A Multilevel Analysis of the Contribution of Indivi dual,
Socioeconomic and Geographical Factors on
Kindergarten Children’s Developmental Health:

A Saskatchewan Province-Wide Study

A Thesis Submitted to the College of Graduate ®sidnd Research
In Partial Fulfillment of the Requirements for thegree of Master of Science
Collaborative Biostatistics Program, School of Rublealth
University of Saskatchewan
Saskatoon, Saskatchewan

Canada

By

Mohsen Soltanifar

March, 2014

©Copyright Mohsen Soltanifar, March, 2014. All riglhreserved.



PERMISSION TO USE

In presenting this thesis in partial fuffient of the requirements for a
Postgraduate degree from the University of Saskatah, | agree that the Libraries
of this University make it freely available for pection. | further agree that
permission for copying of this thesis in any manmemwhole or in part, for scholarly
purposes may be granted by the professor or pmfessho supervised my thesis
work or, in their absence, by the Head of the Dmpant or the Dean of the College
in which my thesis was done. It is understood #mt copying or publication or use
of this thesis or parts thereof for financial gainall not be allowed without my
written permission. It is also understood that cemognition shall be given to me and
to the University of Saskatchewan in any scholadg which may be made of any

materials in my thesis.

Requests for permission to copy or to matker use of material in this thesis in

whole or part should be addressed to:

Chair of Collaborative Biostatistics Program,

School of Public Health

University of Saskatchewan

Saskatoon, Saskatchewan S7N 5E5



ABSTRACT

In current literature of child public health, a ging number of studies has been
dedicated to early childhood development with aifoon child developmental health
measured via the teacher completed Early Developmsimument (EDI). Using
multilevel modeling as the optimal statistical naethiio analyze hierarchical EDI data, this
study determines the strength of the effect andifst@nce of predictors of children’s 5
EDI outcomes, vulnerability, and the multiple vuiglaility by taking into account the
hierarchy present in its design. In addition, gtigly conducts an extensive
epidemiological review of the risk factors assaaiaivith a child’s developmental health at
each level of the hierarchy, at cross-levels ofttieearchy and their variations across
different levels of the hierarchy. This cross-saudil study considered 9045 Saskatchewan
children who were ages 4-8 years in the 2008-2888d years. Individual child
characteristics, EDI domains, and vulnerabilityadaere collected by the Ministry of
Education teachers in the provincial 2008 EDI mjaeighborhood contextual Census
data were compiled by SPHERU staff at the UnivesitSaskatchewan. Multilevel linear
and logistic models were used to analyze the dateording to the results, individual
characteristics, such as being Aboriginal, an Elrrier, male, and being absent from
school; neighborhood characteristics such as indopwuality; and geographical
characteristics such as living in a large city haggative effects on EDI scores and
exacerbating the odds of vulnerability. Compoundiffgcts of Aboriginat-special skills,

large city-Aboriginal, and large cityneighborhood median income were positive on the



above outcomes with considerable either signifieaorcstrength, while those of
neighborhood income inequaktpboriginal, and large cityneighborhood income
inequality were negative with notable significaaecel strength. Furthermore,
neighborhood contextual variables contribute to@s@erable proportion of health
outcome variations and the results associatedneitihborhood income inequality give
further evidence of the income inequality hypotee$he findings of this study
recommend provincial child public health policy ree extended attention to Aboriginal
children, children with ESL status, those childliemg in neighborhoods with high

income inequality and children from Regina.
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CHAPTER 1: INTRODUCTION

Let the little children come to me, and do not fdthem; for of such is the kingdom of God.
-Luke 18:16

This chapter deals with the rationale and objestifethis study by relating to the current
literature of child developmental health and byspreing a brief review of its statistical

objectives and epidemiological objectives.

1.1. Rationale

In recent years, studies concerning tlsesgonomic status of pre-school children’s
families and school readiness have received incrgastention due to their long-term impact on
a future generations’ social and educational sicaed their overall health issues such as
completing high school education, obtaining emplegirand contributing positively to society
as well as their related mental health issuesattiqular, for most children with special negative
behavior in pre-school years, there is a high godiyaof maintaining this particular behavior

across their life span and an increased risk d$acigl behaviors in adulthodd.

The concept of “school readiness” defiiregection 2.2.1 was first introduced in the
literature of the 19905t can be considered as the product of the intierabetween a child’s
skills, family environment support and communitgaarces. This concept is defined as a set of
children’s characteristics, including their cogveti communication, behavioral and emotional
skills, which facilitate their school entrance lelearning and adjustmefiGchool readiness is a

universal concern and communities at city, prodhciational and international levels design



and enact new policies and programs in order toorgthe developmental outcomes of

children. Furthermore, its associated literatuaiges on risk in the frame of early beginming.

In order to measure school readiness, struiment is needed that provides an affordable,
reliable, valid and clear multidimensional assesgméschool readiness; and, considers the data
in multilevel contextual frames aggregated at neaghood, city and provincial levels. In
addition to possession of such characteristicsEtdréy Development Instrument (EDI) was
shown to be an effective tool in assessing thegtheand direction of the relationship between
neighborhood level variables and school readinaskifidergarten students; school readiness

trend over time; and many variations in school imess across geographical ufiits.

Based on the Saskatchewan provincial witi822009 EDI data set and Saskatchewan
2006 Census data, this study sets precedence thiowthe larger pan-Canadian study of social
determinants of children’s developmental healtholltiad been proposed in 2012 in terms of
number of model hierarchy and study scdfeirthermore, it allows researchers and publictheal
policy makers to identify developmental health digjies among young children in Canada at

neighborhood, city, regional and provincial levels.

1.2. Objectives

This research pursues two objectivesfitbeis statistical and the second is epidemiatogi
in nature. The statistical objective focuses omregal multilevel technique in order to analyze
hierarchical EDI data. An analysis of this dataegded to determine important individual level,
neighborhood level and geography level predictd&s BDI domains, vulnerability, and the
Multiple Challenge Index in terms of strength aighgicance. Two special cases of a general

multilevel model (a linear model and a logistic mbdire used. Many studies in the field have



examined the relationship of individual charactesssand children’s developmental health on
city scale’® Other studies have included neighborhood contéxharacteristics in their
researcii®*' By adding geographical factors as the predictohidd’s developmental health

and enlarging the scale of the study to provinew!, the epidemiologic objectives are to (i)
determine the significant determinants of a chitttselopmental health at the individual,
neighborhood and geography level, (ii) discuss witavel and cross-level effect modifications
of some key determinants in terms of statistigghiicance and strength and (iii) specify relative
contributions of main determinants at each levéh&variations of a child’s developmental

health outcomes.



CHAPTER 2: LITERATURE REVIEW

Train up a child in the way s/he should go, andmde is old s/he will not depart from it.
-Proverbs 22:6

This chapter presents the required studidraund including child public health, early
childhood development, early development instrumemd statistical methods for multilevel
data. Firstly, a brief historical background ofldipublic health in the western world is
presented and its formal definition is given. Seftpnthe concepts of early childhood
development and school readiness are defined andhiportance of the earlier one in child
public health is discussed. Thirdly, the conceptaly development instrument and its
psychometric properties are discussed. Based orotitéhuous 5 EDI outcomes, the concepts of
vulnerability and multiple vulnerability are defish@nd some examples of the previous studies in
the field are presented. Finally, the chapter avitis introduction of multilevel models, a brief

discussion of 2-level model and some examples.

2.1. Child Public Health

2.1.1. Historical Background

Child public health, its related problems and positn overall public health have been
brought to attention in a sequence of importanhts/m the Western world and by many
individual scientists with varying professional kgmunds and associations with national and

international organizations.

In the 19th century UK, city populationmggy and living conditions, such as sanitation
were poor. Food availability and its quality foiildnen were variable based on the price. Child

labor became a commonplace practicA.series of Education Acts aimed to establish ersl



elementary education and a series of Factory Astsicted employment of children.
Furthermore, childhood mortality rates started idéa in the second half of the centuty.
Edward Jenner (1749 - 1823) used a child, as aeremental unit, to test the hypothesis that the
risk of catching smallpox can be eliminated in harsabjects with cowpox material. The
success of his experiment was the start of theiration of the children and other useful
preventive tools in medical scienteAs a result of 1854 London Cholera epidemic, aificant
contribution to child public health was made byrd&@mnow (1813 - 1858). He asserted that
cholera is associated with high mortality in chgldr Next, Charles Dickens (1812-1870) gave a

clear picture of poor children’s health in socibgypublishing his famous novélliver Twist**

In the first half of the 20th century, British pidbhealth interest focused on infant and
maternal mortality rates. This interest led toektablishment of maternal and infant welfare
services by charitable organizations and city puhéialth departments. In addition, school meals
and school health services were established fédrelm. Regular disease statistics were
generated by medical inspections as well. In tleerse half of the 20th century, hospital and
health services for children continued to be dgwetband important developments in child
immunizations were cultivated.Later in the 20th century, vaccination and immaticn
services developed and had a dramatic effect ddhdod infectious disease rates. Pre-school
child health surveillance services were developetitespital services for children flourishEd.
Regained interest in child public health and adglrgssocial inequalities impact on it arose after
a temporary decline in the early decades of thatiucg. Child health care was revolutionized by
David Morely (1923 - 2009) who provided clinics fander five years old children, and charted
children’s growth* In Sweden, Lennart Kohler (1933-present), thediatii modern child public
health care, developed the concept of social pgeBathich is defined as a global holistic and

multidisciplinary approach to child health. It catexs child’s health within the context of the
5



family, school, environment, and society. Socialipg&ics acts in three areas: (i) child health
problems with social causes, (ii) child health peots with social consequences, and (iii) child
health care in society. During her work with Abamig children in Western Australia, Fiona
Stanley (1946-present) is among those contempoeagarchers who brought to awareness the
importance of environment and living conditionsabrildren’s health. In 1977, she helped to
establish Western Australian Maternal and ChildltheResearch Database in order to predict
trends in child health and determine the effectsrefentive programs. Due to her efforts, in
2002 the Australian Government initiated the AugiraResearch Alliance for Children and
Youth (ARACY) which aimed to advance collaboratemmd evidence-based action to improve
the well-being of children! In the U.S., as the UNICEF third executive direciames P. Grant
(1922-1995) led the worldwide campaign of “Childr8ual Revolution”. This campaign
improved immunization, oral rehydration therapy anelastfeeding in children, which saved the
lives of at least 25 million children around thelgg. He also helped consideration of the
convention on the Rights of the Child by the UN &mwh Assembly in 1989. In the UN
convention on the Rights of the Child, the rightbfidren to enjoy childhood to the fullest

extent possible is recognizé&d.

2.1.2. Operational Definition

Child public health is a multifaceted aminplex concept which involves a range of ideals,
activities, and academic disciplines. It includes investigation of health and illness patterns in
children and factors that affect their health I$bacontains studying the ways in which
individuals, professionals, organizations, andesiies can modify these factors in order to

improve the health and well-being of childrén:

6



Definition 2.1.2.1. Child public health is the artd science of promoting health and
protecting the well-being of children. This praetiocludes preventing disease in infants,
children, and youth through the skills and orgadieforts of professionals, practitioners, their

teams, wider organizations, and society as a wHole.

Children’s health status should be sedghercontext of their families, communities,
environments and wider social and political settiadnich influence not only children
individually but spheres of activity for child pubhealth practice as well. Hence, by addressing
social policy, family relationships, environmentahcerns, and community structures, we can

be hopeful to improve child public heafth*?
2.2. Early Childhood Development (ECD)
2.2.1. Concept

There are many expressions referring tly earldhood development such as “early
childhood care”, “early childhood care and develepth, “early childhood care and education”,

“early childhood education”, “early childhood intention”, and “early childhood service”.

Before explaining this concept we need to defirgevilord “development”:

Definition 2.2.1.1. Development refers to the pgscby which humans change both

quantitatively and qualitatively as they grow oldféer

Considering the above definition of “dey@itent”, we are in a position to define the

concept of “early child development”:

Definition 2.2.1.2. Early Childhood Development (Bds a multifaceted concept from an

ecological framework that focuses on a child’s oote and development. A child’s



development depends on characteristics of the ahittithe context, such as health, nutrition,

protection, care and educatith.

As the main components in the above dedinitf early childhood development, the

applications of the terms “child” and “context” agplained.

Firstly, for the term “child” we considemdensions age and domains of development.
Regarding age, the definition of ECD covers alldrein prenatally until age 8 or when the
transition to school is complete. Next, regardingdins of development, the terms physical
health and motor development, cognitive and languskgls, social and emotional functioning,

ethical and spiritual development, and sense admattor group identity are considertd.

Secondly, as for the term “context” thereat theoretical models argue that early child
development is influenced by a set of contextuetiois. One of the most famous of such models
is the Bronfenbrenner’s Developmental Psychologyl®avhich states that contexts are layered
from the closet micro system (e.g. family) to thestndistant macro system (e.g. international
policies)™ In interacting with their surrounding environmectjldren make rapid strides in all

aspects of developmett.

Early Childhood Development happens ie¢hmain age periods in which child
development proceeds with different contextualaaitfactors and opportunities. These periods
are conception to 3 years, 3 to 5 years and 6y&a8"* The period of “conception to 3 years” is
the period of rapid growth in socio-emotional cafitds, mental capabilities, disease prevention
and survival ability. Additionally, children experice sufficient physical development. In
particular, brain architecture is constructed fb@tom-up” sequence of development.

Sufficient nutrition is necessary to prevent dethgeoss and fine motor developmetit¥he

period of “3 to 5 years” is a period in which théical needs of the previous period advance and
8



become wider. Among such needs are protection siga@mwience, abuse, and negligence and
expose to educational opportunities in family basetiool based and community based
programs. It has been proven that participatiosuich programs has a positive effect on child
developmental outcomé$Finally, the period of “6 to 8 years” which is setimes referred to
as the period of “school readiness”, is the peabttansition to school in which group learning
and socialization opportunities are likely to hélve most positive impact on a child’s
development. Development during this period is eissed with learning, school completion,
later skill development, gaining academic qualifimas and success in a non-academic field.

Ready children, ready families and ready scho@staee pillars of child school readinéss.
2.2.2. Importance of ECD in Child Public Health

Regarding the concept of Early Childhood/&epment discussed in the previous section,
one may wonder why this concept is important infiblel of child public health. The answer of
the proposed question constitutes some of key elemirecluding long term biological impacts,
aiding in guidance on interacting with childrenjdance on curriculum planning in schools,
guidance on observing and identifying children’s@pl needs, and guidance on advocating for
and shaping of public policy of child public healithe above impacts will be discussed in the

following.
(1) Long term biological impact on child health

Research shows that early childhood lifeegdences forms human biological in such a way
that impacts physical and mental well-being, cagaiabilities and work productivity
throughout one’s life. In addition, beyond the gathildhood years, healing any of the above

conditions becomes increasingly difficuft .



Moreover, early childhood development mutifaceted concept combined from three core
scientific concepts: Firstly, the brain is builtesstime and a major proportion of its circuiting is
constructed during the early years of life by tb&dm up process in which simple circuits
provide basis for more complex ones. If the lowssuits are not wired appropriately, the higher
levels of adaptation will be difficult to gai.Secondly, extreme hardships such as stress,
poverty, emotional abuse, and malnutrition in eaHydhood causes physiological interruptions
that impact a child’s developing brain leadingdond-term defects in health, behavior, learning
and emotional retreaf.Thirdly, neuroplasticity and ability to change betor decrease over
time. As the brain’s ability to effectively executere complex functions increases, its
capability to recognize and adapt to new or unetgqukchallenges decreases. Wired circuits in
the brain stabilize over time and being able to enakerations becomes increasingly difficult

over time?’
(i) Guidance to interacting with children

Children and adults think and act diffehgfitom each other. Children use a different form
of language, interact with other people in distiwetys, and apply unique meanings to social
events. Unigue and unpredictable things cause théya concerned, weep, or to be happy. Their
developmental level and interests are independezaah othef® Screaming, running, playing,
throwing things, joking and giggling with peers armaong their essential needs. In order to
smooth communication with children, comfort theimaltenge their thinking, and help them to

solve problems with peers adults need a deep uadeiag of how children act and w.
(iif)  Curriculum planning in schools

For developing appropriate activities addcational materials for children, a grasp on

their thinking and behavior is essentfah understanding of development of children gives
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teachers and principals the required ideas andgbackd to assess their limitations and design
adapted programs and consider flexible strategiesetet their needs.An inappropriate
educational curriculum can be the result of oveking and neglecting children’s developmental
status. Examples of classrooms that do not reffleatviedge of child development includes

those that present young children with difficutispive and overly abstract academic activities.
(iv)  Observing and identifying children’s special needs

Observing children is the cornerstone &daive teaching. Careful observations of
children’s developmental needs constitute the k#Esisterventions and educational curriculum
planning in schools. It leads teachers to iderifydren with special needs. For example, a child
who displays very little motor activity, has langeagproblems, or is rejected by his/her peers
needs special attention. Next, focused observatiay suggest causes and resolutions of
potential problems as wéftAs an example, a teacher may realize that a ptatichild does not
respond to her/his efforts for social interactiorspite of the fact that there is a common
mechanism of interaction for all children regardle§their ethnicity or cultural background. An
assessment done by the community social servicei@ags reveals hearing problem in the
child. Hence, they recommend the teacher to congpialgsical and visual provocations as a

better strategy of communicatidh.
(V) Advocating for and shaping public policy

Research and theories on early child dgwetnt demonstrate that working to improve
community services and to influence public heatihiqy has a direct impact on a child’s
development throughout his/her life tiftfe?° Based on scientific theories of change, grounded i
strong evidence and high standard of implementatnv@stments in early childhood policies

and effective intervention programs for vulnerathddren increase quality of life prospects and
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greatest financial benefit for society. In partanilearly child development programs help to
overcome socioeconomic disparities by extendingkegpportunities to all children before they
enter primary school and reducing the demand foeckal education interventions targeting

young school dropoufs.
2.3. Early Development Instrument (EDI)

2.3.1. Introduction

The Early Development Instrument (EDI) wiaseloped as a uniform method to assess
children’s level of development in their first yesrschooling. The instrument was developed in
consultation with the Early Years Action Group, étding Centers and kindergarten teachers in
the Toronto District School Board. After initiaksting in 1998-1999, the EDI was refined and

implemented in several communities around Cafiada.

The EDI is a questionnaire containing 16Feajuestions in five general developmental
domains. It is available in both English and Freanl is completed by the teacher or early
childhood educator. Subjects are from ages 4 twd#lze tool is administered usually in the
second half of the kindergarten y&athe EDI also contains some additional local or camity
related questions as well as three sets of comtéated questions asking about special problems,

special skills, and pre-school experiefice.

The EDI data has uniform and consistentcatdrs of children’s school readiness status
aggregated at higher levels such as school, neigbbd, city, province and country. Results
based on EDI data analysis enable policy makedetiermine required support and identify
available resources for children at the individeakl, school level, neighborhood level and/or

the city level in order to prepare them for thetrsohool year.
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The EDI assesses a chilsthool readiness in five general domains of child development

so that for each there are some subdomains asvioilo

i. Physical health and well-being,
I.i. Physical readiness for school dayg, ehild arrives at school hungry,
Lil. Physical independence , e.g. child teell- coordinated movements,
Liii. Gross and fine motor skills, e.gildns able to manipulate objects,
ii. Social competence,
ii.i. Overall social competence, e.g. chiddble to get along with other children,
ii.ii. Responsibility and respect, e.g.ldlaccepts responsibility for actions,
ii.iv. Readiness to explore new things, elgld is eager to explore new items,
iii. Emotional maturity,

iii.i. Pro-social and helping behavioug.echild helps other children in distress,

lii.iv. Hyperactivity and inattention, e.child is restless,
iv. Language and cognitive development,
iv.i. Basic Literacy, e.g. child is ablevoite own name,
Iv.ii. Interest in literacy/numeracy, amdemory, e.g. child likes numerical games,
iv.iii. Advanced literacy, e.g. child islalio read sentences,
Iv.iv. Basic numeracy, e.g. child is aldecount to 20,
v. Communication skills and general knowledge.
Example v.i: child is able to clearly conmate one’s own needs and understand others,

Example v.ii: shows interest in general\klemige about the world.
13



2.3.2. Psychometric Properties

The psychometric properties of the EDI sasheliability, concurrent validity, external
validity, and predictive validity have been testedCanada, United States, Australia, Jamaica
and Kosovo. Comparisons of the Canadian results thidse of other countries demonstrate that
children’s patterns of association are similarlircauntries tested which provides strong

evidence of the EDI’s validity across different otiies®

Table 2.1 presents the reliability restdtsthe Canadian EDI cadeds the table exhibits, in
all 5 EDI domains internal reliability calculatecavCronbach alpha were high ranging from 0.84
to 0.96, test-retest reliability were high rangfngm 0.82 to 0.94, inter reliability correlations
were moderate (0.53) to high (0.80), and parerghaagreements were moderate ranging from

0.36 to 0.64.

Table 2.1 Summary of EDI Reliability Tests

Physical Health Social Emotional Language and Communication
and Well-being Competence Maturity Cognitive Skills and General
Development Knowledge
Internal 0.84 0.96 0.90 0.93 0.94
Reliability
Test-retest 0.82 0.92 0.89 0.82 0.94
Reliability
Inter rater Reliability
School Teacher- 0.69 0.80 0.77 0.72 0.53
Daycare Teacher
School Teacher 0.36 0.50 0.36 0.64 0.41

—Parent

The validity test of the EDI is usually catered to be three tests; concurrent validity
(testing EDI performance in comparison with othesviipusly validated instruments), external

validity (testing degree of association between Efres and other measurement tools which
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have different perspective but measuring similarcepts), and predictive validity (testing EDI

ability to predict outcomes).

Table 2.2 presents concurrent validity itssof the Canadian EDI and First STEP
(Screening Test for Evaluation Preschoolers) santePPVT (Peabody Picture Vocabulary
Test) tools> The First STEP score is a 40-minute testing to@dsaring children’s cognitive and
language abilitie&? In this test, children’s motor skills and socioainnal skills were measured
as well with moderate to high correlations randnogn 0.52 to 0.73 giving a reasonable
evidence of the EDI's concurrent validity. Next,\PIPis a 15-minute test of receptive
vocabulary and language skill/knowledge with theredeing a reliable approximation of a
child’s 1Q2° The test results show low to moderate correlatianging from 0.05 to 0.57. These
results show that the EDI has some concurrentityalichen measured against a few of other
commonly used child development measurement scHhescategorization of correlation values
in this study follows Zady’s categorization®& r < 0.49 as low,0.50 < r < 0.69 as

moderate an@.70 < r < 1.00 as high*.

