy and when the child was 1 year old. Exposure to shock can affect maternal mental
health and children’s vocabulary development. The paper’s main results indicate that exposure to
a crop or livestock loss in 2002 increases maternal depression in that period. Moreover, a standard
deviation of maternal mental health in 2002 negatively affects a child’s vocabulary up to 0.54 standard
deviations when children are 5 years old, a result that fades out by the children are 8 years old. That is,
our results suggest the negative effects of maternal depression on child receptive vocabulary do not
persist beyond children’s early school years. However, given that vocabulary size in kindergarten and
earlier predicts reading comprehension throughout school and into early adulthood, facilitating the
development of other cognitive skills [18], we cannot rule out the possibility that exposure to maternal
depression during early life does not undermine other markers of cognitive development in the
medium to long term.

In addition to the main results discussed above, this paper also estimates heterogeneous effects by
household wealth, maternal education level, and the presence of a partner in the household. When the
impact of maternal depression is analyzed separately by household wealth, we find that the effects
of maternal mental health issues are worse for children living in less wealthy households during
the period when the shock occurred. These results shed light on the negative complementarities
between poverty and maternal mental health. Somewhat surprisingly, we found no heterogenous
effects by maternal education. Given that our estimations control for a host of important household
characteristics that tend to be associated with maternal education (household wealth, consumption,
size, number of young children), our results suggest that maternal education may not be the main
conduit through which maternal depression undermines children’s vocabulary development.

The heterogeneity analysis, in terms of whether the mother has a partner, is enlightening. We find
that having a partner does not attenuate the effect of maternal depression on child vocabulary, a result
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that is driven mostly by partners that are heavy alcohol drinkers. This result is consistent with the
literature on domestic violence, which defines low-quality partners as those reported to consume high
quantities of alcohol. This literature argues that having a drinking partner is positively correlated with
IPV, maternal stress, and worse child vocabulary outcomes. Our results suggest that maternal depression
is a mechanism through which alcohol-induced IPV leads to worse child vocabulary outcomes.
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Appendix A

Table Al. Tests for differences between included and excluded subsamples.

1) ) 3)

Mean and Tests for Differences in Means

Variables between Included and Excluded Samples

Included Excluded p-Value

Panel A. Maternal characteristics
Age of the mother (years) 31.43 33.73 0.235
Indigenous ethnic group 0.16 0.16 0.995
Less than primary school 0.57 0.42 0.085
Literate 0.79 0.77 0.567
Attended antenatal care in 2002 0.94 0.92 0.734
Panel B Child characteristics
Child is a boy 0.50 0.51 0.847
Weight at birth 3.21 3.20 0.835
Long-term health problems 0.09 0.08 0.123
Age (in months) 63.5 63.42 0.568
Child is the eldest 0.16 0.17 0.723
Height for age Z-score -1.42 -1.62 0.167
Panel C Household characteristics
Wealth index 0.49 0.49 0.934
Housing quality index 0.41 0.42 0.76
Consumption of durable goods index 0.37 0.35 0.582
Live in urban area 0.58 0.62 0.073
Household size 5.52 5.60 0.382
School-aged children in the household (1) 1.33 1.32 0.923
Panel D. Community characteristics

Violent crime in community 0.33 0.35 0.634
Social assistance (education) available 0.95 0.97 0.913

Table Al presents the mean of the variables used in the analysis from the included sample (children with available
information on maternal mental health in 2002 and PPVT scores in 2006 and 2009) and excluded one (the rest of
the sample).
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Appendix B

Table A2. Test for exogeneity assumption of the IV.

Dependent Variable: Standardized PPVT

Shock: Crop or livelihoods loss

Coefficient —-0.194
Standard error (0.117)
CI: Upper limit 0.036
CI: Lower limit -0.424

Observations 1095

R-squared 0.362

Table A2 presents an alternative test for exogeneity of the instrument. We estimate a model that tests the independence
between the shock under analysis (instrument) and the vocabulary measure, conditional on all variables that account
for the availability of learning resources and child’s nutritional status. The estimated coefficient is not statistically

significant. CI stands for “confidence interval.” R-squared indicates that 36% of the variance for the vocabulary
measure is explained by the shock and the rest of independent variables.

Appendix C

Table A3. Confidence intervals of Table 3.

Dependent Variable: Standardized PPVT

1) (2 3) @ (5) (6)

Panel A. Estimated coefficients from  OLS with PDS-selected variables
OLS and IV estimation approaches

IV with PDS-selected variables

and full regressor set and full regressor set

MHI-1 MHI-2 MHI-3 MHI-1 MHI-2 MHI-3

Upper bound 0.069 0.034 0.036 0.008 0.000 0.000
Lower bound -0.132 —0.065 -0.071 —2.057 —-0.999 -1.073
Panel B. First-stage estimation MHI-1 MHI-2 MHI-3
Upper bound 0.472 0.968 0.899
Lower bound 0.128 0.264 0.247

Table A3 Panel A presents the confidence intervals of the estimated impacts of maternal mental health on children’s
vocabulary at the age of 5 years obtained from Equation (2), using Ordinary Least Squares (OLS) and Instrumental

Variables (IV) as estimation approaches. Panel B also presents confidence intervals obtained from the first stage of
the IV estimation.

Appendix D

Table A4. Correlations between Shock in 2002 and Maternal Mental Health Index in 2006/2007.

(1) 2) 3)
MHI-1 MHI-2 MHI-3
Experienced shock of crop or livestock 0.176 0.354 0.335
Loss in 2002 (0.126) (0.256) (0.239)
Observations 1095 1095 1095
Mother controls Yes Yes Yes
Child controls Yes Yes Yes
Household controls Yes Yes Yes
R-squared 0.074 0.075 0.076

Table A4 presents correlations between maternal mental health indexes and the main shock under analysis
experienced by mothers of our sample. The sample is restricted to our group of interest. Mental health indexes are
the standardized measures described in the data section using the SRQ-20 items.
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Abstract: Background: The first 1000 days of life—from conception to the second birthday of children
—is widely recognized as the most crucial development phase, which could have long lasting effects
on the health and well-being of children throughout their lives. Purpose: The purpose of this
study was to qualitatively explore and describe factors that could potentially have affected the
first 1000 days of absent learners in the Foundation Phase within the Paarl-East community in the
Western Cape of South Africa. Methods: The data for this qualitative descriptive study were collected
through semi-structured interviews with 18 biological mothers of absent learners in the Foundation
Phase, who resided in Paarl East. The transcribed texts were analyzed by making use of a thematic
data analysis. Results: The findings revealed six predominant themes that played a role during
the first 1000 days of the lives of these absent learners. Conclusion: It was concluded from the
findings in this study that factors, such as health and nutrition of both the mothers and their children,
substance use/abuse during pregnancy, toxic stress, support received by the mothers and their
children, attachment, attentive care, and stimulation and play, could have affected the first 1000 days
of the absent learners in this study. Since this study did not aim to confirm a correlation between the
first 1000 days and absenteeism, but solely to explore factors affecting the first 1000 days, conclusions
regarding cause and effect was not possible.

Keywords: absent learners; biological mothers; first 1000 days; Foundation phase

1. Introduction

The significance of the first 1000 days as a time-period, is broadly asserted: “The
first 1000 days of life—the time spanning roughly between conception and one’s second
birthday—is a unique period of opportunity when the foundations of optimum health,
growth, and neurodevelopment across the lifespan are established” [1].

The first 1000 days is believed to be the greatest development phase where children’s
physical, cognitive, and socio-emotional development will have a lifelong impact, later
in their lives [2]. The infancy period, from birth to two years, is characterized by rapid
development of the physical and nervous systems, influencing other domains of children’s
development. The characteristics infants acquire during this phase are, therefore, fun-
damental for their lives [3]. The developing brain is particularly vulnerable to prenatal
influences during the prenatal period [4]. The brain architecture formed during this critical
time-period lays either a strong or weak foundation for the health, learning, and behavior of
children later in life [5]. Furthermore, brain development during infancy endures explosive
growth, and forms the building blocks of the lives and future of children.

All children must not merely survive but thrive and reach their full potential. It is,
therefore, critical to detect risk factors that impact the physical, mental, moral, spiritual,
and social development of children [6]. In order for children to reach their full potential,
they need nurturing care from birth up until they are two years old, which includes
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good healthcare, nutrition, security, safety, responsive caregiving, and early learning [7].
The absence of these nurturing care factors during the first 1000 days could result in
physical, emotional, and social challenges in the future [8]. A disfavored first 1000 days
could, therefore, affect children’s neurological and biological adaptations throughout their
lives [9].

In South Africa, the Western Cape Government acknowledged the importance of the
first 1000 days of life by launching the First 1000 Days campaign, entitled ‘Right Start Bright
Future’ in 2016. The aim of this campaign was to raise awareness regarding the importance
of the first 1000 days among health workers, other professionals, as well as the general
public, by means of workshops and social media. The intention was to further shift the
perceptions of healthcare workers and other professionals, to consequently improve health
and social services to children during this crucial time-period [10]. This campaign focused
on three key areas, namely—(1) health and nutrition; (2) love and attention; and (3) play
and stimulation. These three key areas play a fundamental role in the development of
children’s physical, social, emotional, and cognitive domains [11]. These distinct key areas
respectively involve assorted factors. The first key area, health and nutrition, includes
various factors like nutritional deficiency, malnourishment, the physical and mental health
of both mothers and their children, and substance use/abuse during pregnancy. The second
key area, love and attention, incorporates factors like support to both mothers and their
children, nurturing care, and attachment. The last key area, play and stimulation, refers to
the stimulation and protection of children [12].

The rational for concentrating on “absent learners” was motivated by the author’s work
context at the Khula Development Group, a registered non-governmental organization
(NGO), rendering services to absent learners and their families. In South Africa, school
absenteeism is a huge concern with alarming statistics of 616,327 learners who were
absent in the Cape Winelands District, Western Cape, in 2017 [13]. South African policies
include various definitions in terms of absenteeism, including, ‘absent” for any learner
not in class or participating in school activities when the class register is marked, as
well as ‘continuous absenteeism’ for learners absent from school for ten consecutive days
without a valid reason [13]. In this study, the term ‘absent learner” refers to any form of
absenteeism, whether continuous or irregular. There are numerous reasons for school
absenteeism, such as poverty, lack of transport, unsuitable housing, children taking care of
their siblings, lack of health care, chronic diseases, disabilities, poor nutrition, children’s
lack of interest in the curriculum, bullying, lack of family support, working conditions of
parents, negative role modeling of parents, parents’ lack of understanding regarding the
value of school attendance, parents’ lack of education, as well as problems within the family
structure like divorce or domestic violence [14-16]. In terms of South Africa, the following
reasons for school absenteeism is highlighted, namely poverty, parents’ inability to afford a
school uniform or school fees, lack of transport, poor nutrition, child labor, dysfunctional
families, gang violence, chronic illnesses of parents or children, learning disabilities, and
psychological challenges [13,17]. The multi-level consequences of school absenteeism
include poor academic performance, and an increased school drop-out rate with long-
term outcomes, such as inadequate education, unemployment, financial instability, and
health-related problems [18].

The authors were particularly interested in the Foundation Phase, as this is the first
phase of formal schooling in South Africa. The Foundation Phase in South Africa refers to
Grade R to 3, where learners might enroll for Grade R in the year that they turn six and be
admitted to Grade 1 when they turn seven years old. [19]. During this first phase of formal
schooling, which establishes the starting point for the academic growth of learners [20],
children are expected to master the formal curriculum content, including reading, writing,
counting, and calculating [21]. The ability of children to succeed in school is determined
by their behavior, social engagement with others, and their capacity to obtain literacy and
numeracy skills that are interrelated with their physical, motor, social, emotional, moral,
and spiritual development [22]. Children struggle with the curriculum in higher phases if
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they do not acquire basic reading skills during the Foundation Phase [23]. It is, therefore,
of the utmost importance that the early development of children is promoted before they
enter the formal school system [24].

From the literature, it is evident that there are many factors transpiring during the
first 1000 days that can potentially affect the schooling of children later in life. These
factors are—(1) nutritional deficiencies; (2) substance abuse during pregnancy; (3) toxic
stress; (4) attachment; and (5) stimulation. Malnourishment, including iron deficiency
during the first 1000 days, could lead to reduced cognitive abilities, insufficient school
achievement, grade repetition, school absenteeism, and school dropout, later in life [25].
Although substance abuse during pregnancy might involve various substances, such as
tobacco, alcohol, Marijuana, or other illicit drugs [26], the effects of alcohol are highlighted.
Excessive alcohol abuse during pregnancy could lead to Fetal Alcohol Spectrum Disorder
(FASD), a collection of physical, cognitive, and neurobehavioral abnormalities [27,28].
Children with FASD might struggle with learning and behavior challenges at school, such
as hyperactivity, memory difficulties, problem solving, social problems, reading, lack of
attention, disruptive behavior in class, disobeying school rules, absenteeism, suspension,
and school dropout [29,30]. Toxic stress weakens the architecture of the developing brain
that could result in long-term learning problems [31]. It is further confirmed that extreme
exposure to stress during pregnancy could cause long-lasting emotional and cognitive prob-
lems, whereas stressful experiences after birth could alter the neurobiology of children that
decreases their ability to succeed in school [32]. Secure attachment in infancy is associated
with a positive relationship between children and their school teachers, higher self-esteem,
and greater resilience, whilst disorganized attachment during infancy correlates with a
series of developmental problems in school, including aggressive behavior, poor relations
with peers, and cognitive immaturity [33,34]. Adequate stimulation during infancy results
in better cognitive and educational performance later in life [35]. However, learning at
school is influenced by the lack of learning, and stimulation in the early years [36].

The purpose of this study was to qualitatively explore and describe factors that could
potentially have affected the first 1000 days of absent learners in the Foundation Phase in
the Paarl-East community in the Western Cape of South Africa. The authors acknowledge
the existence of many variables, besides the first 1000 days, that could influence schooling
and absenteeism. For this reason, this paper does not aim to confirm a correlation between
the first 1000 days and absenteeism, but solely to explore factors that could potentially
have affected the first 1000 days of absent learners in the Foundation Phase.

2. Materials and Methods
2.1. Research Approach and Design

A qualitative approach was applied to provide insight into the social world of these
biological mothers and their children, by producing descriptive data in the participants
own words [37,38]. A qualitative descriptive design was utilized for the purpose of this
study to obtain a collection of rich and descriptive information, by conducting individual
interviews [39-42].

2.2. Research Setting and Sampling

The study was conducted amidst the NGO sector, specifically within the Khula De-
velopment Group’s context that renders services to absent learners and their families in
the Paarl-East community. The process for service delivery commences when schools
in disadvantaged communities refer absent learners to this organization, where they are
contacted by the means of home visits. Hereafter, continuous services are rendered, which
include home and school visits to provide academic and psychosocial support to absent
learners, as well as parental guidance and support to their primary caregivers [43]. The
context of the Paarl-East community is characterized by a low-income population, high
levels of crime and violence, together with substance abuse [44,45].
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A random purposive sampling method was utilized for recruiting 18 biological moth-
ers of the Foundation Phase learners from Grades R to 3, on the database of the Khula
Development Group. These learners were referred to the Khula Development Group for a
variety of reasons for school absenteeism, such as poverty, social ills like substance abuse,
and domestic violence at home, transport challenges, chronic illnesses, poor academic
progress, etc. Although the possibility exists that these 18 biological mothers could possibly
have older children that was also absent and were recorded on the database of the Khula
Development Group, the focus of this study was learners from Grade R to 3. The inclusion
criteria were as follows—(1) biological mothers of absent learners in the Foundation Phase;
(2) residing in Paarl-East; (3) lived with their child during their child’s first 1000 days;
(4) currently lives with their child; and (5) were factually capable of giving consent to
participate in this research study.

2.3. Procedure

Ethical approval was obtained from the registered Health Research Ethics Committee
at the North-West University (NWU-000008-19-A1), South Africa, which conforms to the
principles outlined in the Declaration of Helsinki. Written permission to conduct the study
at the Khula Development Group was obtained from the chief operational officer of this
organization, who acted as a gatekeeper. The branch manager and two other employees
at the Khula Development Group fulfilled the role as mediator and independent persons
during the recruitment process. The independent persons conducted home visits to recruit
participants, and they were also responsible for obtaining written consent forms from all
participants. Arrangements were made to conduct the interviews with the participants at
the offices of the Khula Development Group.

2.4. Data Collection

Semi-structured individual interviews were conducted with all of the participants,
which lasted approximately one hour each. An interview schedule consisted of 12 questions,
along with a timeline tool. The interview schedule covered the three key areas of the
Western Cape’s First 1000 Days campaign—(1) health and nutrition; (2) love and attention;
and (3) play and stimulation. During the interview, the participants were asked a variety of
questions about the time-period of their child’s first 1000 days—from pregnancy until their
child’s second birthday. The interview schedule contained two sections, the first section
covered questions regarding the pregnancy phase, whereas the second section focused
on questions relating to the phase from birth to two years. These open-ended questions
were formulated in a simple style, and the following were asked—(1) describe your living
conditions while you were pregnant with your child; (2) tell me more about your own
health during your pregnancy; (3) explain what you ate and drank during your pregnancy;
(4) tell me more about the people who helped and supported you during your pregnancy;
(5) describe your feelings towards your unborn baby while you were pregnant with your
child; (6) how did you experience the pregnancy?; (7) describe your living conditions
from the time your child was born until two years of age; (8) tell me more about your
child’s health from birth until two years; (9) tell me more about your child’s nutrition from
birth until two years; (10) describe your relationship with your child from birth until two
years; (11) how did you play with your child from birth until two years?; and (12) describe
any challenges regarding your child since the time he/she was born until two years of
age. All interviews were audio-recorded and transcribed verbatim, as preparation for the
data analysis.

2.5. Data Analysis

Thematic analysis was utilized to analyze the qualitative data, in order to identify
various themes [46]. This involved six phases [47,48], as seen in Figure 1. Additionally,
QDA Miner Lite, a free version of the Computer-Aided Qualitative Data Analysis Software
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(CAQDAS), version 1.4, Provalis Research, Montreal, QC, Canada, was used to assist with
the data analysis process [49].

Figure 1. Phases of thematic analysis.

3. Results

The results were based on interviews with 18 biological mothers of absent learners in
the Foundation Phase. The biographical data of the participants are presented in Table 1.

Table 1. Biographical data of participants.

Participant Current Age Current Relational Status Total Number of Position of Absent Learner in
during the Study during the Study Children Relation to Other Siblings

Participant 1 31 years Single 3 Eldest
Participant 2 28 years Married 3 Eldest
Participant 3 40 years Married 6 Fourth child
Participant 4 31 years Single 2 Youngest
Participant 5 26 years Single 3 Eldest
Participant 6 37 years Long-term relationship 7 Fifth child
Participant 7 42 years Married 5 Youngest
Participant 8 39 years Married 7 Fourth child
Participant 9 31 years Married 3 Eldest
Participant 10 44 years Long-term relationship 5 Youngest
Participant 11 37 years Divorced 4 Third child
Participant 12 29 years Single 2 Youngest
Participant 13 48 years Single 4 Youngest
Participant 14 33 years Married 2 Youngest
Participant 15 28 years Long-term relationship 2 Eldest
Participant 16 29 years Long-term relationship 2 Eldest
Participant 17 32 years Long-term relationship 2 Youngest
Participant 18 34 years Long-term relationship 3 Middle child

The data analysis revealed six themes, which were further divided into sub-themes.
The sub-themes indicated the various factors that could potentially have affected the first
1000 days of the absent learners in the Foundation Phase. See Figure 2.
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Figure 2. A graphical representation of the six main themes (condensed version) that could potentially
have affected the Figure 1000. days of absent learners in the Foundation Phase.

3.1. Theme 1: Health of the Mothers during the First 1000 Days of Their Children’s Lives

This theme described the physical and mental well-being of the mothers, and other
factors that played a role in their overall health, such as nutrition and substance use/abuse.

3.1.1. Sub-Theme 1.1: Physical Health of the Mothers

Approximately half of the participants indicated having good physical health during
their pregnancies, while the rest of the participants recalled some health issues, such
as heartburn, morning sickness, high blood pressure, and tuberculosis (TB). Many of
participants experienced complications, especially during the birth process, for example,
participant 18 shared: “ ... but when I went into labor with her, then with the push, then
the umbilical cord was stuck around her neck”.

3.1.2. Sub-Theme 1.2: Mental Health and Emotional Well-Being of Mothers

Although many participants described their pregnancy experience in a positive light,
some defined their pregnancy as a negative experience. The participants expressed a
variety of stressors (external, internal, or both). Some participants were still teenagers when
they got pregnant, which contributed to excessive stress: “I was still in school ... and I did
not know what do to with the child” (Participant 16). Many participants indicated their
current circumstances as stressful and overwhelming, such as the relationship with their
child’s father or intimate partner: “Oh, he hit me that evening. He took the belt. He pulled
my hair ... My stomach was blue from how he hit me” (Participant 17).

Some participants also experienced internal stressors, as expressed: “I felt like a disap-
pointment, felt like I've disappointed them [family] with the pregnancy” (Participant 2).
Various participants experienced the birth process itself as a strain: “ ... it is a fear in
you, because if you make a mistake here, then it is your fault. Then I panicked ... ”
(Participant 18). The poor mental health of Participant 17 was further portrayed by serious
indicators of attempts to harm her child: “I cannot anymore. I left the child at the hospital
... I'walked out without the child. I do not want the child ... I am tired of being a mother
... ”. On another occasion, the same participant tried to kill the baby: “I told myself, throw
the child in the dam of water ... we are hungry. We don’t have food”.
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3.1.3. Sub-Theme 1.3: Nutrition of Mothers

Numerous participants felt they ate healthy during their pregnancy, whereas some
participants admitted maintaining poor nutrition: “I ate a lot of junk food ... I did not
worry about what I was eating” (Participant 4). Many participants experienced various
challenges regarding their own nutrition, such as morning sickness: “And all that I could
force down was water and potato chips. It was only that which I could get in, up to seven
months” (Participant 2). Several participants implied a lack of food or limited food as a
major challenge: “Food was scarce. There were places [soup kitchens] that handed out
food and then I would go and fetch some” (Participant 8).

3.1.4. Sub-Theme 1.4: Substance Use/Abuse of Mothers during Pregnancy

Many participants consumed alcohol, cigarettes, or illicit drugs during their preg-
nancies, for example, Participant 14 stated: “ ... about five liters ... Ijust drank a lot”.
Only a small number of participants declared a total lack of any substance use during preg-
nancy. More than half of the participants revealed that they smoked cigarettes during their
pregnancies, as stated by Participant 11: “I smoked a lot of cigarettes. Smoked cigarettes
the whole day”. A few participants acknowledged using drugs during their pregnancy,
which included dagga (Marijuana), Mandrax, or Methamphetamine, referred to as Tik in
South Africa. Although very few participants verbalized an understanding of the harmful
effects of their own substance abuse on their child, Participant 17 acknowledged: “Tik and
Mandrax, that is why the child was so sickly. And at school too. It is almost as if the drugs
left something behind. This is why she takes so long, struggle to think”.

