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Abstract

The overall aim of this project was to determine whether or not there is a relationship
between intellectual disability and poverty and health variables in Brazil and the UK.
Through determining this relationship, the aim was to then try to profile a child who is
at greater risk of intellectual disability in order to result in a quicker diagnosis and earlier
access to the support and resources available for children with intellectual disabilities.

In order to investigate this relationship in Brazil, The Pesquisa Nacional de Satude
(PNS) was used. For the UK, data from the Millennium Cohort Study (MCS) was used.

In order to account for the complex survey design, both model-based and design-
based approaches to analysis were investigated. Simulations were run to compare the
various methods and recommendations about which methods to use in various scenarios
were made.

Due to the large number of variables available in the two data sets, methods of
variable selection were examined. Both stepwise selection based on Akaike Information
Criterion (AIC) and the lasso were compared through simulations. It was found that
although these methods resulted in different models being selected, the inference made
based on the selected models did not vary much between the two methods.

To conduct the analysis of the PNS and the MCS a design-based approach was taken.
Stepwise selection using AIC was used for variable selection and sampling weights were
used when calculating the coefficient estimates and standard errors.

After the analysis of the PNS data, a potential profile of a child likely to have an
intellectual disability in Brazil was found to be: a child who is unable to read and write
with poor general health and multiple visits to doctor within a 12 month period. In the
UK, it was found to be: a child in a family who requires extra support in the form of

benefits along with a poorer general health which limits daily activities.
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Chapter 1

Introduction

In recent years the population of both the UK and Brazil has increased rapidly and
as a result challenges have arisen in many areas such as health, welfare, education and
housing.

Intellectually disabled children in Brazil face barriers of a family, social and educa-
tional nature. Historically, in Brazil, the education available to disabled children was
inadequate and in many cases non-existent. Between 1889 and 1920 there were only
7 state schools in Brazil for children with an intellectual disability (Jannuzzi, 2005).
More recently however, after much persistence from parents, children with intellectual
disability are now integrated into regular education or special services.

A similar trend has been seen in the UK. Up to the 1970’s many children with an
intellectual disability did not live with their families and instead were institutionalised.
In more recent years, however, the majority of children with an intellectual disability
live with their families and also attend schools which are inclusive of their needs (Scior
and Werner, 2015).

Researching the equity of provision of education will provide a valuable insight into
the relationship between educational attainment and the demand for education for chil-
dren who are intellectually disabled. Also, a comparison between Brazil and the UK will
provide a contrast to determine whether educational policies for disabled children can

be improved upon in either of the two countries.
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1.1 Definition and diagnosis of intellectual disability

The World Health Organisation (WHO) defines intellectual disability as “a significantly
reduced ability to understand new or complex information and to learn and apply new
skills (impaired intelligence). This results in a reduced ability to cope independently
(impaired social functioning), and begins before adulthood, with a lasting effect on
development”.

An intellectual disability is characterised by the impairment of skills which contribute
to the overall level of intelligence (Ke and Liu, 2015). Examples of such skills include
cognitive, language, motor and social skills.

There are numerous terms used for intellectual disability which vary from country
to country. These terms include, but are not restricted to, learning disability, special
educational needs and mental retardation.

Diagnosis of an intellectual disability can happen at a variety of stages of a child’s
life: as a baby, at school age or at the transition from childhood to adulthood. If a
baby is born with a syndrome which commonly results in an intellectual disability, then
a diagnosis may be received within the first year of the child’s life. When a child enters
school, if their progress does not align with expectations or the progress of their peers,
then a diagnosis may be made. Finally, a diagnosis may be made if a child struggles with
the independence associated with transitioning from childhood to adulthood (McKenzie,

2013).

1.1.1 UK

In the UK, the term special educational needs or learning disability is most commonly
used. This term should not be confused with the term learning difficulty. A learning
disability is a condition that affects all areas of life, whereas a learning difficulty (such
as dyslexia) is a condition which causes an obstacle to a specific form of learning (such

as reading and spelling) but does not affect 1Q (FPLD, 2017).

1.1.1.1 Definition

In “A Working Definition of Learning Disabilities”, a paper written by Emerson and

Heslop in 2010, it is stated that a child in the UK is classified as having a learning
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disability if they meet any of the following criteria:

1. “They have been identified within education services as having a Special Educational
Need (SEN) associated with ‘moderate learning difficulty’ or ‘profound multiple
learning difficulty’. Children aged 7 or older should be at the School Action Plus
stage of assessment or have a statement of SEN. Younger children should also be

included if they are at the School Action stage of assessment of SEN.

2. They score lower than two standard deviations below the mean on a validated test
of general cognitive functioning (equivalent to an IQ score of less than 70) or
general development. Care should, however, be taken when considering the results
of tests, especially tests carried out in English on children below the age of 7 living

i bi-lingual households or households where English is not spoken.