Table 2.2: Summary of EDI Concurrent Validity Te@tsrrelation values)

Physical Health Social Emotional Language and Communication
and Well-being Competence Maturity Cognitive Skills and General
Development Knowledge
First STEP 0.54 0.65 0.73 0.58 0.52
(N=122)
PPVT (N=1700) 0.05 0.22 0.11 0.26 0.57

Table 2.3 presents the external validigules of the Canadian EDI and parent interviews
measurement method in which instead of directlysueag a child’s 5 EDI domains, the child’s
parents were question@dhe results show low positively statistically sfggant correlations

and yield that EDI has poor external validity.
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Table 2.3: Summary of EDI External Validity Testsifelation values)

Physical Health Social Emotional Language & Cognitive Communication Skills

and Well-being Competence Maturity Development & General Knowledge
gh”d tmetasufed » Min 0.15- Min0.21- Min0.21 - Min 0.15 — Min 0.15 —
arents fntetviewe Max 0.34 Max0.48  Max 0.48 Max 0.26 Max 0.26

In a longitudinal population based studyegploring the predictive validity of the EB it
has been shown that the Canadian EDI alone ex@éi¥tsof the variance of school
achievement and two of its domains Physical heaithwell-being and Language & cognitive
development have contributed to the predictioncbbsl achievement more so than direct school
readiness tests. The results of this study prdsBhpredictive validity as well as other measures

of school readiness such as the Lollipop t&sthich require more time and resources.

2.3.3. Analysis and Interpretation of Results

The EDI data for children can be aggredjftem micro levels to macro levels with
numerous ways of creating nesting structures. Qolk example is aggregated data from a 6-
level EDI structure. Beginning with individual ctiien as the smallest micro level, they are
nested in schools, neighborhoods, cities, regimtaisection committees (counties), and
provinces (states) as the largest macro levelertsely. In addition, by adding data on race,
cultural background, gross domestic product, siesi®n education levels, school enrolment,
information on socioeconomic status, etc. to thé @dda, a better picture of the size and

significance of impacts of different variables dnldren’s school readiness can be obtained.

For each of the five EDI domains the disttibn of scores range from 0 to 10, and the site
of measurement (e.g. school, neighborhood, city) &t divided into two main categories so that

each has two subcategories as follows:
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i. On Track: A child whose score is higher than 2&80he site’s distribution,
I.i. Very Ready: A child whose score ishe trange of 7% —100% of the site distribution,
Iil. Ready: A child whose score is on thage of 25% 75% of the site distribution,
ii. Not on track: A child whose score is lower tH28% of the site distribution,
ii.i. At risk: A child whose score is in thiange of 10% 25% of the site distribution,
ii.ii. Vulnerable: A child whose score irethange of 0 — 10% of the site distribution.

Regarding the above categorization of chiidione can define the concept of vulnerable

child in the context of school readiness:

Definition 2.3.3.1. A child is called vulnerableofiready to learn) if for at least one of five

EDI domains s/he scores vulnerable in the related s

In order to draw comparisons between conitiesrof different measurement sites (e.g.
schools, neighborhoods, cities, etc.) the reseesdumnsider two quantities of average site

percentage in a special category and its assodiateg interval. As an agreement, to compare
average site percentage of two sites A and B, eep&age differenceﬂii X 100%) of at least

10% presents enough evidence on significant diffiszeWider range interval for average site
percentage in a special category of the site Asigia of a higher variation and degree of
inequality across its communities in comparisothtsite B> For example, for two
neighborhoods A and B with percentages of vulnerahlldren averages (range interval) of
22% ([10.5%-46.7%)]) and 28% ([5.7%26.5%]) of the site distributions, respectively,
neighborhood B has a significantly higher averagiegntage of vulnerable children than
neighborhood A (percentage difference of 27% > 1@4ti)e neighborhood A has a higher

degree of inequality across its schools as it hdemwange interval.
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Referring to the above 5 EDI domains, oae @bserve that in total there are 16 sub
domains. Based on evidence of a mix of poor andageechildren’s scores and exceptions in
each domain, a boundary score was determined anchild had score lower than that point he
or she was recognized as experiencing challéfifjeis special score is called the cut-off point.

Table 2.4 presents the list of cut-off points facle of subdomain:

Table 2.4: EDI 16 Subdomain Challenge Cut-off Sgore

Domain Challenge % below the Domain Challenge % below the
Cut off  challenge cut off in Cut off challenge cut off in
normative sample normative sample
Physical Well being Language & Cognitive Development

Physical Readiness for School Day 6.249 3.9 Basic Literacy 7.499 11.0
Physical Independence 9.999 8.9 Interest in Literacy/Numeracy 7.999 15.8
Gross and Fine Motor Skills 6.499 21.8 Advanced Literacy 3.329 19.4
Basic Numeracy 8.569 14.2

Social Competence

Overall Social Competence 4.999 8.4 o .

Responsibility and Respect 4.999 4.7 Communication Skills & Knowledge

Approach to Learning 4.999 8.1 Communication Skills & Knowledge 6.939 29.0
Readiness to Explore New Things  4.999 3.2

Emotional Maturity

Prosocial and Helping Behaviour 4.999 335

Anxious and Fearful Behaviour 4.999 21

Aggressive Behaviour 7.139 7.8

Hyperactivity and Inattention 5.709 13.1

The EDI is a useful tool to measure congmars over time in longitudinal studi2$he
baselines of such studies are set in two methagflyf if the provincial (state) level cut offs@n
means are available, then they are used to estdbbshaseline. Secondly, in case of lack of
provincial (state) level data, the normative cuds @fre used to establish the baseline. The first
method is preferred to the second, as that data gaghered provincially in the last three year’'s
period while the second one was gathered natioiratlye last five years. In this research we use

the cross-sectional approach.

The last definition in this subsection bhlsse connection with vulnerability:
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Definition 2.3.3.2. Multiple Challenge Index (MA$ an indicator of a child experiencing
vulnerability in at least 3 EDI domains so thahddcwith MCI = “yes” is considered to have
scores under the “challenge” cut-off points inegtst 9 out of 16 EDI subdomains and MClI=

“no” if else?
A child with MCI status ‘yes’ is referred aultiple-vulnerable child.

2.3.4. Examples of Previous Studies

In recent years, researchers have shownh&&DI is an effective tool for assessing
children’s school readiness and health status g¢tralifferent perspectives, such as studies of
individual exclusive determinants, studies of famileighborhood determinants, and those

considering both individual and family-neighborhateterminants in the analysis.

Firstly, the EDI has shown to be an effeztivol in assessing children’s school readiness
and health status in studies of individual deteemts. Muhajarine et #® considered a 1-level
logistic model. In this model, the existence of thltiple challenges that children face has been
predicted by an individual child’s characteristisach as holding an Aboriginal status, female
status, possessing fewer special skills, and nuwifogvecial problems with which the child is
faced. All of these characteristics were statifiifcassociated with a higher likelihood of being

rated as having multiple challenges, with oddosatif 3.38, 1.91, 2.65, and 2.61, respectively.

Secondly, the EDI has shown to be an affe¢bol in assessing children’s school readiness
and health status in studies of family- neighbothdeterminants. As an example, Janus and
Duku?® used the EDI to explore the impact of socioecomastitus, family structure, parent
health and parent involvement in literacy develophua children’s school readiness gap in a 1-

level logistic regression model. The outcome \@dean the model was considered to be
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vulnerability= “1" if the child was diagnosed aslverable and vulnerability = “0”, if otherwise.
The 15 model predictors included socioeconomiastét variables), family structure (3
variables), child health (4 variables), parent tie@ variables), parent involvement (2
variables), and demographics (2 variables). Child@ming from low income families, living
with smoking parents, or living in families withneaits with poor literacy skills had a higher risk
of vulnerability with odds ratios of 2.23, 1.25 ah@9, respectively. As an additional example,
Lapointe et al’ used the EDI to show the impact of neighborhoattextual factors on
children’s school readiness when accounting foir gge and gender. There were 13
neighborhood level variables in the 2-level modael] they established that 8, 2, 3, 4, and 6 of
them significantly predicted Physical health andlaveing, Social competence, Emotional
maturity, Languageé& cognitive development, and Camitation skills & general knowledge
domains, respectively. As a third example, Cuskipal.® used the EDI in repeated measures
data to fit a 2-level linear model with 7 predicorhey considered neighborhood poverty index
as the principal component outcome of seven cde@lacighborhood variables and observed
that over time neighborhood poverty index was s$icguntly related to declining scores of the
children’s Physical health and well-being but itsweon-significantly related to declining scores

of the children’s Communication & general knowledggnain.

Thirdly, the EDI has shown to be an effextool in assessing children’s school readiness
and health status in studies considering both iddal and family-neighborhood determinants in
the analysis. For example, Oliver eflised the EDI to investigate the relationship betwe
individual and neighborhood socioeconomic chargties on kindergarten students’ school
readiness in a 2-level linear model with 2 indiatahild variables and 6 neighborhood related
variables. The results indicated that a higher flagimcome and speaking English as the maternal

language are significantly associated with higloeres in almost all 5 EDI domains. In addition,
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at the neighborhood level, children in neighbortowaith higher median family income, higher
percentage of lone-parent families or higher uneyrpent rate have lower scores in almost all 5
EDI domains. As a second example, Puchala &t aked the EDI to study the impact of
neighborhood contextual factors in addition to undlial child factors on school readiness
outcomes in a 2-level linear model with 7 indivitlaaild predictors, two neighborhood related
predictors and one cross-level interaction betwdeld and neighborhood characteristics. At the
individual level, children with English as a Secdrahguage (ESL) status, male status,
Aboriginal status, or special needs status hadfiigntly lower scores in two domains of
Emotional maturity and Communication skills & geseknowledge. At the neighborhood level,
children from neighborhoods with a higher perceatafjemployed adults had significantly
higher scores in Communication & general knowleg@éde children from neighborhoods with a
lower percentage of the population having changsitiences within the previous year, or had
higher ethnic diversity had higher EDI scores oroiamal maturity and Communication &
general knowledge domains. Finally, the interacbhetween a child’s ESL status and
neighborhood ethnic diversity level showed thatrfeighborhoods with higher diversity, the
mean differences of EDI scores in the Emotionalumiigtand Communication & general
knowledge domains between ESL children and non-&#idren were attenuated which

supports that neighborhood ethnic diversity bufgeisool readiness impact in ESL children.

2.4. Statistical Methods for Multilevel Data
2.4.1. Introduction to Multilevel Models

Multilevel models first emerged as a salntio overcome the challenges of integrating
micro level and macro level information into a $engqnodel in educational statistics, quantitative

sociology, and demographical areas of rese¥rhis statistical model is a special
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generalization of the linear regression model incWithe variables appear in more than one
level. The key concept in this model is “level”.dpite of the five common assumptions of
general linear models of existence, linearity, rality, homoscedasticity, and independence of
outcomes, a multilevel merely needs the first tlaggumptions. The last two are violated at each
level of its variabled® Before introducing this statistical model one reetxreview some useful

definitions:

Definition 2.4.1.1 Aggregated data refers to data in which the hid¢gwel unit is
constructed by combining information from the lowearel units of which the higher level unit is

composed?

One example of aggregated data can beiseemmaries of first grade students’
mathematics scores in public and separate schet@rag. Figure 2.1 shows that students are
nested in schools while each level of the hieraltwdwyits related variables (e.g. gender for the

level 1 and school type for the level 2).

Definition 2.4.1.2. Multilevel analysis refers to analytical approach that is appropriate for
aggregated data in which units at a lower (miceegl are nested within units at a higher

(macro) levef?

Multilevel analysis and contextual analysere originally used in sociology, but are now
used to investigate the effect of collective chastics on individual level outcomes. These
methods of analysis are sometimes considered symoofeach other, in that their related
statistical models both include higher level anddolevel predictors in the standard linear
regression with lower level individual outcomeswéwer, multilevel analysis is more general
than contextual analysis as its related model aloansideration of the possibility of residual

correlation between lower levels units (e.g. indinals) within higher level units (e.g. groups)
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while contextual analysis lacks such assumptior. Miltilevel analysis model also allows
examination of the relationship between factorea@ssed with group variability and factors

associated with it, two important possibilitiestttiae contextual model lacks.

Definition 2.4.1.3. The multilevel model is thetstdcal model used in multilevel

analysis®*

The term Multilevel Model has other convenal synonyms in biostatistics literature such
as the mixed linear model, the hierarchical lineadel, the random effect model, the random
coefficient model, the covariance component matiel variance component model and the

mixed modef*

There are three main types of multilevebels, which depend on the status of the
coefficients in the linear regression motfekirstly, the random intercept model, in which
intercepts are random variables, and slopes agd Bixross groups. The outcome for each
individual is predicted by the intercept which eariacross groups. This type of model provides
information on intra-class correlations, a usefitecion in deciding whether to use multilevel
model. Secondly, the random slope model in whitkraepts in the model are fixed. In addition,
the slopes are random variables which allow thewaty across groups. Thirdly, the random
intercepts and slopes model which includes bo#raeipts and slopes as random variables. This
model is the most complex type of the multileveldals. Some more definitions are needed
before introductions of concepts of variation ganti coefficient and intra-class correlation

coefficient.

Definition 2.4.1.4Individual level variables refer to variables tkbharacterise individuals at

the lowest level of aggregated data.
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In the context of figure 2.1, examples afiudual variables include age, gender, ESL

status, etc.

Definition 2.4.1.5Group level variables refer to variables that cbi@nase groups at higher

levels of aggregated data.

Group level variables are sometimes refetwets macro variables, ecological variables, or
more generally, contextual variabfésAs an example of group level variables found in
aggregated data of figure 2.1, school average thenaatics is considered to be a group level

variable characterising children nested in schools.

Definition 2.4.1.6 Cross-level interaction refers to the interactietween a group variable

and a variable in a lower level which is nestethmgroup variabl&®

Cross-level interaction can be interpretedhe modification of the effects of the lower
level variables by the effects of the higher lexagliables which are composed of the lower level
units. An example of aggregated data in figurewdth individual children nested in schools is
the effect of school type (public or separate) rmyaadg the effect of child’s gender (male or
female) on his or her annual GPA as an outcomablgrby the cross-level interaction: school

type x gender.

Definition 2.4.1.7 Variance component{ refers to the variance between groups

(individuals) at a specific level of the hierarcy.

Note that the total variance (TV) of thevést level outcome variable can be written as the
summation of all variance components of all levAlso, existence of the variance components
is a prominent characteristic of multilevel modlat distinguishes them from traditional

contextual models and population average motétsorder to interpret the absolute magnitudes
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of the variance component at a special level weutate its related 95% coverage interval -
(—=1.96.0,+1.96.0 ) and for reporting them we usually center theauad some interpretable

value such as the mean of all aggregatedata.

Definition 2.4.1.8Variance partition coefficient (VPC) refers to ghi@portion of the total

variance that lies at a specific level of the mddetarchy®*®

Note that the VPC of a specific level itcotated via dividing the variance between groups

at that level by the total variance of the lowesel outcome variabl®.

Definition 2.4.1.9Intra-class correlation coefficient (ICC) refershe extent to which
values of the lowest level outcome variable ardlamfor individuals belonging to the same

group®

Note that the ICC is calculated via divglithe summation of higher level variance
components (with reference to the group level foicl the individuals belong) by the total

variance of the lowest level outcome variable.

For the sake of simplicity and preparatiba required background for 3-level model, an
example of 2-level model is presented to explaie #bove concepts and their related
mathematical formulas. In chapter three, the extensf 2-level model to 3-level model will be
presented. Consider a 2-level model in figure A.Wlich there aren schools in a city and in
the jth school (¥ j < n) there aren; students whose health outcome variables are nmeshsur
from the range of 0 to 10. As figure 2.1 showsgl€el of the aggregated data set is represented
by students and level-2 of the data set is reptedelny the schools in which the students are

nested.
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School

Student Q)@@ @ @ @

Figure 2.1: Data Structure for a Two-level HieracehMode.

From a mathematical perspective, a 2-lexgiession model for the above aggregated data

can be written in the forr:

1 1 2 2
Yij = Boj +ﬁlj.X1(i]? + - +ﬁpj.ngi]? + V1-X§j) + -+ yq.X(gj) + e, eij~N(0,cr§) (2-1)

whereY;; is the health outcome of the i th student in ttiesjchooI,X,Sj).’s (1<k<p) are level-1

individual independent variables pertaining to ¢haracteristics of thih student in th¢th

school and(l(jz)’s (1<I<q) are level-2 school variables pertaining to cbtastics of thgth

school. Next, depending on whether the intergégt coefficientss, (1 < k < p) or both are
random variables, the 2-level model is called aloam intercept model, a random slope model or

a random intercept and slope model, respectiveéig.random intercept and slope model is

defined by:

By = B+ (Bs” = Bo), (Osksp),  (2-2)
in whichﬁ,ﬁo)are fixed numbersy, ; are normal random variables with(ukj) =0,

Var(uy;) = o2, < o and the random error terep; satisfiesE (e;;) = 0. Note that the model
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is simplified to random slope modelify,; = 0, or it is simplified to random intercept model if

Ugj = 0, (Ekfp)

Referring to model (2-1), in order to tesed effects the typical null hypothesis is:

Hy: 150) =0(Hp:y;=0)

ﬁ(o)

with t- value of t N df =X, n) —1(t S.em),df n — 1) where in which the

numerator is the maximum likelihood estimate of¢befficient and the denominator is the
estimated sampling standard error of the numerator.

In order to test the cluster effect, tisatvhether we need a multilevel model at all, we
compare the 2-level model (2-1) witlh; # 0, (0 < k < p) with simpler linear regression
model (2-1) withu,; = 0, (0 < k < p) using the likelihood ratio tests due to the taet both
models are fitted by the maximum likelihood (ML) timed>® The null and alternative joint
hypotheses are written as:

Hy: 0%, = 0,(forall0 <k <p)

H,: 6%, > 0, (for some 0 < k < p).
Let Ly, and L, be likelihood values for the linear regression gid@-1) and the 2-level model

(2-1), respectively. Then the LR test statistiastésting above likelihood ratio test is given by:

LR =(-2log Co) ) — (-2log €4)),

which should be compared to a chi-squared disiobhwiith degrees of freedom equal to the

number of extra parameters in the 2-level modédl)(2hat is,X(szrL 0.95)-

The statistical power of effects of the tievel model depends on the number of groups
(individuals) in the level to which the effect bieys. In addition, for conducting sufficient
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powerful research, a large sample size is requaed the number of groups at levels higher than

level 1 is more important than the number of indiixls at level £’

We give some interpretations of interceptd slopes of the equation (2-1). The interggpt
in (2-2) measures the overall mearvgfacross all schools and all students. The meare\aflu
Y;; for school j called random interceptflg; = B, + uo;, and the random school effagy; is

the difference between school j's mean and theabiverean. Next, coefficientg, ;in (2-1) are

referred to as random slopes having m@ﬁh respectively, and variance$,, (1 <k <p),
respectively. The random variableg,(1 < k < p) are referred to as level 2-residuals. Schools
with high (low) values of level-2 residuals tendnave students with high (low) outcome
variable scores. With the model total variance &\95% coverage interval for school effects is
given by B, — 1.96 \/TV — 02, B, + 1.96 \/TV — 02) meaning that 95% of school effects are

expected to lie in the range gf — 1.96 \/TV — g2 to B, + 1.96 {/TV — g2. Thus, schools at the

97.5" percentile of the school distribution are estirdatescore 3.92/TV — 62 points higher
than those schools at the 2.Bercentile. The random varialg is referred to as level-1
residual, and students with high (low) level-1 desil values tend to have higher (lower)
outcome variable scores relative to other studeors the same school. A 95% coverage
interval for student residual errors is given By  1.96.d,, 5, + 1.96.d,) meaning that within
schools, those students at the 97prcentile of the distribution are estimated tre8.92. g,

points higher than those students at thé"pé&rcentile®®

Referring to random intercept and slope eh@¢®-1) the total variance (TV) is given by:

1 2
TV = YF_, 0% X,El-,)- + 22 Y o<k, ky<p Outeguuiey Xieyij > Xieyij P + 02, (6oi;; = 1)
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where in whicho .y, = cov (uy,j, u,;), for all (1<k,, k,<p) andcov (uy;, e;;) = 0, for all

(1<k<p). Hence, the variance partition coefficient (VR@Y Intra-class correlation (ICC) are

given by>®
02
VPC(school) = 1ﬁ’ (2-3)
VPC(studentﬁz,
and
2
ICC(student) = %7 (2-4)

Note that for random intercept model (2thé related values of VPC and ICC take the

following simpler form*®

2
VPC(school) :JZZfog, (2-5
VPC(student)—zgf—z,
OyoT0e
and

ICC(studen%:% . &)-

One important feature of multilevel modglis that one can enter the cross-level

interactions termX,ﬁ}}.XlS?) (1<k<p, 1<l<q) to the 2-level model above in order to dischss t

1)

effect of level-1 variabldkijon Y;; when it changes the values of level-2 varidq@@. In this

case, the equation (2-1) will have the followingeel form of the 2-level model:
Yij = Boj + Buj XD+ o+ By X + e, ej~N(0,02) (2-10
ij = Boj + By Xyij + o+ By Xy H e, e ,0¢) ( )

2 2
Bij = Vo + Yir- X0 + 4 Vieg X + ;. (0<k<p),

with s, + 1 fixed effects for eacfy;, and the total number of fixed effects in the Zelemodel

(2-10) being equal t8F_, (s + 1). *
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2.4.2. Applications of Multilevel Models

The two primary major applications of migiiel models appeared in the fields of
educational measurement and sociology in the m&D49There are more applications of these
models in other examples of hierarchical data sires in the fields of survey data, repeated

measures, twin studies, and meta-analysis as fdflow

First of all, multilevel models have aggtiion in analysis of survey data that is obtained
from nested sampling in heterogeneous subgroupsmaittiple levels of nesting. Such data is
obtained by drawing information from the highestels of the hierarchy, such as province or
state, then the second highest level of hierarshgh as Regional Intersection Committee (RIC)
or county and so forth until the lowest level (ireividual). One example of such survey data is
the mathematics and statistics scores of gradddrei of a province (state) with RIC (county),

city, neighborhood, school, and individual childaother levels of the hierarcffy.

Second, multilevel models have applicatioanalysis of longitudinal data or repeated
measures data in which a single outcome variabteessured at a number of fixed time periods
(considered as the level 1 of the hierarchy) fgraup of individuals (considered as the level 2
of the hierarchy). There is some flexibility in $udata sets. For example, each individual
outcome variable can be measured at different pionets, and there can be missing data. An
example of such longitudinal data is monitoringaug of children’s sleep patterns on
successive nights of one month and measuring aaddiag the extent to which they coughed

each night. Here, children are level 2 of the higmg and nights are the levefd..