3.2. Theme 2: The Health of Children during the First 1000 Days of Life

The participants shared information regarding their child’s health, and the challenges
experienced due to illnesses or hospitalization. This theme further elaborated on the
children’s nutrition from birth to two years.

3.2.1. Sub-Theme 2.1: Physical Health of the Children

Many participants mentioned a diversity of illnesses that their child suffered from,
including an eye infection, jaundice, gastroenteritis (gastro), respiratory difficulties, kidney
disease, colon problems, and TB, some resulting in hospitalization. Four participants
who smoked cigarettes while pregnant, revealed that their child endured various types
of respiratory difficulties after birth, as described: “ ... then there is a wheezing in her
chest” (Participant 8). Two participants’ children contracted TB before the age of two
years. Information about medical check-ups and immunizations also emerged during the
interviews. Certain participants confirmed taking their children for their scheduled medical
check-ups and immunizations. In addition, numerous participants experienced challenges
as a result of their children’s illnesses, such as transport problems, lack of communication
by medical staff, or stress due to the hospitalization of their children.

3.2.2. Sub-Theme 2.2: Nutrition of Children

Approximately half of the participants breastfed their child from birth, whereas others
fed their baby formula milk. Almost half of the participants experienced challenges with
regard to breastfeeding, such as not providing an adequate supply of milk, the baby
refusing to take the breast, going back to work, and receiving additional TB treatment to
prevent the baby from contracting TB through breastfeeding.

The participants indicated various ages when their child started to eat solid foods,
including from as young as one month to approximately a year. Several participants
reported that their child ate healthy food, whereas some participants listed unhealthy food
items, such as “Sweets, very much so” (Participant 4). When some of the children in this
study were introduced to solid foods, they encountered various challenges, as described
by Participant 14: “There was little food. I had to walk with her [child], looking where
we could eat”. Several participants referred to their child’s weight as healthy and normal,
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although three of the participants commented on their children being underweight or
overweight, as quoted by Participant 11: “She was a little bit overweight”.

3.3. Theme 3: Availability of Support to the Mothers and Their Children during the First 1000
Days of the Children’s Lives

The participants discussed their experience pertaining to the support they received.
They mentioned receiving good to poor support from different groups of people. Further-
more, the participants also mentioned challenges in their relationship with these groups of
people, and their child’s relationship with them.

3.3.1. Sub-Theme 3.1: The Mothers’ Experience Regarding Support

Several participants were unmarried and living with their families when they found
out that they were pregnant, which impacted the response from others and the support they
received. Participant 16 experienced antagonism from her strict father and shared: “He
wanted to put me out [out of the home]”. A few participants faced negative responses from
their child’s father: “He told me it was not his child. ... he degraded me” (Participant 2),
whereas two participants revealed positive responses from their children’s father. Further-
more, some participants had a positive experience regarding support that contributed to
optimistic feelings, as stated by Participant 16: “He [friend] made me feel that there was
hope”. Some participants had negative experiences regarding support, as indicated: “It is
difficult if you are pregnant and you don’t have good support” (Participant 12).

3.3.2. Sub-Theme 3.2: Support from the Children’s Biological Fathers

During pregnancy, several participants felt supported by the biological father: “Oh, if
my feet were swollen, he massaged it. He was there ... if  had my date at the hospital,
he came along ... he was always there” (Participant 8). However, some participants
did not feel supported by their child’s father: “He did not help me. He was only there
because he had to, but he never helped me like other dads helped their wives or girlfriends”
(Participant 13). A few participants highlighted the practical assistance of the father: “Then
he cleans up, and he puts on the rice and peels the potatoes. He helped me with everything”
(Participant 7). For one participant, the support was mainly financial, whereas Participant
9 also received personal involvement.

Several participants conveyed challenges pertaining to their relationship with their
child’s biological father, which included unstable relationships, break-ups, conflict, sub-
stance abuse, a psychiatric disorder, physical abuse, criminal activities, distrust, and
financial challenges.

Five of the participants revealed that their children had a good relationship with their
biological father. However, several participants described a poor or absent relationship
between their child and the biological father, as specified by Participant 5: “But he was still
with her at three months and then he did not come again ... when she was two years old,
he came again, but then she did not want anything to do with him ... ”

3.3.3. Sub-Theme 3.3: Support from Family Members and Others

Most participants identified family members, especially their own biological mothers
who supported them during their pregnancy. The support of one participant’s mother
influenced her thoughts on considering an abortion: “Then my mom said, ‘No, abortion is
not an option’. She would help me” (Participant 2). Beside their mothers, the participants
also mentioned the support received from other family members or other people supporting
them, such as neighbors, friends, and colleagues. For one participant, her brother’s support
made a big difference in her life: “My brother came down [to the hospital] and brought me
stuff ... and I knew that he would help me” (Participant 16). However, a few participants
reported a total lack of support from others: “Although my mom was there, her cousins,
aunts ... they did not help me. I went through everything on my own” (Participant 13).

Referring to the child’s relationships with other people, numerous participants elab-
orated on the integral role family members like grandparents and siblings played in the
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lives of their child: “He was really spoiled by his sisters. They dressed him up ... they
were crazy about him” (Participant 7).

3.4. Theme 4: Circumstances of the Mothers and Their Children during the First 1000 Days of
Their Children’s Lives

The participants shared information pertaining to their circumstances during their
child’s first 1000 days that included living and financial circumstances.

3.4.1. Sub-Theme 4.1: Living Circumstances

The type of housing varied and included houses, flats, and even informal structures
made from wood or corrugated iron. More than half of the participants reported positive
aspects regarding their living circumstances during their pregnancy. On the contrary, many
participants lived in informal structures without water or electricity. They experienced
various challenges with regard to their living circumstances. Participant 8 lived with the
family of her child’s father, but the house was overcrowded with 20 occupants in a small
house with no electricity. Other challenges mentioned were substance abuse within the
home, as stated by Participant 16: “My mom drank. My dad was on Mandrax”.

It appears that some participants’ living circumstances improved in the time-period
after their child’s birth. Participant 18 relocated to another home after her child’s birth:
“It was nice. The structure was small, but is was warm, comfortable and not leaking or so.
It was quite okay”. Furthermore, several participants expressed increased conflict after
the arrival of the baby: “And in the home, my sisters and I had a lot of fighting. The child
cried, they couldn’t sleep ... and then the other grandchildren felt now they were being
neglected ... ” (Participant 16).

3.4.2. Sub-Theme 4.2: Financial Circumstances

Most participants indicated the nature of their employment, along with the number
of people working in the household. Several participants gave an account of favorable
financial circumstances: “He [child’s father] also had a full-time job. Financially, it went
well during my pregnancy. His income was enough” (Participant 7). However, numerous
participants experienced financial strain, as they themselves or their family members only
worked part-time: “It was very difficult. My father-in-law did char [part time] jobs ...
and my mother-in-law also did char [part time] jobs, but only two times a week or once a
week ... ” (Participant 8). Some participants were teenagers, and left school when they got
pregnant: “Like me, I do not have experience of work and so. Grade 10 out of the school”
(Participant 12).

Some participants found employment after the birth of their child that relieved the
financial strain: “ ... I went working. And then it started to go better” (Participant 16).
In contrast, numerous participants experienced severe financial difficulty, and were conse-
quently not able to sufficiently provide for their own needs and the needs of their baby, as
expressed by Participant 10: “Then there were those Fridays when we did not even have
money for a box of milk for the child. We were not in a financial position to give the child
what was due to her”.

3.5. Theme 5: Attachment and Relationship between the Mothers and Their Children during the
First 1000 Days of Their Children’s Lives

The participants discussed their attachment to and relationship between themselves
and their child, as seen in the following sub-themes.

3.5.1. Sub-Theme 5.1: Attachment and Relationship between the Mothers and Their
Children during Pregnancy

The participants shared their initial responses when they found out they were preg-
nant: “I was happy” (Participant 5), and “I was thrilled. I was very glad” (Participant 10).
More than half of the participants experienced various negative emotions: “First, I panicked.
Thought ... ‘I already have a child and circumstances are not favorable” (Participant 18).
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This study revealed the strong gender preference of many of the participants, and their
emotions regarding gender: “Excited, and the day I found out it was a girl, then I was even
more happy” (Participant 6), whereas Participant 12 stated: “When I found out it was a girl
it was too late already ... I was actually very angry”.

Several participants considered abortion or adoption: “In the first place, I wanted an
abortion ... ” (Participant 4), and Participant 17 shared: “I told myself, ‘I am going to let
the child be adopted by other people’”.

Most participants expressed positive thoughts and emotions towards their unborn
baby when they felt the movement of the baby: “I was very happy about the kicks.
And to see on the sonar how he was moving and carrying on. It was beautiful. It was
nice” (Participant 4), and “I've bonded with him while I was pregnant” (Participant 2).
Additionally, many participants described how they interacted with their unborn child:
“If I was alone with him and he kicked me, then I talked to him. And I listened to music,
always with the phone, then I put the phone next to me ... ” (Participant 2).

3.5.2. Sub-Theme 5.2: Attachment and Relationship between the Mothers and Their
Children from Birth to Two Years

The participants described their initial response towards their baby after birth: “I was
in love with him from day one. That moment when they put him in my arms, I was in
love with the child, until now” (Participant 7). Some participants recalled their immediate
interactions, as voiced: “When she was lying there after her birth, I played with her or sang
for her” (Participant 1). For two participants, the birth of their children created a sense of
responsibility and motivation: “Then after that [the child’s birth], then I thought to myself,
‘I must stand out a bit" and I did stand out for her” (Participant 14).

During the time-period from birth up to two years, many participants expressed
their positive responses: “You have that bond with your child” (Participant 8) and “I was
very attached to her” (Participant 9). However, some participants experienced negative
emotions or thoughts at times: “I don’t feel up to baby today” (Participant 11), and “ ...
can’t the child die or something, throw the child away” (Participant 17).

Numerous participants mentioned that their child constantly wanted to be with them
with regard to attachment and the relationship from their child’s side: “If I am not with
her, then she cries. She was very close to me. I could not walk away ... she looked for me”
(Participant 1). Two participants distinctively described their children’s positive responses
and attachment towards them: “And she always clung, grabbed and said, ‘Mommy’, then
grabbed me and held onto me” (Participant 8).

3.6. Theme 6: Development and Care of the Children during the First 1000 Days of Their Lives

This theme described aspects relating to the children’s development, the care, and
protection the participants provided to their child, as well as the way the participants
stimulated and played with their child.

3.6.1. Sub-Theme 6.1: The Children’s Development

The participants mentioned various aspects pertaining to their child’s physical devel-
opment, such as hearing, movement, rolling, and crawling: “We wanted to see if she could
hear correctly, if she could listen” (Participant 9). Some participants referred to their child’s
emotional needs, whilst some participants showed insight into their child’s linguistic and
cognitive development: “She wanted to know about everything. She was at that age where
she walked, she experimented with things” (Participant 11).

Relating to their children’s milestones, some participants indicated that their child
reached some milestones early: “She did not crawl for long, then she started to stand up
against things and began to walk. She developed quickly” (Participant 12). A few partici-
pants felt their child failed to meet some age-appropriate milestones or had developmental
delays: “She does not catch or understand so well what I say. And the one eye is here while
the other eye turns that side” (Participant 17).
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3.6.2. Sub-Theme 6.2: The Mothers” Care and Protection of the Children

Participants referred to different aspects of caregiving, and many shared examples of
how they ensured good caregiving: “So, I must make sure that he has everything, because
the nanny must be paid, she must be looked after, her food must be ready—what she eats,
her milk, clothing, everything” (Participant 3). Three participants explicitly noted that
their children had all they needed, referring specifically to their physical needs: “Provision
was always made for him ... he never lacked anything. He was never hungry or so”
(Participant 2).

Some participants also indicated that emotional caregiving was important, as stated
by Participant 14: “I gave her love”. Three participants showed an awareness of risks, and
the need to protect their children: “She can maybe just be in the yard at the back, then I
would look for her. Don’t let her play in the street. Scared the cars will drive over her”
(Participant 1).

Furthermore, the participants revealed a range of challenges regarding the caregiving
of their children: “Sometimes yes, he was tired, but he always battled to sleep ... when he
became older, it was always a struggle to get him to sleep” (Participants 2). Two participants
experienced feelings of inadequacy: “ ... didn’t know what to do ... ” (Participant 15).
For some participants, their physical or emotional well-being influenced their caregiving:
“I think it was the cut [cesarean] that caught me off guard ... I had a lot of pain, so I did not
have time for her. So, I neglected her a little bit ... ” (Participant 9). An additional challenge
for many participants was the lack of baby goods, due to financial strain: “Sometimes,
when there was no cereal and I didn’t have money, then the child cried the whole day and
s0. When there were no [nappies]” (Participant 17).

3.6.3. Sub-Theme 6.3: Stimulation and Play

This study revealed different ways in which the participants incorporated stimulation
and play into the various stages of their children’s lives. During infancy and the first few
months, the participants reported the following: “ ... tickled him on his chest” (Partici-
pant 3), “ ... sing for them, then swing them a little bit” (Participant 5), and “ ... played
hide and seek” (Participant 13). Two participants hanged items in the air for their children
to play with: “Then I maybe make the balloons ... with a string to just where his hands
could touch, then he plays with it” (Participant 7).

Some participants played with their children when they became older: “I played
with him with cars” (Participant 2), or other activities, such as “sang for her, danced”
(Participant 5). Some mothers used specific activities to intentionally stimulate and educate
their children, such as walking in the garden, or using items in their home to teach them
about shapes and colors. However, two participants did not regard it as necessary to play
directly with their children, as they felt that their children could play with their siblings, as
captured: “No, because most of the time she played with her sisters. So, I did not really
play like that, like in play with her ... ” (Participant 6). Two participants mentioned their
child’s father playing with the child, as explained by Participant 18: “ ... and then I would
go and call the father ... and then we [participant, child and father] played together”.

4. Discussion
4.1. Discussion of Findings

The data provided insight into the various factors that could potentially influence the
first 1000 days of the lives of children. In the context of this study, these factors relate to the
three key areas outlined in the First 1000 Days campaign that was launched in the Western
Cape, South Africa, namely (1) health and nutrition; (2) love and attention; and (3) play
and stimulation [10].

The health of mothers (Theme 1) involved their physical and mental health, nutrition,
and substance abuse of the participants, which played a vital role during their pregnancy
and after the birth of their children. Many participants in this study suffered from severe
illnesses and medical conditions, such as extreme high blood pressure, a stroke, and TB
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during their pregnancy. These conditions increased the risk of complications for both the
mothers and their children [50-52]. Numerous complications occurred during pregnancy,
especially during the birth process, including the following—preterm birth, low birth
weight, umbilical cord prolapse, ectopic pregnancy, hypertension, and breech births [53].
In addition, various children in this study suffered from oxygen deprivation after birth,
which could have caused disabilities and developmental delays [54,55]. The participants
revealed various aspects that influenced their emotional and mental well-being during this
time-period. Although some participants encountered positive experiences and emotions
during their pregnancy, others endured severe stress, especially since it seemed that
all these pregnancies were unplanned. Several participants described their pregnancy
experience in a negative light, as a result of morning sickness, swelling, uncertainty,
sleeping challenges, and high blood pressure caused by their pregnancy. A mother’s
well-being during pregnancy influences the baby’s well-being [56], which could have long-
lasting physical, cognitive, and emotional outcomes for the child [57]. During pregnancy,
the participants experienced stressors related to their circumstances. Some participants
were teenagers during their pregnancy, and they had to attend school, and the relationship
with the biological father also added strain. Numerous participants experienced internal
stressors, especially relating to the announcement of the pregnancy to their family, which
caused intense emotions. The findings also indicated that a few participants experienced
sadness, anxiety, guilt, and feelings of worthlessness, which could possibly be associated
with symptoms of depression [58]. Prenatal exposure to maternal depression could affect
the brain development of the fetus [59].

During the time from the child’s birth to two years, the stressors mentioned were
mostly related to motherhood and losing a loved one. One of the mother’s mental health
after the birth of her child showed signs of postpartum depression [60,61], or even post-
partum psychosis [62], as she attempted to kill her baby. Although most participants
ate healthy during their pregnancy, poor nutrition occurred amongst some participants.
Nutritional deficiencies during pregnancy could affect children’s cognition, behavior, and
productivity later in life [63,64]. The occurrence of substance use/abuse during preg-
nancy was considerably high, with cigarette smoking the highest, followed by alcohol
use, and lastly, drug abuse. Illicit drugs that were consumed during pregnancy included
Methamphetamine (Tik), dagga (Marijuana), and Mandrax. Substance use/abuse during
pregnancy poses severe risks to both mothers and their unborn babies, especially physical
and neurological damage [65]. Prenatal use of alcohol, as consumed by many participants,
could have long-term consequences on their children’s cognitive, behavioral, social, and
emotional development [66]. The prenatal use of alcohol by the participants in this study
corresponds to the high prevalence rates of FASD in South Africa [67].

The health of the children (Theme 2) during the first 1000 days establishes the foun-
dation for optimal health and development later in life [68]. Although a few participants
highlighted their children’s good health, many of these children in this study experienced
poor health. Several children suffered from oxygen deprivation directly after birth, which
can cause disabilities, developmental delays, and other long-term effects [55,56]. The
children of four participants who smoked during their pregnancy experienced respiratory
problems after birth, which could possibly be caused by prenatal cigarette smoking [69].
A number of children of participants suffered more severe illnesses and conditions, such
as TB, kidney disease, colon problems, and physical disabilities. A few children were
hospitalized, causing sleep deprivation and severe psychological stress. A number of
participants confirmed taking their children for their medical check-ups and immunization
at the scheduled times, which played a vital role in the health of their children [70]. The
study also focused on the children’s feeding and nutrition, from birth to two years, and
many participants breastfed their babies during the first few months, as recommended by
the World Health Organization [71]. Some participants complied with the guidelines set by
the Department of Health in South Africa, by introducing solid foods to their infant’s diet
at six months [72]. Many participants provided good food choices like fruit, vegetables,
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meat, and dairy products, as suggested by the Australian Government [73]. In terms of the
children’s weight, several participants regarded their children’s weight as healthy, while a
few stated that their children were underweight or overweight. Many participants experi-
enced challenges regarding their children’s feeding and nutrition, with a lack of or limited
food. Nutritional deficiencies occurred, due to poor nutrition and other challenges, which
possibly caused stunting in some of these children, which affected their brain development
and resulted in learning difficulties at school [74].

Support (Theme 3) from others could influence the health and well-being of individu-
als [75]. The participants’ experience of support during pregnancy was affected by their
emotions and thoughts, as well as the announcement of their pregnancy and other people’s
responses. Many participants were unmarried at the time when they became pregnant, and
the announcement of the pregnancy caused anxiety and fear. Several mothers experienced
family members not talking to them, threatening to put them out of the house, or the biolog-
ical father denying fatherhood. Many participants felt supported during their pregnancy
and after the birth of their child, while numerous participants experienced a lack of support
that resulted in a sense of loneliness. A lack of support caused the participants to be more
vulnerable to depression and anxiety. Support from the biological father is paramount [76],
as experienced by some participants. A number of participants received support from the
child’s father, however, several participants experienced no support from the biological
father during that time-period. Many participants expressed challenges pertaining to their
relationship with the biological father, including an unstable relationship, conflict, drug
abuse of the father, and lack of financial support. A few biological fathers engaged with
their children, and played an active role in their lives, which could have had a positive
influence on these children’s social, emotional, and cognitive development [77]. It was clear
that other significant people, especially the grandparents, siblings, and the participants’
male friends, played a positive role in the lives of their children.

The circumstances of the mothers and their children (Theme 4) referred to their
living and financial circumstances during pregnancy and birth to two years. More than
half of the mothers described their living circumstances as suitable and pleasant, while
others experienced adverse living conditions, such as unsuitable housing, lack of water
or electricity, a significant amount of family conflict, and substance abuse in the home,
which led to an increased vulnerability experienced by the mothers and their children [78].
The living circumstances remained the same in most cases after the birth of the child,
however, there were changes and even improvements for some participants during that
time-period. Financial circumstances had a huge impact on the participants, as most of
them experienced some form of financial strain, often lacking the resources to supply their
child’s basic needs.

The attachment and relationship between the participants and their children (Theme 5)
during pregnancy, and during the two-year period after birth were influenced by vari-
ous aspects. Some participants were happy and excited when they found out they were
pregnant, whereas many of them initially experienced negative emotions, such as shock,
confusion, disappointment, anger, sadness, and panic, due to an unplanned pregnancy [79].
These negative emotions made the mothers more susceptible to the risk of maternal de-
pression [80]. The child’s gender influenced the emotional responses of participants. Many
participants felt relief, happiness, and excitement when the gender coincided with their
preferences. Several participants considered abortion or adoption. The movement of
the unborn baby activated various positive emotions, such as happiness, excitement, en-
joyment, love, acceptance, and protection. These positive emotions indicated signs of
bonding [81,82]. Some participants interacted with their unborn babies in various ways, by
talking and singing to them. These interactions promoted the children’s development [81],
and enhanced bonding between them and their unborn babies [83]. Many participants
expressed positive initial responses, interaction, and emotions, directly after the birth of
their child, while some experienced an internal motivation for self-improvement. These
positive responses immediately after birth influenced them to be more inclined towards
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their children’s needs [84]. It was noticeable that attachment between the participants and
their children formed during the two-year period after they were born. However, a few
participants expressed certain negative emotions and thoughts towards their child, which
included irritation, lack of attachment, and serious harmful emotions and thoughts by one
of the participants specifically.

The development and care of the children (Theme 6) involved a variety of aspects.
Although most participants showed an understanding of some of their children’s de-
velopmental needs—especially their physical needs—many participants had a limited
understanding about their children’s emotional, linguistic, and cognitive developmental
needs. Some participants felt that their children met their developmental milestones, while
others highlighted their children’s rapid development. One of the mothers who abused
drugs during her pregnancy, emphasized her child’s cognitive and physical developmental
challenges. Many participants used ‘serve and return’ to stimulate and play with their
babies, which is beneficial for building a strong foundation in the child’s brain architec-
ture [85]. Many participants used educational toys or activities to incorporate stimulation
and play into their children’s lives. Only some participants played with their children
when they were older, since they felt that the children could play with their siblings.