Third, multilevel models have applicationsanalyzing twin studies where based on
necessity, nature or design of the study the I2wgleup size of the study is typically two.

Examples of twin studies based on necessity aez@-hierarchical data sets in which the level
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2 groups are constituted of married couples, idahtivins, or paired siblings. Examples of twin
studies based on this design are 2-level longilditudies in which for a group of individuals,
the health status of the subject (e.g. blood presseeight, etc.) is measured before and after

administration of a special drug or undergoing di@alar treatment.

Fourth, multilevel models are useful in aahalysis in which a quantitative analysis of
data and results from multiple previous studiesh@nsame scientific problem is conducted.
Multilevel modelling yields invaluable informatiabout meta-analysis including 1) estimation
of the average effect size across a set of studljesstimation of the variance of the effect-size
parameters, 3) possibility of posing and testirsgteof linear regression models in order to
explain variation in the effect size parameterggtimation of residual variance of each linear
regression model effect size parameters, and SiiealBayes estimates of each study’s effect.
One example of application of multilevel modellimgmeta-analysis is a study considering the
existence of the effect of teacher expectancy qilgdQ as null hypothesis in 19 studies over
20 years, which concluded in contradicting restilfEhe results of the study 2-level model
showed that on average experimental students sebmd 0.083 standard deviation units higher

than controls with significant important variabjliof true-effect sizes.
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CHAPTER 3: METHODS

My fathers planted for me, and | planted for mylatan.
- Hebrew Proverb

This chapter deals with study objectives, coitectand measurement of variables of
interest, the 3-level random intercept model asdnbdelling process. Firstly, the study 3-level
random intercept model is introduced and thensthdy epidemiological objectives in the frame
of three main questions are presented. Secondly,cd#lection process, number, position and
measurement of variables of interest in the modehichy are discussed. Finally, the chapter
continuous in description of the study 3-level maaethe special generalization of the 2-level

model in chapter two and it closes with its reladtgp by step modelling process of the data.

3.1. Study Objectives

3.1.1. Statistical Objective

Most used statistical multilevel modelsttucation research are 2-level or at most 3-level
models. In this research, an example of applyiBgevel model is given that from mathematical

perspective can be written in the fofm:
0 1 1 2 2 3 3
f<E(Yt5§c) ) Bosn +Zﬁ( "X, +Zﬁ( ) x5 +Zﬁ( ) x® . 1<e<7)

where Xs(llj)k,Xs(Jz,z, andx’ were level-1 (represented by subsci)ptevel-2 (represented by

subscriptj), and level-3 (represented by subsckipvariables and for continuous outcome

varlabIeYlS’;) N(ejx,02) , (1 <t < 5) andf(x) = x whilst for binary outcome variable

Y~ Bernouli () wheremy; = Pr(¥ =1),(6 <t < 7) and f(x) = logit (x).
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Moreover, for the linear modék) =x, YLEQ (1 <t <£5) represented one of the five EDI
domains outcome variables for tH&child in thej " neighborhood in the™ geographical area,

and for the logistic modé{x) = logit (x),Yig.';()(6 < t < 7) represented being recognized as
“vulnerable child” and experiencing “multiple dleage”, respectively, for the same child. In

addition,
ﬁé?z){ =Bo+vj, and B =B+ (t=123)

whereﬁo,ﬁét) (t = 1,2,3) were fixed numbers anyljk,ys(t) (t = 1,2,3), were random variables
satisfying E(yjk) = E(ys(t)) =0, and Var(ﬁjk),Var(ys(t)) < oo, (t =1,2,3)and all j,k, s.

Also, the random error tere;,, satisfied the conditioB(e;j; ) = 0. Similar to the 2-level

model, we could consider the cross-level interactesms such as

xW 56

spijk  Asyk

in the above model in order to discuss the efféetlower level variableXs(lli)jkon the outcome

variableY; ;. with it changes on the values of a higher Ieveiakﬂexs(:,l.

3.1.2. Epidemiological Objective

In Saskatchewan, kindergarten children vmested in neighborhoods; the neighborhoods were
nested in cities, and, finally, cities were nestetkn provincial regional intersectional commitiee
(RIC’s).° Hence, any child’s health outcome can be consitiasea linear function of the individual
or level-1characteristics (e.g. age, gender, Almsigstatus, ESL status, etc.), neighborhood agltev
2 characteristics (e.g. high, medium or low incastaus), geographical area or level - 3

characteristics (e.g. city, town or village statas)d RIC or level-4 characteristics (e.g. lacking
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holding major city status). Considering that theeze only three major cities in the province with

the minimum population of 35,000 citizens (i.e. k&dson, Regina and Prince Albert), and there
were ten RIC’s, the nested nature of the 4-levaldnchical model was violated. Therefore, level 4
has been removed from the hierarchy and the 3-lgeehrchical model has been chosen to be
focused on instead. Regarding our mentioned 3-i@eelel, and available EDI data from
Saskatchewan Ministry of Education for the schaarg 2008-2009, three main questions of interest

arose:

Question 1What are the significant determinants of developmaldrealth within each of

the constituents and, nested levels, namely: chd@jhbourhood, and geographical area?

Examples:

1.1. Do male children have better health outcornas temale children?

1.2. Do Aboriginal children have better health ames than non-Aboriginal children?

1.3. Do children within French Immersion programédnaetter health outcomes than others?
1.4. Do native English speaking children have béigalth outcomes compared to others?

1.5. Does age have positive impact on children&theoutcomes?

1.6. What is the role of neighborhood income indigguan children’s health outcomes?

1.7. Are children’s health outcomes better in majtes than in non-urban areas? (This is called

the impact of population density on children’s leautcomes).

Question 2 What are the selected determinants that modtrateffects of other
determinants significantly at another level?
Examples:
2.1. Are the health outcomes for children absemhfschool worse in neighborhoods with higher

income inequality than in those from lower incomeguality?
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2.2. Do Aboriginal children have worse health oates in neighborhoods with higher income
inequality than in those with lower income ineqty&li

2.3. Do Aboriginal children have better health omtes in major cities than in non-urban areas?

2.4. How does neighborhood income inequality mothigyeffect living in a major city has on a

child’s developmental health?

2.5. How does neighborhood median income modifyeffect living in a major city has on a

child’s developmental health?

Question 3What are the relative contributions of signifitdeterminants at each level to

the variance of developmental health outcome?

Examples:

3.1. For fixed geography characteristics, whatlaeebetween neighborhood variations?

3.2. For fixed geography, and neighborhood chariatis, what are the between children
variations?

3.3. Which level of variables and individual ch#dtharacteristics has the most contribution to

variation of a child’s health outcomes?

3.2. Data Collection

The first part of this study data consadtsross-sectional EDI data. This cross-sectional
data was conducted by teachers and educationatadsi at Saskatchewan provincial school
divisions during 2008-2009 school years. It ineddhe 5 EDI domains, vulnerability and the
Multiple Challenge Index as outcome variables. iffiermations covered 9045 students from

kindergarten to grade two in 418 schools aroungtbgince.
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The second part of the data set used snstiuidy was collected by the staff at the Universit
of Saskatchewan Social Science Research Librasesusask.ca) and was based on the 2006
neighborhood boundaries taken from Statistics Canglde data utilizes Saskatchewan
neighborhood based list of postal codes for thescaf Saskatoon, Regina, Prince Albert, and

non-urban areas.

The third part of the data set was coll@dtg staff at University of Saskatchewan Spatial

Initiative division (www.spatial.usask.ca) and viesed on 2006 census data at Dissemination

Area level available from Computing the Humanitiesl Social Science (CHASS) data center at

the University of Toronto (datacenter.chass.utarasat/census). The data set includes

Saskatchewan neighborhood level variables of @itk (as the twice of the area between the
line of equality and Lorenz curve), Median Inco®epf Unemployment for 15+ years old

people, % of holders of high school degree, andaae=value of dwelling.

In order to acquire the final data sethaf $tudy, the first and second data sets were mherge
based on the variable “postal code” and after samm@r modifications (including removing
subjects whose postal code did not match or at teasof their 5 EDI outcomes were missing),

the outcome data set was merged with the thirddiyig the final version of this study’s data set.

3.3. Framework of Variables

In the first part of this study’s datd, gbere were 160 variables for Saskatchewan @nldr
4-8 years old in the 2008-2009 school year inclgdif4 items comprising the EDI
guestionnaires. In the second part of the datalsse were 2 variables: neighborhood names
and child residential postal codes. In the third p&athe data set there were 6 variables including
neighborhood names and 5 neighborhood level vasahtluding school type, Gini index,

median income, unemployment rate, percentage of$gpool graduates and average dwelling
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value. Merging the above three data sets the fiatl set of the study included 166 variables of

which 28 variables were used in the study datayaisalThe 28 variables in the study data

analysis were divided into three sets of variabk®ely three hierarchy variables, 18

explanatory variables distributed in three leveld @ outcome variables distributed into two

sets. Table 3.1 summarizes the study variablesremdcorresponding explanations:

Table 3.1: List of Study Main Variables

Variable EDI Questionnaire/ Censu Explanation
Hierarchy Variable

Child The unique EDI ID considered for the child
Neighborhood Name of child’s residential neighborhood

Geographical Area

Explanatory Variables
Child Characteristics

Age

Days Abser

Number of Special Skil
Number of Special Problel
Gende

Aboriginal

Special Neec
French/English Immersic
Englist

Non-Parental Cal
Language/Religion Cla
Neighborhood Characteristics
School Typ

Gini

Median Incom
Unemployment Ra

High School Diplom
Average Dwellin

Geographical Area Characteristics

Geographical Are

Outcome Variable
Continuous

Physical Wellbein

Social Competen
Emotional Maturity
Language & Cognitive De

Communication & General Ki

Binary
Vulnerability Statu:
MCI

Name of child’s city

Child’'s age at the time of surv

Child’'s number odaysabsenfrom school in one ye
Child’s number of special ski

Child’s numbelof special problen

Child's Gender (male or fema

Child’'s Aboriginal statu:

Child’s requirement of special needs (yes ol
Child’s participation it French/English Program (yes or
English as child’s maternal language (yes o
Whether chilcis in nor-parental custod(yesor nc)
Whether child attends a language/religion ¢

Neighborhood School Type as Public, Separate ardéghon
Neighborhood Gir Index

Neighborhood Median Income in $10,000 (per ca
Neighborhood unemployment rate peoplel5+ yearsage (%)
Neighborhood rate of high school diploma holder}
Neighborhood average value of dwelling in $ 10

City Name suchas Saskato(, Regin;, Prince Alber or Nor-urbar Areas

Physical We-being ranging fror 0 to 1(

Social Competence raing from 0 to 1(

Emotional Maturity raning frorr 0 to 1(

Language & Cognitive Development ring from 0 to 1(
Communication & General Knowledge ring from 0 to 1(

Vulnerability Status as yes or
Multiple Challenge Inde as yes or r
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Figure 3.1 shows a modified version of Gebbie’s general ecological model of the
determinants of health for the case of this study using a 3-level model of children’s health.*’ It
shows that the number of levels (i.e. here three) and the type and number of variables within

each level were critical in determining child’s health outcomes.

One broad social, economic, health and
environmental condition at geographical area
level: City

Child’s Health

Six living and community conditions at
neighborhood level: Gini, Median
Income, etc.

Eleven innate family- related
individual conditions at child
level: Age, Gender, Aboriginal
statu, etc

Figure 3.1: A Guide to Thinking About the Threedéeterminants of Child’s Health

3.4. Measurements

3.4.1. Explanatory Variables

Referring to Table 3.1, one can obserag ¢xplanatory variables were divided into three

groups: child characteristics, neighborhood charattcs and geographical area characteristics.

Level—1 variables or individual child characteristics wareasured via the EDI 104

guestionnaire by school teachers or educationatasss.
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Level — 2 variables or neighborhood vaeablere measured as follows: the school type
variable was measured by finding its corresponduigol division at the Saskatchewan

Ministry of Education Website (http://www.educatigav.sk.ca/school-division); and the

variable Gini index was calculated based on meld@rsehold income (before tax) for the
population 15+ years of age. Here, in case of majms of Saskatoon, Regina and Prince
Albert, a Gini Index of zero mostly meant perfegtiality while in case of non-urban areas a
Gini Index of zero mostly meant only one sampléhef Dissemination Area was used for
calculating the neighborhood level Gini coeffici@which, as a result, artificially fixes Gini
Index as zero). Neighborhoods with Gini Index zewostituted 12.5%, 3.3%, 10.0%, and 71.0%
of all neighborhoods in Saskatoon, Regina, Prinker and non-urban areas, respectively. A
median income of zero meant either at least hati@population 15years of age residing in
that neighborhood had no income, or the origing dathe Dissemination Area level was 0.
Finally, the average dwelling value was calculdiaded on owner-occupied private non-farm,
non-reserve dwellings and an Average Value of Dnglbf 0 meant that no one owned the

dwelling in that neighborhood.

The level-3 geographical area variable was measured via lishitd’s residential postal codes in
the data set and Canada Post’s list of city-bassthpcodes available on the website

(http://www.canadapost.ca/ cpotools).

3.4.2. Outcome Variables

Referring to Table 3.1, one can obsera¢ dlutcome variables were divided into two
groups, continuous and binary. The continuousalsdes were the 5 EDI domains in ranging

from O to 10 that had been in the EDI 104 questainerand were measured by school teachers
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or educational assistants. The binary variableaitsferability status and the Multiple Challenge
Index were measured by statistical experts at #sk&chewan Ministry of Education via
finding the distribution of each of the 5 EDI doms{ For the case of vulnerability status,
statistical experts determined whether a childmesdad been in the bottom 10% of the site
distribution in at least one domain. Furthermooe the case of multiple vulnerability, they
specified whether a child’s score had been in tteon 10% of the site distribution in at least

three domain§.

3.5. The 3-level model

3.5.1. Statistical Background

In the social and health sciences, havinge:-level models is not uncommon. Fitting a two-
level model to a three-level hierarchy has two tiggaonsequences:Firstly, it causes
misattribution of the response variation to theaemnmg two levels’ variables, and in its own
order yields to erroneous conclusions about tregivel importance of each level on variability of
the response variable. For example, if one mod#iseg level hierarchical data of geographical
area-neighborhood-child via a two-level model nbmihood-child, then the variability in the
response variable attributed to geographical anea bariables will be absorbed by
neighborhood level variables which cause an oviemnaibn of neighborhood level variations.
Secondly, such incorrect two-level modelling oheee-level hierarchy data produces biased
standard errors for the coefficients of the explanavariables in the model, changing their
significance and hence yielding one to draw wromgctusions on the relationship between each
explanatory and the response variables. In theafabe above example, the neighborhood level
variables can have higher standard errors, and séthem can lose their significance at the

standard significance level gf = 0.05.
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Referring to the three-level model of gegipical area-neighborhood-child, there were
K = 4 cities (Saskatoon, Regina, Prince Albert and nduawu areas) in the province of
Saskatchewan and in th& (1 < k < 4) geographical area there wggeneighborhoods
(Saskatoony; = 65, Reginayj, = 30, Prince Albertj; = 10, and non-urban areak: = 80)
and in thg™ neighborhood < j < J,) there wereV; . children whose continuous and binary
health-related outcome variables had been meaduarathjor cities of Saskatoon, Regina and
Prince Albert the concept of neighborhood was dperalized according to the municipalities
definition of neighborhood area within their cityowever, in non-urban areas the concept of
neighborhoods is not as easily operationalizedréfbee, in this study, any geographical entity
outside of the three large cities mentioned (SaskgtRegina and Prince Albert) including cities
with population less than 35,000, such as townksgas, and resort villages were
operationalized as ‘neighborhoods’ for non-urbaaar These non-Urban ‘neighborhoods,’
would tend to differ from the urban neighborhoadsmportant ways, such as population
density, diversity and even urban design and straciThese differences in what is labeled as a
‘neighborhood’ between those of non-urban areagtamthree cities is well understood by the
researcher; however, for the purpose of this thasid in the interest of geographical inclusion
(as opposed to exclusion), it was decided to prbeeath the current four classes of
‘neighborhoods’ rather than excluding (and losiegeyalizability) about 50% of the population

sample in this study.

As Figure 3.2 shows, level-1 of the aggted data set is represented by the children,
level-2 is represented by the neighborhoods in lwttie children are nested, and level-3 of the

data set is represented by the geographical aressich the neighborhoods are nested.
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Geographical
Area

o ° o -

Figure 3.2: Data Structure for a Three-level (Gapbical Area-Neighborhood-Child) Model

As an extension of two-level models, irettlevel models level-1 intercepts and slopes
may be random at levels 2 and 3 and level-2 inpgscand slopes may be random at level-3.
From mathematical perspective, 3-level regressiodehfor the above aggregated data was

written in the form?®

Level 1: f ( (ri) ) Boji + Z BoiXS), (1<n<7) 3-1)
s ® @
Level 2: = Bsjr = Vsox + Zt—lySth T €k (s=0,..,p)

Tst

. 3
Level 31 yop = Buo + Z SouX +e®) (s=0,..,p, t=0,...,q5)

u=1

where for continuous outcome variable of the fia EomalnsYlSk) N( fjlk) ,0 ﬁ(l)), (I<sn<

5), f(x) = x was used while for binary outcome variable of euébility status or Multiple
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Challenge Inde>Yi§7,1()~ Bernouli (1r;;; ) where m;j;, = Pr(YiS.’,? = 1) ,(6 <n < 7),1(x) = logit

(x) was usedln addition, withg + 1 fixed effects for eacfi;;,, andrs, + 1 fixed effects for
eachy,, the total number of fixed effects in the 3-leveddel (3-1) wag?_, X7t (1 + 1).
In this studyp = 11, g, = 6,95 # 0(forsomes =1, ...,p), 790 =1, andry; # 0

(forsomes =1,...,p,t =1, ..., q;) were found. Note that the valugs, r5:(s,t > 0) referred

to the cross-level interactions coefficients afg, = Var (el.(jl,z) < 0,02, = Var (eS(JZ,Z) <

oo, and 65 = Var (es(f,z) < oo, Similar to the two-level model, depending on Wieetthe

interceptsBy jx, ¥sox OF coefficientsBsjy, vse Or both are random variables, the three-levelehod
will be called the random intercept model, the @ndlope model or the random intercept and

slope model, respectively. In addition, the randotarcept and slope model is defined as:
= Bs® +ug; d Yok = 1Y 0 3-2
.Bsﬂc - :85 + usﬂcy an Vstk = yst + VUstk (S,t > ) ( )

whereg,”,y{? are fixed numbers and,, vy, , are random variable satisfying(us;, ) =
E(vgy) =0, and Var(ugjx) = 0,2 < 00, Var(vgy) = 0,2 < o, for allj, k, s. Also, the model
is simplified to random slope model ify;, = vs, = 0, and it is simplified to random intercept

model ifugj, = vgy = 0 (s,t > 0). In this study, the random intercept model wasluse

Let in the equatiof8 — 1) the two continuous variable “U” and dichotomousiatle “V”

with their associated interaction term “U*V” appeéaithe following form:

fEX)) = By-U+By.V + Bywy. (UxV) + . (3-3)

Then, for the linear case ¢f(t) = t, for eachk units increase in the variable “U”, the outcome

difference of “V=1" versus “V=0"is given byBy.y. k". Furthermore, for the logistic case of
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f(t) = logit(t), for eachk units increase in the variable “U”, the outcome®datio of “V=1"
versus “V=0" changes by(exp(By.y-k) — 1) X 100%" . These conclusions were applied in

the linear and continuous outcome related resuolistlaeir interpretations.

Testing fixed effects and cluster effestthie generalization of the two-level models
discussed in section 2.4.1. For example, refetorthe model (3-1), in order to test the fixed

effects the typical null hypothesis is:

HO:)BSjk =0 , HO:YStk = 0, and HO: 6stu = 0,

with t-values of =2 ﬁka — (df=RI, DI, Ny —p = 1), & V(Syfk - (df=5,J; — 95— 1), and
s.e k

t= Se(s(i;u )(df K-r,: — 1), respectively, in which the numerator is the mmaxn likelihood
stu

estimate of the coefficient and the denominatdnésestimated sampling standard error of the
numerator. Next, in order to test the clusterafiee compare the 3-level model (3-1) with
Usjk, Vst 7 0 (s = 0,...,p, t =0,...,q,) with the 3-level model (3-1) withjx, Vs = 0 (s =
0,..,p, t =0,..,q) using likelihood ratio tests. The null and altgime hypotheses are written

as:

Hy: 0,2 = 0,,> = 0, (foralls =0, ...,p, t =0,...,q5),
H;: 0,2 oro,,% >0, (for somes = 0,...,p, t =0, ..., q5).
AttributingL, andL, to the likelihood values of the linear regressioodel (3-1) and the 3-

level regression model (3-1), respectively, thedt&istics for testing above hypothesis is given

by:

LR = (-2log o)) — (-2 log (1)),
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which should be compared to a chi-squared disiobhwiith degrees of freedom equal to the

2

(Zh-0(as+1), 0.95)" Moreover, one

number of extra parameters in the 3-level moddl)(3hat is X

can test the super-cluster effects (necessityeohighest hierarchy level) by testing the null
hypothesis stating there are no geographical dfeet®by comparing the three-level
geographical area-neighborhood-child model toweelevel neighborhood-child model. The

null and alternative hypotheses and the LR stesigtre modified forms of those discussed above

for the cluster test, and the details are omitted.

The interpretation of intercepts and slopiethe equation (3-1) is presented regarding

whether the outcome variablg, is continuous or binary.

Firstly, for the continuous outcome varialjlg, the intercept,,, measures the overall

mean ofY;;, across all geographical areas, neighborhoods lafdten. The mean value &fj;
for geographical ardacalled random intercept 1§x = 6000 + eéfﬁc. The random geography

effecte®)

oox IS the difference between geographical &'s@averall mean and the overall mean.