Reflecting on the findings of this study and various theories relating to child develop-
ment, it appears that these theories play a significant role in the following way. The first
two stages of Erikson’s Psychosocial theory [86,87] refer to children’s development of trust
and autonomy. The sensorimotor stage of Piaget’s theory of cognitive development was
noticeable in the way the participants described their children’s understanding of their
environment through different activities involving their senses. Attachment between the
participants and their children, as indicated by the attachment theory [28], was highlighted
as one of the themes and occurred various times in this study. The four phases of the
attachment theory [28,86] were also evident during the time from birth to two years, as the
participants described the bond between them and their child, and the reaction of their
child when separation occurred. However, specific types of attachment [28,86] were not
definite. Bronfenbrenner’s bioecological theory [88] was clearly evident throughout the
study, where both the mothers’ and children’s interaction with various systems played a
vital role. Lastly, Maslow’s hierarchy of needs [87,89], mainly the first three needs, namely
(1) physiological needs; (2) the need for safety; and (3) the need for love; were strongly
visible in the findings. A lack in basic physiological needs, such as food and baby goods
due to poverty, had an enormous effect on some of the participants, and were highlighted
by many of them.

Finally, it should be noted that although the aim of this study was not to determine a
correlation between the first 1000 days and absenteeism, the findings of this study indicated
that many factors played a vital role during the first 1000 days of the absent learners in
this study. Literature further confirmed that specific aspects revealed in the findings of
this study, such as nutritional deficiency [25], substance abuse during pregnancy [29,30],
toxic stress [32], attachment, [34] and stimulation [36] could have negative effects on the
schooling of children. Some of these aspects include academic, social, emotional problems
at school, and school absenteeism.

4.2. Limitations

This study involved participants from a rural community in South Africa, character-
ized by high rates of poverty. The findings might, therefore, not be representative of all
children in other communities, pertaining to their first 1000 days of life. Conducting the
study on a small scale with a total of 18 female participants from one area limits the gener-
alizability of the findings in terms of being representative of all children’s first 1000 days.
The interview schedule that was utilized during the interviews was limited to 12 questions,
resulting in some areas not being explored. For example, the age of the mothers during
pregnancy, or whether the pregnancy was planned were not specifically asked. Another
aspect that was not explored, was the mothers’ substance use/abuse after birth while
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they were breastfeeding, since this was not a definite question, and not mentioned by
the mothers.

4.3. Implications for Future Research

Future research should include a larger sample size, or be conducted in other commu-
nities besides rural communities. Future qualitative studies should explore other aspects
that could have affected the first 1000 days of the lives of children, for example, whether
mothers consumed alcohol or used other substances while breastfeeding. Since the first
1000 days are affected by various factors, a quantitative study could provide information
with a numerical value relating to these different factors. Future research should evalu-
ate the impact of numerous first 1000 days initiatives worldwide, to provide insight and
recommendations regarding the best interventions and strategies.

4.4. Contributions to Communities and Professionals Working in the Field of Early Child
Development

This study makes a contribution by increasing our understanding of the various factors
that could potentially have affected the first 1000 days of absent learners in the Foundation
Phase. These insights could provide Government, NGOs, communities, and professionals
working in the field of Early Childhood Development (ECD) with recommendations that
could be considered during their planning of future programs and interventions. These
recommendations include—(1) educate the broader communities on the importance of the
first 1000 days through continual social media campaigns, by making use of platforms
like the radio, television, newspapers, and Facebook; (2) incorporate the guidelines set
out by the World Health Organization on the identification and management of substance
abuse during every antenatal visit, to screen the past and present substance use/abuse of
mothers; (3) provide support groups for pregnant mothers and mothers with children up
to two years, in order to offer emotional support, education, and practical guidance regard-
ing nurturing care, attachment, and stimulation of children in this time-period; (4) offer
workshops and interactive events to biological fathers and extended family members to
establish meaningful support to mothers during pregnancy and after their child’s birth;
(5) add a module that focuses on the first 1000 days to the tertiary training curriculum of
social workers, healthcare workers, ECD practitioners and educators; and (6) include first
1000 days initiatives in national and international policies, to compel and guide countries
regarding the implementation of these interventions during this critical time-period.

5. Conclusions

Research on a South African and international level highlights the many factors that
could influence the first 1000 days of life—between pregnancy and the second birthday of
children. Whilst research emphasizes that adequate nutrition and care during this unique
time-period determine whether children will thrive and reach their full potential, it is
evident that this is not always true for all children. Based on the findings of this study;, it
was concluded that a substantial number of factors, such as the health and nutrition of
both the mothers and their children, substance use/abuse during pregnancy, toxic stress,
support to the mothers and their children, attachment, attentive care, stimulation and play
could have played a role during the first 1000 days of the absent learners in this study.
Most of these factors relate to the Western Cape Government’s First 1000 Days campaign
launched in South Africa, entitled ‘Right Start Bright Future’. It was confirmed by literature
that the factors relating to the First 1000 Days campaign could potentially have affected the
development of children during their first 1000 days, with a lifelong impact on, amongst
others, their schooling.

In addition, it is imperative that support is offered to both mothers and their children
during this critical time. It is, therefore, essential that NGOs, practitioners, and even the
private sector are educated on the importance of the first 1000 days of life, in order to
motivate them to collaborate with government departments to strengthen the support of
mothers and children. Greater collaboration and multi-sector partnerships are, therefore,
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needed to improve services focusing on the first 1000 days of life, enabling all children to
thrive and transform.
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Abstract: Professionals from 10 countries are implementing practices from the Routines-Based Model,
which has three main components: needs assessment and intervention planning, a consultative
approach, and a method for running classrooms. Its hallmark practices are the Routines-Based
Interview, support-based visits with families, and a focus on child engagement. Implementers were
interested in actual practices for putting philosophy and theory into action in their systems and
cultures. We describe implementation challenges and successes and conclude that (a) models have
to be adaptable, (b) some principles and practices are indeed universal, (c) we can shape excellent
practices for international use, and (d) leadership is vital.

Keywords: routines; intervention planning; collaborative consultation; international; implementation

1. Introduction

In Minga Guazd, in the hot eastern side of Paraguay, where many of the families in early
intervention (birth—6 years of age) are indigenous Guarani, a young occupational therapist (OT)
welcomes a family to the early intervention center. The center is for children with physical disabilities.
This OT has been trained in the Routines-Based Model (RBM) and, today, she will talk to the family
about 2 or 3 of the 12 goals on the child’s and family’s intervention plan.

Meanwhile, in Lisbon, a physical therapist (PT) is going on a home visit. The family has 10 goals,
and this PT will talk to the family about, perhaps, 3 of these goals. In one of them, she will ask the
family whether they would like to show her what they have been doing, and she will guide them
through some strategies that, together, they have decided might help the child participate meaningfully
in breakfast time.
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In Cieszyn, Poland, workers are still hammering nails, as a dorm on a university campus is
being remodeled to become a preschool (“kindergarten” in Polish parlance) following the Engagement
Classroom Model. This model demonstration site will show how you can run a classroom to promote
child engagement.

In this article, we discuss the Routines-Based Model—how it became of interest internationally,
what practices implementers adopted, what challenges they faced, what successes they had, and our
conclusions about what has to happen to improve early intervention around the world.

2. The Model

McWilliam and colleagues developed the Routines-Based Model over many years [1,2]. The model
has three main components: needs assessment and intervention planning, a consultative approach,
and a method for running classrooms. The model focuses on children’s functioning in everyday
routines and on family needs, strengths, and capacities. Figure 1 shows the flow of major components
of the model.

Need Assessment & Planning Service Model

Participation-Based PSP
Ecomap 4 RBI 4 Child Goals + 4 Matrix 4 or

Family Goals CSP

\

Family Caresiver Routines-Based
F h ; b b el
2t Confidence pRECentec Visits

Interventions

L
EISRin * Goal 554
M
RoUtines Attainment Homes Classroom Clinic EC

ccacc

uoneynsuo)
aA13RI0qR||0D

Outcomes

Figure 1. Flow of the Routines-Based Model. RBI: Routines-Based Interview, PSP: primary service
provider, CSP: comprehensive service provider, FQoL: family quality of life, EISR: Engagement,
Independence, and Social Relationships, ECM: Engagement Classroom Model, CC2CC: collaborative

consultation to children’s classrooms.
2.1. Needs Assessment and Intervention Plan Development

In the RBM, nothing good can happen unless we have a list of goals meaningful to the family and
other caregivers spending time with the child [3]. To develop an intervention plan, which goes by
different names in different countries, we conduct an ecomap and a Routines-Based Interview (RBI),
from which the family chooses functional goals and family goals. This RBI is the assessment of needs
upon which the entire goal plan rests.

Ecomap. The ecomap is a picture of the family’s ecology [4]. The professional draws the ecomap
by asking the family questions about the frequency of their contact with friends, extended family, and
neighbors and how much they like the professionals and agencies they work with. Along with formal
supports, it identifies the family’s informal supports, which is most important. Most early intervention
services do no find out about the informal supports the family might be able to count on for support
before resorting to formal supports.

Routines-Based Interview. The Routines-Based Interview (RBI) is the best known component
of the RBM, but it is only one of the components [5]. An early interventionist interviews the family
about the details of child and family functioning in daily routines, and the family chooses functional
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child goals/outcomes and family goals. In New Zealand [6], they try to avoid “interview,” because
some people thought it was a formal 2-h bombardment of the family with questions [7]. From an
implementation and branding perspective, however, we encourage implementers to keep using the
Routines-Based Interview because of its name recognition.

Functional goals. Goals for child functioning are written to emphasize the child’s participation
in routines, such as “Jared will participate in breakfast time, hanging out time, and outside time by
using single words” [8]. Furthermore, we write the goals with criteria for acquisition, generalization,
and maintenance, such as “We will know he can do this when he uses five different single words,
in two of these three times of day in one day, over four consecutive days.”

Family goals. As a result of the RBI, the family chooses goals for themselves and siblings of the
child but not of adults not present at the RBI. The most common goal is time for oneself, such as
“Diane will have two hours for herself every two weeks, for 10 consecutive weeks.”

2.2. Consultative Approach to Early Intervention

A principle of the RBM is that the intervention occurs between visits, so the point of visits with
caregivers is to build their capacity to meet child and family needs when the professional is gone
(i.e., during all the other hours of the week).

Family consultation. Family consultation involves the professional, usually a home visitor in the
U.S. and other countries, working with the family to identify (a) why a child is not doing something,
(b) what might be a viable solution, and (c) whether the strategy worked. This involves the professional
asking many questions to find out what has being going on so far before making a suggestion [9-11].
He or she also asks the family whether they would like to try it out during the session and whether
they think it is feasible.

Collaborative consultation to children’s classrooms (CC2CC). Similarly, when professionals see
“a child” in child care or preschool, they actually go to visit the teaching staff. Again, they jointly
decide why a child is not doing something, what the strategy might be, and whether it has worked.
This practice is based on seven years of research on “integrated therapy” [10].

2.3. Engagement Classroom Model

The RBM includes procedures for running classrooms to promote child engagement, which we
have dubbed the Engagement Classroom Model [12]. Implementers focus on five components:

1.  Conducting an RBI to establish functional, routines-based goals;
Incidental teaching to address all goals in all routines, by following the child’s lead and eliciting
higher-order functioning;

3. Integrated therapy, meaning specialists work with teachers in the classroom and never pull the
child out;

4. Zone defense schedule to arrange the room in zones, to organize the adults, and to decrease
non-engagement time during transitions between activities;

5. Incorporating Reggio Emilia concepts to promote children’s exploration, to encourage creativity
in art, and to make the environment “provocative” and beautiful.

2.4. How the Model Became of Interest, Internationally

The profile of implementation of the RBM, globally, is shown in Table 1. Each country has had
its experiences with the exploration stage of implementation, the installation stage, the extent of
implementation, systemic or cultural barriers or enhancers, and leadership.
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When we talk about global implementation, we need to remember that U.S. implementation
counts too. The RBM is implemented, to one extent or another, in many places in the U.S. The RBI
specifically or the RBM as a whole are the most frequently cited strategies for improving federal
child or family outcomes in state systemic improvement plans (SSIPs) [13]. Some states, such as
Alabama, Maine, and Mississippi, have adopted the model and are at different stages of implementation.
Other states—four that we know of—were strong implementers but have waned in recent years,
which is a lesson in implementation, specifically sustainability. Siskin Children’s Institute, where
McWilliam used to work, still demonstrates most of both the home- and community-based components
of the model as well as the Engagement Classroom Model, under the leadership of Deidra Love
(director of the home- and community-based early intervention program) and Julie Mickel (director of
the classroom programs), respectively. Community-based components are visits to children’s child
care centers or preschools. In addition, the Multnomah Early Childhood Program (MECP) in Portland,
Oregon, is adopting the needs assessment, intervention planning, and home- and community-based
practices in a large metropolitan environment, under the leadership of Cami Stevenson (assistant
administrator). MECP is the mothership demonstration site of the model.

Implementation data have come from leaders in each of the implementation countries.
[FIRST AUTHOR] has collected data from individual states and ECTA. Key informants from U.S. states
and other countries have been participants in the action research involved in this implementation
science. These key informants are the authors and their colleagues. Data collection has ranged from
anecdotal reports to checklist data on individual practitioners.

The first non-U.S. country to show an interest in implementation of the RBM was Portugal,
because McWilliam had been working intensively with the University of Porto (under the leadership
of Professor Joaquim Bairrdo, psychology professor) [14,15]. Eventually, the national association for
early intervention adopted the model, wrote a manual, and provided sporadic training around the
country [16]. Meanwhile, students McWilliam had worked with, such as Cecilia Aguiar and Tania
Boavida (faculty members at ISCTE), began their own leadership in Lisbon.

Spain followed suit, when Marga Cafiadas (director of an early intervention program at the Catholic
University of Valencia, UCV) became an indefatigable ambassador for the approach. Within countries,
the spread of the model is something that we try to keep track of. In Spain, for example, implementation
sites are gradually growing and, even within comunidades auténomas (states) such as Castilla-La Mancha,
officials are documenting the extent to which the RBM is being adopted. Currently, Pau Garcia Grau,
also on the faculty of UCV, is training professionals there on the RBI, and Catalina Morales Murillo (on
faculty at La Universidad de la Rioja) has also trained Manchegos and Manchegas in RBM practices.
Some Canadians were interested, in particular Kamal Haffar, who worked to spread the word in
Ontario. In Taiwan, Ai-Wen Hwang went about conducting research on the model in Taiwan, and she
has produced the only randomized control trial on the RBM [17]. This study showed that the RBM
(called Routines-Based Early Intervention then) group had a faster progress rate in self-care functions
and independence in social functions in the first 3 months of intervention and at the 6 month follow
up than the traditional home-visiting group. Traditional home visiting was not more effective on any
outcomes measured.

In Singapore, Lim Hong Huay led Project ECHO, which used the model for classroom practices.
In New Zealand, Julia Woodward and colleagues at the Ministry of Education decided that all children
and families receiving early intervention through their system would receive practices under the RBM.
In Australia, a program in Victoria and Canberra, Noah's Ark, under the leadership of John Forster and
his lieutenant, Kerry Bull, implemented the model. Meanwhile, in Western Australia, Denise Luscombe
was also using many of the model’s practices in her training and consultation to others in the Perth area.
Through connections Cafiadas had made, a large agency serving children with physical disabilities,
Teletén Paraguay, adopted the model. This agency is one of a number in Oritel, a federation of
Teletones, meaning that we might have the opportunity for implementation throughout Central and
South America. The most recent implementer has been an agency in Silesia, in Poland, which has
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constructed classrooms expressly designed to implement the Engagement Classroom Model, under
the leadership of Krystian Kroczek, Lucyna Legierska, Sylwia Wrona, and, formerly, Natalia J6zefacka.

2.5. Why International Implementers Were Interested

International implementers were interested, first, because the model provides actual practices for
implementing a family-centered approach. As professionals around the world began to hear and think
about family-centered practices, they were intrigued and motivated [18,19]. However, they needed
to know what to do. The perspectives and experiences reported here come from the reports of key
informants—the leaders and implementers in these different countries: they are represented in the
authors. For example, Portuguese early interventionists had difficulty implementing family-centered
practices; they could not figure out how to implement these practices with the families they were
working with. The RBM provided concrete professional practices in assessment, intervention planning,
making decisions about services, and providing services in a family-centered way. Taiwanese experts
were interested in the implementation stages of the RBM, which provided a guide and tools for early
interventionists to follow. In Paraguay, they were interested in identifying families” informal and
formal supports, their concerns about their child’s functioning, and how to build the family’s capacity
to improve child functioning.

In New Zealand, similarly, the Ministry of Education wanted practical tools and a step-by-step
process to implement family-centered principles. In particular, in New Zealand, the Ministry’s early
intervention leaders wanted a way to strengthen how they worked with their indigenous Maori people
to fulfill their Treaty of Waitangi obligations: to promote partnership, protection, and participation
and Tino Rangatiratanga—Maori control over Maori affairs. They also wanted to reduce reliance on
professionals, to target support at families” day-to-day needs, to ensure everyone was clear that it
is between visits that the intervention occurs, and to motivate adults around the child with useful
intervention plans, rather than having plans sitting in filing cabinets not being implemented.

Experts in Spain saw the need for a different approach when, in 15 comunidades autonomas,
an average of 75% of the visit (range = 51-95%) was reported to be in direct service to the child [20,21].
Spanish implementers said the model gave methods to put into everyday practice each of the DEC
recommended practices [21]. This is noteworthy, because the RBM was developed before these
recommended practices were chosen but perhaps it provides some informal validation for the model.

Second, as the International Classification of Functioning, Disability, and Health (ICF) hones its
methods for using subsets of the ICF for Youth and Children (ICF-CY), the RBM has proceeded to develop
functional profiles [22-24]. In the Measure of Engagement, Independence and Social Relationships Manual,
the alignment of ICF-CY and the Measure of Engagement, Independence, and Social Relationships
(MEISR) is presented [25]. Implementers have found that the model has resulted in more professional
attention to the child’s engagement, independence, and social relationships within routines—our
definition of functioning. Polish implementers were attracted by the practice of following the child’s
lead (i.e., incidental teaching) and the precision of the zone defense schedule, in terms of every adult in
the classroom having a role at every time of day [26]. For Singaporeans, one appeal of the RBM was to
move services towards a more social-inclusion approach to early intervention service delivery. Five of
the 10 early childhood intervention service providers in Singapore are using selected components of
the RBM. One agency has developed an implementation plan for the whole model, and another is
embarking on training RBI coaches with a view to their training the staff in the RBI.

Third, many of our tools are available in languages other than English. The most common
translations are into Spanish, Portuguese, traditional Chinese, and Polish. Other languages for
some tools are Arabic and Slovene. Professionals have found the translations of Routines-Based Early
Intervention [9] (Chinese, Portuguese, Korean), Engagement of Every Child in the Preschool Classroom [12]
(Chinese), and Working With Families of Young Children With Disabilities [27] (Portuguese, Korean)
particularly helpful.
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2.6. Adopted Practices

What are the most commonly implemented practices from the RBM? Many implementers, such
as MECP, have adopted the whole model, albeit with adaptations. In McWilliam’s experience,
southern Europeans love tools. Not surprisingly, therefore, in Spain, implementers use the numerous
performance-based checklists defining the major practices of the model, the MEISR [25], the Families in
Natural Environments Scale of Service Evaluation (FINESSE) [28-30], and the Scale for Teachers’
Assessment of Routines Engagement (STARE); Casey and McWilliam, 2007). Now, owing to
Garcia-Grau’s landmark dissertation study, the Families in Early Intervention Quality of Life (FEIQoL)
scale [31] is increasingly used. One characteristic of successful model adoption is when adopters
consider the model their own [32]. Noah’s Ark, Teleton Paraguay, and Singaporean agencies have
developed their own model, incorporating parts of the RBM that fit their cultural and organizational
contexts. In Singapore, four of the organizations implementing RBM practices are part of the Thye Hua
Kwan (THK) Early Intervention Program for Infants and Children (EIPIC) centers, with the others being
the AWWA Ltd., Singapore. Early Intervention Centre, SPD’s (SPD was formerly known as the Society
for the Physically Disabled) Building Bridges EIPIC centers, Fei Yue Community Services EIPIC centers,
and Rainbow Centre Early Intervention Programme. SPD is the agency with an implementation plan,
and AWWA is the one pursuing certification of coaches.

2.7. RBI Plus

The RBM has a cohesive set of practices for developing a functional, family-chosen set of goals.
All implementers have chosen to adopt the Routines-Based Interview (RBI), which is accompanied by
an ecomap (depicting a family’s informal, intermediate, and formal supports), participation-based
goals for children, and family goals for siblings and parents [33]. These three practices constitute the
RBI Plus. The RBI is a needs assessment and typically results in 10-12 goals/outcomes. This long,
meaty list of family-chosen goals is one of the hallmarks of the model.

Since 2009, Portugal has had legislation establishing the National Early Childhood Intervention
System, but it does not define specific procedures. In 2016, the national association for early intervention
produced a manual, which contained much of the RBM but also other practices, which has diluted the
effect of the RBM [34]. This mixing of models is a two-edged sword: it purports to bring the best of
different models together but it might diminish the effects of any one model.

Implementers in Taiwan began with RBI Plus and moved on to the Engagement Classroom Model.
New Zealand adopted the intervention planning practices and Routines-Based Home Visits and they
are working towards the primary service provider (PSP) (called a keyworker in Australia and New
Zealand) [35], CC2CC, and the Engagement Classroom Model (ECM). In one of the Singapore agencies,
the ecomap and RBI are the most widely adopted components of the RBM.

In Australia, Noah’s Ark adopted the RBI to fully understand the family environment, conduct a
functional assessment of child and family needs, and develop clear, specific, measurable goals that
directly address the family’s priorities and help children develop skills relevant to everyday life.
Noah’s Ark implemented the RBI by sending a staff member to be certified by Robin McWilliam,
having that staff member and colleagues develop an implementation plan for 150 staff working with
over 2000 families. McWilliam provided a 4 day boot camp in Melbourne to train 18 additional trainers.

2.8. Family and Collaborative Consultation

A second set of practices that implementers often choose are those related to a consultative
approach. In particular, York Region, in Ontario, Canada, for example, felt the RBM would assist them
in moving from an expert model to a collaborative approach with caregivers, ensuring the family were
the primary decision makers. International adopters of the model also implement family consultation,
which is the collaborative-consultation method we have developed, giving families opportunity to
be partners in selecting strategies for them to use with their children [36]. When professionals visit
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classrooms, within the RBM, they work with teachers, using collaborative consultation, rather than
working directly with children. In both support-based home visits and collaborative consultation to
children’s classrooms (CC2CC), caregivers might demonstrate what they or the child does, or the early
interventionist might demonstrate a strategy the caregiver is interested in.

2.9. Engagement Classroom Model

A less commonly implemented set of practices is the Engagement Classroom Model (ECM),
although the Slonezna Kraina and the University of Silesia at Katowice (Cieszyn campus) are
implementing the ECM [12]. It includes the RBI, integrated therapy, incidental teaching, the zone
defense schedule, and Reggio Emilia features. One of our American sites, MECP in Portland, is
working with Head Start programs and other preschools where suspension and expulsion of children
with disabilities occurs at a high rate. Implementation of the ECM would reduce, if not eliminate,
suspension and expulsion, because the practices include ways to keep children engaged and include
effective behavior management strategies for those occasions when prevention of behavior problems
has not worked.