The mean value df;;, for neighborhoodg nested in geographical arkeaalled random intercept

is Bojk = Yook + eéi,){. The random neighborhood effeeﬁ,){ is the difference between such

neighborhood’s overall mean and the overall meageofyraphical area Furthermore, the

coefficientsBy i, Ysu in the equation (3-2) are called random slopesnigameansp; ™, v,

respectively, and varianceg_?, g, %, respectively. The random variablel%()are referred to as

level-1 residuals, the random variablefss(f,z are referred to as level 2-residuals and the nando

(3)

variablese,,,

are referred to as level-3 residuals. A 95% cayeraterval for geography effects
is given by 6o — 1.96 * 0,(3), g00 + 1.96 * g, (3)), meaning that 95% of geographical area

effects are expected to lie in such range. Conselyi¢hose geographical areas at the 97.5
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percentile of the geography distribution are estéiido score 3.9 3 points higher than
those geographical areas at the™?percentile. Next, within geographical atea 95%
coverage interval for neighborhood effects is gitagrihe interval oo, — 1.96 * 0,(2), Yoox +
1.96 * g,(2)) meaning that within geographical areas 95% aoffmigorhood effects are expected
to lie in such range. Consequently, those neighdmt at the 97"5percentile of the
neighborhood distribution are estimated to sca®2*3r,, points higher than those
neighborhoods at the 2"percentile. Finally, within geographical alemeighborhood, a 95%
coverage interval for child effects is given by theerval B, — 1.96 * g1y, Bojx + 1.96 *
Oe(1)), Meaning that 95% of child related effects angeexed to lie in such a range.
Consequently, those children at the §78rcentile of the distribution are estimated torsc
3.92%v,(1) points higher than those children at thet?@rcentile. The Variance Partition
Coefficient (VPC) values for geographical area lemeighborhood level and child level are

given by:*

VPC(geographical area)= %e (3—4)

(@8
Oa) HO5) tOec) |

VPC(nelghbomH¢—¢

e(1)+"e(z)+"e(3)

VPC(chlld)—-S(li)

e(1)+ e(2)+0e(3)
In addition, the following three differgpiring of children are possible:

ICC(same geographical area-same neigbbdrsame child) £, (3-5)

ICC(same geographical area-sa@ghborhood) = Oe( tOes)

e(1)+°e(z)+°e(3)

2
ICC(same geographical area)-=—2=® .
( Jeograp Ot Tea) %)

Note that for two children living in two €#rent geographical areas, ICC=0, which is trivial.
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Secondly, for the binary outcome variabg, the intercept,,, measures the overall log

odds of the outcomel];, = 1} across all geographical areas, neighborhoods faitdten. The

log odds value ofY;;,-,} for geographical argacalled random intercept jgox = Spo0 + eézﬁc.

The random geography effenetgf)}c is the difference between geographical akeadog odds and

the overall log odds. The log odds valugXf, = 1} for neighborhood nested in geographical

areak called random intercept iy x = Yook + eé?,)(. The random neighborhood effe f,)( is
the difference between such neighborhood’s log adhdisthe overall log odds of geographical
areak. Furthermore, the coefficienfs;x, ys¢x in the equation (3-2) are called random slopes

having meang3;”, v, respectively, and varianceg, 2,2, respectively. The random

variableei(jlk) is referred to as level-1 residual. Each categbtiis residual has type | extreme-
value distribution and since the standard logidistribution can be written as the difference of

two type | extreme-value random variables, it faothat the level-1 variance is the variance of

2
standard logistic distribution given g;y' 4142 Similar to the continuous case, the random

variable e'? is referred to as level 2-residual and the randariable )

S] < IS referred to as

level-3 residual. A 95% coverage interval for geqdny effects is given bygy,o — 1.96 *
e(3), G000 + 1.96 * 0,(3)) meaning that 95% of geography effects are exfgeotée in such a
range. Consequently, those geographical areas &f7tH' percentile of the geography
distribution are estimated to have log odds of ot 3.92%, 3 points higher than those
geographical areas at the 2.percentile. Next, within geographical atea 95% coverage
interval for neighborhood effects is given by th&erval §oox — 1.96 * 0 (2), Yook + 1.96 *
0e(2)) Meaning that 95% of neighborhood log odds of auie are expected to lie in such a
range. Consequently, within geographical areaseimeighborhoods at the 9“7.}5ercentile of
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the neighborhood distribution are estimated to Hageodds of outcome 3.92%,, points

higher than those neighborhoods at thé"bBrcentile. The VPC values for geography-level,

neighborhood-level and child-level are given by:

VPC(geographical areaﬂ;}—-L (3-6)
40254053
2
VPC(neighbookl) —¢,
+"e(z)+°e(3)

VPC(chlld)—yi

+oe(2)+oe(3)

Furthermore, following three different pairing dfikdiren are possible:

ICC(same geographical area-same nelghborhoegiﬁ-ﬂ 3B3-7

+Ge(2)+oe(3)

ICC(same geographical areaa—-L

+Ge(2)+ce(3)

3.5.2. Modelling Process

The following steps were followed:

Step 1: We assumed that each of the 5 BBlaihs (as the continuous outcome) followed

a normal distribution, and each of the dichotomoutsome - vulnerability status and MCI
followed a binomial distribution. Standard modall@ing approach was used to select
variables for multivariable modef&“® A three-level linear regression for each of the
continuous outcome and a three-level logistic regjom for each of the dichotomous outcome
were utilized. Various bivariable models were fittey taking one independent variable at a

time.
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Step 2: Now, based on the analysis condumtestep 1, independent variables with p <
0.20, and of biological and scientific importancere/considered as candidate variables for the

final multivariable multilevel modét

Step 3: Multivariable multilevel linear aladjistic regressions were conducted to
determine significant independent variables foheaafche 5 EDI outcome domains,

vulnerability status and the Multiple Challengeérd

Step 4: All statistically significanp (< 0.05) and biologically- scientifically important
variables (regardless of their statistical sigifice) were kept in the final multivariable

multilevel model.

Step 5: The importance of each variabliéfinal model was determined by whether that
variable had been statistically significapt€ 0.05) in at least one of the 5 EDI multivariable
multilevel linear regression models, two multivt@multilevel logistic regression models or

it had been a biologically and scientifically imtaont variable.

Step 6: The significance of each of 2-fagtteraction terms were tested by including it
individually in the final main multivariable mulélzel model. In this study, merely 2-interaction
terms of within-level type and cross-level type &veonsidered. Considering standard model
building strategies, all interaction terms werduded as candidates in the final model if they
had a p-value of < 0.20 for at least the multivalganultilevel model associated to one of the 5
EDI domains or one of 2 binary outcomes. All int#i@n terms were retained in the final
model if they had a p-value of < 0.10 for at l¢hst multivariable multilevel model associated
to one of the 5 EDI domains or one of the two byr@artcomes. In addition, confounding
needed to be checked for in some cases as wellfo@uding was checked for if the

interaction was non-significant.
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Step 7: The model was essentially basetti@Chunk wise Methotf, composed of four
chunks (sets) of variables. These four chunks weréndividual chunk (11 individual child
variables), the neighborhood chunk (6 neighborhahbles), the geography chunk (1
geographical area variable) and the interactiomkl{g within-level and 23 cross-level

interactions).

Step 8: Model fit was evaluated the ustegrson chi-square test for each of the five final
multilevel linear models and the Hosmer- Lemeshest for each of the final two multilevel

logistic models.

Step 9: Due to our sociology interest,ra¢Hevel model was considered. However, we

tested cluster effects and super cluster effedtg s LR test, as well.

3.6. Software

In this study, SPSS software was used teatdEDI data. Other related data were gathered
via Excel, and after conversion to SPSS files theye merged with primary EDI data contained
in SPSS file. The final data set was in SPSS foandtsimultaneously was converted to SAS

and STATA formats for operational data analysis.
The statistical analysis of this study wasformed with SAS 9.3, STATA 11, and SPSS 17

software packages.
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CHAPTER 4: RESULTS

The ones that matter the most are the children.
-Native American Peoly

This chapter presents the results of the studgtl¥ira general descriptive analysis of the
outcome variables and predictors of interest iemgiand the univariate analyses of the 3-level
linear and logistic models are conducted. Secondhly, special attention to Aboriginal status
and geographical area, a brief statistical infeeesfomeans of 5 EDI domains, proportions of 2
binary outcomes and their relative differencesdaseussed. Thirdly, multilevel linear analysis
with focus on the main effects, within-level andss-level interactions is conducted answering
the first two main study epidemiological questiofise answer of the third question is given by
the following calculations of specific hierarchyé VPCs and ICCs. Fourthly, the chapter
presents the related multilevel logistic analysisah is similar to the linear one above. Finally,

it concludes with a brief discussion of the modatistically significant variables and fitness.

4.1. Descriptive Analysis

Descriptive analysis was divided into thpeets, including Pearson inter-correlation of the 5
EDI outcomes, basic statistics for dependent viegland basic statistics for independent

variables.

Table 4.1 presents the correlations betvileerfive EDI domains and the correlation
between “gold standard” normative sample in paresith The “gold standard” sample is an
inclusive data set created in 1999 with Canada widedata of 116,860 children at the age of 5
and included gender, all five EDI domains and ckitdwith no special need5As observed, all

correlations in this study were significgit < 0.0001) and were moderate except the high
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correlation between Social competence and Emotima&lirity which is consistent with

previous studie&’

In addition, correlation results from teemple were in the range of medium to high and
similar to that of the correlations with the normatsample. The difference percentage (i.e.

% x 100%) range from 1.5% in the correlation between Samahpetence and Emotional

maturity to 15.8% for the correlation between Emioél maturity and Communication & general

knowledge.

Table 4.1: ObservecBivariate Pearson Correlatio (correlation in the normative “golt
standard”), and ((n-values)) for 5 EDI Outcome ¥hhes

Social Emotional Language & Cognitive Communication &
Competenc Maturity Development General Knowledge
Physical-Well being 0.621* 0.513* 0.574* 0.641*
(0.590) (0.490) (0.530) (0.610)
((9025) ((8993). ((8984) ((9024).
Social Competence 0.802* 0.635* 0.637*
(0.790) (0.590) (0.570)
((8994)) ((8985)) ((9024))
Emotional Maturity 0.495* 0.521*
(0.460) (0.450)
((8954)) ((8991))
Language & Cognitive 0.673*
Development (0.620)
((8986))

Note: *P < 0.0001

Finally, in each column from top down timear or quadratic trend in the observed results

is similar to the same trend in that of the cotrefes with the normative sample.

Table 4.2 presents descriptive statigtiosan, standard errors) for the 5 EDI domains and

the “gold standard” normative sample in parenthesssobserved from top down, the results for

mean values followed the same decreasing-increa&ogeasing trend of normative sample

mean values. Next, in all 5 EDI domains, Saskatememean values were less than national

normative sample results with difference percentagging from 1.2% for Social competence to

5.2% for Language & cognitive development. Furthamnas observed from top-down, the



results for standard errors followed the same asirg-decreasing-increasing trend of normative
sample standard errors suggesting the consistdrthisstudy data with that of the normative
national sample. Finally, 30.0% of Saskatchewaldam were deemed ‘vulnerable’, while

6.74% were deemed ‘multiple-vulnerable’ (as defibgdMultiple Challenge Index).

Table 4.2: Observed Basic Statistics for Depentfaniables (n=9045)

Variable Category Mean * s.e. n%=+ s.e.%

Continuou

Physical Well-Being 8.52 + 0.01618.79+0.0031)

Social Competence 8.19 £ 0.0201 (8.29+0.0051)

Emotional Maturity 7.91 £ 0.0165 (8.05+£0.0044)

Language & Cognitive Development 7.92 £0.0212 (8.36+0.0053)

Communication & General Knowledge 7.47 £0.0279 (7.73+0.0057)

Binary

Vulnerability Status Yes 30.00:0.4818
No 70.00:0.4818

Multiple Challenge Index (MCI) Yes 6.74+0.2636
No 93.26t0.2636

Note: * refers to corresponding gold standaadistics.

Table 4.3 presents the basic descriptatssics for all hierarchical independent variables

Firstly, the total sample included 9043dt@n nested in 185 neighborhoods, in which 65
neighborhoods were in Saskatoon, 30 neighborhoeds in Regina, 10 neighborhoods were in

Prince Albert and finally 80 were nested in nonaurlareas.

Secondly, referring to the child charastées, all of children in this study were betweeh 4
and 8 years old, with an average age of 5.69 ywatsan average of 3.80 days absent from
school in the 2008-2009 school year. The percerdéfeys and girls in the study were almost
equal (male: 50.65%; female: 49.35%; standard ®.68%). Non-Aboriginal children
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constituted almost five times the number of Abaradichildren in the study sample (Non-
Aboriginal: 83.20%; Aboriginal: 16.80%). Most chi&h in the study were native English
Speakers (Non-ESL: 95.83%; ESL: 4.17%), and thegueage of children who had non-parental
care was almost equal to those who had parental(blan-parental care: 44.84%; Parental Care:
43.53%; standard error = 0.46%). The majority aldcen did not attend a language or religion

class (Non-attendance: 68.71%; Attendance: 15.75%).

Thirdly, referring to neighborhood charaigics, the majority of children were enrolled in
public schools (public: 69.43%; Non-public: 30.57%0)d on average, 56.57% of their
neighborhood community held at least a high scdg@bma. Children in the study were living
in neighborhoods that had income inequality ran@liam perfect equality (Gini = 0) to high
inequality (Gini = 0.679); mean income inequalibutd be described as low (Gini = 0.127). In
addition, neighborhood-level median income perteaginged from 0 to $46640, with mean
value of $ 25020. Neighborhood average value oflldwgeranged from 0 to $ 34271 with mean

value of $ 12305.

Finally, referring to geographical areai@hle, almost half (47.53%) of all Saskatchewan
children in this study were living in the three ¢pégt cities in the province: Saskatoon (24.25%),

Regina (21.29%), and Prince Albert (1.99%).
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Table 4.3: Basic Statistics for Independent Vdesalfn=9045)

Variable Category n% Mean £s.e. Min Max
Child Characteristics
Age 5.69 £+ 0.0060 4.57 7.94
Days Absent 3.80 £ 0.1026 0.00 60.00
Number of Special Skills 0.44 + 0.0200 0.00 7.00
Number of Special Problems 0.29 £ 0.0150 0.00 09.0
Gender Female 49.35
Male 50.65
Aboriginal Status Aboriginal 16.80
Non-aboriginal ~ 83.20
Requirement of Special Needs Yes 4.00
No 96.00
Attendance at French/English Immersion School Yes 12.13
No 87.87
English as Maternal Language Yes 95.83
No 4.17
Non-Parental Care Yes 44.84
No 43.53
Unspecified 12.63
Attendance at Language/Religion Class Yes 15.75
No 68.71
Unspecified 15.53
Neighborhood Characteristics
School Type Public 69.43
Separate 29.71
Francophone 0.86
Gini Index. 0.127+ 0.0010 0 0.679
Median Income in $ 10,000 (per capita) 2.502+ 0.0089 0 4.664
Unemployment Rate for People 15+ Years of Age (%) 5.399+ 0.0413 0 36.660
% of People with at Least High School Education 56.570+£0.1055 8.115 95.745
Average Value of Dwelling in Rea$10,000. 12.305+ 0.0637 0 34.271
Geographical Area Characteristics
Geographical Area Saskatoon 24.25
Regina 21.29
Prince Albert 1.99
Non-urban Areas 52 .47

Note: * The price that has been modulated feonominal price by removing the effects of its

general level changes over time such as inflation.



4.2. Univariate Analysis

Tables 4.4a and 4.4b present the adswtizetween selected covariates and 7 outcome
variables: the 5 EDI domains and 2 derived varmblevulnerability and the multiple challenge

index.

Referring to linear regression modestly, child level variables of “age”, “days absent
from school”, “number of special skills”, “numbef €pecial problems”, “gender”, “Aboriginal
status” and “non-parental care” were significanttva@ach of the 5 EDI domairip < 0.001).

The variable “English as second language” was fogmt with four of the EDI domains

(p < 0.05) and for the variable “Requirement of special néedss significant with only two of
the EDI domains of Social competence and Emotioralrity. The variables “French/English
Immersion school attendance”, and “Language/Raligiass attendance” were significant with
two of the EDI domains of Physical well-being anah@nunication & general knowledge

(p < 0.05). Second, neighbourhood level variables “School Tyméth public school as its
reference category), “Gini Index”, and “Rate ofthgrhool degree holders” were moderately
significant with only one EDI domain of either Pload well-being, or Social competence or
Language & cognitive developmeft < 0.10), while other variables such as “median income”,
“unemployment rate”, and “average value of dwellihgd no significant associations with any
of the 5 EDI domains. Finally, the variable “geqguecal area” (with non-urban areas as its
reference category) was moderately significant with of the EDI domains with Saskatoon
moderately significant in Physical well-being amahguage & cognitive development, Regina
moderately significant in Social competence, Enmmalanaturity and Language & cognitive
development and Prince Albert moderately signifigarSocial competence and Emotional

maturity, (p < 0.10).
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Referring to logistic regression modgektly, child level variables “days absent from
school”, “number of special skills”, “number of sp& problems”, “gender”, “Aboriginal
status”, “French/English immersion school atten@&nand “non-parental care” were significant
for both binary outcome® < 0.001), while other variables such as “age”, “English agemal
language” and “language/religion class attendamea® significant in one of the two binary
outcomegp < 0.001). Secondly, all neighbourhood level variables exteptvariable “School
Type” had no significant associations with eithethe two binary outcomes. Finally, at the level
of the geographical area, only “Regina” was sigaifitly associated with both binary outcomes

(p < 0.005).

In selecting candidate variables for isghn in the multivariable multilevel model building
process, two criteria were considered: first, vaaiable has a p-value < 0.200 for at least one of
the 5 EDI domains or for either of the two binantammes, then the variable was retained as a
candidate variable in all seven models in orden&intain consistency of inclusion in all the
models. Second, of the neighborhood level variatNtedian Income”, “Unemployment Rate”,
and “Average value of Dwelling” though they werd statistically significant, they were
retained in the modelling process due to their inge of revealing social contextual aspect of

this study.
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Table 4.4a. Univariate Analysis: Association Betwemach of the Covariates and 5 EDI domains,
Vulnerability Status, and the Multiple Challengeléx (MCI)

Model Linear Logistic
Physical Social Emotional Language& Communication  Vulnerability MCI
Well-being Competence Maturity Cognitive & General Status
Development Knowledge

Independent Variable

Child Characteristic

Age 0.304* 0.216 0.133 0.564 0.405 —0.411 —0.113
(< 0.00D)t (<0.001) (0.006) (<0.001) (<0.001) (<0.001) (0.384)
[0.211,0.396]%  [0.1000.333]  [0.0380228]  [0.430,0.685] [0.244,0.566] [-0555-0.267]  [-0.369,0.141]
Days Absent —0.045 —0.043 —0.031 —0.063 —0.069 0.065 0.047
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
[-0.050,-0.040] [-0.049,-0.036] [-0.036,-0.026] [-0.069,-0.056]  [-0.077,-0.060] [0.057,0.074]  [0.037,0.056]
Number of Special 0.263 0.290 0.216 0.443 0.550 —0.471 —0.941
Skills (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
[0.232,0.295  [0.250,0.330] [0.184,0.249] [0.402,0.484] [0.496,0.60% [-0.545,-0.397] [1.193,-0.683]
Number of Special —0.745 —1.055 —0.740 —1.003 —1.439 1.379 1.216
Problems (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
[-0.779,-0.710] [-1.098,-1.013] [-0.776-0.704] [1.049,0.958] [-1.499,-1.381] [1.282,1.477] [1.126,1.306]
Gendert/ale) —-0.416 —0.809 —-0.801 —-0.614 —0.884 0.824 0.907
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
[-0.477,-0.356] [-0.884-0.735] [0.861,-0.741] [-0.693-0.535] [-0.992-0.782] [0.727,0.921] [0.724,1.089]
Aboriginal Status —0.063 —0.101 —0.070 —0.107 —0.102 0.978 0.928
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
[-0.091,-0.035] [-0.136-0.066] [0.099,-0.042] [-0.143-0.070] [-0.151-0.054] [0.756,1.204] [0.552,1.303]
Requ'irementof —0.004 —0.026 —-0.019 —0.015 —0.021 0.019 0.017
Special Needs (0.636) (0.005) (0.013) (0.113) (0.106) (0.085) (0.130)
[-0.018,0.011 [-0.044,-0.008] [-0.034,-0.004] [-0.035,0.04 [-0.046,0.004] [-0.003,0.042] [-0.005,0.039]
French/English 0.028 0.020 —0.000 0.026 0.045 —-0.301 —-0.961
Immersion School (0.008) (0.126) (0.976) (0.063) (0.013) (<0.001) (<0.001)
Attendance [0.007,0.048] [-0.006,0.046] [-0.021,0.022] [-0.001,0.053] [0.010,0.081] [-0.454,-0.147]  [-1.328,-0.594]
English as Second 0.185 —0.004 -0.171 —0.511 -2.058 0.632 0.315
Language (0.020) (0.138) (0.036) (<0.001) (<0.001) (<0.001) (0.112)
[0.029,0.340] [-0.344,0.048] [0.332,-0.011] [-0.715-0.307] [-2.325-1.191] [0.409,0.854  [-0.074,0.703]
Non-parental care —0.003 —0.004 —0.002 —0.004 —0.006 0.005 0.005
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (0.001)
[-0.004,-0.001] [-0.005-0.003] [-0.003,-0.001] [-0.006,-0.003] [-0.008,0.004] [0.003,0.007] [0.002,0.007]
Language/Religion —0.001 —0.001 —0.001 —0.001 —0.033 0.003 —0.000
Class Attendance (0.005) (0.127) (0.332) (0.263) (<0.001) (<0.001) (0.744)
[-0.002,-0.000] [-0.002,0.000] [0.002,0.001] [-0.002,0.001] [-0.005-0.002] [0.002,0.005] [-0.003,0.002]

Note: * indicates the estimated coefficient in thdevel model, 1 indicates the p-value ahd
indicates the 95% CI.
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Table 4.4b. Univariate Analysis: Association Betwesach of the Covariates and 5 EDI Domains,
Vulnerability Status, and the Multiple Challengeléx (MCI)

Model Linear Logistic
Physical Social Emotional Language& Communication Vulnerability MCI
Well-being Competence Maturity Cognitive & General Status
Development Knowledge
Independent Variable
Neighborhood Characteristics
Separate School 0.031 —0.091 —0.026 —0.057 0.035 0.017 0.082
(0.408) (0.051) (0.505) (0.243) (0.587) (0.763) (0.413)
[-0.042,0.104] [0.1830.000] [-0.101,0.050] [-0.153,0.039] [-0.092,0.128] [-0.094,0.128] [-0.114,0.278]
Francophone 0.879 0.357 —0.064 0.149 0.012 —0.531 —-0.417
School (<0.001) (0.104) (0.721) (0.518) (0.968) (0.080) (0.493)
[0.537,1.222] [0.073,0.787] [-0.415,0.287] [-0.303,0.601] [-0.582,0.607] [-1.127,0.064] [-1.607,0.774]
Medium Gini —-0.267 —0.070 -0.177 —0.084 —0.303 0.373 0.179
(0.002) (0.537) (0.052) (0.484) (0.031) (0.001) (0.336)
[-0.435-0.100° [-0.2940.153] [0.356,0.001] [-0.320,0.151] [-0578,0.027] [0.154,0.594]  [-0.186,0.545]
High Gini —0.019 0.080 0.042 0.111 0.059 0.121 —0.043
(0.827) (0.485) (0.655) (0.357) (0.681) (0.296) (0.812)
[[0.192,0.153] [0.146,0.305] [-0.143,0.227] [-0.126,0.349] [-0.228,0.344]  [-0.106,0.350] [-0.403,0.315]
Median Income 0.049 0.007 —0.041 —0.027 0.095 —-0.011 —0.056
in $10,000 (0.379) (0.921) (0.576) (0.725) (0.320) (0.899) (0.684)
[-0.060,0.168] [-0.135,0.150]  [-0.152,0.071] [-0.173,0.124] [-0.092,0.282] [-0.173,0.150] [-0.306,0.213]
Ll’gem\f'oyme;t %l of 0.007 -0.007 —0.009 —-0.002 —-0.007 0.002 -0.018
* vears Feople (0.497) (0.545) (0.363) (0.903) (0.676) (0.892) (0.571)
[-0.012,0.026] [0.031,0.016] [0.028,0.010] [-0.027,0.023] [-0.039,0.025] [-0.025,0.029] [-0.079,0.044]
) 0.004 0.010 0.002 0.017 0.006 —0.008 —0.021
% People with at (0.356) (0.150) (0.663) (0.016) (0.515) (0.293) (0.116)
D High School 1.6 005,0.014] [-0.003,0.027] [-0.008,0013] [0.003,0.030] [0.0120.023] [0.023,0.007]  [-0.047,0.005]
Average  Value of 0.004 0.005 —0.003 —0.002 0.014 —0.012 —0.016
Dwelling in $ 10,000 (0.584) (0.677) (0.755) (0.866) (0.384) (0.370) (0.403)
[-0.011,0.020] [-0.018,0.028] [-0.019,0.014] [-0.027,0.014] [-0.017,0.044] [-0.039,0.015] [-0.054,0.022]
Geographical Area Characteristics
Saskatoon —0.143 0.013 —-0.018 0.273 —-0.131 0.191 —0.166
(0.082) (0.894) (0.832) (0.008) (0.328) (0.080) (0.334)
[-0.303,0.018] [-0.181,0207] [-0.187,0.150] [0.072,0.0475] [-0.393,0.131] [-0.023,0.405] [-0.502,0.171]
Regina —-0.127 —0.298 —0.193 —0.458 —0.303 0.437 0.534
(0.230) (0.019) (0.082) (0.001) (0.077) (0.001) (0.005)
[-0.335,0.080] [0.548-0.049] [-0.411,0.025] [0.717,-0.199]  [-0.639,0.033] [0.170,0.703] [0.159,0.910]
Prince Albert —-0.114 0.438 0.345 —0.198 0.380 —0.103 —-0.363
(0.570) (0.071) (0.100) (0.435) (0.247) (0.710) (0.437)
[-0.507,0.279] [0.0380.914] [-0.066,0.757] [-0.694,0.299] [-0.264,1.025] [-0.644,0.439] [-1.277,0.552]

Note: * indicates the estimated coefficient in fhkevel model, T indicates the p-value and

indicates the 95% ClI.
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4.3. Statistical Inference of Means, Proportions ahDifference Percentages

Table 4.5 presents the average (95% CI) of the bdehains for selected child,

neighborhood, and geographical area level variables

First of all, referring to child level vables, girls had significantly higher average valune
all 5 EDI domains than boys, and the difference@atages ranged from 4.9% in Physical well-
being to 12.4% in Communication and general knogge&econdly, Aboriginal children had
significantly lower average values in all 5 EDI dains than non-Aboriginal children, and the
difference percentages ranged from 8.8% in Emottioradurity to 19.4 % in Communication
and general knowledge. Figure 4.1 presents thaesdétsdor Aboriginal children and non-
Aboriginal children. It also shows a decreasingdrér Aboriginal children’s scores from left to

right while the trend for Non-aboriginal childresinot monotonic.
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Figure 4.1. Average (95%CI) of 5 EDI Domains by Abmal Status

60



Thirdly, native English speaking childiesd higher average values in 4 EDI domains than
ESL children and the difference percentages rafrgad 1.7% in Social competence to 35.9% in
Communication and general knowledge. Furthermarthe domains of Language & cognitive
development and Communication & general knowledwh slifferences were significant.
Fourthly, children who had a parental care hadérglverage values in all 5 EDI domains than
those with non-parental care and the differencegmgages ranged from 0.1% in Emotional
maturity to 6.9% Communication & general knowledigeall three domains of Physical well-
being, Language & cognitive development and Comueatiin & general knowledge such

differences were significant.

Next, referring to neighborhood level ahiles, as the neighborhood income inequality
increased average child EDI outcome followed a cptaxd(decreasing-increasing) statistically
significant trend in all 5 EDI domains. Secondligildren in neighborhoods with Francophone
schools had higher average values in all 5 EDI diesnéaan children living in neighborhoods
with public and separate schools. Such differenag significant in the two domains of Physical

well-being and Social competence.
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Table 4.5a: Average (95%CI) of 5 EDI Domains byl@hievel, Neighborhood Level and
Geographical Area level Variables

Physical Social Emotional Language Communication
Well-being Competence Maturity &Cognitive & General
Development Knowledge
Gender
Girls 8.72 8.59 8.31 8.22 7.91
[8.68,8.77] [8.54,8.64] [8.27,8.35] [8.17,8.28] [7.84,7.99]
Boys 8.31 7.79 7.52 7.62 7.04
[8.27,8.36] [7.73,7.85] [7.41,7.57] [7.56,7.68] [6.96,7.12]
Difference (%) +4.9" +10.2* +10.5" +7.9" +12.4™
Race
Aboriginal 7.74 7.45 7.32 6.69 6.21
[7.65,7.83] [7.34,7.56] [7.24,7.41] [6.56,6.81] [6.07,6.36]
Non-Aboriginal 8.67 8.33 8.03 8.16 7.72
[8.64,8.71] [8.29,8.37] [8.00,8.06] [8.12,8.20] [7.66,7.78]
Difference (%) —-10.7* —10.6** —8.8* —18.0* —19.4*
Maternal Language
English 8.51 8.19 7.91 7.94 7.57
[8.48,8.54] [8.15,8.23] [7.88,7.95] [7.89,7.98] [7.51,7.62]
ESL 8.70 8.05 7.74 7.44 5.57
[8.56,8.84] [7.85,8.24] [7.59,7.90] [7.22,7.67] [5.24,5.90]
Difference (%) —2.2™ +1.7 +2.2 + 6.7 +35.9"
Care
Parental 8.62 8.28 7.94 8.13 7.78
[8.58,8.67] [8.22,8.34] [7.89,7.98] [8.08,8.19] [7.70,7.85]
Non-parental 8.47 8.17 7.93 7.79 7.28
[8.42,8.52] [8.11,8.23] [7.89,7.98] [7.73,7.86] [7.19,7.36]
Difference (%) +1.8* +1.3 +0.1 +4.4* +6.9*

Note: Income inequality categories are based @mtRets of Gini Index with ith tertild; =
0.100, 0.159, respectively. ** refers to significant estimatdss% or lower.

62



Table 4.5b: Average (95%CI) of 5 EDI Domains byl@hievel, Neighborhood Level and
Geographical Area Level Variables

Physical Social Emotional Language Communication
Well-being Competence Maturity &Cognitive & General
Development Knowledge
Neighborhood Income Inequality
Low (1st tertile) 8.59 8.19 7.95 7.96 7.54
[8.54,8.64] [8.13,8.25] [7.90,8.00] [7.89,8.02] [7.46,7.63]
Average (2ed tertile) 8.34 8.02 7.75 7.68 7.16
[8.28,8.40] [7.94,8.09] [7.69,7.81] [7.60,7.77] [7.05,7.26]
High(3rd tertile) 8.60 8.35 8.02 8.10 7.69
[8.55,8.65] [8.28,8.41] [7.96,8.07] [8.03,8.17] [7.59,7.78]
Neighborhood School Type
Public 8.50 8.20 7.92 7.92 7.45
[8.46,8.54] [8.15,8.25] [7.88,7.96] [7.87,7.97] [7.38,7.51]
Separate 8.53 8.14 7.88 7.90 7.52
[8.47,8.59] [8.06,8.21] [7.82,7.95] [7.82,7.97] [7.42,7.62]
Francophone 9.45 8.66 7.94 8.23 7.63
[9.27,9.63] [8.29,9.03] [7.63,8.26] [7.86,8.59] 73,8.23]
Geographical Area
Saskatoon 8.54 8.31 7.97 8.25 7.55
[8.48,8.61] [8.24,8.39] [7.90,8.03] [8.17,8.33] 44,7.66]
Regina 8.43 7.93 7.78 7.54 7.26
[8.36,8.50] [7.84,8.02] [7.71,7.86] [7.44,7.64] [7.13,7.38]
Prince Albert 8.47 8.60 8.26 7.69 7.95
[8.23,8.71] [8.37,8.84] [8.06,8.45] [7.42,7.96] [7.60,8.30]
Non-urban Areas 8.54 8.21 7.92 7.93 7.50
[8.50,8.59] [8.16,8.27] [7.88,7.97] [7.87,7.98] [7.43,7.57]

Note: Income inequality categories are based amtRets of Gini Index with ith tertil§; =
0.100, 0.159, respectively. ** refers to significant estimatdss% or lower.

Finally, referring to geography level \aie, the following results were concluded. Firstly

Saskatoon children had higher average values mBDI domains than Regina children, but the

difference was not statistically significant in Bigal well-being. However, Saskatoon children

had higher average values in only 2 EDI domainygfhl well-being and Language &
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cognitive development) than Prince Albert childreat the difference in the first domain was
not statistically significant. In addition, Saskatochildren had higher average values in all 5
EDI domains than non-urban areas children and différence was statistically significant only
in the Language & cognitive development domain.oBd¢Regina children had lower average
values in all 5 EDI domains than all other childrbat the differences were not statistically
significant in the two domains of Physical well4Hbgiand Communication & general knowledge.
Thirdly, Prince Albert children had statisticalligsificantly higher average values than non-
urban areas children in 3 EDI domains of Social getence, Emotional maturity and

Communication & general knowledge. Figure 4.2 samres the above results.
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Figure 4.2. Average (95% ClI) of 5 EDI Domains byoGeaphical Area

Tables 4.6a and 4.6b present propatiadrvulnerable status (95% CI) by child,

neighborhood, and geographical area level varigbtgdor each EDI domains.
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First of all, referring to child leveériables, proportion of girls who were deemed
vulnerable was lower all 5 EDI domains than boyse Tifference percentages ranged from
38.0% in Physical well-being to 65.8% in Emotiomaturity. Secondly, Aboriginal children had
significantly higher vulnerable status proportioamsll 5 EDI domains than non-Aboriginal
children with the difference percentages rangingif©9.9% in Emotional maturity to 231.1% in
Language & cognitive development. Thirdly, nativeglish speaking children had significantly
lower vulnerable status proportions in 2 EDI dorsdhman ESL children. Difference percentages
ranged from 37.2% in Language & cognitive developinte 63.3% in Communication &
general knowledge. Furthermore, in the first 3 Bbinains of Physical well-being, Social
competence, and Emotional maturity native Englgaging children had higher vulnerable
status proportions than ESL children but such tbfiees were not statistically significant.
Fourthly, children who had parental care had sigaiftly lower vulnerable status proportions in
4 EDI domains than those with non-parental carb péircentage changes ranging from 19.9%
in the Social competence to 36.8% in Language &itvg development. However, in the

domain of Emotional maturity, an inverse trend weesent.

Secondly, referring to neighborhoocelexariables, as the neighborhood income
inequality increased, the proportion of vulneraditgus children in each of the 5 EDI domains
followed a quadratic (increasing-decreasing) gta#iy significant trend. Second, children in
neighborhoods with public schools had higher vidbér status proportions in Physical well-
being, Language & cognitive development and Compatiin & general knowledge than other
children. In addition, children in neighborhoodswseparate schools had higher vulnerable

status proportions in Social competence and Emaktimaturity domains than other children.
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Table 4.6a: Proportion of Children Scoring ‘low’Bach of 5 EDI Domains by Child Level,
Neighborhood Level and Geographical Area Level afalgs (%)

Physical Well- Social Emotional Language&Cognitive Communication
being Low Status Competence Maturity Development & General Knowledge
Low Status Low Status Low Status Low Status
Gender
Girls 9.38 6.96 5.85 8.68 11.14
[8.52,10.24] [6.21,7.71] [5.16,6.54] [7.85,9.51] [10.21,12.06]
Boys 15.14 15.10 17.13 14.13 19.14
[14.10,16.17] [14.06,16.13] [16.03,18.22] [13.12,15.14] [18.00,20.28]
Difference (%) —38.0"" —53.9* —65.8*" —38.6™ —41.8™
Race
Aboriginal 25.96 19.43 19.79 26.46 29.62
[23.75,28.17] [17.43,21.43] [17.78,21.80] [24.22,28.69] [27.23,31.93]
Non-Aboriginal 9.55 9.39 9.90 8.45 12.30
[8.89,10.22] [8.73,10.05] [9.22,10.57] [7.82,9.08] [11.55,13.04]
Difference (%) +171.8™ +106.9* +99.9* +231.1" +132.7"
Maternal Language
English 12.50 11.09 11.65 11.19 14.03
[11.80,13.20] [10.42,11.76] [10.97,12.33] [10.52,11.86] [13.29,14.77]
ESL 8.92 10.84 10.90 17.66 38.21
[6.01,11.82] [7.67,14.01] [7.71,14.09] [13.90,21.95] [33.25,43.17]
Difference (%) +40.1* +2.3 +6.9 —37.2" —-63.3""
Care
Parental 10.46 9.74 11.98 8.67 11.74
[9.51,11.40] [8.83,10.85] [10.98,11.98] [7.80,9.54] [10.75,12.73]
Non-parental 13.79 12.17 11.20 13.71 18.11
[12.83,14.45] [11.26,13.05] [10.32,12.08] [12.75,14.67] [16.94,19.08]
Difference (%) —-24.1% -19.9" +6.9 —-36.8" —35.2*
Neighborhood Income Inequality
: 10.76 10.32 10.85 10.42 14.07
Low (1st tertile) [9.73,11.79]  [9.31,11.34] [9.81,11.89]  [9.39,11.44] [12.91,15.23]
: 15.24 13.69 13.90 14.18 18.11
Average (2ed tertile) [13.00.16.58] [12.40,14.97] [12.61,15.19] [12.88,15.48] [16.67,19.55]
: - 11.28 9.44 10.10 9.99 13.70
High(3rd tertile) [10.12,12.4] [8.36,10.52] [8.99,11.22]  [8.88,11.10] [12.43,14.97]
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Table 4.6b. Proportion of Children Scoring ‘low’ach of 5 EDI Domains by Child Level,
Neighborhood Level and Geographical Area Level afalgs (%)

Physical Well- Social Emotional Language&Cognitive Communication
being Low Status Competence Low Maturity Low Development & General Knowledge
Status Status Low Status Low Status
Neighborhood School Type
Public 12.62 10.74 11.34 11.63 15.52
[11.80,13.44] [9.97,11.50] [10.56,12.13] [10.83,12.42] [14.63,16.42]
Separate 11.85 12.01 12.22 11.14 14.47
[10.63,13.08] [10.78,13.24] [10.98,13.47] [9.94,12.33] [13.14,15.80]
Francophone 1.30 6.49 5.19 6.58 12.99
[0.00,3.83]  [0.99,12.00] [0.24,10.15]  [1.01,12.15] [5.48,20.50]
Geographical Area
Saskatoon 11.65 10.29 10.90 9.05 14.09
[10.31,13.00] [9.01,11.56] [9.59,12.21] [7.85,10.25] [12.63,15.65]
Regina 14.57 14.01 14.31 15.72 18.69
[12.99,16.51] [12.46,15.56] [12.74,15.88] [14.08,17.35] [16.94,20.43]
Prince Albert 12.22 6.67 7.22 11.67 12.78
[7.44,17.01] [3.02,10.31] [3.44,11.00] [6.98,16.36] [7.90,17.65]
Non-urban Areas 11.67 10.42 10.90 10.80 14.37
[10.76,12.58] [9.55,11.29] [10.01,11.79] [9.92,11.69] [13.37,15.37]

Note: Income inequality categories are based @mtRes of Gini Index with ith tertild; =
0.100, 0.159, respectively. ** indicates significant estimag<% or lower.

Finally, referring to geography level \auie the following results were reached. Firstly,

Saskatoon children had the lowest vulnerable statysortions in 2 EDI domains, Physical

well-being and Language & cognitive developmentdudh differences were not statistically

significant. Secondly, Regina children had the biglvulnerable status proportions in all 5 EDI

domains but such differences were not statistictipificant in Physical well-being, Language

& cognitive development and Communication & gen&radwledge domains. Thirdly, Prince

Albert children had the lowest vulnerable statugpprtions in the 3 EDI domains of Social

competence, Emotional maturity, and Communicatiogeferal knowledge but such differences

were not statistically significant.
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Table 4.7 presents proportions (95% CBedécted child, neighborhood, and geographical

area level variables (%) with vulnerability andltiple vulnerability, respectively.

First of all, referring to child level vables, girls had significantly lower proportions o
vulnerability and multiple vulnerability than boyEhe difference percentages ranged from
41.4% in vulnerability to 55.2% in multiple vulnéibaty. Secondly, Aboriginal children had
significantly higher proportions of both vulneratyiland multiple vulnerability than non-
Aboriginal children with difference percentagesgiag from 106.4% in vulnerability to 211.0%
in multiple vulnerability. Figure 4.3 presentssbaesults. Thirdly, native English speaking
children had 37.5% lower proportion of vulneralilihan ESL children, which is significant.
Fourthly, children with parental care had signifittg lower vulnerability and multiple
vulnerability proportions than those with non-pdeaticare. The difference percentages ranged

from 19.0% in vulnerability to 24.0% in multiple merability.
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Figure 4.3. Proportion (95% CI ) of Aboriginal @hen and non-Aboriginal Children with
Vulnerability and Multiple Challenge Index
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Secondly, referring to neighborhood levaliables as the neighborhood income inequality

increased the proportion of children with vulneliégpstatus and the proportion of children with

multiple vulnerability followed a quadratic (in@&ing-decreasing) statistically significant trend.

Table 4.7: Proportion (95% CI ) of Child Level,ilgborhood Level and Geographical Area
Level Variables (%) with Vulnerability Status aktliltiple Challenge Index

Variable Vulnerability MCI Variable Vulnerability MCI
Status Status
Gender
Girls 20.95 415 Neighborhood Income Inequality
[19.76,22.18] [3.56,4.17] | 1st tertil 26.59 6.46
ow (Lst tertile) [25.11,28.06]  [5.64,7.28]
Boys 36.11 9.28
[34.72,37.50] [8.44,10.12] , 2ed tertil 33.59 8.56
verage (2ed tertile) [31.83,35.35]  [7.51,9.60]
Difference (%) —41.2* —55.2**
i ; 26.25 5.32
High(3rd tertil
Race 'gh(3rd tertile) [24.63,27.87] [4.49,6.15]
o Neighborhood School Type
Aboriginal 50.18 15.49
[47.61,52.65] [13.67,17.31] pyplic 28.50 6.72
[27.83,29.62] [6.10,7.34]
Non-Aboriginal 2431 4.98
[23.34,25.29] [4.495.47] geparate 29.25 6.89
[27.53,30.97] [5.93,7.84]
Difference (%) +106.4* +211.0™
Francophone 16.88 3.85
Maternal Language [8.52,25.25] [0.00,9.11]
] Geographical Area
English 27.89 6.66
[26.94,28.84] [6.13,7.19] gaskatoon 28.15 4.88
[26.27,30.04] [3.98,5.78]
ESL 44.59 8.63
[39.53,49.66] [5.77,11.48] Regina 34.13 9.09
[32.01,36.25] [7.80,10.37]
Difference (%) —37.5™ —22.8
Prince Albert 24.44 4.44
Care [18.17,30.72] [1.43,7.46]
Parental 25.32 5.52 Non-urban Areas 26.77 6.74
[24.05,26.73] [4.82,6.23] [25.51,28.03] [6.23,7.26]
Non-parental 31.26 7.26
[29.97,32.54] [7.00,8.48]
Difference (%) —19.0* —24.0*

Note: Income inequality categories are based @rties of Gini Index with" tertile T; =

0.100, 0.159, respectively. ** indicates significant estimats<% or lower.
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Next, the proportion of children in Franbope school type neighborhoods with
vulnerability was significantly lower than othehsol type neighborhoods. In addition, the
proportion of children with vulnerability in sepg&easchool type neighborhoods had no
significant difference than the proportion of cidd with vulnerability in public school type
neighborhoods. Similar conclusions were found ftbenprevious result when vulnerability was

replaced with multiple vulnerability.
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Figure 4.4. Proportion (95% CIl ) of Geographicale® with Vulnerability and Multiple
Challenge Index

Finally, referring to the geographical alezel variable the following results were
concluded. Firstly, Saskatoon had the second lapyeportion of vulnerable whilst it had the
second lowest proportion of multiple vulnerablec&welly, Regina had significantly the highest
proportion of vulnerable children, and significarithe highest proportion of multiple vulnerable
children. Thirdly, Prince Albert had the lowest pootion of vulnerable children and the lowest

proportion of multiple vulnerable children. Finglljon-urban Areas had the second lowest
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proportion of vulnerable children and the secorghbst proportion of multiple vulnerable

children. Figure 4.4 summarizes the above obsemnsti

4.4. Multilevel Linear Analysis

Tables 4.8a, 4.8b, and 4.8c, presenitbkilevel generalized linear model used in this
study, which estimates main effects, within-levaleraction and cross-level interaction terms,
respectively, at the child, neighborhood, and geplgy level variables. In the following
subsections, the effects of main effects, withirelanteraction and cross-level interactions will

be presented.

4.4.1. Main Effects

Table 4.8a. depict8 (p — value) results for the main effects of 5 EDI domains blase
multilevel linear regression model including theéladthevel variables of ‘number of special
problems’, ‘requirement of special need’, ‘Frenaiglish Immersion school attendance’, ‘ESL
status’, ‘Language/Religion class attendance’ &edneighborhood level variables of
‘Unemployment % of people 15+years of age’, ‘% ebple with High School Diploma’ and

‘Average value of dwelling'.