Taiwanese implementers are using goal-attainment scaling (GAS), the Teaching Styles Rating Scale
(TSRS) [37,38], the STARE [30], and the Vanderbilt Ecological Congruence of Teaching Opportunities
in Routines (VECTOR) [39] to determine the interaction of the STARE and VECTOR with the TSRS.

Across implementation sites, therefore, RBI Plus (the needs assessment and intervention-planning
practices), our consultative-service-delivery approach, and the ECM have been implemented.
This constitutes the whole model, but the whole model is not implemented by any one program.
Plans are under way to add ECM to MECP in Portland, which would make that site the most
comprehensive adopter of the RBM.

3. Implementation Challenges

Implementation of new practices can be exciting but it involves change. We highlight here seven
areas that have been the most challenging in international implementation of the RBM. A common
implementation challenge, from the perspective of the purveyor, is professionals’ claiming they are
implementing a model when, in fact, they are not. Their claims are usually based on an honest belief
they are doing what they understand to be the practices in the model.

3.1. Natural Environments

In Spain, Marga Cafadas and McWilliam tried for 4 years to persuade early intervention programs
to leave their clinics (“centers”) and go into homes and communities to implement the RBM. The two
main reasons for the attachment to centers were control and money. In their rooms in their centers,
professionals are in control of the session. In their centers, they can see eight clients a day, whereas,
visiting natural environments, they would be able to see only four or five children and families.
When it was clear professionals could not be budged out of their clinics, McWilliam made a huge
concession and developed procedures for routines-based clinic visits. By the same means that home
visits can be performed in a clinical fashion, clinic visits can be performed in a family-centered fashion,
with obvious limitations. Taiwan [40] and Paraguay have also found it difficult to use the model in
natural environments. Poland would also find it difficult, but they are focusing on the Engagement
Classroom Model rather than the home- and community-based practices in the model.

What about our “churches”? In working on international implementation, we came across the
phenomenon of the importance of the building [2]. When agencies erect or modify buildings to
house their early intervention programs, they are proud of them and want to get the most out of
them. You can sense an almost religious devotion to the building. McWilliam first realized this at the
Asuncion center of Teletén Paraguay-the flagship center. It is a beautiful, modern, spacious building,
with a remarkable curved wood-slat ceiling over the therapeutic swimming pool. Why would they not
use this lovely space?
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3.2. Primary Service Provider

A second challenge in implementing the RBM is the use of a primary service provider (PSP),
rather than having a host of different providers from different disciplines working with the child [35,41].
Many early intervention cultures, worldwide, are very discipline driven, with a view that more is better.
In Poland, for example, sensory integration therapists are separate from occupational therapists, and,
in most other countries, psychologists play a much bigger role in early intervention than they do in the
U.S. In Spain, they have psychometricians, a discipline that does not even exist in some other countries.
In Paraguay, they have “early intervention professionals” who are different from teachers, therapists,
and so on. So, when implementers try to organize a PSP approach, they meet much resistance. When a
primary service provider cannot be used, one provider serves as the comprehensive service provider,
attending to all child and family needs [42].

3.3. Relinquishing Control to Families

A central tenet of the RBM is that families make meaningful decisions [2]. For example, they decide
on the functional needs of (goals for) the child and family, they decide on what to work on between
visits, and they decide on what to focus on, in each visit. For many international implementers
(and American implementers), giving families this amount of control is unusual and therefore
uncomfortable. The medical or psychological model, which is common across the globe, places much
control in the professional’s hands.

In Singapore, a cultural challenge is that many middle-class families have a “foreign domestic
helper” in the home. This young woman from Indonesia or Malaysia might care for the child
for 8-14 h a day, yet she has little decision-making power. The parents participate in the needs
assessment (i.e., the RBI), yet they might know little about their child’s functioning in everyday
routines. Furthermore, the domestic helper would be the person caring for the child, yet she has little
say in the needs or the goals. The RBM has been described as a paradigm shift in disability services
in Singapore, which, before the model, had adopted the special-education and medical-therapeutic
approach. The model challenges teachers and therapists to listen reflectively and to use motivational
interviewing techniques. It also challenges social workers in early intervention services to improve
their child development knowledge and collaborate effectively as a team with therapists and teachers.
In Singapore, social workers play a prominent role, as in Europe psychologists do. In the U.S.,
these disciplines are less frequently represented in early intervention programs.

In Taiwan, families and professionals alike are used to professionals giving suggestions, especially
on the first visit, such as a visit to the doctor. Furthermore, the time it takes to conduct an RBI is
considered a barrier in Taiwan, as it is elsewhere. In some situations, professionals (and families) think
professionals should provide suggestions on the first visit: in the RBM, we do not provide suggestions
during the RBI or until the family has chosen goals. Recently, the Taiwan government and early
intervention professionals have promoted family-centered approaches and the ECM [40].

In Paraguay, the biggest challenges have been (a) abandoning a clinical approach and moving to a
family-centered approach (including a flattening of the hierarchy between professional and family)
and (b) broadening professionals” scope beyond their formal training. In many countries outside the
U.S., both professionals and families expect the former to tell the latter what to do.

3.4. Lack of Follow through

In implementation planning, we encourage adopters to realize that, after intensive training,
they need to keep monitoring and supporting professionals. In Portugal, for example, teams were
well trained initially but poorly supervised afterwards. In New Zealand, supervision and ongoing
professional development varied across early intervention sites. In Australia (Noah’s Ark), the most
significant challenge has been in supporting newly inducted team leaders and subsequent key workers
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in reaching fidelity to the model in a timely way. York Region, Ontario, listed resources required for
ongoing training as a challenge.

3.5. Organization and Reorganization

The geographic and administrative organization of services-especially change in organization-can
wreak havoc on implementation of the RBM. For example, Portuguese early intervention is overseen by
three ministries, which is extremely challenging. Mississippi moved from nine regions to three.
A change like that requires much energy and time, distracting from implementation. In New
Zealand, the national practice support network, which had been active early in implementation,
was disestablished, reducing the amount and quality of communication among districts.

3.6. Checklists

Implementation of the model over time requires people to observe and provide feedback—actual
training and maintenance. This presents a challenge in terms of who is available and of scheduling.
In Poland and New Zealand, for example, they are concerned about who will have the time to make
all the checklist-based observations. Implementers, such as York Region and our Portland, OR, site,
have found it difficult to find the time to ensure interobserver agreement.

3.7. You Are Doing It Wrong

Popular on the internet are articles about what we are doing wrong, from parenting to cutting
cucumbers to facing the future. With the RBM, some experts and practitioners believe that they are
using the model when they are not. We see this challenge all over the place. This phenomenon is
known as the Dunning—Kruger effect, where implementers with little knowledge of the details of the
model have much confidence in their ability to execute the practices (see Figure 2) [43]. It is particularly
difficult because the believers see no reason to change, and it is bad for the model: people see bad
practices and hear they are part of the RBM. We often have to be clear about what does not constitute
the RBM.

@ I know everything

There’s more to this

than I thought Trust me. It's
Q ik o complicated @

| It’s starting to
(| 'm never going ~@._ make sense @
to understand this

Confidence

@Huh?
Knowledge in Field

Figure 2. The Dunning-Kruger effect [44]. Reproduced with permission from Stanford Brown, retrieved
from https://stanfordbrown.com.au/finance-101-the-dunning-kruger-effect/.

In Spain, we have been concerned that professionals obtain some of the increasingly available
materials and tools and use them with no training. For example, professionals have been known,
not only in Spain, to conduct an ecomap and then file it away, never to use it in supporting the family.

In general, change is often difficult. For some professionals, the change is welcome: they get to
do what they instinctively would do or they have a structure for what they were doing. For others,
it is simply a change, and accommodating to new ways of doing things is inherently difficult. For yet
others, the focus on child functioning in routines and the empowerment of families is not what they
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believe early intervention should be about. For them, the change is the hardest. It does not help when
some families want the expert approach [45].

4. Implementation Successes

International implementers of the RBM report successes in a number of outcomes.

4.1. Professionals Feeling Useful

When professionals use the RBM, they feel more useful than before they adopted the model.
They feel they make a difference in the areas of child and family functioning that matter to families.
Before, they were focused on what they or their assessment procedures identified as deficits in child
development. With the RBM, they focus on children’s meaningful participation in everyday routines
and on things that families care about. In Portugal, we actually saw improved goals, in terms of
functionality and measurability, improved team functioning, and more collaborative consultation [46].
Similarly, in New Zealand and Ontario, goals became more functional and not arbitrary. In Singapore,
professionals report parents’ finding goals now easier to understand, leading to better “family
engagement.” Professionals also find the goals more functional and meaningful in the lives of children
and families and more easily attained, which has led to greater work satisfaction.

In Taiwan, 218 professionals attended training on the RBM. The outcomes were based on
McWilliam’s 12 mental shifts (www.naturalenvironemnts.blogspot.com) and 10 mistakes in early
intervention [47]. Professionals with less experience shifted their mindsets more than did those with
more experience (p < 0.05) [48]. Those who had ever attended any presentations on the RBM or who
had read anything about the model were more aware of the practices at pretest (p < 0.05) compared to
those who had not. Those who received job-embedded professional development were more likely
to have shifted mindsets compared to those who received other forms of professional development
(r = 0.56-0.82). High interrater agreement on the mental-shifts scale was reported.

In Paraguay and Singapore, professionals report listening more to families’ concerns and needs;
constructing interventions in partnership with families, building on their strengths; collaborating more
with each other; seeing progress using goal-attainment scaling. In Singapore, the RBI, specifically,
resulted in parent engagement and empowerment as well as professionals’ feeling empowered to
understand and empathize with families. Paraguayan, Australian, and New Zealand professionals
have found the model works well in aligning early intervention with indigenous ways of perceiving
the family system (whanau in Maori). In Paraguay, implementers are using a smiley-face version of
goal-attainment scaling with Guarani families who do not read.

In New Zealand, the well-being of staff improved, because they did not have to have all the
answers. In addition, professional support has become more purposeful and focused. Our colleagues
in New Zealand also reported an outcome we have seen in different parts of the world, including the
U.S.: Principles of the model have been adopted in other areas of the agency’s or district’s work.

In Poland and Singapore, they have begun to see the value of really listening to parents, rather
than simply giving them instructions. Furthermore, they have seen a shift in professionals’ mentality
towards supporting families rather than “repairing” children. York Region reports child care staff and
families more engaged and feeling they are an integral part of the team.

4.2. Families Feeling Confident

Across implementation sites, families feel confident about meeting children’s and families’ needs
(e.g., in Ontario and Singapore). We now have an instrument assessing this confidence. In Paraguay,
families are more empowered and confident, can identify their formal and informal supports, and now
have their own needs addressed, rather than professionals’ priorities for the child. In New Zealand,
some families are running transition (to school) meetings, which did not happen before the RBM
was implemented.
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Noah’s Ark (Australia) conducted semi-structured telephone interviews with 14 families
participating in the RBI bootcamp training. The families said it was cathartic, beneficial, and relaxing.
They highlighted the positive impact of having a professional who was warm, caring, and personable
really listen to them. Many parents indicated that developing functional goals was the most valuable
part of the process. Parents commented that the two-hour interview was long, but that it went by
quickly. Similar results were seen in Singapore. Not all parents were thrilled about every part of the
RBI, but the interviewers were new to the RBI with fidelity, and we have not matched comments to
the fidelity checks. In association with The University of Alabama, Noah’s Ark has been studying
the impact of the RBI on goal functionality and found that, now, goals are largely participation based,
observable, and functional.

4.3. Children Functioning in Routines

When professionals implement the model, children function well in routines [49]. Although routines
vary somewhat across cultures, families generally want their children to participate meaningfully in
the different times of day. In Portugal, professionals report that implementation has led to higher
family engagement, higher implementation by families of strategies, better family well-being, families’
feeling more competent, and quicker development in children. Results from Taiwan show the ECM has
positive effects on child functioning [48]. Implementers such as York Region have seen children making
progress based on what is important-building on engagement, independence, and social relationships
rather than developmental skills in isolation that might not promote inclusion in their community.

Implementation successes, therefore, have been that professionals feel useful, families feel
confident, and children are functioning in their routines. In Singapore, as an example, implementation
of the RBM has brought about a paradigm shift in early intervention towards more family centeredness
and a focus on functionality. It has paved the road to actualizing developmentally appropriate practices
and inclusion principles.

5. Conclusions

The remarkable extent of implementation of the RBM, globally but not universally, can point
to four general conclusions: models must be adaptable, some principles and practices are indeed
universal, some experts do think globally about practices, and leadership is needed for successful
implementation. Finally, we use our experiences with global implementation of the RBM to propose
framework for the relationships among evidence, public policy, and adoption of best practices.

5.1. Models Have to Be Adaptable

Some implementers have looked for ways to work with different cultures and countries.
Baumann and colleagues [50] conducted a systematic review of the literature for four evidence-based
parent-training interventions, involving 610 articles. Only eight reported a cultural adaptation, and only
two tested the efficacy with rigorous research methods. In addition to needing more implementation
studies, we need to include cultural adaptations, especially for models used internationally. Practices
developed in one country inevitably have to be adapted for implementation in other countries. With the
current rigid approach to implementation fidelity, we can expect little international replication. Seeking
the balance is the key.

Obsession with evidence is an American preoccupation, and the RBM is no exception [51-53].
One of our tenets in the model is to eschew non-evidence-based practices, which means we have to
discard bogus practices overseas (which abound) and in the U.S. [54].

However adaptable a model is to local customs and preferences, implementers might still move
on to other models. Many implementers have trouble with sticking with a model over a 5 year
implementation plan and having the courage to stay away from other bright shiny objects that come
along and divert attention and resources from the model.
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5.2. Some Principles and Practices Are Indeed Universal

The principles undergirding the RBM appear to be universal: we want children to function well
in their natural routines, we want families to have the confidence to teach their children through their
natural parenting, we want professionals to build caregivers’ capacity, and we want supervisors and
trainers to use observation and feedback. Practitioners and administrators no longer want to hear
about rhetoric, theory, advocacy, and esoteric research, such as “recommended practices” [21] or a
“family-centered model” [55]: They want to hear about specific, evidence-based ways of doing things.

With respect to natural environments, specifically, when professionals concentrate on what happens
during the visit more than where it occurs, they can truly build the caregiver’s capacity and end up
with more intervention for the child than a hands-on approach. If purveyors insist on supports
being provided in natural environments, they will not be implemented at scale overseas. Portugal,
however, did pass legislation and provided training, so early interventionists do make home and
community visits.

5.3. Promoting a Global Perspective on Excellent Practices

Some American-developed models are designed to address American contexts and are difficult to
implement outside the U.S. Early intervention in the U.S. can be considered somewhat ethnocentric.
Many professionals assume the early intervention landscape internationally is like the U.S. one.
However, U.S. perspectives can be international: for example, the headquarters of the International
Society on Early Intervention is in Seattle, because that’s where its founder and president, Michael
Guralnick, works. Further, the scholarly journal Infants and Young Children under the editorship of
Mary Beth Bruder, deliberately publishes international research and perspectives and even has an
international editor (self-disclosure: it is McWilliam).

Many practitioners overseas and in the U.S. are impressed with entertrainment, but we need to
focus on specific practices and models. Entertrainment is a portmanteau of entertainment and training
and refers to an appealing presentation with few practical strategies and no provision for follow-up
observation and feedback (i.e., real training). Implementation can only happen if implementers commit
to serious, long-term, job-embedded professional development [56].

5.4. Leadership

The purveyor must be in control and has to relinquish control. The purveyor (in this case,
Robin McWilliam) has to be the arbiter of what constitutes fidelity to the model [57]. The purveyor has
to protect and promote this fidelity for two reasons. One is that any evidence on which the model
is based involved specific practices, so deviation can render the practice no longer evidence based.
The second reason is a branding and credibility one: If people are saying they are using a model or
its practices, when in fact they are not, any success or failure of their efforts will not really reflect
the model.

Local leadership is the key [58]. In every successful implementation of the RBM, one or more local
leaders have gone through the stages of implementation to explore options, decide on the RBM as a
solution to needs they saw, shepherded the initial implementation, and planned for full implementation.
Some of our sites are well into implementation and others are near the beginning, but the role of key
players, many of whom are authors of this article, cannot be underestimated.

Because this model was developed in the U.S., one might think the implementation over the
past 15 years has been one way. Actually, as we have mentioned a number of times, to make it truly
a global model, we have had to make modifications. Implementers from different countries have
learned from each other. For example, Marist Pedernera, the bright young linchpin for the Paraguayan
implementation, corresponds with a colleague in Taiwan, with Cami Stevenson in Portland, Oregon,
and with colleagues in Spain. Many implementers and other international professionals interested
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in the RBM are members of The RAM Group, a community of practice dedicated to the exchange of
information about the model (www.ramgroup.info).

5.5. Framework Regarding Evidence, Policy, and Implementation

The role of the government, through policies or legislation, in early intervention varies greatly.
In most countries, its primary concern has been the provision of services, ensuring services are available
to young children with disabilities. Not all governments have been involved with the quality of
services. The United States has provisions built in, such as the requirement that services be provided
in natural or least restrictive environments. Different state systems of early intervention or preschool
special education have varying levels of interest in the quality of services. Some, such as Alabama and
Maine, have invested heavily in improving and maintaining high quality services. Outside the U.S.,
Portuguese law deals with the establishment of the system for managing early intervention, with a nod
to quality by requiring the International Classification of Functioning, Health, and Disability be used
in assessment [22,59]. In Australia, the government has established the National Disability Insurance
Scheme, ostensibly to provide consumer choice, yet the scheme challenges family-centered practices
and promotes a multidisciplinary approach to early childhood intervention [60].

As shown in Figure 3, the provision of services comes largely from the impetus of government
policies and from legislation. To some extent, we have seen that the face value of RBM practices and
the theories underpinning it have had some impact on systems. Those systems concerned about the
quality of services have invested in training on, for example, the RBM. New Zealand’s Ministry of
Education adopted the RBI initially in one region, then spread it to the other three regions, and now
uses other aspects of the RBM. They, like Australia, had a leg up because they were already using
keyworkers, who are like primary service providers in the RBM. We see that the common sense of
the RBM, the family-centered principles, and the theories about child functioning have had more
impact on impact by agencies and governmental agencies than has the empirical evidence. However,
the RBM's face value has credibility because of its basis in evidence-based practices.

[ 0 ] Government Policies/
Agencies |q Legislation Provision of Services

SSIP
Assessment procedures
Face Value & Training
Theory AL, ME, NZ
Noah's Ark
Stonezna Kraina
Teletén
Empirical
A 4 Y
e Implementation of best
Quality >[ practices (RBM) }

Figure 3. Relationships among government, evidence, and implementation. AL: Alabama: ME: Maine,
NZ: New Zealand. RBM: Routines-Based Interview.
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Agencies in various international implementation sites have had a key role. To some extent,
they might influence governmental agencies, and, certainly, they are influenced by the governments
(i.e., they usually exist within the constraints of governmental regulations). In Australia, we have see
Noah'’s Ark, in Melbourne and Canberra, embrace high-quality supports to children and families-not
only with the RBM but also other philosophically and empirically sound models. They have been
vocal in warning the National Disability Insurance Scheme about challenges to quality. In Poland, the
implementation site for the Engagement Classroom Model, Stonezna Kraina, repudiated the traditional
Polish concepts of quality early intervention approaches and boldly adopted the RBM. Teletén Paraguay,
similarly, broke with cultural traditions to reimagine quality, moving from a rehabilitation approach to
a functional, family-centered approach. These agencies and others were influenced primarily by the
logic and values of the RBM.

An interest in quality, therefore, has been the driving force behind implementation of best practices.
Circling back to governmental input, we have seen that some actions by governmental agencies have
enhanced implementation of the RBM. For example, in the U.S., 24% of the states have included
practices from the RBM in their state systemic improvement plans, which are required, annually [61].
In these improvement plans, most often states have included the RBI in their assessment procedures.
Finally, governmental agencies have invested in training in the RBM. For example, various U.S. states
such as Alabama, Kentucky, Maine, Mississippi, Montana, and Nebraska have funded professional
development in the RBM. Outside the U.S., governmental investment has been restricted largely to New
Zealand. In Spain, some states (comunidades auténomas), such as Castilla la Mancha, have funded
training in the model.

The interaction among governmental interest, research, and implementation is, therefore,
a complicated and fascinating one. Pragmatists would like to find the perfect solution. Descriptivists,
however, are content with admiring the phenomenon.

We end with three inferences. First, working with implementers in a caring, respectful, and honest
way leads to appropriate modifications of the model. Second, sustaining an innovation is harder
than implementing it: things change (funding mechanism, geographical organization, leadership),
and carrying out the innovation with fidelity to the model is shaken. Third, some practices are good
for young children with disabilities and their families, wherever they are. These practices might be
that early intervention and parenting should help children participate in their lives meaningfully,
that early intervention should support families to be the caregivers they want to be, and that early
intervention professionals should know what they are doing. International implementation of the
RBM has, therefore, provided a prototype for how to work across cultures, countries, and customs.
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Abstract: In the early years of life, children’s interactions with the physical and social environment-
including families, schools and communities—play a defining role in developmental trajectories
with long-term implications for their health, well-being and earning potential as they become adults.
Importantly, failing to reach their developmental potential contributes to global cycles of poverty,
inequality, and social exclusion. Guided by a rights-based approach, this narrative review synthesizes
selected studies and global initiatives promoting early child development and proposes a universal
intervention framework of child-environment interactions to optimize children’s developmental
functioning and trajectories.

Keywords: early child development; ICF; education; health; inequality; rights; functioning; potential;
intervention; disability

1. Introduction

Access to health and education services, are essential factors for optimal development,
functioning and well-being of the child, factors paralleling the development, functioning
and well-being of family, community, and society. Limited or deprived access to health
services and education significantly challenges the development of children, as well as
the development of families and communities, restricting their developmental potential
for school and work. The extent to which developmental outcomes of child, family or
community is favorable is defined by the realization of basic human rights of access to
health and education services. Recognition of the parallel between the development of the
child and the development of families and communities has served as the basis for national
and global initiatives in health and education in recent decades exemplified by Education
for All, the Millennium Development Goals (MDG), and the Sustainable Development
Goals (SDG) [1,2]. Implementation of each of these initiatives over the last three decades has
been associated with variable progress in addressing the enduring cycles of poverty, infant
mortality, malnutrition, illiteracy, and inequalities in access to health care and education of
children. However, risks for delay and disability and unmet potential in early development
of young children are still pervasive, particularly in low- and middle-income countries [3].