First of all, having special problems haglgnificantly negative impact on all 5 EDI
outcomes and each additional problem significatélgreased the scores associated with each
EDI outcome, ranging from 0.633 units for Emotiomadturity to 1.336 units for

Communication & general knowledge.
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Secondly, special needs requirements hesjative weak impact on all 5 EDI outcomes,
and in two domains of Language & cognitive develeptrand Communication & general

knowledge such negative impact was significant.

Thirdly, attending at French or English lemsion school had no statistically significant
impact on the developmental health outcomes. litiaddsuch effect was weak (max 0.016

units) and, is practically negligible.

Fourthly, native English speaking childrexd higher average scores in 4 EDI domains than
ESL children and in the two domains of Languageo§rative development and Communication
& general knowledge such differences were sigmnifichn particular, for the later domain, the
native English speaking children had 2.143 uniffeince from the ESL children. However,
ESL children had significantly higher scores thative English speaking children in Physical

well-being such difference was 0.147 units.

Fifthly, attending a language or religidass had a very weak impact (only 0.001 units) on

all 5 EDI outcomes and, its effect is practicalgghgible.

Sixthly, a higher neighborhood unemploynrate had negative impact on all 5 EDI
domains, and in the two domains of Social competemei Emotional maturity, such a negative
impact was significant. However, such effect waskvgnax 0.014 units) and, its effect is

practically negligible.

Seventhly, despite the fact that a higleegimborhood percentage of high school educated
people had a positive impact on 4 EDI domains, gffgdct was very weak (max 0.008 units),

and it is practically negligible.
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Table 4.8a. Main Effect8 (p — value) Based on Multilevel Linear Regression Model fdEBI

Domains.
Dependent Variable Physical Social Emotional Language& Communication &
Well-being  Competence  Maturity Cognitve ~ General Knowledge
Development
Independent Variables
Child Characteristics
Age +0.268* +0.567* +0.400*" +0.426™ +0.429"
(0.056) (0.001) (0.005) (0.016) (0.063)
Days absent —0.027* —0.029* —-0.021* —0.043" —0.032*
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Number of Special Skills +0.179*" +0.207* +0.156™" + 0.312* +0.414*"
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Number of Special Problems —0.689* —0.963** —0.633** —-0.901" —1.336™
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Gender(Male) —0.826" —-0.101 —0.228 -1.670™ —-1.302
(0.096) (0.866) (0.651) (0.007) (0.1112)
Aboriginal Status —0.622* —-0.426™ —-0.472* —-0.838" —0.853"
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
Requirement of Special Needs —0.011 —0.017 —0.012 —0.022" —0.026"
(0.223) (0.140) (0.181) (0.063) (0.089)
French/English  Immersion  +0.004 —0.001 —0.012 +0.001 +0.016
School Attendance (0.664) (0.954) (0.181) (0.932) (0.277)
English as Second Language  +0.147** —-0.110 —0.095 —-0.634™ —2.143"
(0.050) (0.226) (0.214) (<0.001) (<0.001)
Non-Parental Care —0.001 —0.002 —0.001 —0.003 —0.003
(0.420) (0.281) (0.405) (0.143) (0.216)
Language/Religion class —-0.001™ —0.001 —0.001 +0.001 —0.001"
Attendance (0.004) (0.246) (0.268) (0.229) (0.092)
Neighborhood Characteristics
Separate School —0.016 —0.224" —0.089" -0.236™ —0.120"
(0.699) (<0.001) (0.022) (<0.001) (0.080)
Francophone School +0.835™ +0.484" —0.013 +0.378 +1.040™
(<0.001) (0.063) (0.951) (0.161) (0.003)
Medium Gini —0.190 +0.891 +0.906" +1.207* +0.662
(0.708) (0.146) (0.098) (0.036) (0.422)
High Gini +0.380 +0.216 —0.021 +1.070" +1.401"
(0.451) (0.723) (0.968) (0.058) (0.087)
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Table 4.8 a (Continued)

Median Income in $ 10,000. —0.100**
(0.050)

Unemployment % of People -0.002
15+ Years of Age (0.707)

% of People with at Least —0.001
High School Degree (0.699)

Average Value of Dwellingin  —0.004
Real $ 10,000 (0.652)

Geography Characteristics

Prince Albert City —1.554
(0.142)
Regina City —0.340
(0.623)
Saskatoon City —-1.102*
(0.011)

—-0.161*
(0.009)

—0.014*
(0.040)

+0.008"*
(0.039)

+0.001
(0.951)

~0.027
(0.983)

—0.872
(0.296)

—0.940°
(0.070)

—0.067
(0.213)

—0.012**
(0.044)

+0.007*
(0.051)

~0.002
(0.796)

+0.602
(0.595)

—0.771
(0.301)

—0.487
(0.290)

-0.038
(0.520)

—0.009
(0.197)

+0.005
(0.148)

—0.017
(0.138)

—0.431
(0.722)

-0.977
(0.213)

—0.524
(0.290)

—0.143"
(0.087)

—0.009
(0.352)

+0.001
(0.907)

—0.007
(0.646)

—1.098
(0.524)

~0.994
(0.377)

—1.548*
(0.027)

Note: t Indicates p-values. ** indicates the caméint estimates significant at 5% level or lower,

and * indicates the level of significance at 10%caover.

Finally, although a higher neighborhoodrage value of dwelling had a negative impact on

4 EDI domains, such effect was weak (max 0.017/&yraind it is practically negligible.

4.4.2. Within-Level Interactions

Table 4.8b depicts within-level interactgh(p — value) based on multilevel linear

regression model for 5 EDI domains. The child lexagiables of ‘Aboriginal status’, ‘gender’,

and ‘gender’ modify the effects of other child levariables, such as ‘number of special skills’,

‘non-parental care’, and ‘age’ , respectively. didition, the neighborhood level variable of ‘Gini

income inequality’ modifies the effect of the otmaighborhood level variable, i.e., ‘Median

Income’.
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First of all, an increased number oflskilad a significantly positive effect on all 5 EDI
outcomes and, in addition, for each additionall $ké outcome difference between Aboriginal
children and non-Aboriginal children significantigcreased in all 5 EDI domains ranging from
0.046 units in Emotional maturity to 0.223 unitshe Language & cognitive development.
Therefore, scores of children who have more skéltgardless whether they were of Aboriginal

status, caught those of non-Aboriginal childrert,the associated gap widened.

Figure 4.5 shows the predicted means (99%0€the 5 EDI domains by number of special
skills and Aboriginal status. As observed, in a5l domains the predicted mean of Aboriginal
children is significantly lower than that of non-@&idginal children within the lowest number of
skills; however, among children with higher numbgskills such differences become non-
significant. At the highest number of skills theiagnitude decrease and in 3 EDI domains the
effects become positive, meaning that Aboriginadlden had better outcomes compared to

others.

Secondly, non-parental care status hadtivedy weak effect on all 5 EDI outcomes.
Furthermore, comparing non-parental care statpsutental care status, the outcome difference
between males versus females had a weak assoqatzon0.001 units decrease in 4 EDI

domains) and, therefore, is negligible.

Thirdly, child’s male status had negatffect on all 5 EDI outcomes; such effect was
significant in 2 EDI domains of Physical well-beiagd Language & cognitive development.
However, for each additional year of age, the autedlifference of males versus females
increased within range of 0.078-0.093 units for2HeDI domains of Social competence and
Emotional maturity. Hence, in those EDI domainsg,dider children, not only did males have

lower scores than females, but the gap widenedetls w
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Figure 4.5. Predicted Means (95% ClI) of 5 EDI Damay Number of Special Skills and
Aboriginal Status

Finally, higher neighborhood median incaané higher neighborhood income inequality

had compounding negative effects in 4 EDI domdapecifically, for each additional $10,000
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increase in neighborhood median income, the outatiffexence of children living in
neighborhoods with medium (high) income inequaliysus those living in neighborhoods with
low income inequality increased (increased) withrage of 0.155-0.309 units (range of 0.012-
0.460 units) for 4 EDI domains. Consequentlyirfzyeasing neighborhood median income, not
only did children in neighborhoods with medium ¢hidevel income inequality have lower health
scores than those in neighborhoods with low lavebme inequality, but the gap between them

widened as well.

Table 4.8b: Within-Level Interactions(p — value) Based on Multilevel Linear Regression
Model for 5 EDI Domains

D ndent Variabl Physical Social Emotional Language Communication
€pe de ariable Well-being Competence Maturity &Cognitive & General
Development Knowledge

Independent Variable

Within Level Interactions
Within Level One

Aboriginal*Number of Skills +0.105* +0.055** +0.046** +0.223* +0.215*
(<0.001) (0.035) (0.034) (<0.001) (<0.001)

Gender *Non-parental care —0.001 —0.001 —0.001 —0.001 +0.001
(0.512) (0.127) (0.296) (0.468) (0.530)

Gender*Age

g +0.090 —0.093 —-0.078 +0.210* +0.112

(0.296) (0.376) (0.373) (0.054) (0.432)

Within Level Two

Medium Gini*Median Income +0.129 —0.206 —0.309 —0.287 —0.155
(0.477) (0.347) (0.114) (0.163) (0.600)

High Gini*Median Income —0.139 —0.012 +0.011 —0.313 —0.460
(0.492) (0.959) (0.960) (0.168) (0.163)

Note: T indicates are p-values. ** indicates theffioient estimates significant at 5% level or
lower, while * indicates level of significance @% or lower.

4.4.3. Cross-Level Interactions

Table 4.8c depicts estimated cross-level assoosfi (p — value) based on multilevel
linear regression model for 5 EDI domains .The hletghood level variables of ‘Gini Income
Inequality’, ‘Gini Income Inequality’ , and ‘Schbdype’ modify the effect of child level
variables of ‘Absenteeism days’, ‘Aboriginal stafand ‘absenteeism days’, respectively. In
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addition, the geography variables of ‘major cignd ‘major city’ modify the effect of child
level variables of 'Aboriginal status’ and ‘Non-patal care’, respectively. Furthermore,
neighborhood level variables “Gini Income Inequal#nd ‘Median Income’ modify the effect
of geography level variables ‘major city’ and ‘miagity’, respectively.

First of all, days absent from school haigaificantly negative weak effect on all 5 EDI
domains and, furthermore, for each additional waaedent from school outcome differences of
children living in neighborhoods with medium (hightome inequality compared with children
living in neighborhoods with low income inequalibcreased within a range of 0.091-0.182
units (0.084-0.119 units) in the 3 EDI domains bf$tcal well-being, Language & cognitive
development, and Communication & general knowledgerefore, not only did higher
neighborhood income inequality have adverse negatvwnpounding effects with days absent
from school, but the gap widened as well. Also,dach additional week of absence from school,
the outcome difference of children studying at safga(Francophone) schools versus those
studying at public schools significantly decreagadreased) within a range of 0.063-0.224 units
(0.014-0.105 units) in 4 EDI domains. Thus, regagdnore days absent from school, the gap
between children at separate schools and childrpaldic schools narrowed, while the gap

widened between those of Francophone schools asé tf public schools.

Secondly, Aboriginal status had a signiiitanegative effect on all 5 EDI domains and, in
addition, the outcome differences of aboriginaldiign versus non-Aboriginal children in
neighborhoods with medium (high) income inequahigreased within a range of 0.008-0.293
units (0.050-0.137 units) in 5 (4) EDI domains. fiéfere, higher neighborhood income
inequality had detrimental effects on Aboriginalldten’s scores and widened the gap between
their scores compared with those of non-Aborigoialdren. Figure 4.6 shows Predicted Means

(95% CI) of 5 EDI domains by neighborhood incomeguality and Aboriginal status. As
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observed, the decrease in average EDI outcomeanidibal children is slightly sharper than

that of non-Aboriginal children. This trend is aldéar the three domains of Social competence,
Language & cognitive development and Communicafigeneral knowledge. However, the
lines are almost parallel due to non-significam¢iactions and we kept them in the model due to

their sociological importance.
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Thirdly, non-parental care had a negativelgkveffect on all 5 EDI domains, and comparing
children without parental care to those with paaitoare, the outcome differences of those living
in neighborhoods with medium (high) income inedyalersus those living in neighborhoods
with low income inequality had a weak change of @#06 units in 5 EDI domains. Therefore,
the compound effect of child parental care stahgsrasidential neighborhood income inequality
was negligible. Similarly, comparing children withigarental care to those with parental care, the
outcome differences of children living in citiegi(iee Albert, Regina, or Saskatoon) versus those
living in non-urban areas had a very weak changaax 0.007 units in the 5 EDI domains, and

hence, compounding effect of child parental casustand major city is negligible.

Fourthly, as observed above, Aboriginalustdnad a significantly negative effect on all 5
EDI outcomes. However, child’s major city can exaege or mitigate such negative effect.
Specifically, for children living in Prince Alberthe outcome differences of Aboriginal ones
versus non-Aboriginal ones increased within a rasfg&008-0.311 units compared with non-
urban area children in 4 EDI domains. In contr@stchildren living in Regina, the outcome
differences of Aboriginal ones versus non-Aborigjimaes decreased within a range of 0.278-
0.476 units compared with non-urban area childnet EDI domains. Also, for children living in
Saskatoon, the outcome differences of aboriginaka@rsus non-Aboriginal ones decreased and
reversed within a range of 0.167-0.480 units coebavrith non-urban area children in all 5 EDI
domains. Consequently, in comparing living in Peiddbert, which had a detrimental effect on
outcome differences between Aboriginal childrersusrnon-Aboriginal children, living in Regina

and Saskatoon had a positive buffering effect dlalien.
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Figure 4.7. Predicted Means (95% CI) of 5 EDI Damdy Geographical Area and Aboriginal
Status

Figure 4.7 shows predicted means (95%0Cie 5 EDI domains by geographical area and
Aboriginal status. As observed, in all domains, iRaghildren had the lowest predicted mean
values for both Aboriginal and non-Aboriginal greypvhile Prince Albert children had the

highest predicted mean values for such groups.
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Fifthly, children living in Prince Albert had lowearcores compared with non-urban areas
children in 4 EDI domains, and, in addition, congzhto non-urban areas children, the outcome
differences of those living in neighborhoods witedium (high) income inequality versus those
living in neighborhoods with low income inequalibcreased within range of 0.496-1.194 units
(0.132-0.863 units) in all 5 EDI domains. Also,ldnen living in Regina had lower scores
compared to non-urban areas children in all 5 Eihains. However, compared to non-urban
areas children, the outcome differences of thasediin neighborhoods with medium (high)
income inequality versus those living in neighbati® with low income inequality increased
within range of 0.569-0.745 units (0.138-0.348 shih 3 EDI domains. Such negative
compounding effects of higher neighborhood inconsguality-major city existed for the city of
Saskatoon, too. Children living in Saskatoon haekloscores compared to non-urban areas
children in all 5 EDI domains, and in addition, quared to non-urban areas children, the outcome
differences of those living in neighborhoods witedium (high) income inequality versus those
living in neighborhoods with low income inequalibcreased within range of 0.059-0.381 units
(0.085-0.160 units) in 4 EDI domains (2 EDI domaiksgure 4.8 presents predicted means (95%
Cl) of the 5 EDI domains by geography and neighbochincome inequality. As observed,
compared to non-urban areas children, childrendivn Prince Albert had the highest outcome
fluctuations as neighborhood income inequality ¢fesnin all 5 EDI domains; however,
Saskatoon children had the lowest outcome fluatnatas neighborhood income inequality

changed in all 5 EDI domains.
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Figure 4.8. Predicted Means (95% CI) of 5 EDI Damdy Geographical Area and Neighborhood
Income Inequality
Finally, although children living in Prince Albdrad lower scores compared to non-urban area

children in 4 EDI domains, the outcome differencEBrince Albert children versus non-urban
areas children decreased within a range of 0.32850units for each additional $10,000 increase
in neighborhood median income in those 4 EDI dosaltiso, despite the fact that children living
in Regina had lower scores compared to non-urbaasarhildren in all 5 EDI domains, the
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outcome differences of Regina children versus myau areas children decreased within a range
of 0.156-0.471 units for each additional $10,008éighborhood median income, for all 5 EDI
domains. Finally, for the city of Saskatoon, despit the fact that children living in this city had
lower scores compared with non-urban areas chilarafi 5 EDI domains, the outcome
differences of Saskatoon children versus non-udsaas children decreased within a range of
0.191-0.678 units for each additional $10,000 iigimeorhood median income in all 5 EDI

domains. In 4 EDI domains, such buffering compongdiffects were significant.

Table 4.8c: Cross-Level InteractioBp — value) Based on Multilevel Linear Regression
Model for 5 EDI Domains

Dependent Variable Physical Social Emotional Language& Communication &
Well-being  Competence  Maturity Cognitve ~ General Knowledge
Development
Independent Variable
Cross-Level Interactions
Medium Gini*Days Absent —-0.013" —0.011 —0.006 —0.022 —0.026™
(0.024)* (0.106) (0.282) (0.003) (0.008)
High Gini*Days Absent —0.012* +0.001 +0.002 —0.017* -0.017"
(0.027) (0.801) (0.711) (0.013) (0.062)
Medium Gini*Aboriginal —0.070 —-0.293" —-0.010 —0.008 —0.230
(0.558) (0.045) (0.929) (0.953) (0.247)
High Gini*Aboriginal —0.052 —-0.102 +0.003 —0.050 -0.137
(0.646) (0.646) (0.977) (0.723) (0.465)
Separate School*Days Absent +0.009™ +0.017 +0.014™ +0.032 +0.015™
(0.038) (0.002) (0.002) (<0.001) (0.045)
Francophone Schoofays Absent 16,015 +0.010 +0.006 +0.002 ~0.066"
(0.306) (0.565) (0.694) (0.911) (0.008)
Medium Gini*Non-parental care +0.001 +0.006** +0.003* +0.001 —0.001
(0.546) (<0.001) (0.023) (0.556) (0.422)
High Gini*Non-parental care +0.003** +0.004** +0.003** —0.001 +0.001
(0.024) (0.004) (0.018) (0.436) (0.566)
Prince Albert*Aboriginal +0.039 —0.008 —-0.128 —0.115 -0.311
(0.861) (0.974) (0.571) (0.681) (0.396)
Regina*Aboriginal +0.288*" +0.476™ +0.293* —0.013 +0.273
(0.014) (0.001) (0.014) (0.927) (0.147)
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Table 4.8 ¢ (Continued)

Saskatoon*Aboriginal +0.480™" +0.327* +0.167 +0.175 +0.260
(<0.001) (0.012) (0.123) (0.190) (0.138)
Prince AlbertNon-parental care +0.003 +0.007* +0.004" +0.007* +0.002
(0.143) (0.026) (0.093) (0.021) (0.527)
Regina*Non-parental care +0.001 —0.002 —0.001 +0.001 —0.000
(0.159) (0.381) (0.403) (0.839) (0.921)
Saskatoon*Non-parental care +0.001 —0.000 +0.001 +0.005* +0.001
(0.159) (0.779) (0.111) (<0.001) (0.515)
Prince Albert*Medium Gini —-0.679 —1.194" —1.180** —1.147" —0.496
(0.199) (0.061) (0.038) (0.058) (0.546)
Regina*Medium Gini —0.353 —0.627 —0.569 —0.745 —0.541
(0.402) (0.216) (0.213) (0.115) (0.428)
Saskatoon* Medium Gini —0.214 —0.220 —0.059 —0.381 +0.059
(0.301) (0.377) (0.792) (0.102) (0.860)
Prince Albert*High Gini —0.132 —0.697 —0.612 —0.863 —0.576
(0.780) (0.223) (0.229) (0.110) (0.454)
Regina* High Gini +0.333 —0.348 —0.269 —0.138 +0.114
(0.453) (0.515) (0.575) (0.780) (0.874)
Saskatoon*High Gini +0.086 —0.160 +0.030 —0.085 +0.080
(0.680) (0.526) (0.893) (0.717) (0.812)
Prince Albert*Median Income +0.650* +0.335 +0.091 +0.324 +0.855
(0.052) (0.405) (0.798) (0.393) (0.115)
Regina*Median Income +0.156 +0.374 +0.381 +0.380 +0.471
(0.524) (0.204) (0.151) (0.165) (0.235)
Saskatoon*Median Income +0.435* +0.432™ +0.191 +0.433*™ +0.678™
(0.003) (0.014) (0.221) (0.009) (0.004)
Constant +8.007* +6.359" +6.929* +7.199" +9.130™
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
p-value for LR test <0.001 <0.001 <0.001 <0.001 <0.001
Number of Observations 8027 8025 7994 8007 8024
Pearsony?/df 1.740 2.573 1.814 2.696 4,704

Note:T indicates the p-values. ** indicates the coeffitiestimates significant at 5% level or lower, w&hil
* indicates level of significance at 10% or lower.
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4.4.4. Child-level, Neighborhood-level and Geograptal Area-level Variances

Table 4.9 presents variance, variancetjparcoefficient and intra-class coefficients at

geography, neighborhood, and child levels for & domains.

Table 4.9: Geographical Area Level, NeighborhooddlLeChild Level Variance, VPC, and
ICC Values of Multilevel Linear Model

Physical Social Emotional Language& Cognitive Communication &

Well-being Competence Maturity Development General Knowledge
0%(3) 0.075 0.092 0.077 0.095 0.124
o2 0.411 0.494 0.456 0.440 0.664

e(2)

62(1) 1.275 1.550 1.293 1.602 2.096
VPC(geographical arda 0.043 0.043 0.042 0.044 0.043
VPC (neighborhood) 0.233 0.231 0.250 0.206 0.230
VPC (child) 0.724 0.726 0.708 0.750 0.727
ICC(geographical arga 0.043 0.043 0.042 0.044 0.043
ICC (neighborhood) 0.276 0.274 0.292 0.250 0.273

First of all, as the hierarchy level in@ed, the level associated variance given by all
variables in that level decreased in all 5 EDI dmmaOne reason of such trend can be
attributable to decreasing the number of subjectsvals from 9045 children in level-1 to 185
neighborhoods in level-2 and finally to only 4 gesgghical area in level-3 of the hierarchy.
Partition of total variance by child, neighborhcartd geographical area level is shown in Figure

4.9.
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Secondly, geographical areas at the 9pércentile of geography distribution were
estimated to score 1.074 units higher than geodpapéreas at the 2"5percentile in the
Physical well-being domain. For the other 4 EDI éams from left to right, such corresponding
values were 1.189 units, 1.088 units, 1.208 umits1a380 units, respectively. Next, within

geographical areas, neighborhoods at the ®pescentile of neighborhood distribution were
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estimated to score 2.513 units higher than neididmats at the 2.5 percentile in Physical well-
being. For the other 4 EDI domains from left tchtigsuch corresponding values were 2.755
units, 2.647 units, 2.600 units and 3.194 unitspeetively. Finally, within neighborhoods,
children at the 97.8 percentile of distribution were estimated to scb#26 units higher than
children at 2.8" percentile in Physical well-being. For the othé¥@! domains from left to right,
such corresponding values were 4.880 units, 4.48%,41.962 units and 5.675 units,

respectively.