The Declaration of Human Rights in the middle of the 20th century formalized the
recognition of basic human rights of access to health and education and provided a stan-
dard for referencing the association of inequalities of those rights with limited development
of nation states. Recognition of the extent of those inequalities and their disproportionate
impact on children and their development was formalized decades later with the United
Nations Convention of the Rights of the Child—UNCRC [4]. Although all of the articles
of UNCRC define conditions for reducing inequalities and promoting children’s develop-
mental potential, the rights to health and nutrition (Article 24), education (Articles 28 and
29), and articles ensuring that those rights are realized without discrimination of gender,
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ethnicity, disability and other identities (Articles 2 and 23) are particularly germane to the
priorities defined by the MDG and the SDG. This perspective builds on documentation of
the status of children, their health and development through comprehensive surveys on
national, regional, and global levels. The surveys established the prevalence of child and
maternal health conditions and the environmental factors that placed children’s develop-
ment at significant risk for delay and disability. In higher income countries, documentation
of risk factors to children’s health and development led to more effective medical care
and improved services for children with chronic conditions. In middle- and lower income
countries, such documentation served as the basis for population-based program of disease
prevention development of primary care.

Although, documentation of child-environment developmental risk factors has made
a great contribution to our understanding of modifiable risk factors, there is a need for
a universal framework promoting early child development in low-, middle- and higher-
income countries across the health and education sectors, that could guide assessments
and interventions as the children grow and develop globally. Therefore, the aims of this
paper were to:

(1) Synthesized selected studies identifying children at risk for developmental delay or
loss of developmental potential.

(2) Describe key global initiatives to illustrate the impact of environmental factors on
children’s developmental potential around the world.

(3) Propose a global framework of child-environment interaction guiding assessment
and intervention for health and education.

Synthesis of Studies and Core Themes of This Paper

Guided by a rights-based approach, this narrative review synthesizes selected studies
and global initiatives promoting early child development. Selection for inclusion consisted
of the most relevant initiatives to the areas listed in the introduction, decided by consensus,
and published in English from 2001 to 2020. Specifically, we synthesized Initiatives address-
ing environmental factors influencing children’s development, as well as prevalence and
estimates of children at risk for developmental delay or loss of developmental potential in
low-, middle- and high-income countries. Limitations of this approach are addressed in
the paper.

Subsequently, a universal intervention framework of child-environment interactions
is proposed for optimizing children’s developmental functioning and progress drawing
on the International Classification of Functioning, Disability and Health for Children and
Youth (ICF-CY) [5,6]. Finally, we highlight the importance of adopting a global framework
guiding assessments and evaluations of children’s development across sectors. As such,
the content of this study is organized in three themes as follows:

(a) A global initiative to promote early child development.

(b) A dimensional framework of child functioning and development.

(c) Promotion of children’s development: assessment and intervention in health and
education.

2. A Global Initiative to Promote Early Child Development

Although initiatives at country levels and programs at global levels by UNICEE, World
Health Organization (WHO) and various non-governmental organizations (NGOs) over
the last three decades have contributed to significant reductions in the scope and nature
of childhood mortality and morbidity, challenges to the healthy development of young
children remain pervasive, particularly in low- and middle-income countries, where the
largest proportion of children in the world are found. In contrast to earlier population-
based studies focusing on specific child or maternal conditions, more recent research is
increasingly recognizing the significant role of inadequate or deprived physical and social
environments associated with poor developmental outcomes. Increased recognition of
the significance of environmental factors is evident in the review by Black et al. [7] of

164



Int. ]. Environ. Res. Public Health 2021, 18, 2007

research publications since 2000 indicating that the number of publications on stimulation
(n = 1121), micronutrients (n = 936) and nutrition-related issues (1 = 508) were 2 to 8 times
more frequent than studies of specific conditions such as malaria (n = 255), abuse and
neglect (n = 298) or maternal depression (1 = 139). This increased research focus on the
physical and social environment is consistent with the broader agenda of the MDG and the
SDGs. This perspective is in keeping with the challenge of documenting equitable early
development as proposed by Barros [2], “entailing that every girl and boy should have the
same opportunities to fully develop their potential, which is only achievable if they have
good nutrition, good health, and a rich and stimulating home environment” (p. €873).
Indicators defining the child’s loss of potential and limited opportunities have in-
creasingly become representative of the focus of studies estimating risk for developmental
delay, disability or disorders complementing other markers of developmental morbidity.
Representative of this perspective is the study by Grantham-McGregor et al. [8] examining
developmental potential of children in the context of the first and second MDGs, namely
eradicating hunger and poverty and the completion of primary schooling by children
globally, respectively. A comprehensive analysis was made of data on children under five
in developing countries drawing on the indicators of stunting, available in 126 of these
countries, and poverty, available in 88 of the countries. Of the 559 million children under
five living in the developing countries, 22% were found to live in poverty, 28% were stunted
and 39% were identified as stunted, living in poverty or both. This latter group served as
the estimate of disadvantaged children defined in terms of risk for loss of developmental
potential. The prevalence estimates for each of the indicators varied widely across regions
of the world, with the percent of children living in poverty being lowest in Central and
Eastern Europe at 4% and highest in Sub-Saharan Africa at 46%. The range of correspond-
ing values for stunting were 14% for Latin America and the Caribbean and 39% for South
Asia. The widest range was found for the combined indicators defining disadvantaged
children, with 18% found in Central and Eastern Europe and 61% in Sub-Saharan Africa.
The prevalence of lost developmental potential of disadvantaged children was supported
by country-specific findings linking stunting and poverty to fewer years of education and
limited learning per year of schooling with implications for deficits of income in adulthood.
The estimates of disadvantaged children based on 2004 data by Grantham-McGregor
et al. [8] were updated and new estimates were generated for 2010 data in a study by Lu
et al. in 2016 [9]. The study used essentially the same approach in the identification of
children under five years of age manifesting stunting or exposed to poverty. Recalculating
estimates of 2004 data for 141 of the developing countries with improved analytic methods
indicated a higher prevalence (51%) of disadvantaged children than the 39% reported in
2007. However, a comparison of estimates based on analysis of data for the 141 countries
at two time points, revealed a reduction in the prevalence of disadvantaged children from
51% in 2004 to 43% in 2010. The reduction in the prevalence of children at risk for poor
development was attributed largely to reduction in stunting and poverty in South Asia
including India and China. Similar to the findings of the Grantham-McGregor et al. [8]
study, prevalence estimates varied widely across regions of the world, with the percent of
children living in extreme poverty being lowest in Middle East and North Africa at 3% and
highest in Sub-Saharan Africa at 54%. The range of corresponding values for stunting were
16% for Latin America and the Caribbean and 47% for South Asia. As in the 2007 study,
the widest range was found for the combined indicators defining disadvantaged children,
with 21% found in Latin America and the Caribbean and 70% in Sub-Saharan Africa. Lu
et al. [9] conclude that findings reflect progress in global efforts to reduce the risk for poor
development of young children, but the developmental potential of disadvantaged children
continues to be significantly limited in developing countries, particularly in Sub-Saharan
Africa. Challenges remain to promote children’s development by reducing stunting and
poverty through improved health and increased access to education, reinforcing the premise
by Rippoin et al. that “increasing the educational level of their population will lead to better
nourished populations, and the ability to improve gross domestic product (GDP)” [10].
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The above studies have documented the scope of risk to developmental potential of
young children using proxy variables of stunting and living in poverty. In more recent
research, surveys such as the UNICEF Multiple Indicator Cluster Survey (MICS) encompass
a range of variables more directly linked to developmental aspects of the young child in the
Early Child Development Index (ECDI) of relevance in documenting progress to achieving
the SDGs. Accessing data from a study of 35 countries, Manu et al. [11] conducted a
secondary analysis of literacy-numeracy skills of 100,012 three to five-year-old children.
A literacy-numeracy index was derived from the ECDI based on naming 10 letters of
the alphabet, knowing four simple words and names and symbols for the numbers 1-10.
The index was used to define an outcome variable, classifying children dichotomously as
on-track or not on-track. Other variables of interest were availability of children’s books in
the home, urban or rural residence, and demographic variables of child age and gender,
maternal education and a home wealth index. Analyses revealed that just over half (51.8%)
of the children had one book in their home and less than a third (29.9%) met the criteria of
being on track for literacy-numeracy. The facilitating role of the home environment was
evident in the fact that having a book in the home almost doubled the likelihood of a child
meeting the criteria for literacy-numeracy, after adjusting for maternal education, wealth
index and demographic variables.

The broader aspects of development as assessed by the ECDI also served as the basis
for a study by Gil et al. [12] to document the prevalence of children at developmental
risk in low and middle-income countries. In this study, data were available from the
administration of the MICS and Demographic and Health Surveys between 2010 to 2016
to families of 330,613 children, ages 3 to 5 years, in 63 low and middle-income countries.
In addition to the EDCI, data was also obtained on contextual variables of rural /urban
residence, maternal education, child gender and wealth inequality indicators. As in the
previous survey studies of children in low and middle-income countries, large variability
was found for prevalence of developmental risk between and within world regions as well
as between countries. The prevalence of suspected developmental delay by region, based
on the ECD], ranged from a low of 10.1% for Europe and Central Asia and a high of 41.4%
for West and Central Africa. Within the West and Central Africa region, the variability
ranged from 24.9% for Ghana to 67.3% for Chad. The role of country income on prevalence
of suspected developmental delay based on EDCI values yielded parallel findings with
a prevalence of 41.2% for low-income countries and only 9.7% for high income countries.
Prevalence estimates of suspected delay by assessed domains across all countries was
lowest for physical development (3.5%), followed by learning (9.2%) and social-emotional
development (24.0%).

Although the issue of promoting early child development as a global initiative is
appropriately focused within the framework of inequalities faced by children in low
and middle-income countries as illustrated above, initiatives of the SDGs are universal,
applying to countries defined by higher incomes as well. Thus, the nature of developmental
problems faced by young children, and how those problems are defined and surveyed
in highly developed countries do differ, but the focus is the same, that of identifying
children at a population level at risk for developmental delay or loss of developmental
potential. Estimating the prevalence of children at developmental risk in higher income
countries may involve several different surveys as is the case in the U.S. [13]. The National
Survey of Children’s Health (NSCH) generates prevalence estimates of 20 specified health
conditions, as well as the status of overweight/obesity, risk for developmental delay and
having a specified health care need. Based on data of a nationally representative sample
of U.S. children 0-17 years of age (N = 91,642), Bethell et al. reported the prevalence of
children with a chronic condition to be 43%, an estimate was increased to 54.1% with the
inclusion of children with the status of overweight or obesity and risk for developmental
delay [14]. Based on screener data to identify children with special health care needs such
as needs for medication, additional health, mental health, or educational services, 19.2 %
of the children were documented to have special health care needs. The National Health
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Interview Survey (NHIS) is also administered to nationally representative samples of
households with 3-17 year-old children to estimate the prevalence of one of ten diagnosed
disabilities (attention deficit hyperactivity disorder [ADHD], autism spectrum disorder
[ASD], blindness, cerebral palsy, hearing loss, learning disabilities, intellectual disabilities,
seizures, stuttering or stammering and other developmental delay). In a comparative
analysis of data from the 2009-2011 to the 2015-2017 administrations of the NHIS, Zablotsky
et al. [15] reported an increased prevalence of any diagnosed disability from 16.2% to 17.8%.
Among children 3-5 years of age, developmental problems were reflected in prevalence
estimates of 10.55% for any disability, 2.73% for stuttering/stammering, 3.30% for learning
disabilities, 2.13% for ADHD and 4.67% for other developmental delays.

Reporting on NHIS data for the period 2006 to 2010, Schieve et al. found the prevalence
of diagnostic conditions in children 3-17 years of age to be, learning disabilities [LD] (7.8%),
ADHD (7.9%), other developmental disabilities [ODD] (4.3%), ASD (0.09) and intellectual
disability [ID] (0.07%) [16]. As some children were identified with more than one diagnosed
condition, Schieve et al. (2012) derived prevalence on the basis of assignment of children to
one of four mutually exclusive groups. This resulted in decreased prevalence estimates as
follows, ASD only (0.9%), ID without ASD (0.5%), ADHD without ASD or ID (7.3%), and
LD and ODD without ADHD, ASD or ID (5.0%).

As referenced above in the study by Bethell et al. [14], estimates of loss or delay
of developmental potential has also been estimated on a functional basis of identifying
special health care needs of children. Children with special health care needs were defined
by McPherson et al. as children 0-17 years of age “who have or are at increased risk
for a chronic physical, developmental, behavioral or emotional condition and who also
require health and related services of a type or amount beyond the required of children
generally” [17]. Prevalence estimates for children with special health care needs are
derived from the inclusion of a screener in the administration of the National Survey
of Children with Special Health Care Needs (NS-CSHCN), combined with the National
Survey of Children’s Health (NSCH) in 2016. The five screener items are ”(1) need for
or use of prescription medications, (2) above-routine use of medical, mental health, or
educational services compared with other children, (3) daily activity limitations, (4) need or
use of specialized therapies; and (5) need or use of treatment or counseling for emotional
developmental or behavioral conditions” [18]. Use of the screener in the NS-CSHCN,
the NSCH and the Medical Panels Survey have yielded prevalence estimates of children
with special health care needs ranging from 12.8% to 19.3% [13]. A consistent finding of
the prevalence estimates derived in these US studies is the role social determinants of
poverty and limited parental education, a role shared with risks to development in low
and middle-income countries.

3. A Dimensional Framework of Child Functioning and Development

Epidemiological studies on the nature and extent of developmental problems of young
children globally [3,8,9] reveals that using indicators such as being disadvantaged, at risk
for developmental delay and/or experience loss of developmental potential may account
for prevalence estimates ranging from 19% to 51% in countries across income levels. Preva-
lence estimates vary based on the nature of the indicator, from proxy variables of stunting,
poverty status, wealth inequalities to caregiver report of the child’s medical condition,
health care needs or social and academic skills. Of note is the large variability of children’s
risk of poor development between world regions and low and middle-income countries
within regions, ranging from 7% to 73% [9]. The role of environmental factors on children’s
poor development is evident in the variability of prevalence of risk paralleling variability
in the status of economic development of countries. Perhaps the strongest reflection of the
role of the home and community environment placing children at developmental risk is
high level of suspected developmental delay in literacy-numeracy, across the seven world
regions, ranging from 56.3% to 87% [12]. Although the studies utilized different indicators
to document developmental risk, the findings provide a consistent picture of problems and
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delays of development in up to half of all children 3 to 5 years of age growing up in low and
middle-income countries. Lower, but comparable prevalence estimates of developmental
delay and elevated health care needs in higher income countries supports the premise that
developmental risk is a universal concern for young children with implications for policy
and practice in the form of SDGs as well as regional and national initiatives.

The gradual decline in the prevalence of children at developmental risk in recent
decades with estimates declining from about half to slightly less than 40% of the population
in low and middle-income countries [9] has been documented even in the context of vari-
ability in how developmental risk was identified. Variability in prevalence estimates may
reflect the conceptualization of developmental risk as well as the specific way in how the
target problem was defined and cases identified. Different terms defining the population
of interest such as “loss of developmental potential “ [8], “disadvantaged children” [9],
or “risk for developmental delay” [12] reflect different conceptual and assessment crite-
ria and may thus account for some of the variability of prevalence estimates. However,
there is correspondence of these overall prevalence estimates supporting the premise of
common, underlying factors of developmental risk. When a more specific definition such
as “literacy-numeracy delay” [11] with an associated Literacy-Numeracy Index (LNI) was
used in a survey of 35 low and middle-income countries, mean prevalence estimate of
children not meeting the criteria for being on-track of LNI was 70.1%, with large variability
across countries, ranging from a low of 10.1% to 94.3%.

Although the succession of prevalence estimates over recent decades provides overall
documentation of the scope of children at developmental risk, differences in the identi-
fication of risk yields different implications for policy and practice. In part, differences
in the identification of risk may reflect trends in moving from the use of proxy indicators
(e.g., stunting and poverty), subgroup designations (e.g., disadvantaged children) to more
specific dimensions of developmental delay (e.g., social-emotional development; literacy-
numeracy development). Comprehensive initiatives for children have been listed in term
of goals in the MDG and SDG as the basis for defining earlier studies, but an integrated,
conceptualization of the developing child within limiting or facilitating environments has
been lacking in defining the focus of studies. The importance of a conceptual framework
integrating components of child development within a life-course perspective to promote
early development of children in low and middle-income countries has been advanced by
Black et al. [7]. Central to their approach is the promotion of the child’s developmental
potential across the life-course through the provision of nurturing care for health, nutrition,
security and safety, responsive caregiving, and early education. Implementation of such an
approach recognizes the facilitating role of the systems and policy environment and the
caregiving environment of family and community.

Within the ongoing commitment to advance the SDGs for children, a conceptual
framework is needed that captures the dimensions of the child’s interaction with the
environment defined by the SDG 4 target indicators for early childhood development 4.2,
4.2.1 and 4.2.2. Specifically, the emphasis of the target indicators on children’s access to,
and participation in, nurturing and learning environments to ensure their rights to health,
learning and well-being requires a conceptual framework integrating dimensions of the
child’s developmental interactions with the environment. Central to that framework is
a view of early development as the product of the child’s ongoing interactions with the
physical, social, and attitudinal environments. The significance of these interactions in
defining developmental trajectories and different outcomes of children has been defined in
the transactional model of Sameroff and Fiese [19] in which reciprocal child-environment
interactions account for developmental change. A similar approach has been proposed by
Batorowicz et al. [20] emphasizing transactions as the important feature for interventions for
young children. Drawing on the transactional approach, elements of the child-environment
interaction need to be defined in dimensional terms of characteristics of the child, of the
environment and of the interactions of the child with the environment. To that end, the
ICF-CY [4] offers a dimensional taxonomy and accompanying codes of body functions
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(8 chapters), body structures (8 chapters), environmental factors (5 chapters), and activities
and participation (9 chapters), well suited to document the characteristics of the child, the
environment and child-environment interactions, respectively.

Drawing on the findings of the above prevalence studies, the variable or variables
defining children’s developmental risk or loss of developmental potential can be identified
as elements of the child’s interaction with the environment as shown in Figure 1. Approach-
ing prevalence studies within a framework incorporating the ICF-CY may be useful in
several ways [6] in that it promotes focusing on developmental risk in interactional terms
rather than solely as characteristics intrinsic to the child. As a universal classification, the
ICF-CY codes offer a common language integrating data collection and analysis in health
and education sectors that may differ across countries. Further, the codes address the need
to assess child, environment and interaction variables in a standard manner across time,
for example, in specific contexts such as special education services in Portugal [21] and in
broader applications for documenting intervention outcomes in low-and middle-income
countries [22].

Child-environment interactions in early development

| Child acls on & reacts to environment |

Child Fators | Interacton Factors | Environmental
(Bodyfunctions & e~ (ACVIESE e o potors:
structures) Parllclp_allon) Products
Mental, La_arnlng, ) Nature,

SEnsory, > managing behavior. | gy byt environment,
vision mObIllty‘ suppart
. ing for self torort,

hearing, c?nzlll?acting : relationships,
speech, “—> S L atfitudes,
motor, Playing, services,

studying,

organ systems policies

Environment source of stimulation & feed back

A A A A
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Figure 1. Interactional framework—modeling child-environment interaction within International
Classification of Functioning, Disability and Health for Children and Youth (ICF-CY) domains.

4. Promoting Children’s Development: Assessment and Intervention in Health
and Education

Within an interactional framework, assessment, intervention, and evaluation activities
should target key developmental indicators, in order to identify and address the specific
delays in functioning an individual child may be experiencing. Each of these activities can
significantly influence the developmental progress of children who are experiencing delays
in development. The timing of assessment and intervention is critical.

Disparities in development can be enhanced or remediated based on the child’s
interactions within their environment. Risk factors are barriers and adverse influences on
the development of the child. Protective factors are beneficial facilitating development.
Exposure to risk and protective factors have cumulative effects [23] that occur when a
child is exposed to the same factor repeatedly or different factors with fewer occurrences.
Children who have accumulated more risk therefore need more protective factors to
promote development. Greater protective factors are associated with better outcomes for
children [24]. For example, children who experience multiple risk factors such as poverty,
malnutrition, delayed motor development, and delayed speech are impacted by all of the
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factors cumulatively. Early assessment and intervention practices are key for children
facing increased risk, as they allow a mechanism to also increase protective factors during a
critical time for child development. A time where gaps in delay can more easily be lessened.
Evaluation of assessment and intervention practices allows for more target progress.

Assessment provides information about the level of current functioning, strengths,
and deficits, which can then be used to drive the individual goals of an intervention. There
are many key issues to consider when planning for developmental assessment. Assessment
practices begin with instrument selection. An assessment plan should include gathering
baseline information as well as measures to monitor progress. Instrument selection should
be culturally relevant, valid, and reliable within the population context. When choosing an
instrument, stakeholders should consider the benefits and risks of using a measure.

Although there is a range of developmental assessment measures, particularly in
higher income countries, their applicability for use in low-resource countries is limited.
Semrud-Clikeman et al. [25] compiled a comprehensive review of neurodevelopmental
assessments and screeners for clinicians to determine the best instrument for their goals. In
this review, the authors defined the additional considerations needed in order to choose an
appropriate assessment tool in the context of low- and middle-income countries. Stake-
holders need to determine whether they will use a formal assessment tool, an adapted
version of a formal assessment tool, or a locally developed test. Administering a formal
assessment tool allows for standardized data to be collected, with scores comparable to
a norm reference group. This data provides a clear picture of how an individual child is
performing in various domains, it also provides norm referenced scoring which is useful
for determining delay. Using formal assessment tools are useful when they are assessing
children who are represented in the norm referenced sample.

When assessing children who are in a different cultural context than where the assess-
ment was developed, an approach that has been taken has been to develop an adaptation
of the measure for the local context. To avoid overidentification due to cultural bias,
and changes in reliability and validity, children should be assessed using data pre- and
post- intervention to determine the change in functioning rather than focusing solely on
norm referenced data to define delay. Developing local tests can be useful to determine a
child’s developmental functioning in the context of their community environment, which
may have distinct priorities that shape the developmental trajectory of a child. Though
Semrud-Clikeman et al. [25] provide a framework for thinking through the context of a
developmental assessment, the bulk of their review provides a matrix of assessments for
various neuropsychological domains with specific information about adaptations, training
requirements, and test-specific information for practitioners. Their seminal work can be
used as a guide for practitioners to begin choosing a specific measure within context of
culture, disease, and area of development.

The lack of standardized measures suitable for use in assessment of young children in
low-resource countries has been identified by Bhavnani [26] as a significant impediment for
population-based screening and for assessing dimensions of child functioning for planning
and monitoring interventions. The use of existing tools and measures is often not an option
for a number of reasons. From a practical standpoint, the use of standardized, proprietary
measures may not be feasible because of cost and the requirement for highly trained
professionals to administer them. Lack of standardization with a reference population,
concerns about cultural fit, specificity of content and mode of administration are additional
constraints on developmental assessment of young children. Recognizing these constraints
for valid developmental assessment, particularly of children in rural contexts, a gamified
tool was developed to assess cognitive development using tablet technology that could
be administered by non-specialists. Specifically, the Developmental Assessment on an E-
Platform (DEEP) tool, uses games and narratives on tablets to assess cognitive development
of three-year old children across six domains: response inhibition, divided attention, visual
form perception, visual integration, reasoning and memory. The cognitive domains were
assessed on the basis of the child’s play of nine interactive games such as hidden objects,
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odd one out, jigsaw and location recall. In a phased testing of alpha and beta versions of
the DEEP, the tool generated metrics that reflected individual differences in accuracy and
completion of cognitive skills. In a subsequent proof of concept study, Mukherjee et al. [27]
administered the DEEP to 200 three-year old children in a rural district in India to test the
utility of derived scores to predict children’s performance on a standardized tool, the Bayley
Scales of Infant Development-III. Results indicated that DEEP scores were predictive of, and
positively correlated with cognitive performance on the BSID-IIIL The potential utility of the
DEEP for developmental assessment of children in low-resource countries is supported by
the fact that it yielded reliable data in the context of a developmentally homogeneous study
population (mean BSID-III cognitive score of 8), and physical limitations with one-third
characterized by stunting and one-fourth being underweight.

Optimal intervention occurs as early as possible, recognizing that disparities in early
childhood have long lasting consequences. These consequences can be mediated by early
intervention programs in which long-term effects have been noted related to cognitive
development, as well as behavioral and emotional development in children [28]. In higher
income countries, early intervention focuses increasingly on preparing for educational
readiness through programs such as preschool, head start, or home visit interventions. In
low- and middle-income countries, additional consequences of health and environmental
factors, such as increased risk for malnutrition or infection and disease, may require the
creation of different types of intervention feasible in low-resource settings.

Interventions to facilitate improved developmental outcomes for children may involve
implementing community-based programs or processes that promote children’s develop-
ment in low- and middle-income countries. Interventions may target the child directly
or aim to involve the interactions between the child and their environment. Eickmann
et al. [29] described a community-based intervention program implemented in Brazil in
which the intervention program was designed to improve cognitive and motor devel-
opment by targeting the interaction between the child and their mother. Mothers were
trained to implement simple interactions that promote motor and cognitive development
within the home environment. Children who received the intervention showed significant
improvements in both cognitive and motor development. Children who showed greater
initial delays made larger overall gains from the intervention. Children who received the
intervention maintained their developmental progress when measured 12-18 months later,
while children who did not receive the intervention showed scoring decline.

The intervention included a workshop component as well as home visits. The inter-
vention was designed to increase the mother’s skill through demonstration, practice, skill
building, and reinforcement in the home environment. The intervention was intensive, with
three workshops and ten home visits occurring over a period of five months. This study
highlighted several key factors for optimal intervention, including early assessment leading
to targeted intervention for children most at risk. The study also promoted a process that
changed the social and environmental interactions of children to increase stimulation.

In upper middle- and high-income countries, intervention priorities may shift toward
the developmental risk factors present in the population served to also include school
readiness behaviors as part of developmental outcomes. In the U.S., children with develop-
mental delays or other disabilities can begin receiving early intervention services beginning
at birth, and eventually provided through the public-school system beginning at age three.
Elbaum [30] investigated the developmental outcomes of children with delays (n = 17,828)
who participated in preschool special education. Children received services to support the
development of communication, cognitive, adaptive, motor, and social development. Using
the Battelle Developmental Inventory, Second Edition (BDI-2), children were categorized
into severity of delay (no delay, mild/moderate delay, and severe delay). Children with
a mild or moderate delay (24.2% of the sample, upon entry) made significant gains, with
over half (57.6%) exiting the preschool program functioning at age level development. Of
the children with a severe delay (60% of sample, upon entry), developmental gains were
made as well with 23% exiting the program meeting age level developmental expectations.
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Children with more complex delays (including delays across multiple measured categories)
showed higher level of risk upon entry and less age expected developmental progress
upon exiting the program [30]. This outcome speaks to the importance of considering the
complex nature of supporting children with multiple areas of delay or children with special
healthcare needs, as their developmental needs are unique. These groups of children benefit
from early developmental intervention, but may not experience the same immediate gains
in developmental progression as children with fewer domain areas of delay or children
without special healthcare needs.

Early childhood interventions in Turkey [31] and Austria [32] have structures similar
to those in the U.S., beginning at birth with early intervention services which transition
to school-based services around 36 months. Early intervention programs in each of these
countries are structured by legislation and public policy. They also illustrate similar
challenges in cohesiveness across sectors. For example, integrating health and nutrition
programs into early intervention services require an integration of intervention from
multiple stakeholders. These three countries also face challenges of public awareness of
intervention programs as well as limitations with diagnostic requirement for services and
lack of opportunities for inclusive programing with typically developing children.

A specific example of an early intervention program implemented in the context of a
school-based service, is the Tools of Mind (Tools) program. Recognizing the importance
of environmental interactions in intervention, Diamond et al. [33] investigated the impact
of Tools on individual and environmental factors in Canadian kindergarten classrooms.
The Tools curriculum is designed to teach strategies to support executive functioning skills
by teaching contextually based attentional control and self-control strategies. The authors
built on previous studies of the Tools intervention to further investigate the impact of the
intervention on the environment by measuring the child’s prosocial behavior, academic
performance, classroom stress, and teacher burnout. Results of the study, as measured by
standardized academic assessment tools and teacher surveys, indicated the contextually
based Tools intervention resulted in individual and environmental impacts. Children who
were enrolled in a classroom where the teacher used Tools had improved self-regulation
skills and performed better academically. Environmental impacts in the classroom included
less bullying, increased helping behavior of students, and increased enthusiasm, and
decreased burnout among teachers.

In defining replicable strategies of intervention for low-income countries, Engle
et al. [34] examined the effectiveness of cross sector programs to optimize the health
and the environment of children through intervention. Factors associated with effective
intervention included: direct services provide to children, early intervention- especially
to those most disadvantaged, and longer or more intensive exposure to the interven-
tion. Additionally, structure and establishing processes were associated with program
quality. Though early intervention provides significant benefits strategies to minimize
environmental, health, and social risks are also key. This can be challenging as it requires
investments beyond direct child intervention, and into other sectors of public policy, re-
search, and governmental programming working together to support comprehensive early
child development interventions.

Evaluation of implemented interventions should be considered at both the systemic
and individual level. Promoting optimal functioning for children requires the facilitation
and coordination of assessment, intervention, and evaluation efforts. Evaluation should
include systemic indicators as well as individual indicators. Framed within the lens of
transactional theory, Black and Dewy [35] emphasized the importance of integrated inter-
ventions, while also magnifying challenges in evaluation. Integrated interventions across
health and education target a child’s developmental needs across sectors (i.e., early child
development and nutrition). Integrating nutrition programs into early education programs
intuitively makes sense, as better nutrition is linked to cognitive development and func-
tioning. Research is needed to demonstrate that nutrition and early child development
programs are more effective than early education programs alone [35]. This perspective is
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elaborated by Lipina and Posner’s [36] comprehensive review demonstrating the relation-
ship of cognitive, linguistic and behavioral development with nutrition and underlying
development of brain networks. Within this perspective, interventions, particularly for
children in poverty need to address the associated risk factors of malnutrition, inadequate
housing, and limited access to health care, support and early education.

Given the importance of integrated interventions to promote children’s developmental
potential, meaningful evaluation becomes a key priority. Systematic efforts to evaluate inter-
ventions that combine cross-sector programs are challenging in that they require multiple
stakeholders to coordinate, organize, and monitor programming. In providing combined
health and educational services emphasizing child-environment interactions, there is a
need for collaborative initiatives across sectors serving young children, particularly chil-
dren at risk and with disabilities. Studies focused on child-environment interactions in
the educational or health settings. For example, Sanches-Ferreira M et al. [20] described
special needs assessment in the Portuguese educational system. Interestingly, the authors’
findings support the need for an expanded focus on person-environment interactions,
considering students’ participation in different domains of life—besides learning—as well
as the impact of environmental barriers over students’ participation. In addition, they
highlight the need for training programs centered on a biopsychosocial understanding of
human functioning, the establishment of a transdisciplinary collaborative culture and the
use of dynamic assessment tools to equip professionals with appropriate conditions to use
the ICF-CY within an interactive perspective. Moreover, Batorowicz et al. [19] proposed a
model for research and clinical practice that directs researchers and practitioners working
in rehabilitation of young children toward interventions that address the mechanisms of
child-environment interaction and that can build capacity within both children and their
social environments, including families, peers’ groups and communities. In this service
provision approach, the authors highlight that health is created and lived by people within
the settings of their everyday life; where they learn, work, play, and love [19].

Table 1 shows the key findings of the studies included in this section applying a
child-environment interaction framework. Promoting early child development, we have
identified children’s factors, environmental factors, and interaction factors facilitating child
development and functioning in different settings (Table 1).

Table 1. Promoting early child development: a child-environment interaction framework.

Study Authors

Child Factors Interaction Factors Environmental Factors

Eickmann et al. 2003

Increase play interactions
between mother and child
Increase maternal knowledge
of development, while

Home environment factors
Addressing limited resources

Cognitive functions Early assessment and

Motor functions R ] intervention
teaching skills R .
. Skill reinforcement in home
Changing of maternal visits

self-perceptions

Elbaum, 2020

Provision of preschool special
education services under Part
B-619- IDEA legislation
Children deemed eligible for
special education services
through federal guidelines

Promoting and supporting
developmental progress
Increase ability to participate
in activities typical for same
aged peers

Communication
Cognitive functions
Motor functions
Psycho-social functions
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Table 1. Cont.

Study Authors

Child Factors

Interaction Factors

Environmental Factors

Engle et al. 2007

Sensorimotor functions
Cognitive functions language
development
Psycho-social functions
Physical functions

Parenting /parent-child
interactions
Provision of nutrition and
education)

Early, intense intervention
programing
Enhanced, coordinated
intervention
Families partnering in
intervention

Center based programing
Optimal environment: early
childhood programs with
structure and established
processes
Environmental risks- toxins
Infectious risks: HIV/AIDS,
malaria
Social risks- maternal
depression, experiencing
violence, abuse, or neglect

Diamond et al. 2019

Cognitive functions
Executive function)
Psycho-social functions

Teacher/Child interactions
Peer interactions
Play based intervention
environmentally embedded in
kindergarten classroom

School based programming,
embedded in kindergarten
curriculum
Protective factors- proactively
teaching executive
functioning skills in
generalizable context
Addressing social risks-
bullying, loneliness

Black and Dewey, 2014

Cognitive functions
Executive function)
Psycho-social functions

Learning through enrichment
experiences
Responsive interactions with
caregivers
Providing structure and
encouragement

Addressing barriers
associated with poverty
Integrated interventions that
include nutrition and early
child development

Semrud-Clikeman, 2017

Neurodevelopmental
functions
Attention/memory functions
Visual-motor, and motor
functions

Provision of appropriate
developmental assessment
within the country of interest
Child’s experiences and world
view

Assessment in language of
origin
Context of assessment
administration
Assessment tasks matching
culturally developed abilities

Mukherjee et al. 2020

Cognitive functions
Physical functions

Cognitive assessment of
development of 3-year old
children with gamified
measure
Performance predictive of
standardize measure of
development

Low-cost technology
Tablet with games
Utility in rural context

5. Contribution to the Field of Early Child Development

This narrative review highlights the pivotal studies supporting the role of environmen-
tal factors and interaction factors influencing child development, developmental potential,
and functioning trajectories globally (Table 1). In addition, the selected studies show
the gaps related to the lack of comprehensive and collaborative frameworks of assess-
ment and service provision in early child development across sectors. Hence, guided
by the ICF-CY, we propose an intervention framework of child-environment interactions
to optimize children’s developmental functioning and trajectories at a population level
(Figure 1). The proposed interactional framework can guide the identification of key de-
velopmental indicators for assessments, interventions, and evaluations. Moreover, the
universal adoption of the ICF-CY and pediatric ICF-based tools as guiding frameworks
for comprehensive assessment of children’s development and optimal functioning across
health and education, promotes professional training on integrated assessments, evalua-
tions, and interventions, fosters collaborative service provision across sectors, and facilitate
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communication among multiple stakeholders [6,37-39]. Systematic efforts to use a com-
mon language in assessments and interventions across sectors will facilitate continuity of
care, coordination, organization, and monitoring of programs throughout the children’s
developmental trajectories.

Limitations

Despite the wide scope of this narrative review of global initiatives reporting on
children, families and environmental factors impacting early child development, it is
important to note some limitations. The main limitation relates to the authors” personal
preferences and areas of expertise which could have influenced the selection of studies
reviewed in this paper. Moreover, we included studies published in English, therefore, we
might have missed important information published in other languages.

6. Conclusions

The goals of assessment to promote children’s developmental trajectories are to gather
accurate data about the child’s level of functioning across domains of cognitive, commu-
nicative, motor, social and adaptive development. Such assessment provides the basis
for identifying areas of strength and if delays exist- while also considering the cultural
context of the child and communicating the assessment findings to specify targeted inter-
vention. Given the significant need, but limited availability of developmental measures
appropriates for low and middle-income countries, an important priority in the continuing
implementation of SDG is the development of measures that assess proximal aspects of
child functioning that can complete more distal, proxy measures of development such as
poverty and stunting. The ECDI and the literacy-numeracy index, and the development
of the DEEP represent measures appropriate for assessing developmental functioning of
young children in low-resource countries. The integration of multiple sectors, although
challenging yields potential benefits to the evaluation process. To this end, Black and
Dewey recommend designing evaluative processes with multiple integrated interventions
in mind, examining population factors, and then promoting capacity among care providers
to support evaluation from a theory-based perspective [35].

This narrative review advances the importance of adopting a universal child-
environment interaction framework in initiatives to promote the early development of
children around the world. Using the ICE-CY as a guiding framework, assessments and
interventions can be planned and delivered considering dynamic child-environment in-
teractions, facilitating communication across sectors, and facilitating continuity of care in
the changing environment—home, school, community—where children grow, develop,
and play.

Future Direction

For children to realize their developmental potential, there is a priority to ensure
equitable access to appropriate screening, assessment, and intervention. As countries vary
in terms of environmental, societal, and economic challenges, it is important to consider
country contexts when developing and evaluating assessment and intervention initiatives.
Considering low cost and sustainable options for assessment and intervention can reduce
financial barriers. Incorporating technology into early intervention and assessment prac-
tices can decrease barriers imposed by distance and increase access to trained professionals.
Incorporating mechanisms for identifying culturally appropriate assessment practices
increases accuracy of identification of need while reducing the potential for overidentifica-
tion of delays. Capitalizing on the expertise of interdisciplinary teams can also support
stakeholders across sectors to ensure continuity and proper administration of interventions.
Adoption of a common language to report outcomes can facilitate comparison of outcomes
and interventions across sectors, programs, and countries. Continued work is needed
globally to support children’s developmental trajectories toward positive outcomes. This
is especially true as countries adapt assessment and intervention practices in the face of
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evolving environmental impacts of poverty, natural disasters, pandemics, societal and
economic changes to prevent the loss of developmental potential of all children.
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Abstract: Children with congenital Zika syndrome (CZS) present severe motor disability and can
benefit from early powered mobility. The Go Zika Go project uses modified ride-on toy cars, which may
advance the body functions, activities, and participation of children. This paper describes the study
protocol aiming to assess the feasibility of a modified ride-on car intervention for children with CZS in
Brazil. A mixed-methods design with a multiple 1-week baseline, 3-month intervention, and 1-month
follow-up will be implemented. Modified ride-on car training sessions will be conducted three times
a week at the participants” home or in the clinic. The primary outcome will be a narrative description
of study feasibility (photovoice method, focus groups, parent feasibility questionnaire and assessment
of learning powered mobility). Secondary outcomes will be switch activation, driving sessions
journal, social-cognitive interactions, mobility (pediatric evaluation of disability inventory computer
adaptive test), goal attainment scaling (GAS), and participation (young children’s participation
and environment measure). Go Zika Go is expected to be viable and to improve function, activity,
and participation of children with CZS, providing a low-cost, evidence-based rehabilitation option
that will be relevant to early child development in a global perspective.

Keywords: congenital Zika syndrome; user participation; mobility; intervention

1. Introduction

Congenital Zika syndrome (CZS) became a global concern after the Zika virus outbreak in
2015, which mainly affected Brazil [1]. The situation is more serious in the Northeast region,
which concentrates the majority of cases, and is marked by strong social problems, scarcity of
investments in the training of human resources and in the provision of health services [2]. Children
with CZS have severe motor disability, the majority of them compatible with Gross Motor Function
Classification System (GMFCS) classification V (i.e., no prognosis for independent mobility) [3].
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Only one study evaluated the profile of functioning of children with CZS in Brazil, demonstrating
that activity and participation were highly impacted, and that societal attitude was the main barrier
to participation [4]. To date, only one preliminary study has been published on the rehabilitation of
children with CZS between 3 and 9 months of age. The results indicated that the intervention program
based on the principles of Goals-Activity-Motor Enrichment (GAME) improved mothers” assessment
of their babies” performance, and satisfaction with the performance of functional priorities and the
perception of an enriched home environment [5].

As CZS is a completely new condition, rehabilitation approaches more commonly used are based
on recommendations for cerebral palsy (CP). Even for CP, evidence-based interventions are more easily
available for children with mild to moderate motor impairment, and interventions are limited for
children with severe motor impairment [2,6]. Young children with typical development exhibit gains
in cognitive development, communication, and social skills after starting independent walking [7-9].
Young children with motor disabilities are often not able to take part in self-initiated mobility, and are
more likely to experience cognitive and developmental delays, as well as less social interactions with
caregivers and peers [10,11].

For young children with disabilities, early powered mobility may advance the body function,
activity, and participation, in contrast to other interventions within pediatric rehabilitation which are
often focused exclusively on one physical skill (body structure domain) in isolation of other therapeutic
goals within a stagnant clinical environment (ex. treadmill training). Research indicates positive
results of powered mobility interventions for young children with functional impairments [11,12] since
battery-operated ride-on cars are easily modified and are considered as an option of increasing interest
for motorized mobility for children with disabilities.

Globally, there are very few commercially available motorized wheelchairs for young children
with disabilities and existing options are extremely expensive (>USD 17,000 for a base model) [13].
Environmental inaccessibility and device characteristics inhibits motorized wheelchair use [12-15].

The low cost of modified cars (<USD 400) can minimize some of the barriers previously reported,
such as an inaccessible physical environment, financial impact, and peculiarities of motorized
wheelchairs readily available commercially. The modifications are fundamental and include the
use of large and easy-to-press actuators generally positioned on the steering wheel; in addition to the
requirements to provide stability in the seat using common materials, such as polyvinyl chloride (PVC)
pipe, swimming kickboards, and Velcro.

Several studies have showed the results of a powered mobility intervention with modified ride-on
car on the behavior and development of young children with disabilities, including CP. Although
none of the children in these studies were formally referred to use powered mobility devices due to
their young age or diagnosis, all demonstrated the ability to independently press the activation switch,
enjoyed driving sessions, and some experienced increased self-care mobility [16], social skills [16,17],
as well as increased peer interaction on the playground [18], and during an inclusive playgroup [19].
The limitations of previous work includes a heavy reliance on low-evidence level research designs
(i.e., case reports and case series); the inclusion of participants with varying disabilities in the same
sample; and the reporting of a wide variety and often very low adherence rates to recommended use
guidelines. These limitations have hindered the interpretation and generalization of study results and
will be addressed in the current protocol.

Although participation-based interventions are a promising strategy not only to improve
participation but also body functions [20], there are no evidenced-based practices to guide clinical
recommendations of early powered mobility device use, including modified ride-on cars, for young
children with disabilities, including CZS. The current protocol will address this gap in knowledge
and will have a direct and immediate impact on clinical practice. From a global health standpoint,
the results may provide an evidence-based rehabilitation option that will be relevant to early child
development in low resource contexts. The objective of this study is to determine the feasibility of a
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powered mobility intervention for young children with CZS with severe motor impairment including
acceptability and effectiveness. The specific aims are:

L

II.

III.

To evaluate the acceptability of a modified ride-on car intervention for young children with
CZS and their families.

To determine the effect of a modified ride-on car intervention on the (a) mobility and social
function, and (b) participation of young children with CZS and their families.

To understand the barriers and facilitators of a modified ride-on car intervention for young
children with CZS and their families.

2. Materials and Methods

2.1. Design

This is a feasibility trial of a mixed-methods case series, prospectively registered, with 3-month

intervention and 1-month follow-up. The follow-up will aim to assess preliminary learning retention
and implications of modified ride-on car training sessions [16]. This prospective study will provide
important information about the feasibility, assistive effectiveness, and rehabilitative effectiveness of
the first intervention focusing on powered mobility for children with CZS in Brazil. The procedures
and timeline of the study are included in Figure 1 and Table 1.

Sociodemographic Form,

Modified ride-on
car training
sessions

Parent Feasibility Questionnaire,
ALP, Switch Activation, Daily
Driving Journal

PEDI-CAT,
YC-PEM, GAS

T
i

i » i’.
Week 0 Week 1-4 ) o &
\ )O

What: Modified ride-on car Intervention
Who: children 1.5-5 years old with CZS car training
Location: Home or Clinic N
ion:
Frequency/Dosage: 3 times/week/30 minutes sessions
Duration: 12 weeks REVALUATION
Cost: No cost. Children will receive the car as donation when the Parent Feasibility
intervention is completed Questionnaire, ALP,
) ALP,
Switch Activation,
Daily Driving Journal,
Focus Group

Modified ride-on

i
REVALUATION
Parent Feasibility Questionnaire, A
ALP, Switch Activation, Daily Driving el
Journal, PEDI-CAT, YC-PEM, GAS, car training
Focus Group, Photovoice sessions

ALP,
Parent Feasibility -
Questionnaire,
Daily Driving Journal

Figure 1. Go Zika Go timeline and procedure intervention for children with congenital Zika syndrome
(CZS) between 1.5-5 years age.
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Table 1. Study design schedule.

Study Period
Assessment Tools
Enrolment  Baseline  Intervention Revaluation Follow up
Time Point Week 0 Week 0 Weeks 1-12  Week4  Week8  Week 12 Week 16
Eligibility screening X
Informed consent X
Modified ride-on car training sessions X
Sociodemographic Form X
PEDI-CAT X X
YC-PEM X X
GAS X X X
PFQ X X X X
ALP X X X X
Switch Activation X X X
Daily Driving Journal X X X X
Focus Group X X
Photovoice X

PEDI-CAT: Pediatric Evaluation of Disability Inventory-Computer Adaptive-test; YC-PEM: Young Children’s
Participation and Environment Measure; GAS: Goal Attainment Scaling; PFQ: Parents Feasibility Questionnaire;
ALP: Assessment of Learning Powered Mobility.