Thirdly, in regards to the VPC statisti4£%-4.4% of the variations in the 5 EDI outcomes
lied between geographical areas; 20.6%-25.0% ligdnmgeographical areas between different
neighborhoods, while the remaining 70.8%-75.0% \igttiin neighborhoods between children.
About three-quarters of all 5 EDI outcomes variasiovere attributable to the children

themselves.

Finally, looking at ICC statistics, the e#ation between two children living in the same
geographical area but different neighborhoods wi#smthe range of 0.042-0.044 in all 5 EDI
domains, and the correlation between two childignd in the same geographical area and same
neighborhood was within the range of 0.250-0.292lli® EDI domains. Therefore, children
living in the same neighborhoods had much morer(agmately 6 times) similar health

outcomes in all 5 EDI domains than children livingadjacent neighborhoods.

4.5. Multilevel Logistic Analysis

Table 4.10 presents multilevel generalifmgistic model estimates for individual child,
neighborhood, and geography level main effectshindlevel interaction and cross-level

interaction terms. In the following subsections dfffects of each type will be dealt.
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4.5.1. Main Effects

Similar to the multilevel linear case, Table 4.Hpidts thel (p — value) results for main
effects of two binary outcomes based on multildegistic model including child level variables
of ‘number of special problems’, ‘special needsuisgment ’, ‘French/English immersion
school attendance’, ‘ESL status’, ‘Language/Rehgtlass attendance’ and the neighborhood
level variables of ‘Unemployment % of People 15arngeof age, ‘% of People with a High

School Diploma’ and ‘Average value of dwelling ‘ @sin predictors without interaction terms.

First of all, having special problems haslgnificantly exacerbating effect on both child’s
vulnerability and multiple vulnerability and eaatiditional problem significantly multiplied

child’s odds of vulnerability and multiple vulnerbty by 4.023 and 3.384, respectively.

Secondly, special needs requirement hackacegbating weak impact on both child’s
vulnerability and multiple vulnerability, and sustatus multiplied child’s odds of vulnerability

and multiple vulnerability by 1.022 and 1.057, rdjvely.

Thirdly, attending at a French or English immerssahool had a buffering impact on
child’s vulnerability and multiple vulnerabilityespectively. Furthermore, it decreased the

child’s odds of vulnerability and multiple vulnerhty by 3.7% and 60.2%, respectively.

Fourthly, ESL status had a significantliemsifying effect on both child’s vulnerability
status and multiple vulnerability. In addition, theéds of vulnerability and multiple vulnerability
in ESL children were 2.643 times and 1.886 timethefassociated odds of native English

speaking children, respectively.
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Table 4.10: Main Effects, Within-Level Interactiand Cross-Level InteractiofiSp — value) Based on
Multilevel Logistic Regression Model for Binary @omes of Vulnerability and MCI

Variable Vulnerabyjlit MCI Variable Vulnerability MCI
Status Status

Child Characteristics

Age —0.765" —-0.974* Days Absent +0.040™ +0.046™
(0.014)" (0.083) (<0.001) (<0.001)

Number of Special Skills —0.431* —0.867**  Number of Special Problems +1.392* +1.292*
(<0.001) (<0.001) (<0.001) (<0.001)

Gender(Male) +0.244 +0.249 Aboriginal +1.052* +0.783**
(0.817) (0.891) (<0.001) (0.006)

Requirement of Special Needs +0.022 + 0.055* French/English —0.038 —0.921*
(0.498) (0.082) Immersion School (0.699) (<0.001)

Attendance

English as Second Language +0.972** +0.624*  Non-parental care +0.005 +0.007
(<0.001) (0.014) (0.150) (0.338)

Language/Religion Class +0.002** +0.001

Attendance (0.007) (0.749)

Neighborhood Characteristics

Separate School +0.127 +0.287" Francophone School —-1.981* —2.961"
(0.144) (0.069) (0.002) (0.054)

Medium Gini —0.230 —0.593 High Gini —0.752 —-0.874
(0.755) (0.685) (0.289) (0.515)

Median Income in $10,000 +0.150" + 0.366" Unemployment % of +0.004 +0.001
(0.092) (0.044) Peoplel5+ Years of age (0.718) (0.982)

%of People with at Least —0.003 —0.015 Average Value of —0.003 +0.012

High School Degree (0.594) (0.174) Dwelling in Real $ (0.859) (0.697)

10,000

Geographical Area Characteristics

Prince Albert +0.127 +1.152 Regina +1.269 +2.658
(0.946) (0.773) (0.191) (0.120)

Saskatoon +1.256™ +2.458"
(0.043) (0.033)

Within Level Interactions

Aboriginal*Number of Skills —0.095" —0.177*" Gender*Nonparental Cai  +0.001 —0.000
(0.092) (0.022) (0.555) (0.932)

Gender*Age +0.088 +0.108 Medium Gini*Median Income +0.061 +0.089
(0.634) (0.736) (0.818) (0.863)
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Table 4.10 (Continue

High Gini*Median Income

+0.319 +0.247
(0.254) (0.642)
Cross Level Interactions
Medium Gini*Days Absent 4+0.023* —-0.014 High Gini*Days Absent +0.017 +0.008
(0.046) (0.388) (0.125) (0.573)
Medium Gini*Aboriginal +0.270 —0.041 High Gini*Aboriginal +0.285 +0.020
(0.459) (0.858) (0.446) (0.926)
Separate School*Days Absent —(.023** —0.031™  Francophone School*Days +0.028 +0.019
(0.010) (0.010)  Absent (0.324) (0.808)
Medium Gini*Non-parental care —0.006™* —0.005 High Gini*Non-parental care _ 005" —-0.007
(0.022) (0.229) (0.045) (0.168)
Prince Albert*Aboriginal +0.260 +0.126 Regina*Aboriginal —0.564" —0.383
(0.575) (0.903) (0.014) (0.265)
Saskatoon*Aboriginal -0.314 —0.936* Prince Albert*Non-parental ~ —0.002 +0.002
(0.118) (0.009) care (0.653) (0.812)
Regina*Non-parental care +0.002 —0.002 SaskatoonNon parental-car  —0.000 —0.004
(0.513) (0.700) (0.877) (0.337)
Prince Albert*Medium Gini 4+1.992** +1.252 Regina*Medium Gini +0.681 -0.345
(0.016) (0.423) (0.241) (0.713)
Saskatoon*Medium Gini +0.210 +0.459 Prince Albert*High Gini +1.607* +0.336
(0.472) (0.425) (0.039) (0.836)
Regina*High Gini —0.039 —0.835 Saskatoon*High Gini —-0.123 —0.026
(0.948) (0.403) (0.667) (0.962)
Prince Albert*Median Income —0.804 —1.007 Regina*Median Income —0.495 —0.555
(0.225) (0.493) (0.139) (0.375)
Saskatoon*Median Income —0.497** —-1.085* Constant +0.916** +0.855**
(0.022) (0.008) (<0.001) (<0.001)
p-value for LR Test <0.001 <0.001
Number of Observations 8028 8037
Hosmer & Lemeshow 0.2971 0.1104

Goodness of Fit Test(p-value)

Note: T indicates the p-values. ** indicates theffioient estimates significant at 5% level or
lower, while * indicates level of significance @% or lower.

Fifthly, attending a language or religidass had a very weak impact (max odds 1.002) on

child’s vulnerability status and multiple vulnerbilyi Its effect is practically negligible.
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Sixthly, a higher neighborhood unemploynrate had a weak impact on both child’s
vulnerability and multiple vulnerability and for @a5% increase in unemployment, odds of
vulnerability and multiple vulnerability were mydtied by 1.020 and 1.005, respectively.
Seventhly, a higher neighborhood percentage of éitpool educated people had a weak
buffering impact on both child’s vulnerability antultiple vulnerability so that each 5%
increase of high school degree holders decreasealdiis of vulnerability status and multiple

vulnerability by 2.5% and 7.3%, respectively.

Finally, a higher neighborhood average e@atidwelling had a weak buffering impact on
child’s vulnerability, so that each increase of D0 to the value of dwelling decreased odds of

vulnerability by only 1%.

4.5.2. Within-Level Interactions

Similar to the multilevel linear model, Tald.10 depicts within-level interactiofs(p —
value) based on multilevel logistic regression modeltieo binary outcomes. The child level
variables of ‘Aboriginal status’, ‘gender’, and fgger’ modify the effects of other child level
variables ‘number of special skills’, ‘non parentate’, and ‘age’, respectively. In addition, the
neighborhood level variable of ‘Gini income ineqtyalmodifies the effect of the other

neighborhood level variable ‘Median Income’.

First of all, increased number of skillglrasignificantly buffering effect on both child’s
vulnerability and multiple vulnerability and, in @tion, Aboriginal status exacerbated such
buffering effect, so that each additional skillrefgcantly decreased odds ratio of vulnerabilitylan
multiple vulnerability in Aboriginal children versuinon-Aboriginal children by 9.1% and 16.2%,

respectively. Figure 4.10 shows the predicted ity (95% CI) of vulnerability and multiple
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vulnerability by number of special skills and Alginal status. As observed, in both outcomes, the
predicted probability of Aboriginal children witheé lowest number of skills is significantly

higher than non-Aboriginal children with the loweasimber of skills; however, by increasing the
number of skills such differences become non-sicgnit, and, then at the highest number of skills

their magnitude diminish and for the multiple vulmality it vanishes.
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Figure 4.10. Predicted Probabilities (95% CI) afinérability and MCI Outcomes by Number
of Special Skills and Aboriginal Status

Secondly, non-parental care status hagkaoerbating weak effect on both child’'s

vulnerability and multiple vulnerability and in atldn, male status had no interaction with it.

Thirdly, male status had an exacerbatffeceon both child’s vulnerability status and
multiple vulnerability and each additional yearagfe increased odds ratio of vulnerability and

multiple vulnerability in males versus females b% and 11.4%, respectively.

Finally, higher neighborhood median incaaneé higher neighborhood income inequality had
a compounding exacerbating impact on both childiserability and multiple vulnerability. In

fact, for each additional $10,000 increase in neighood median income, odds ratio of
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vulnerability and odds ratio of multiple vulneratyilin children living in neighborhoods with
medium(high) income inequality versus those chitdireing in neighborhoods with low income

inequality increased by 6.3% (37.6%) and 9.3% #,0espectively.

4.5.3. Cross-Level Interactions

Similar to the multilevel linear modéfable 4.10 depicts cross-level interactighg —
value) based on multilevel logistic regression modeltfeo binary outcomes. The neighbor
hood level variables of ‘Gini Income InequalityGini Income Inequality’ , and ‘School Type’
modify the effect of child level variables of ‘dagbsent from school’, ‘Aboriginal Status’, and
‘days absent from school’, respectively. In additithe geography variables of ‘major city’, and
‘major city’ modify the effect of child level varides of 'Aboriginal Status’ and ‘Non parental
care’, respectively. Furthermore, neighborhoodllgaeables “Gini Income Inequality’ and
‘Median Income’ modify the effect of geography levariables ‘major city’ and ‘major city’,

respectively.

First of all, days absent from school haigaificantly exacerbating effect on both child’s
vulnerability and multiple vulnerability. In addi, for each additional week absent from
school, odds ratio of vulnerability for childrewritig in neighborhoods with medium (high)
income inequality versus those living in neighkmtis with low income inequality increased by
17.5% (12.6% ). However, the results for the midtjulnerability outcome were inconclusive.
Also, for such additional weeks absent from schodds ratio of vulnerability and multiple
vulnerability for children attending separate (Frgphone) schools versus those attending public

schools significantly decreased (increased) by%®421.7%) and 19.5% (14.2%), respectively.

94



Secondly, aboriginal status had a signifitygexacerbating effect on both child’s
vulnerability and multiple vulnerability. Furthermey for the first outcome, its effect was
exacerbated as child’s neighborhood income inetyuaktreased. Specifically, there were 31.1%
(33.0%) increase in OR values of vulnerability Adroriginal children versus non-Aboriginal
children of moving from neighborhoods with low tedum (high) income inequality. The
results for the multiple vulnerability outcomes w@nconclusive. Figure 4.11 shows Predicted
probabilities (95% CI) of vulnerability by neighltimod income inequality and Aboriginal status.
As observed, the increase in vulnerability probaéd in aboriginal children is slightly sharper

than non-aboriginal children.
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Figure 4.11. Predicted Probabilities (95% CI) aiflnérability and MCI by Neighborhood
Income Inequality and Aboriginal Status

Thirdly, non-parental care had an exacarbaveak effect on both child’s vulnerability and
multiple vulnerability, and in addition, its exabating effect was mitigated and reversed very
weakly according to child’s neighborhood incomegmality (max 1% decrease in odds ratio of
vulnerability and multiple vulnerability for childn without parental care versus others among

children living in neighborhoods with medium or higpcome inequality). Furthermore, child’s
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major city had very weak modifying effect on norrgurgal status (max 1% change in odds ratio of
vulnerability and multiple vulnerability for childn without parental care versus others among

children living in Prince Albert, Regina or Saskaid.

Fourthly, as observed above, Aboriginaiustdnad a significantly exacerbating effect on both
child’s vulnerability and multiple vulnerabilitynal, in addition, child’s major city can exacerbate
or buffer such effect. Specifically, odds ratiossafnerability and multiple vulnerability for
Aboriginal children versus non-aboriginal childr@mong those children living in Prince Albert
were 29.7% and 13.4% higher than those childrendiin non-urban areas. However, odds ratios
of vulnerability and multiple vulnerability for Alsinal children versus non-Aboriginal children
among those children living in Regina were 43.1% 3h.8% lower than those children living in
non-urban areas. Similar to Regina’s case, oddssrat vulnerability and multiple vulnerability
for aboriginal children versus non-Aboriginal clidgd among those children living in Saskatoon
were 26.9% and 60.8% lower than those childremdjvih non-urban areas. Figure 4.12 presents
predicted probabilities (95% CI) of vulnerabilitgdamultiple vulnerability outcomes by
geography and Aboriginal status. As observed, Brilbert children had the lowest predicted
probabilities of vulnerability and multiple vulndmty in both Aboriginal and non-Aboriginal
groups while Regina children had the highest ptediprobabilities of vulnerability and multiple

vulnerability for such groups.
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Figure 4.12. Predicted Probabilities (95% CI) of Inarability and MCI Outcomes by
Geographical Area and Aboriginal Status

Fifthly, children living in Prince Albert had highedds of vulnerability and multiple
vulnerability, respectively, compared with non-urkaeas children. Additionally, living in
neighborhoods with medium or high income inequaitgcerbated such effect. Firstly, in Prince
Albert, odds ratios of vulnerability and multiplelaerability for children living in neighborhoods
with medium (high) income inequality versus thasagy in neighborhoods with low income
inequality were 6.330 , 2.497 times (3.988, 0.38$) higher than those of non-urban areas
children, respectively. Next, children living in lea had higher odds of vulnerability and
multiple vulnerability compared with non-urban aeildren, and, furthermore, among the
Regina children, the odds ratio of vulnerability éhildren living in neighborhoods with medium
income inequality versus those living in neighbat® with low income inequality was 0.976
times higher than non-urban areas children. Sintdl&egina’s case, children living in Saskatoon
had higher odds of vulnerability and multiple vukaglity and, in addition, among Saskatoon

children odds ratios of vulnerability and multipelnerability for children living in
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neighborhoods with medium income inequality vetthuwse living in neighborhoods with low
income inequality were 0.234 times and 0.582 titigher than those of non-urban areas children,
respectively. Figure 4.13 presents predicted prtibab (95% CI) of vulnerability and multiple
vulnerability outcomes by geography and neighbodhiacome inequality. As observed,

compared with non-urban areas children, thosediwinPrince Albert had the highest

vulnerability outcome fluctuation as the neighbatiecncome inequality changed, while
Saskatoon children had the lowest. Also, comparetbh-urban areas children, Saskatoon
children had the lowest multiple vulnerability oomee fluctuation as the neighborhood income

inequality changed.
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Figure 4.13. Predicted Probabilities (95% CI) ofnarability and MCI Outcomes by
Geographical Area and Neighborhood Income Inequalit

Finally, although children living in Prince Albdrad higher odds of vulnerability and
multiple vulnerability compared with non-urban aeildren, respectively, odds ratios of
vulnerability and multiple vulnerability for Princ&lbert children versus non-urban areas children
decreased by 55.2% and 63.5%, respectively for 481000 increase in child’s residential
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neighborhood median income. Despite of the faat ¢hildren living in Regina had strongly
higher odds of vulnerability and multiple vulnerglyiin comparison to non-urban areas children,
for each $10,000 increase in child’s neighborhoedliian income odds ratios of vulnerability and
multiple vulnerability for Regina children versusmurban areas children decreased by 39.0%
and 42.6%, respectively. Similarly, for the city®diskatoon, despite the fact that children living
in this city had higher odds of vulnerability andltiple vulnerability compared with non-urban
areas children, odds ratios of vulnerability andtiple vulnerability for Saskatoon children
versus non-urban areas children decreased by 3#na%6.2%, respectively for each $10,000

increase in child’s residential neighborhood mediome.

4.5.4. Child-level, Neighborhood-level and Geograjptal Area-level Variances

Similar to the multilevel linear model, Tal#.11 presents variance, variance partition
coefficient and intra-class coefficients at geogsameighborhood, and child levels for

vulnerability and multiple vulnerability outcomes.

Table 4.11: Geographical Area Level, Neighborhoeusdl, Child Level Variance, VPC, and
ICC Values of Multilevel Logistic Model

Vulnerability MCI Vulnerability MCI
Status Status
2 =7 i

Oas) 0.004 3x10 VPC (child) 0.881 0.806
05(2) 0.439 0.794 ICC(geographical arga 0.001 7x10°8
G§(1) 3.290 3.290 ICC(neighborhood) 0.119 0.194
VPC(geographical arda 0.001 7x1078

VPC (neighborhood) 0.118 0.194

99



First of all, similar to the multilevel kar case, as the hierarchy level increased, tle¢ lev
associated variance given by all variables in gzl decreased for both vulnerability and
multiple vulnerability outcomes. Partition of totariance by child, neighborhood and

geography level is shown in Figure 4.14.

Vulnerability MCI
Level Level
W child [l Child
B Neighborhood Bl Neighborhood

M Geographical Avea [H Geographical Area

Figure 4.14: Variance Partition by Child, Neighbmold and Geographical Area Levels of Two
Binary Outcomes

Secondly, geographical areas at the 9pércentile of the geography distribution were
estimated to have 24.8% higher log odds of vulngraBtatus than geographical areas at the 2.5
th percentile. For multiple vulnerability outcomesgh differences were negligible. Next, within
geographical areas, neighborhoods at the 9pércentile of neighborhood distribution were
estimated to have 2.597 units higher log odds bferability status than neighborhoods at*2.5
percentile. For the multiple vulnerability outcontiee corresponding value is 3.493 units.

Finally, within neighborhoods, children at the 97 gercentile of distribution were estimated to
have 7.110 units higher log odds of vulnerabilitylamultiple vulnerability than neighborhoods

at the 2.9" percentile.

Thirdly, looking at the VPC statistics,daban 1% of the variations in vulnerability status

and MCI outcomes lied between geographical area8%4 and 19.4% lied within geographical
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areas between different neighborhoods, while theaneing 88.1% and 80.6% lied within
neighborhoods between children. More than threetersaof vulnerability and multiple

vulnerability outcomes variations were attributataléhe children themselves.

Finally, observing ICC statistics, the etations between two children living in the same
geographical area but different neighborhoods wegdigible for both vulnerability and
multiple vulnerability outcomes, and the correlatlmetween two children living in the same
geographical area and same neighborhood were @rid 9.194 for vulnerability and multiple
vulnerability outcomes, respectively. Consequetithjng in the same neighborhoods rather than
adjacent neighborhoods played a key role in thdagiity of children’s vulnerability and

multiple vulnerability outcomes.

4.6. Framework of significant variables

A framework for the groups of variablesrsigantly associated with majority of 7
outcomes (5 EDI domains, vulnerability and multipignerability), including main effects,
within-level interactions and cross-level interans is presented in Figure 4.15. For main
predictors, ‘Age’, ‘Days Absent from School’, ‘Numbof Special Skills’, ‘Number of Special
Problems’, ‘Aboriginal Status’, ‘ESL status’, ‘Fremphone School’, and ‘Median Income’ were
significantly associated with most of the aboveuttomes. In addition, among within-level
interactions, only ‘Aboriginal*Number of Skills’ vgasignificant in 6 of 7 outcomes. Finally,
among cross-level interactions, ‘Separate SchoofsDsbsent’, ‘High Gini*Non-parental care’,
“Regina*Aboriginal’, and ‘Saskatoon*Median Incomeére significant in at least 4 of 7

outcomes.
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Within-level Interactions:
Aboriginal*Number of Skills

Main Predictors: Age, Absenteis Days, Cross-level Interactions:Separate
Number of Special Skills, Nuber of School*Days Absent, High
Special Problems, Aborigin ESL, Gini*NPCare, Regina*Aboriginal,
Francophone School, Mediancome Saskatoon*Median Income

5 EDI domains,

Vulnerability,
MCI

Figure 4.15. Significantly Associated Main Factoréithin-level Interactions, and Cross-leyel
Interactions for 5 EDI Domains, Vulnerability andd¥ilOutcomes

4.7. Some Remarks on Model Fit and Hierarchy

This last section of the Results chapter deals thighmultilevel model’s goodness of fit and

issues related to its hierarchy and number of tevel

First of all, Table 4.8c presents Pearggtydf values for the 5 EDI domains. As observ-
ed, for the two domains of Physical well-being &mdotional maturity the model had good fit
(1.0 < Pearsory?/df < 2.0), while for the two domains of Social congree and Language &
cognitive development it had moderate fit (2.0 @i@en y2/df < 4.0). For the domain of

Communication & general knowledge, the model hadkifé (4.0 < Pearsory?/df ).

Secondly, Table 4.10 presents Hosmer & Lemeshowd@ess of Fit test results for the two
binary outcomes of vulnerability and MCI. As obsstyfor both outcomes the test p-values

were greater than 0.05 implying that both modelw/éil.
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Finally, Table 4.12 presents Likelihood Ratio (LtB3$t results comparing the three level
model (geographical area-neighborhood-child) whthtivo level model (geographical area-
child) and the other two level model (neighborhabdld). These tests are known as test of
cluster effects and a test of super-cluster effeetpectively. In all 7 domains cluster effects
were significant; however, only in one domain, Eimedl maturity, super-cluster effects was
significant. Consequently, only the 3-level lineawdel with Emotional maturity as its outcome
variable was statistically significant and justifie@ while the other six 3-level models were not

statistically significant.

Table 4.12. LR Test Statistics (p-values) for TregtCluster Effects and Super-cluster Effects

Model Linear Logistic
Physical Social Emotional Language& Communication Vulnerability MCI
Well-being Competence Maturity Cognitive & General Status

Development Knowledge

Cluster Effects ~ 212.216 231.588 287.113 129.986 230.011 44.063 59.385
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)

Super ~cluster 1.808 0.785 6.293 1.676 0.847 3.141 0.695

Effects (0.404) (0.675) (0.043) (0.432) (0.654) (0.207) (0.706)
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CHAPTER 5: DISCUSSION

Old proverbs are the children of truth.
-Welsh Proverb

This chapter deals with a brief discussibthe study results. Firstly, a summary of
descriptive and inferential statistics is presengedl then the three main epidemiologic
guestions are answered. Secondly, the study resukationship to past publications are
explored. It is shown that the results of childdlevariable of Aboriginal status, neighborhood
level variable of income inequality and geograph&caa level variable of major city give more
evidence of the past literature’s results includimgpme inequality hypothesis and urbanization
impact on citizens. Finally, the chapter conclubgseferring to the study strengths and

limitations.

5.1. Summary of Major Findings
This study considered 9045 children age8405years in 185 neighborhoods nested in 3
major cities (Saskatoon, Regina, and Prince Allzert) non-urban areas, recruited in the 2008-

2009 school year.

The study began with the overall resulthm EDI for Saskatchewan children. Firstly,
Saskatchewan children’s average scores in all 5déblains were 1.2%-5.2% lower than those
of national normative sample results. Moreover, 36%%) of children were rated as vulnerable
in at least one (three) EDI domain(s). Secondlyawgrage a child was absent from his or her
school for 3.8 days. Almost 50% of children weitdsgalmost 17% of children were Aboriginal
status, almost 96% of children were native Englisbakers and almost 50% of them were

beneficiary of parental care. Thirdly, on averageheneighborhood had medium income
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inequality (Gini=0.127), a median income of $25,0&ost 57% of their residents holding high
school diplomas, and almost 70% of children atteggiublic school system. Finally, as the
province’s largest cities, Saskatoon, Regina amt@rAlbert constituted almost 50% of the

children in the study.

The study’s primary inferential results ciésed the differences in the 5 EDI and
proportions of vulnerability and multiple vulnerltyi outcomes based on characteristics of
child, neighborhood and geography. Firstly, forsafEDI domains, girls had significantly higher
averages than boys (difference percentage 4-.92:4%) and their proportion of vulnerability
and multiple vulnerability were significantly lowétifference percentage 41.2%5.2%).
Secondly, for all 5 EDI domains Aboriginal childrbad significantly lower averages than non-
aboriginal children (difference percentage 8-828.4%) and significantly higher proportion of
vulnerability and multiple vulnerability (differeegercentage 106.49211.0%). Thirdly, for 4
EDI domains native English speaking children hagh&r averages than children with ELS status
(difference percentage 1.7985.9%) and significantly lower proportion of vulaeility
(difference percentage 37.5%). Fourthly, for aiBl domains, children who had parental care
had higher averages than others (difference pexgert.1%-6.9%) and significantly lower
proportions of vulnerability and multiple vulnerbtyi (difference percentage 19.0924.0%).
Fifthly, as the neighborhood income inequality @ased, children’s EDI averages followed a
guadratic (decreasing-increasing) trend in all 3 &@mains, and in complementary results their
proportions of vulnerability and multiple vulnerbtyi followed a quadratic (increasing-
decreasing) trend. Sixthly, for all 5 EDI domaimsla@ren in neighborhoods with Francophone
schools had higher averages than those in neigbbdshwith public schools (difference
percentage 0.3%11.2%) and lower proportions of vulnerability andltiple vulnerability

(difference percentage 40.7942.7%) as well. Finally, Saskatoon children hazltighest
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averages in the province for 2 EDI domains, andderiAlbert children had the highest averages
in the province in the other 3 EDI domains. InNmlEDI domains Regina children had the lowest
averages in the province. Moreover, Regina childrad the highest proportions of vulnerability
and multiple vulnerability and Prince Albert chigair had the lowest proportions of vulnerability

and multiple vulnerability.

The study’s main results dealt with theeéhmain questions proposed in the objectives

section 3.1. In the following, the answer for egadestion is presented.

Answering question 1, detailed in sectidh &he significant determinants of developmental
health at child, neighborhood and geography levexew(i) males had lower scores than females
for all 5 EDI domains and for 2 EDI domains of Plobgswell-being and Language & cognitive
development such differences were significantdditon, the vulnerability and multiple
vulnerability odds ratios for males versus femalese in the range of 1.276-1.279 units; (ii)
Aboriginal children had significantly lower scorésn non-Aboriginal children for each of the 5
EDI domains. The vulnerability and multiple vulnieitdy odds ratios of Aboriginal children
versus non-aboriginal children were significant ancange of 2.1882.863 units; (iii) attending
French or English immersion school had a very wefédct on all 5 EDI domains, but
vulnerability and multiple vulnerability odds rasiof non-attending (French/English immersion
school) children versus attending children werdinithe range 1.0392.512 units; (iv) native
English speaking children had higher average s¢beesESL children for 4 EDI domains.
Furthermore, odds ratios of vulnerability and npiéivulnerability in ESL children versus
native English speaking children were significamd &n the range 01.886 — 2.643 units; (V)
not unexpectedly, child’s age was significantlyoasated with all 5 EDI domains; for each

additional year in age, odds ratio of vulnerabitityd multiple vulnerability decreased by
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53.50% and 62.20%, respectively ; (vi) days absent frochosl had a significantly negative
effect on all 5 EDI domains, and for each additiomeek absent from school, odds ratios of
vulnerability and multiple vulnerability were sidicant and in the range of 1.040-1.047 units;
(vii) higher neighborhood median income had negagffect on all 5 EDI domains and, in
addition, it had significantly exacerbating wealpewt on child’s vulnerability and multiple
vulnerability; (viii) compared to neighborhoods vpublic schools, neighborhoods with
separate (Francophone) schools had significantiatnes (positive) effect on 3 (4) EDI
domains, and, in addition, they had the odds ratiagilnerability and multiple vulnerability
(vulnerability and multiple vulnerability) in themnge of 1.1351.332 units (the range of
0.052-0.138 units); and (ix) compared to non-urban areasg in the major cities of the
province, Saskatoon, Regina, and Prince Albertrieaghtive effect on all 5 EDI domains and the
associated vulnerability and multiple vulnerabilityds ratios were in the range of 1.135-3.557

units and range of 3.165-14.267 units, respectively

Answering question 2, detailed in sectidh &ffects that are modified by other
determinants at the same hierarchical level (witbirel effect modification), and effects that are
modified by other determinants at a different hieingal level (cross-level effect modification)
were discussed in terms of significancy and stiteagtfollows: (i) increased numbers of special
skills significantly mitigated and even reversed tiegative impact of Aboriginal status on all 5
EDI domains, and also on vulnerability and multiplalnerability. For each additional skill,

EDI outcome differences between Aboriginal childvensus non-Aboriginal children decreased
in range 0f0.046 — 0.223 units and the related odds ratios of vulnerabditg multiple
vulnerability decreased by 9.1% and 16.2%, respelgti(ii) higher neighborhood income
inequality and neighborhood median income had camgmg negative effect on 4 EDI

domains, and on vulnerability and multiple vulnéligb For each additional $10,000 increase in
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neighborhood median income, 4 EDI outcome diffeesrimetween children living in
neighborhoods with medium (high) income inequaditgl others increased in range of 0.155-
0.309 units (range of 0.012-0.460 units). Additibnaelated odds ratios of vulnerability and
multiple vulnerability increase by at least 6.3%30); (iii) higher neighborhood income
inequality exacerbated negative impact of daysratdisem school in 3 EDI domains and on
vulnerability. For each additional week absent freehool, 3 EDI outcome differences between
children living in neighborhoods with medium (hightome inequality and others increased in a
range of 0.091-0.182 units (0.084-0.119 units). figdated vulnerability odds ratio increased by
at least 12.6%; (iv) higher neighborhood incomejuadity exacerbated the negative effect of
Aboriginal status on 4 EDI domains and on vulndigbiln fact, the 4 EDI outcome differences
between Aboriginal children versus non-Aboriginaildren for those living in neighborhoods
with medium (high) income inequality increasedange of 0.008-0.293 units (0.050-0.137
units) and their associated vulnerability oddsosathcreased by at least 31.1%; (v) child’s major
city can exacerbate (in Prince Albert’s case) digaie (in Regina and Saskatoon’s cases) the
negative effect of Aboriginal status for all 5 E@dmains, on vulnerability and multiple
vulnerability. For Prince Albert, 4 EDI outcomefeifences between Aboriginal children versus
non-Aboriginal children increased in a range 0008-00.311 units, and their associated
vulnerability and multiple vulnerability odds ragsiincreased by at least 13.4%. In contrast, for
Regina and Saskatoon, 4 EDI outcome differencasdaet Aboriginal children and non-
Aboriginal children decreased in range of 0.206476 and 0.1670.480 units, respectively.
Their associated vulnerability and multiple vulri@lisy odds ratios decreased by at least 31.8%
and 26.9%, respectively; (vi) child’s residentiaighborhood higher income inequality can
exacerbate the negative effect of living in theaonajty on all 5 EDI domains, on vulnerability

and multiple vulnerabilities. For Prince Albert,d®®a, and Saskatoon, respectively, 5 EDI, 3
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EDI, and 2 EDI outcome differences between chiidiving in neighborhoods with medium
(high) income inequality and others increased riarme of 0.4961.194 units (0.1320.863
units), in a range of 0.569.745 units (0.1380.348 units), and in range of 0.659.381 units
(0.0& —0.160 units), respectively. In addition, the asatad odds ratio of vulnerability
increased at least 3.988, 0.976 and 0.234, focwrdbert, Regina, and Saskatoon, respectively;
and (vii) higher neighborhood median income cangaie the negative effect of living in a
major city on at least 4 EDI domains, on vulneiiggbdnd multiple vulnerability. For each
additional $10,000 increase in neighborhood meufieome, 4 EDI, 5 EDI, and 5 EDI outcome
differences of children living in Prince Albert, iea and Saskatoon, respectively versus non-
urban areas children decreased in a range of @885 units, 0.1560.471 units and
0.191-0.678 units, respectively. In addition, for thésee major cities, the associated odds
ratio of vulnerability (and odds ratio of multipl@lnerability) decreased by at least 55.2%,

39.0% and 39.2% (63.5%, 42.6% and 66.2%), respadgtiv

Answering question 3, detailed in secBah, the relative contributions of main
determinants at each level to the variance of tB®bdomains, probability of vulnerability and
probability of multiple vulnerability were discuess$ as follows: (i) as one moves from child-
level to neighborhood level and then to geograghrgll the variance of EDI outcomes explained
decreased for all 5 EDI domains, and decreased@swlinerability and multiple vulnerability;
(ii) for fixed geographical area characteristite variance between neighborhoods constituted
20.6%—-25.0% of the variation in the 5 EDI outcomes, witileonstituted 11.8%19.4% of the
variation in probability of vulnerability and mysle vulnerability; (iii) for fixed geographical
area and neighborhood characteristics, the vanidtgtween children contributed 70.8%5.0%
of the variation in the 5 EDI domains whilst it ¢obuted 80.6%-88.1% of the variation in

probability of vulnerability and probability of miiple vulnerability. Consequently, individual
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child characteristics had the most contributiothevariation of child’s developmental health
outcomes with at least a 70% contribution to theéavee of each of the 7 continuous and binary
outcomes; and (iv) children living in the same héigrhoods rather than adjacent neighborhoods
had much more similarity in 5 EDI domains, vulneligband multiple vulnerability as they had
correlation in the range of 0.250.292 in all 5 EDI domains and 0.120.194 for vulnerability

and multiple vulnerability outcomes.

5.2. Interpretation and Relation of Findings to Sinilar Studies
The current study explored the individuedighborhood contextual, and geographical

factors associated with children’s school readiregsvulnerability.

The study’s main individual factors asstagiawith children’s school readiness and
vulnerability in terms of its significance and stgéh included gender, Aboriginal status, ESL
status, number of special skills and days absent &chool. Firstly, males had lower scores
than females in all 5 EDI domains and had higheisaaf vulnerability and multiple
vulnerability, consistent with past reseafé¢fi*°Secondly, compared with non-Aboriginal
children, Aboriginal children had significantly l@wvscores in all 5 EDI domains and higher
odds of vulnerability, concordant with past publicas?*>° Also, increased number of skills
significantly mitigated and reversed the adver$ecebf Aboriginal status in all 5 EDI domains
and lowered odds of vulnerability in large provadccale consistent with previous smaller city
scale result! Thus, by advocating new policies and programsittieaduce and work on
increasing skills in Aboriginal children one maygiease their functioning and improve their
developmental health at preschool and elementfigodgears and reduce their associated
school readiness gap with non-Aboriginal childrénirdly, compared to ESL children, native

English speaking children had higher scores on #4déimains and lower odds of vulnerability

110



and multiple vulnerability, consistent with pasbtications®~°*Finally, days absent from
school had adverse effect on all 5 EDI outcomed,exacerbating odds of vulnerability and
multiple vulnerability confirming previous studyfesults>* on a much larger scale. This finding
gives significant evidence that kindergarten amaneintary school educational programs provide

critical elements for children’s developmental tieal

The study’s main neighborhood contextueldes associated with children’s school
readiness and vulnerability in terms of significarnd strength included neighborhood school
type, income inequality and median income. Firstlyjong children without days absent from
school, those studying at separate schools had leveees than those studying at public school
in all 5 EDI domains and had higher odds of vulbéity and multiple vulnerability; however,
children studying at public schools had lower ssdhan those studying at Francophone school
for 4 EDI domains and, in addition, they had digantly higher odds of vulnerability and
multiple vulnerability. Thus, in terms of child ddepmental health, Francophone schools had
better impact than public schools and the laterbedter effect than separate schools. The later
conclusion challenges the common belief regardmegstiperiority of separate schools to public
schools in terms of children’s education and penéomce and is consistent with previous
research in children’s mathematics performati¢éowever, this conclusion is in disagreement
with other previous studies regarding childrenadiag performanc®’ Secondly, higher
neighborhood income inequality and days absent dmool had compound negative effects on
3 EDI domains and invulnerability. Also, higher gigborhood income inequality exacerbated
the adverse impact of Aboriginal status in 4 EDindns and on invulnerability status.
Furthermore, higher neighborhood income inequailitg neighborhood median income had
compounding negative effect in 4 EDI domains, exaaing odds of vulnerability and multiple

vulnerability. The above results give further evide of the income inequality hypothe3is®
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and, furthermore, in companion with minimum neigttmmd contribution of 11.8% to variance
of 5 EDI outcomes, vulnerability and multiple vutability, they show that neighborhood
contextual characteristics affect children’s depetental health in terms of their significance

and strength consistent with past publicatioh®3'~’

The study’s main geographical factors assed with children’s school readiness and
vulnerability included living in the major proviratigeographical areas of Prince Albert, Regina,
Saskatoon, and non-urban areas. In addition, trdifyimg effects of Aboriginal status,
neighborhood income inequality and neighborhoodiamethcome on children’s geographical
area were explored. Children living in the abovgameities had lower scores than non-urban
areas’ children in at least 4 EDI domains and kbswb higher odds of vulnerability and multiple
vulnerability. Firstly, compared to non-urban arestsoriginal children, Prince Albert
Aboriginal children had even lower scores in 4 Ebimains, and higher odds of vulnerability
and multiple vulnerability; however, Regina andk&éson Aboriginal children had higher
scores in 4 EDI domains and had lower odds oferalpility and multiple vulnerability.
Consequently, in terms of child public health pglirince Albert should promote more special
care and support programs for its Aboriginal cla@tdto narrow their developmental health gap
with Aboriginal children living in non-urban areg3econdly, compared to non-urban areas,
living in major cities with higher neighborhood oroe inequality lowers children’s scores in at
least 2 EDI domains whereas living in these maifoescwith higher neighborhood median
income increases children’s scores in all 5 EDI dms These results give further evidence of
the income inequality hypothesfsin particular the developmental health benefitsaiag to
children in urban setting where neighborhood incéewels are generally higher. These results

are consistent with those reported in previousistuas welP?>°
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5.3. Strengths and Limitations

The current study added knowledge to teeaech literature on Saskatchewan children’s
school readiness and vulnerability and had theotig strengths. Firstly, the current study was
among a few child developmental health studiesanada that was conducted on a provincial
scale taking into account data available at mdtipVels of social hierarchy. Previous studies
that had utilized province-wide data had been cotatltaking into account either two levels of
hierarchy or on only one level of hierarchy. Sedgntthe current study considered both linear
multilevel model and logistic multilevel model imder to explore child developmental health by
domains and also vulnerability. This approach presemprehensive approach including both
continuous 5 EDI domains and binary outcomes afierability and multiple vulnerability. This
approach is in contrast to most former Canadiagissithat had been conducted via either a
multilevel linear model or multilevel logistic madeThirdly, as the study sample covered
almost all 4.5-8 years old children attending s¢é@oound the province (a population sample) it
is unlikely that this study would have sufferednfrpotential selection biases. Fourthly, the EDI
and Census data have been shown to have highiligliabd acceptable validity, and, therefore
subject to little information bias. Finally, theaidy consisted of large sample size and included of
a variety of predictors and their interactions gieg a relatively broad spectrum of information
regarding individual, neighborhood and geographacahs impacts on children’s developmental

health and vulnerability.

The current study, however, did have saméadtions. Firstly, there was a two year time
difference between the collection of EDI data i®2@nd the census data in 2006 and this time
difference could have affected the findings. Sebgrfdting the same set of predicting variables
and their interactions for all 5 EDI domains, vubdality and multiple vulnerability caused a

loss of model fit for the Communication & generabkvledge domain, vulnerability and
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multiple vulnerability. However, if in case of cadering models with good fitness for all seven
continuous and binary outcomes including the tinneationed outcomes, there would be a
potential loss of the homogeneity of expressingltescross all seven outcomes based on their
associated predictors. Thirdly, the concept ofghborhood’ for major cities (Saskatoon,
Regina, and Prince Albert) and non-urban areas inezssence different as neighborhoods in
major cities as in the first it was defined by eaalmicipality whereas in the second it was
defined for the purpose of this research. Fourtiolycontinuous 5 EDI domains as outcome
variables, there was no possibility to use non4ithetransforms to make their distributions as
possible as normal due to the fact any transfoonaither than identity function would create
nuisance factor in differences of outcomes prewgnpiausible interpretations. Finally, the
super cluster effect was significant for only thadfional maturity domain and was insignificant
with large p-values for the other 4 EDI domaindneuability and multiple vulnerability. This
issue is accompanied with inflated neighborhoo@ll®PC and underestimated geographical
area level VPC. The source of this problem wasaef city as a town with a minimum
population of 35,000 (not 10,000) inhabitants, cagithe exclusion of other provincial cities
such as Estevan, Moose Jaw, North Battleford, Swifrent, Weyburn and Yorktowi from
geographical area level variables and their inolusis neighborhoods of the non-urban areas. In
this study, a three-level model of geographicahareighborhood-child hierarchical data was
considered. A geographical area-neighborhood-settutdl four-level model was considered,
but after investigating the data structure it watetmined that school-level and neighborhood-
level data were mutually nested, as children fraffer@nt neighborhoods could attend the same
school and several schools could be in the sanghbeihood. Regarding the importance of
neighborhood level socioeconomic variables in shigly, school level was removed from the

potential four-level model in favour of neighborhblevel.
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CHAPTER 6: CONCLUSION

Children are the bridges to heaven.
-Persian Proverb

The current study used a combination 082P009 EDI data of Saskatchewan children and
2006 Census data and applied multilevel linearlagdtic models in order to provide some
insight regarding how individual, neighborhood @tial and geographical factors and their

within-level and cross-level effects determine @dfeéh’s developmental health and vulnerability.

Individual characteristics of Aboriginahsis, ESL status, male status and school
absenteeism were associated with lower EDI averaggsigher odds of vulnerability in terms
of significance and or strength. Also, neighborhoodtextual characteristics contributed to at
least 11% of the child developmental health outcoar@ations. Neighborhood income
inequality was associated with lower EDI averages ldgher odds of vulnerability, giving
further evidence for the income inequality hypotbedowever, neighborhood median income
had inverse effects. Furthermore, children livindgRiegina had the lowest average EDI outcomes
and the highest proportions of vulnerability, whiédoriginal children living in Prince Albert

had lower average EDI outcomes and higher oddsiloevability compared to non-urban areas.

Compound effects of Aboriginal statusimber of skills, major cityAboriginal status and
major city—neighborhood median income were positive on EDtoues and mitigating
vulnerability. In details, though Aboriginal chikeln had lower EDI scores and higher odds of
vulnerability, having more special skills or liviiig big city mitigated the gaps. Furthermore,
though children living in big cities had lower EBtores and higher odds of vulnerability, living

in neighborhoods with higher median income mitigdtee gaps.
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Compound effects of neighborhood medmmome-neighborhood income inequality,
school absenteeisameighborhood income inequality, Aboriginal statagighborhood income
inequality, and major cityneighborhood income inequality were negative on &tomes and
exacerbating vulnerability. In details, living ieighborhoods with higher income inequality
lowered scores of EDI domains and exacerbated afddgnerability for children who were
living in neighborhoods with higher median incorhad higher absent days from school, were

Aboriginal, or living in big cities.

In terms of child public health policy, k¢holders, school policy-makers, and
administrators’ initiatives should focus on childneith Aboriginal status, ESL status, males, and
those with more days absent from school and whé\ang in neighborhoods with high income
inequality. Arecommendation is that the stakeb@dlesign and promote child health programs
that increase Aboriginal children’s skills and schpolicy makers and administrators consider
policies that minimize days absent from schoolctatdren living in neighborhoods with high
income inequality or a high Aboriginal populatidiso, on a large scale, there is a need to
promote more child developmental health supponrograms by authorized institutions in the

cities of Regina and Prince Albert.

On the basis of these findings, future aede should continue to examine and clarify the
significance and the strength of association betvike above predictors and their compound
effects on child developmental health status bysittating a longitudinal design and inclusion

of more small cities in the hierarchy.
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