2.2. Participants

Inclusion criteria: (a) Diagnosis of CZS, (b) GMECS [21], level IV or V, (c) aged between 1.5 and
5 years, (d) no previous experience with powered mobility.

Exclusion criteria include the presence of uncontrolled seizures and musculoskeletal deformities
that prevent adaptation of the seating support in the device.

2.3. Sample Size Estimation

In this feasibility study, we will recruit 10 children with CZS. This small sample will provide
data on the feasibility of the protocol, thus helping determine the sample size for a larger randomized
trial using powered mobility in children with CZS. Given the lack of previous studies measuring the
outcomes of interest for this study, the sample size was estimated according to recommendations of
the minimum sample for pilot studies [22].

2.4. Settings and Locations Where the Data Will Be Collected

The scenario of CZS in Brazil is 3523 confirmed cases, with the Northeast region being the most
affected, with 1907 cases. Rio Grande do Norte, where this study will occur, is one of the 9 states in the
Northeast region and has 126 confirmed cases of CZS. In the national gross income ranks, it occupies
the 17th position among the 34 Brazilian states. In 2010, the Human Development Index of Rio Grande
do Norte was 0.684 and ranked 16th among the 27 federative units in the country.

Recruitment of participants will take place through early intervention services, pediatric clinics
that provide physical and occupational services, and community-based programs that serve the study
populations throughout Rio Grande do Norte (RN) state in Brazil. The recruitment will take place
between January and December 2021.

2.5. Patient and Public Involvement

Parents’ involvement in the design of the protocol: parents or caregivers of children diagnosed
with CZS who received a rehabilitation service at Clinica Escola de Fisioterapia da Facisa—Santa Cruz,
RN were asked to answer a questionnaire prepared by the researchers, with 8 questions related to
intervention preferences. Initially, the parents watched a video about the Go Zika Go project and
then they were interviewed by the first author (EL) at the clinic or at home. The questions included
aspects of the families’ interest in participating in the intervention, space available at home to use the
ride-on car, ideal time for mobility training, preference for the place to perform the intervention, etc.
Five parents/caregivers participated in this exploratory stage of the research. The results of this stage
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showed that all families were interested in participating in the intervention and stated that the training
can be performed at home and/or at the clinic setting.

2.6. Outcomes Measures

2.6.1. Primary Outcome

The primary outcome of the study will be the feasibility of the protocol, including a narrative
description, recruitment and retention rates, adherence and acceptability of the protocol. A mixed
methods approach will be used to assess the primary outcome.

A document analysis will determine the number of parents who received information about the
study by mail, the number of potential participants contacted by telephone, how many parents met the
inclusion criteria and how many provided informed consent, received, and completed the intervention.

Qualitative data will be collected using the photovoice method and focus groups. Photovoice is
a participatory action-research modality that uses photographs to express individuals’ experiences
during their daily realities [23].

Photovoice aims to record and present everyday realities using photography; promote dialogue
and critical reflection of reality and know the strengths and weaknesses of the target audience; and
reach decision makers [24]. Photovoice will explore families” perception of the feasibility of modified
ride-on cars for children with CZS at home and in the community. In the eighth week of the intervention,
the parents of children with CZS will be invited to participate in a focus group to provide information
about the application of photovoice, its ethical aspects, to clarify doubts about the handling of cameras,
expectations in participation and to solve personal issues that may arise. Thus, the methods will
follow the Wang and Burris [25] recommendations. Disposable cameras will be offered to record the
photos. Parents or caregivers who prefer not to use the camera offered by the researchers will use
the cameras on their smartphones and share information by the messaging app. Guidance will be
provided on how to capture quality photos, and information about the privacy of people in the scene to
be photographed. Parents/caregivers will be instructed to photograph moments of the child’s routine
at home and in the community. To guide the capture of the photos, parents/caregivers should follow a
script of questions asked by the researchers, which include: (1) How does my child feel when using the
modified ride-on car? (2) Does the modified ride-on car help my child to get around at home and in the
community? (3) Does the modified ride-on car help my child to play with other children? When and
where is the modified ride-on car used? Participants will be instructed to capture photos that answer
study questions over the next 4 weeks (the third month of intervention). It is recommended that
each participant register between 20 and 30 photos [25]. After this period, digital images or printed
photographs will be delivered to the research team for the preparation of the second focus group.

In the 12th week of the intervention, the second focus group will be held, where the photos will be
displayed and shared with the researchers and other participants, so that the images can be discussed,
allowing for a deep reflection from the creation of a proper reading of each moment, on the use of
modified ride-on cars by children with CZS at home and in the community. Each participant will be
asked to select the most significant pictures representing the experience of their children using the
ride-on car. The showed method [26] will be used through its specific questions to facilitate assistance
to participants in contextualizing the meaning of their photographs. In addition to the discussion
on the contents of the photos, the following feasibility questions guide will be used: What is your
perception of the intervention with modified ride-on cars? What helped or hindered your child’s use
of the modified ride-on cars at home and in the community? Do you think the intervention was useful
for your child? All focus groups will be conducted in person by two members of the research team.
The sessions will be recorded in audio and video, transcribed and analyzed thematically [27,28].

Quantitative data will be collected from feasibility questionnaires for parents and professionals.
The parents feasibility questionnaire (PFQ) [29,30] includes questions related to satisfaction with the
intervention, the time of use at home and in the community, the usefulness of the ride-on car, the level
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of comfort related to the time of its use and the need for help from others during use. PFQ will be
used at the end of week 4, 8, and 12 of the intervention, and at follow-up. The assessment of learning
powered mobility (ALP) [31] will be used to measure the feasibility of the intervention. This tool is able
to describe the learning process’ phase at the initial stages of using a powered mobility device. It also
documents the child’s occupational performance, thus supporting the selection of learning strategies.
Phases are scored from 1 (novice) to 8 (expert) to describe occupational performance while using a
powered mobility device, considering five categories: understanding of tool use, level of attention,
expressions and emotions, activity and movement, and interaction and communication [31,32]. In this
study, the ALP will be applied at the end of weeks 4, 8, and 12 of the intervention, and at the follow-up.
In addition, a sociodemographic questionnaire will be used for all participants at the baseline.

2.6.2. Secondary Outcomes

Switch Activation

Switch activation is defined as when the switch is pressed to activate the modified ride-on car
and make it “go”, thereby moving in space from one place to another [30]. Switch activation may
occur from the child in the modified ride-on car independently or with assistance (either physical or
verbal cueing) from others. Assistance may be provided by a sibling or peer, or an adult such as a
parent/caregiver or clinician. The duration of switch activation, who activated the switch, and the
level of assistance, if any, provided to the child using the modified ride-on car will be coded. Total
switch activation time (minutes and seconds) and percentage of time of each 10-min video will be
coded and reported. Switch activation analyses will be carried out at the end of week 4, 8, and 12 of
the intervention.

Inter- and intra-rater reliability (at least 85% agreement) will be established on 10% of the video
recordings amongst one expert coder and two secondary coders. Training will include coding of video
recordings, discussion of disagreements, and coding of additional videos until reliability is established.
All videos will be coded in Datavyu.

Daily Driving Journal

Parents will record the date, duration (minutes) location, and activities during each driving session
in a daily driving journal. The researcher will collect the daily driving journal at the end of the study.
The daily driving journal for entries of week 4, 8, and 12 of the intervention, and in the follow-up will
be analyzed.

Pediatric Evaluation of Disability Inventory-Computer Adaptive-test (PEDI-CAT)

The PEDI-CAT is the computerized version of PEDI and has been translated and adapted culturally
to Brazil [33]. Itis answered by the children’s caregiver and has an item bank divided into two domains:
(1) mobility, which includes 75 items ranging from basic motor skills (e.g., sitting without support)
to more difficult motor skills (e.g., running or climbing a step ladder). Additionally, this domain
includes the use of walking devices; (2) cognitive/social, which includes 60 items related to interaction
(e.g., follows the gaze of another person), communication (e.g., uses gestures to ask for something),
everyday cognition (e.g., recognizes his/her name), and self-management (e.g., when upset response
without hitting). In these domains, the four-point scores (unable, hard, a little hard, easy) are based on
different levels of difficulty. The overall score is transformed in a normative score (based on age) and a
continuous score that will be used in the analyses. The PEDI-CAT will be administered on the baseline
and at the end of the 12th week of the intervention.

Young Children’s Participation and Environment Measure (YC-PEM)

The YC-PEM, aimed to be used for children from zero to five years, explores the frequency of
participation in activities, the level of involvement of participation, the parent’s satisfaction with
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the children’s current participation and the environmental supports and barriers considered to be
important. Parents will report their child’s participation across home, community and childcare
activities. For each type of activity, parents will report on (1) frequency of attendance (i.e., how often
the child attends an activity) (8-point scale, from never (0) to once or more times every day (7); (2) level
of involvement (i.e., the child’s level of engagement in the activity) (5-point scale, from not very
involved (1) to very involved (5)); and (3) their desire for their child’s participation to change (i.e.,
their dissatisfaction) [yes, no]. Then, caregivers will evaluate the impact of environmental features
and resources on participation (3-point scale, from usually helps/usually yes (3) to usually makes
harder/usually no (1)). The YC-PEM will be administered at baseline and at the end of the 12th week
of the intervention [34].

Goal Attainment Scaling (GAS)

GAS is an objective method of quantifying goal attainment. Goals are scored on a Likert-type scale
from -2 (representing no positive change at all from baseline/ regression), —1 (a little less change than
expected), 0 (attainment of goal at the expected level), +1 (a little more change than expected), to +2
(attainment of goal at much more than the expected level) [35]. Goals are personally relevant to the
individual family (rather than standardized), with the distance between each increment representing
a relatively equal amount of effort or improvement to achieve. Outcome scores on an individual’s
goals will be converted to an aggregate T score (regardless of the domain to which the GAS goal is
aligned) which will be the unit of analysis. One to three GAS goals will be set in the baseline and at the
end of the 8th week of the intervention. At the end of the 12th week of the intervention, the goals will
be reviewed.

2.7. Intervention

’

Modified ride-on car training sessions will be conducted three times a week at the participants
home or in the clinic, according to family preference. A therapist will guide the sessions at both
locations. The intervention session will include the following: (1) environment setup (e.g., instructing
families) (5 min); (2) natural play as a warm up activity (5 min); and (3) social training and mobility
with modified ride-on cars (30 min). The focus of treatment sessions will be based on the social
function goals and the expected mobility set by caregivers in the modified GAS after the pretest [36].
The 30-minute driving session will involve the participants learning cause—effect concepts by driving
the modified ride-on car (i.e., pressing the switch for moving and releasing it for stopping). The dose
of the intervention will be adjusted considering the opinion of the parents who participated in a
previous interview and the results of a recent study, where the average time of interventions was 24
to 30 min [37]. The therapist and caregivers then will use verbal and physical cueing to encourage
children to drive and explore the surrounding environment [17,38]. All sessions will be video- and
audio-recorded. Figure 2 shows a modified ride-on car and a child with CZS.
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Figure 2. Modified ride-on car and a child with CZS.

2.8. Modified Ride-On Cars

Ride-on cars will be modified with a joystick for activation. Joystick control will allow
omni-directional turning and proportional speed-control. The vast majority of research with modified
ride-on cars has installed a large, easy-to-press, all-or-nothing activation switch that does not provide
turning nor speed control. These steering and speed modifications will enhance the ability for young
children with CZS to explore the environment and use the device within the home and community.
Joystick activation ensures that children are provided with an opportunity to use an activation method
that is consistent with future joystick-driven device options, such as motorized wheelchairs. Ride-on
cars will be modified with optimal seating support using readily available, low-cost materials based on
each child’s individual needs. Ride-on car models will be selected based on their design and structure
to provide seating support.

2.9. Statistical Analysis

Quantitative data will be imported into the Statistical Package for Social Science (SPSS) 22.0
for analysis and reported using descriptive statistics (absolute and relative frequencies, measures of
central tendency and measures of variability). For numerical data, the Wilcoxon test will be used
when there are two measurements, while the Friedman test will be used when there are more than two
measurements. For categorical data, the Chi-Square test will be used. All the analyses will consider a
confidence interval of 95% (CI95%) and a statistical significance of p < 0.05. Adverse events will be
categorized. The percentage of scheduled and completed treatment sessions will be compared.

The feasibility results will be presented qualitatively. The researchers will analyze the audio
transcripts of the focus group, Photovoice and additional questions through the thematic analysis
to identify and validate the significant themes and patterns from the discussion with the parents.
The ATLAS.ti software will be used to code, group and present the data, based on the results.

2.10. Ethics

This study was approved by the Research Ethics Committee of the Faculty of Health Sciences of
Trairi (FACISA), of the Federal University of Rio Grande do Norte (UFRN), under opinion 3.980.703/2020
and CAAE 29582020.8.0000.5568. Written informed consent will be obtained from parent or guardian
prior to data collection. The trial was prospectively registered at the Brazilian Registry of Clinical Trials
(ReBEC) (RBR-2Y2Z8P). The study follows the Consolidated Standards of Reporting Trials (CONSORT)
to pilot or feasibility trial.
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2.11. Knowledge Translation (KT) and Dissemination

End of grant KT and Integrated KT strategies will be used [39]. An appropriate KT planning
template will be used to maximize the scope of the findings, while acknowledging the nature of
feasibility studies. Traditional knowledge diffusion strategies will be used as End of grant KT, such as
conference presentations and papers publications. A media engagement strategy will disseminate the
results in partnership with Nossa Casa, a NOG Brazilian institution responsible for the main actions of
KT in Brazil on childhood disability. The results will also be shared at the REDE’s website, which is an
international network aiming to build research capacity as well as preparedness regarding emerging
infectious diseases in Latin America and Caribbean. A video and an infographic will be made with
the results of the study in plain language, which will be distributed in services and public centers
that care for children with CZS. Integrated KT will involve stakeholders, families and researchers,
assuring that the outcomes meet the needs of the end users. A workshop will be organized with
both activities for the dissemination of results and building capacity on modification of ride-on cars.
The final results will also be transformed into a policy brief and forwarded to public services and
sectors. The dissemination workshop will be hosted in collaboration with families, the local research
team members and international collaborators.

3. Potential Contributions of This Study

This study will fill an important research gap and may contribute to future intervention studies,
having a direct and immediate impact on clinical practice in children with CZS. This study protocol
will determine the feasibility of an intervention using powered mobility for young children with CZS,
who present severe motor impairments. The acceptability of the intervention for young children with
CZS and their families will be described. In addition, we will assess the effects of the intervention on
mobility, social function and participation of children; the barriers and facilitators of the intervention
will also be analyzed.

Feasibility studies are relevant as they use rigorous methods to access processes, resources,
management and effects related of the intervention of interest [40]. The feasibility assessment includes
data on the acceptability of the intervention and the perceived burden of the procedures. Feasibility
studies may therefore contribute resources invested in larger trials that are the most likely to generate
clinically significant results [41]. In this protocol, we propose an approach of mixed methods;
the primary outcomes will be qualitative, which will allow a deeper understanding in terms of
feasibility. The quantitative measures will enable a complementary analysis of the feasibility and
contribute to answer the specific objectives of the study. Thus, data obtained in this study will be able
to guide future clinical trials on powered mobility in children with CZS and benefit these children and
their families. It is expected that this innovative study will contribute evidence for the adoption of low
cost environmental early child interventions in Brazil and other low-and middle-income countries
around the world.
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Abstract: Use of eye-gaze assistive technology (EGAT) provides children/youths with severe motor
and speech impairments communication opportunities by using eyes to control a communication
interface on a computer. However, knowledge about how using EGAT contributes to communica-
tion and influences dyadic interaction remains limited. Aim: By video-coding dyadic interaction
sequences, this study investigates the impacts of employing EGAT, compared to the Non-EGAT
condition on the dyadic communicative interaction. Method: Participants were six dyads with
children/youths aged 4-19 years having severe physical disabilities and complex communication
needs. A total of 12 film clips of dyadic communication activities with and without EGAT in natural
contexts were included. Based on a systematic coding scheme, dyadic communication behaviors
were coded to determine the interactional structure and communicative functions. Data were ana-
lyzed using a three-tiered method combining group and individual analysis. Results: When using
EGAT, children/youths increased initiations in communicative interactions and tended to provide
more information, while communication partners made fewer communicative turns, initiations,
and requests compared to the Non-EGAT condition. Communication activities, eye-control skills,
and communication abilities could influence dyadic interaction. Conclusion: Use of EGAT shows
potential to support communicative interaction by increasing children’s initiations and intelligibility,
and facilitating symmetrical communication between dyads.

Keywords: complex communication needs; severe physical disabilities; eye-gaze controlled
computer; communicative interaction

1. Introduction

Children and youths with complex needs, here indicating having severe physical
disabilities and complex communication needs [1] such as cerebral palsy with severe
motor impairments and Rett syndrome, encounter difficulties using speech for everyday
communication and may be at great risk of participation restrictions in daily activities [2,3].
Without adaptations, the dysfunction of movement of children/youths with complex needs
and the interplay between the impairments in cognition, motor, or other domains might
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hinder their communicative interaction with the environment [2—4]. Most often, these
children use vocalization, eye pointing, facial expressions, or body movements to express
needs or socialize; however, their idiosyncratic behaviors or communicative intentions
may be subtle and difficult to be recognized or interpreted appropriately by those around
them [5,6]. The lack of appropriate responses from communication partners and lack
of communication access adapted to their motor impairments and speech difficulties
could impede the children’s motivation to communicate, hinder their communication
development, and restrict participation in social life [7-9]. Therefore, their fundamental
human right of communication should be addressed [10,11].

Assistive technology (AT) as a means to enhance participation has been highlighted for
children with complex needs [12]. Augmentative and alternative communication (AAC),
which is one type of AT designed to facilitate communicative interactions, includes un-
aided methods (e.g., gestures, vocalization or speech) and aided methods (e.g., low-tech
communication boards or high-tech communication devices) to supplement or compensate
for the impairments of verbal communication for children with complex communication
needs [13]. However, previous studies found that when aided AAC resources such as
communication boards were provided, most children with complex needs required consid-
erable assistance in using the communication interfaces and preferred the use of gesture
or vocalization, with which they can communicate with familiar partners quickly and
easily [5,14,15]. They occasionally used aided AAC systems via eye pointing or partner-
assisted scanning when they were requested to provide information or clarification in
complex conversations.

In recent years, eye-gaze assistive technology (EGAT) has been demonstrated as an
opportunity for children/youths with complex needs to communicate and participate in
various daily activities [16-18]. This innovative technology can detect eye movements
using a specialized infrared video camera mounted on a tablet/computer. This calculates
the direction of eye movements within a few millimeters when a child is gazing at a
screen [19]. In combination with AAC software, EGAT could help children/youths with
complex needs express their opinions by using their eyes to operate an AAC interface on
a tablet/computer (Figure 1). It has been shown to be a feasible and relatively intuitive
way to aid their communication in school or home contexts with ongoing support from
communication partners and healthcare professionals [16,20,21]. Although many research
studies have demonstrated communication benefits in the adult population with severe
physical disabilities, there is a need for more research to support the positive effects of
using EGAT in natural contexts in the children population. Some studies indicate that
children with complex needs might need long-term practice to master eye-gaze control
skills [22] and to develop the communicative competency to become an efficient user of
communication aids [23]. Long-term practice includes both use for extended time periods
and frequent use every day. Hemmingsson and Borgestig [17] reported that these children
used EGAT for only a few hours per day. Besides low exposure to technology, other factors
might reduce the effectiveness of EGAT, for instance, multiple impairments (e.g., visual
or cognitive impairments), eye-gaze performance [22], communication abilities, learning
opportunities [24], accessibility of the devices across environments [17], and attitude,
knowledge and strategies of communication partners [25]. However, one recent multi-
center intervention study indicated positive effects of EGAT intervention on expressive
communication skills for children/youths with complex needs [26]. The stakeholders
from previous studies also revealed positive experiences as the use of EGAT gave the
children an opportunity to express things on their own initiative, which could lead to more
opportunities to engage in communicative interaction and participate in social life [16,24].
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Figure 1. Example of EGAT with adapted communication page.

Communicative interaction, including interactional sequences of communicative
behaviors in the persons interacting (e.g., initiation of a conversation or response), commu-
nicative functions during interaction (e.g., requesting an object or answering a question),
and the means of communication (e.g., using speech or eye pointing) [27], is one of the
building blocks of cognitive and social development [28]. Nevertheless, research has indi-
cated that children/youths with complex needs show a limited range of communicative
interaction as they tend to play nondirective or non-initiating roles, give more adopting
responses as yes—no answers, and provide less information [5,15,27]. The communication
partners usually occupy more conversational space, initiate most of the interactions and re-
quest specific responses to encourage the communicative exchanges. EGAT, which requires
less physical effort and assistance from communication partners than other interfaces,
could provide children/youths with complex needs with opportunities to take initiative,
express opinions, and interact with others [16,24]. However, few studies have provided
knowledge about how use of EGAT by the children/youths influences the communicative
interaction with their communication partners.

Therefore, the central aim of this study is to investigate the impacts of employing
EGAT, compared to the Non-EGAT (NEGAT) condition on communicative interaction, in
terms of interactional structure and communicative functions used by children/youths
with complex needs and their communication partners. The research questions posed
are: Which interactional structure are shown by children/youths with complex needs
and their communication partners when EGAT is or is not used? Which communicative
functions are used by the dyads when EGAT is or is not used? The hypotheses are: when
the children/youths use EGAT in communicative interaction, (1) children/youths initiate
more frequently, in contrast to the NEGAT condition; (2) communication partners take
fewer communicative turns; (3) communication partners make fewer requests or demands.

The structure of this article is organized as follows. Section 2 first describes the study
design, using a systematic video-coding approach to research questions and the procedure
of film clip collection. Secondly, participants and the selection of film clips based on criteria
are addressed. Thirdly, a coding scheme as the outcome measure for communicative
interaction is detailed. Lastly, data analysis, including video analysis and the three-tiered
method of analysis, is described. Section 3 presents results based on the structure of the
three-tiered method. In Section 4, study findings on communicative interaction between
dyads are discussed. Section 5 concludes this study.
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2. Materials and Methods
2.1. Design

This study used a within-subjects design and employed a systematic video-coding
approach to investigate communicative interaction when children/youths with complex
needs used EGAT to interact with their communication partners in natural contexts, com-
paring this to the NEGAT condition. The study was part of an international multi-center
EGAT intervention project, which aimed to examine the effect of a six-month EGAT in-
tervention on participation in activities, communication, and functional independence in
everyday life of children and youths with complex needs. Further details of this project
can be found in the article by Borgestig et al. [26].

To confront the methodological challenges in a small population target group, a three-
tiered method proposed for research on AAC use [29] was applied. The strength of this
method is to combine group, intermediate and individual analysis to validate group results
and provide clinically relevant information [8,29]. The application of three-tiered method
for analysis was elaborated in the later Section 2.4.3.

Procedure

This international project collected data from the AT centers in Sweden and special
needs schools in Dubai and the USA [26].

To ensure consistency of data collection, the research team in Sweden provided a
checklist for the research coordinators responsible for each participating organization to
collect film clips in participants’ natural contexts by the following instructions: (1) choose an
activity that is meaningful and motivating for the children/youths to do, especially related
to communication in natural routines (e.g., playing a game, performing an educational
task, or the child communicating with the adult about something that had happened).
The types of chosen activities are similar between the EGAT and NEGAT conditions;
(2) choose a communication partner who know this child well; (3) film the activity about
5-10 min/day during three consecutive days in the contexts with a cell phone or a tablet
on a stand; (4) choose a time of day when the children/youths would perform at their
best; (5) try the best to film the faces, gaze direction and body movements of the child
and his/her communication partner, and the computer screen with EGAT or low-tech
communication devices.

After completion of data collection, these videos were sent to the research team in
Sweden via the Cloud service, encrypted using Secure Sockets Layer.

2.2. Participants
2.2.1. Recruitment

The original project recruited 17 children/youths with severe physical disabilities
and complex communication needs and 17 of their communication partners from the
organizations in three countries (nine in Sweden, five in Dubai, and three in the USA).
These children/youths were candidates for and in need of EGAT after testing other aided
AAC devices that had limited functional use or were unsuccessful, and they were new to
EGAT before the research started.

2.2.2. Selection of Participants and Film Clips

Fourteen of 17 dyads had completed video filming in their natural contexts. The
first and second authors (Y-H.H., M.B.) conducted participant screening referring to the
film instruction checklist. The inclusion criteria were: (1) the children/youths age was
between 1 and 21 years old; (2) the language was English or Swedish; (3) at least two
available videos of each participant and his/her communication partner showed they per-
formed similar communicative interaction activities in the EGAT and NEGAT conditions
(e.g., play or school learning); (4) the videos captured the dyadic facial expressions, gaze,
body movements and gestures in addition to the computer screen or low-tech communica-
tion tools in order to observe their communicative interaction clearly; (5) the videos were
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informative, including activities generating dyadic communicative interaction instead of
the child/youth only using EGAT to play games on a computer screen without interaction
with the partner; (6) the videos showed the best ability of the child/youth in both the EGAT
and NEGAT conditions, for instance, having more mouse clicks on screen using EGAT,
showing longer attention/gaze towards the computer screen or longer interaction with
partners, and/or demonstrating a high engagement level in that activity without a bored
face. The exclusion criteria were (1) videos were too short (less than five minutes) and not
informative; (2) videos failed to record the interactions between the dyads.

Eight dyads were not included due to language issues (n = 1), older age (n = 1),
dissimilar tasks in the EGAT and NEGAT conditions (1 = 2), or lack of communicative
interaction (n = 4, where videos only showed the children conducting cause-effect games
instead of communication activities). Based on the selection criteria, six children/youths
and their communication partners were included. Dyads included three from Sweden,
two from Dubai, and one from the USA. Each included dyad had four to 10 film clips of
different lengths collected during the research period.

Following screening and after several meetings with two authors (M.B. and H.H.), the
first author selected the best quality of two videos for each dyad, which showed similar
activities, informative communicative interactions, and the best ability of children/youths
in the EGAT and NEGAT conditions. A total of 12 videos from 47 film clips in six dyads
were included, and each pair of videos in each dyad were concurrent or within two to
five months. The videos ranged in length from five to 12 min, with a median length of
eight minutes. The included videos with EGAT were recorded when the children/youths
had accumulated three to six-month experiences of using EGAT, with four videos at three
months of intervention and two at six months.

2.2.3. Ethics Approval

The project has obtained ethical approval from the ethical review boards in Sweden
(Dnr 2018/1809-32), Dubai (DSREC-11/2017_10), and the USA (protocol ESSP-02) for study
implementation, data transfer and data analysis.

2.3. Measures
2.3.1. Outcome Measures: Coding Scheme for Communicative Interaction

A coding scheme was used to investigate the characteristics of communicative in-
teraction between the dyads, based on previous video-coding research on children with
multiple disabilities and complex communication needs [5,14,15,27] with adaptations to
fit the EGAT condition. The coding scheme applied to code all behaviors within the time
frame of interaction included interactional structure, communicative functions, and modes
of communication.

Interactional structure was classified as turns and moves [5,14]. Turns were deter-
mined by a succession of communicative signs with the boundary between turns a two-
second gap supported by the presence of other behaviors, for example, non-verbal signals,
pitch change, the listener took a turn, or the speaker came to a rest [14,15,27]. Each turn
could include one or more moves. A move as defined by Pennington and McConachie com-
prised “single or strings of utterances/non-verbal communicative signals produced by one
speaker within a conversational turn” [15], p.398. Moves included Initiation (I), opening
the conversation or introducing a topic and could solicit a response; Response (R), a reply to
an initiation; Response/Initiation (R/I), a reply to initiation but also requiring a response of
its own; Follow-up (F), acknowledging the previous utterance; Follow-up/Initiation (F/I),
acknowledging the previous move and requesting a response of its own; No Response.
Table 1 displayed an example.
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Table 1. Example of moves in a play activity.

Partner: “Do you think we should put on some shoes or some pants?” ()
Child: “Pants” (using EGAT) (R)
Partner: “Pants! All right. What color of pants shall we do?” (F/T)

Note. EGAT = eye-gaze assistive technology; I = Initiation; R = Response; F/I = Follow-up /Initiation.

In this study, Preparatory (P) and Operation/Navigation (ON) were added to interac-
tional moves in consideration of the preparation act to make ready for interaction (P) [5]
and when the participants spend time struggling with low-tech AAC systems or EGAT
with computers (ON) [23].

Communicative functions were coded to represent the intentions and purpose of the
communicative act [14,15]. Each move could contain one or more codes of communica-
tive functions [14] if the communicative purposes in the context occurred simultaneously.
The categories included Requestive (RE), request for attention, information, action or
clarification; Informative (IN), comments, answers, or clarification of a previous utter-
ance; Acknowledgment (ACK), conveying understanding to previous utterance; Confirma-
tion/Denial (CD), affirmation or rejection; Self/shared expression (SSE), demonstration of
the emotional state in individuals; and Unintelligible (U), not understandable by a listener
or a coder. An example was presented in Table 2.

Table 2. Example of communicative functions in a play activity.

Partner: “Which color of shoes do you think we should wear?” (RE)
Child: “Red!” (using EGAT) (IN)
Partner: (Laugh) (SSE)

Note. RE = Requestive; IN = Informative; SSE = Self/shared expression.

Modes of communication were defined as the means by which communicative func-
tions were transmitted, including speech, vocalization, gesture, and aided AAC sys-
tems [5,14,15]. The modes were combined and coded if they appeared to signal the
same communicative function. Low-tech mode (Lt) was used to indicate the individual
communicated using low-tech AAC, e.g., a communication book or Bliss board, and EGAT
was coded to represent that persons used eye-gaze technology for aided communication.

All categories and definitions of the codes are presented in the Appendix A Table Al.

2.3.2. Measures Related to Participant Characteristics

This study received participant information from the medical charts by research
coordinators in the organizations. Motor severity levels were based on Gross Motor
Function Classification System (GMFCS) with level I (ambulatory without restrictions) to
V (limited ability to move around) [30], and Manual Ability Classification System (MACS),
with level I (handles objects easily and successfully) to V (does not handle objects) [31].
Medical diagnosis, sensory functions (e.g., vision), severity of motor impairments and
cognitive impairments of the children/youths were documented.

In addition, eye-control skills and communication abilities of the children/youths
were assessed by Compass Aim test [32] and Communication Matrix [33], respectively,
to describe the essential abilities related to use of EGAT. A trained AT specialist in the
participating organization performed assessments before the EGAT intervention started.

Compass Aim Test

The Compass Aim test measures eye-gaze performance in computer interaction,
encompassing two variables: (1) Accuracy, to measure the ability to control a mouse pointer
for target selection, and (2) Time on task, to measure the required time for target selection
on the screen. The test showed high test-retest reliability, good internal consistency and
adequate construct validity [32].
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Communication Matrix

The Communication Matrix details the earliest stage of communication behavior in
children with severe and multiple disabilities, with seven levels, pre-intentional behavior (1),
intentional behavior (II), unconventional communication (III), conventional communication
(IV), concrete symbols (V), abstract symbols (VI) and language (VII). The primary level
indicates the level at which the child/youth is operating predominantly. Total Percent is
calculated using the total score of each item divided by the maximum possible score (= 160,
each item scores from 0 to 2). The psychometrics showed good inter-observer reliability

and adequate content validity [33].

2.4. Data Analyses

This section first described video coding analysis, followed by reliability analysis and

the three-tiered method for analysis.

2.4.1. Video-Coding Analysis

The Noldus Observer XT 14.0 (Noldus Information Technology BV, Wageningen,
The Netherlands) was used in video-coding analysis, which is software for behavioral
research to code and visualize behaviors on a timeline accurate to the millisecond. Figure 2
shows an example of visualization in behavioral observation of moves and communicative
functions on a timeline for one participant. Each video-coding was analyzed continuously,
meaning the behaviors were coded whenever they appeared and were stored in the soft-
ware. The software contained statistical analyses to calculate rate per minute for each
specified communicative interaction behavior in dyads. Even though the software assisted
the work, it took about six to eight hours for coding and rechecking each video due to the

complexity of the coding scheme and the characteristics of the target group.
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Figure 2. An example of video coding and visual analysis for moves and communicative functions. Note. It is a screen copy
from the results of the Noldus Observer XT 14.0.

2.4.2. Reliability

Inter-rater reliability was determined using the kappa statistic on 10% of each video
fragment (i.e., random selection of a one-minute interval) as a reliability check [34] by
another rater. Due to the idiosyncratic nature of the communicative behaviors made by
children/youths with complex needs, we included videos of all dyads as a reliability check

since each fragment was connected with specific challenges.

The inter-rater had a background in speech-language pathology and was experienced
with video-coding of communication in children with severe disabilities. Before the coding
started, she received training and practiced video-coding along with the first author for
12 h online or face-to-face. Following the training, the inter-rater conducted pilot coding
on two videos. Cross-examination was carried out and any discrepancies were discussed
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to clarify the inconsistent coding. After reaching a consensus about the definitions of each
code, the inter-rater independently conducted double coding of all one-minute videos
based on the coding guidelines. To avoid judgment bias due to the random selection of each
video fragment, the inter-rater checked the preceding communicative behaviors before
issuing a coding.

Three categories—moves, communicative functions and modes of communication—
were addressed to check inter-rater reliability. Cohen’s kappa was calculated to estimate
the degree of consensus between raters, according to the equation [35], in which the value
above 0.75 was a good agreement, between 0.4-0.75 was an acceptable agreement, and
below 0.4 was low agreement [35,36]. Inter-rater reliability revealed that the average kappa
values were acceptable for moves (k = 0.72 and 0.64 in EGAT and NEGAT conditions,
respectively), acceptable to good for communicative functions (k = 0.85 and 0.74), and good
for modes of communication (k = 0.98 and 0.89).

2.4.3. Three-Tiered Method of Analysis

To face the challenge of conducting research in this small sample and heterogeneous
population and the possible occurrence of a type II error, this study utilized a three-tiered
method of analysis [8,29], to firstly examine the group results of communicative interaction
patterns between dyads at the general molar level, and secondly to strengthen the validity
by analyzing how the communicative patterns of each dyad were congruent with or varied
from the group results at the intermediate level, and lastly a further case analysis and
clinical relevance at the more detailed molecular level.

Firstly, at the molar level of the group patterns, functional relationships between
independent (conditions using EGAT or not) and dependent variables (communicative
interaction) were examined using quantitative analysis. Rate per minute, which is the
frequency divided by duration, and the proportional distribution of each communicative
interaction behavior were presented using descriptive statistics (mean, standard deviation).
We examined the mean differences of communicative turns in two conditions (EGAT and
NEGAT) between two groups (children/youths and communication partners) using a
two-way ANOVA and conducted Bonferroni post hoc analysis when the results were statis-
tically significant. To compare the differences in frequencies of moves and communicative
functions in the two conditions, parametric paired t-tests of variance was used as the data
did not offend normality testing (the Shapiro-Wilk test) [37]. The significance level was set
to 0.05 with two-tailed testing, and marginal significance was defined as a p value between
0.05 and 0.1 [38]. Data analyses were conducted using the Statistical Package for the Social
Sciences (SPSS) version 25.0 (IBM Corporation, Armonk, NY, USA) and confirmed by a
qualified statistician in the research team.

Secondly, at the intermediate level, the number of participants whose results were
either congruent with or differed from the group result was counted to validate the group
pattern. It was also possible to evaluate the degree to which individual variations influ-
enced the mean value of the group in two conditions. In addition, a further analysis of the
interrelationship between moves, communicative functions and modes of communication
was conducted to determine how the dyads used their communicative functions in their
initiations or response moves, and how they used EGAT and other modes, given that they
were expressing specific communicative functions in the two conditions.

Lastly, at the molecular level, two cases who were typical or atypical of the group
results were analyzed and compared to present the similarities and differences of the char-
acteristics of communicative interaction and participant characteristics. It offered a basis
for judgment of the potential factors from the environments and participant characteristics
that could influence communicative interaction in dyads.

198



Int. ]. Environ. Res. Public Health 2021, 18, 5134

3. Results
3.1. Summary of Participant Characteristics, Communication Acitvities, and AAC Use

The participant characteristics are demonstrated in Table 3. The included children/
youths aged from four to 19 years old (mean age: 11 years; gender female: male 5:1). All
of them had severe motor impairments as level II-V in GMFCS and IV-V in MACS, with
a diagnosis of cerebral palsy, Rett syndrome, or high spinal cord injury. Most of them
except Molly had cognitive impairments based on medical records. Three children/youths
(Laura, Peter, and Sarah) had visual impairments, with strabismus or refractive errors
such as astigmatism and myopia. Their eye control skills to interact with computers
showed varied abilities on accuracy (22-100%) and speed for target selection (3.42-18.25 s).
Considering communication abilities, most children used unconventional communication
predominantly to refuse, request, or socialize by means of facial expressions, gestures,
or vocalization. They also showed varied emerging skills in using concrete symbols and
conventional communication skills such as eye-pointing for expression, except for Molly,
who had higher symbol-communication skills. The communication partners included three
teachers, two mothers, and one occupational therapist.

Table 3. Participant characteristics.

. . Compass (Accuracy Communication -
Name Age/Sex DlagnﬁjilccsMch’ Vision (%), Time on Task Matrix Comlr;; ;l::_: ::twn
(Seconds)) (Primary Level, %)
Jane 6y/Female Cerebral palsy/ Normal vision 100%, 7.41 s Unconv'ent'lonal Teacher
Vv,V communication, 31
Laura 16 y/Female Cerebral palsy/ Astigmatism 36.1%,9.76 s Unconv'ent'lonal Teacher
, communication, 21
Myopia and .
Peter 19 y/Male Cerebral palsy/ astigmatism, with 22.2%,18.25 s Unconv'ent'lonal Teacher
’ communication, 28
eyeglasses
High spinal cord
Molly 4y /Female injury due to virus Normal vision 100%, 3.42 s Abstract symbols, 41 oT
infection/V, V
Sarah 4y /Female Rett syndrome/ Strabismus 33.3%, 12.44 s Uncon\{ent}onal Mother
I, IV communication, 29
No vision .
Anne 17 y /Female Rett syndrome/ problems with 39%,12.92 s Uncon\{ent}onal Mother
1,V communication, 24
eyeglasses

Note. GMFCS = Gross Motor Function Classification System, MACS = Manual Ability Classification System, OT = occupational therapist.

As shown in Table 4, the communication activities included unstructured play activi-
ties and mealtime and structured learning tasks (e.g., letters) in school, home or hospital
contexts. The children/youths used the Tobii I-series or PCEye Mini [39] as eye-gaze de-
vices and used Communicator 5 [39], Grid 3 [40], or Communicator with WordPower [39]
as AAC software in the computers. In the NEGAT condition, they were accessed to a
communication board, eye-gaze frame, or iPad with different types of AAC symbols. The
numbers of symbols in the AAC system varied among the children/youths, from 3 to
50 symbols per page in EGAT and from 4 to 48 symbols per page in low-tech AAC, de-
pending on their eye-control skills and symbol-communication abilities (Table 4).
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Table 4. Video content and use of EGAT and low-tech AAC.

Name

Condition

Video Length

Activity

Context

AAC System and Content
(EGAT/Low-Tech AAC) !

Jane

EGAT

7'32

Play dressing

NEGAT

538

Play “finding a
teacher”

Special
preschool

EGAT: PCS symbols and photos,
12~20 symbols per page, total
140 symbols

Communication book: PCS symbols,
pictures, colored photos, 8~20
symbols/page, total 140 symbols

Laura

EGAT

10’48

NEGAT

10'16

Matching/
choosing letters

Special
School

EGAT: 6 PCS symbols/photos per
page, total 204 symbols

Eye-gaze frame: 4 single PCS
symbols/colored photos per time,
total < 200 symbols

Peter

EGAT

8'04

NEGAT

6'25

Cognitive school
task

Special School

EGAT: 4 PCS symbols/photos per
page, total > 120 symbols

Eye-gaze frame: 4 single PCS
symbols/colored photos per time,
total 60 + symbols

Molly

EGAT

12/22

NEGAT

Pretend play
using a picture
book

Hospital

EGAT: Bliss symbols, 15-50
symbols/page, total 500 symbols

Bliss communication board: total 540
bliss symbols.
Single boards with 48 colored
pictures/page

Sarah

EGAT

529

NEGAT

5'05

Meal time

Home

EGAT: PCS symbols, SymbolStix, and
colored photos, 3-20 symbols/page,
total 51 symbols + Sono Flex

Picture pocket for 10 single symbols,
LITTLE step-by-step

Anne

EGAT

7'55

NEGAT

12/00

Play games

Home

EGAT: Widgit symbols, colored
photos, 7 symbols/page, total
62 symbols

iPad: 6 symbols/page, total
100 symbols.
2-3 single colored-pictures at a time

Note. NEGAT = Non-EGAT, PCS = Picture Communication Symbols. 1 PCS [39], SymbolStix [39,40], and Widgit symbols [40] are different
symbol sets with colored images. Little step-by step [41] is a speech-generating device to provide sequential messages with voice output.
Sono Flex [39] is a communication app with about 6000 symbols in standard version. 2 Low tech devices received but not used in the video.

3.2. Group Results: Molar Level Analysis

Group results are presented in Table 5.
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Table 5. Mean rate per minute (RPM) and mean proportion of turns, moves and communicative functions in the EGAT and

NEGAT conditions.
Category Children or Youths Communication Partners
Code EGAT NEGAT EGAT NEGAT
Mean RPM Mean Pro- Mean RPM Mean Pro- Mean RPM Mean Pro- Mean RPM Mean Pro-
(SD) portion (SD) portion (SD) portion (SD) portion
Turns 4.08 (1.50) 0.41 4.50 (1.68) 0.37 579 (1.22) 0.59 7.65 (1.91) * 0.63
Moves
Pr"'P?\rsz]‘i’;/ t%;eraﬁon' 0.72 (0.80) - 0.03 (0.08) - 0.07 (0.08) - 0.08 (0.12) -
Initiation 1.16 (0.94) 0.28 0.43 (0.27) 0.10 1.97 (0.92) 0.33 3.87 (1.74) * 0.49
Response 2.41 (1.43) 0.59 3.87 (1.63) * 0.86 0.73 (0.57) 0.12 0.35 (0.21) 0.04
Response/Initiation 0.09 (0.22) 0.02 0 (0.00) 0 0.52 (0.53) 0.09 0.21 (0.19) 0.03
Follow up 0.38 (0.43) 0.09 0.19 (0.15) 0.04 1.17 (0.68) 0.19 1.24 (0.95) 0.16
Follow up/Initiation ~ 0.04 (0.07) 0.01 0 (0.00) 0 1.62 (0.79) 0.27 2.21(0.79) 0.28
Communicative
functions
Requestive 0.09 (0.08) 0.02 0.19 (0.33) 0.04 3.51 (1.41) 0.46 5.16 (1.09) * 0.54
Informative 2.53 (1.05) ¥ 0.57 1.34 (1.29) 0.29 2.09 (0.34) 0.27 2.72(0.47) 0.28
Acknowledgement 0 (0.00) 0 0.02 (0.05) 0 1.55 (0.99) 0.20 1.19 (0.84) 0.13
Confirmation/denial 0.68 (0.92) 0.15 147 (2.22) 0.33 0.38 (0.39) 0.05 0.47 (0.46) 0.05
Self-shared 0.65 (0.90) 0.15 0.58 (0.64) 0.12 0.15 (0.15) 0.02 0.07 (0.11) 0.01
expression
Unintelligible 0.52 (0.54) 0.12 0.98 (0.54) 0.21 0 0 0 0

RPM = rate per minute. Two-way ANOVA and Bonferroni post hoc analysis to compare the differences of communicative turns in the
EGAT and the NEGAT conditions between two groups. Parametric paired t-tests to compare the differences of moves and communicative
functions between two conditions in each group. * p < 0.05, * p < 0.1.

3.2.1. Interactional Structure

Turns. The communication partners produced more communicative turns within the
interaction compared to children/youths with complex needs (F = 13.87, p = 0.001). The
difference in turns between the partners and children was not significant in the EGAT
condition (estimated mean difference = 1.71, p = 0.56) but was significant in the NEGAT
condition (estimated mean difference = 3.15, p = 0.04) from the Bonferroni analysis.

Moves. Slightly more initiations were found when children used EGAT in communica-
tion compared to the NEGAT condition (mean = 1.16 vs. 0.43, f = 2.26, p = 0.07). However,
according to Table 5, R/I and F/I were not frequently found in the children, probably
because of the difficulties these children had in conducting dual-purpose moves. Therefore,
we collapsed I, R/I, F/I into a category representing all “initiations” because these moves
all introduced a topic and/or requested responses of their own, and “initiations” were
one of the most important aspects of communication for these children. Children made
significantly more “initiations” when they used EGAT compared to the NEGAT condition
(mean = 1.30 and 0.43, respectively, = 2.60, p = 0.0485). In addition, the results of the anal-
ysis indicated that children made fewer response moves in the EGAT condition compared
to the NEGAT condition (mean = 2.41 and 3.87, t= —4.76, p = 0.005). The partners made
significantly fewer initiations (mean rate per minute = 1.97 vs. 3.87, t= —2.74, p = 0.04) in
the EGAT condition com