3. They have been identified as having learning disabilities on locally held disabil-
ity registers (including registers held by GP practices or Primary Care Trusts).”

(Emerson and Heslop, 2010)

‘School Action’ is the support that a child in the UK receives when it is felt that
a child is not progressing adequately despite differentiated teaching (Dauncey, 2015).
This support includes the involvement of a Special Educational Needs Co-ordinator
(SENCO) to help to aid the child’s learning. If a child still doesn’t progress adequately,

then additional support may be given. This additional support is ‘School Action Plus’.

1.1.1.2 Diagnosis

For a person to be diagnosed as having an intellectual disability in the UK they must
meet three criteria. First, they must have an IQ of 69 or lower. Next, they must have
great difficulties in areas such as self-care or safety. Finally, the onset of these problems
must have been during childhood. In order to evaluate these criteria, assessment should
be carried out by a qualified psychologist using a standardised test (British Psychological
Society, 2000).

One such test that is used in the UK to assess whether or not a child between the ages
of eight and sixteen has an intellectual disability is the Child and Adolescent Intellectual
Disability Screening Questionnaire (CAIDS-Q). This questionnaire is made up of seven

items and hence is relatively quick to complete. During an evaluation of the properties
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of the CAIDS-Q, the questionnaire was found to be highly accurate in identifying a child
with intellectual disability with sensitivity of 100% and specificity ranging from 83% to
94% (McKenzie et al., 2018).

The CAIDS-Q includes items which are likely to be associated with a child having
an intellectual disability such as the ability to tell the time and literacy skills. Responses
to each of the items are recorded as yes or no with one point being given to a response
of yes (with the exception of two items which are given one point if the response given
is no). The score is then converted into a percentage and the higher the score, the less

likely a child is to have an intellectual disability (McKenzie et al., 2012).

1.1.2 Brazil

In Brazil, the terms intellectual disability, intellectual developmental disorder or learning
disability are most commonly used. Previously the term mental retardation has also been

used.

1.1.2.1 Definition

In Brazil, the American Association on Intellectual and Developmental Disabilities (AAIDD)
definition of intellectual disability is used (Carvalho and Forrester-Jones, 2016). That is,
“significant limitations in intellectual functioning and in adaptive behaviour as expressed

in practical, social and conceptual skills originating before the age of 18”.

A Portuguese paper written by Ke and Liu in 2015 states that according to the
Diagnostic and Statistical Manual of Mental Disorders (DSM) and the International
Statistical Classification of Diseases and Related Health Problems (ICD) there are three
basic criteria which must be met for an individual to be diagnosed with an intellectual

disability. The conditions are as follows:

e They have intellectual functioning significantly below average. This can be deter-

mined by an IQ score of 70 or lower.

e The individual has deficits or impairments in functioning in at least two of the
following areas: communication, self-care, home living, social/interpersonal skills,
use of resources in the community, self-direction, academic skills, work, leisure,

health and safety.
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e The onset is before the age of 18 (Ke and Liu, 2015).

1.1.2.2 Diagnosis

Diagnosis of intellectual disability in Brazil is conducted using ICD-10. The ICD-10
guidelines for diagnosing intellectual disability state that an individual should present
with a reduced level of intellectual functioning and therefore have a reduced ability to
adapt to the demands of daily life.

According to these guidelines, an individual with an IQ of between 50 and 69 has
a mild intellectual disability, an individual with an 1Q of between 35 and 49 has a
moderate intellectual disability, an individual with an IQ of between 20 to 34 has a
severe intellectual disability and an individual with an IQ of below 20 has a profound
intellectual disability. To determine the IQ of an individual a standardized intelligence
test which is appropriate for the individual’s level of functioning should be used (WHO,
1992). However, there is no diagnosis measure that has been normed on the population of
Brazil and the methodology for diagnosis suggested by ICD-10 is generally not followed
correctly (Oakland, 2004).

Since most services for people with intellectual disabilities in Brazil are mainly pri-
vately funded, with only a few state funded, the assessment process of diagnosing in-
tellectual disability is very inconsistent. This means that many people who have an
intellectual disability in Brazil never get a diagnosis (Carvalho and Forrester-Jones,

2016).

1.2 Prevalence of Intellectual Disability

A meta-analysis conducted in 2011 by Maulik et al. found the global prevalence of
intellectual disability to be 1.04% (Maulik et al., 2011). The rate of intellectual dis-
ability globally varies across an assortment of factors: gender (prevalence is higher in
males), income (the highest prevalence occurs in low and middle income countries) and

environment (prevalence is higher in urban areas than in rural areas) (Ke and Liu, 2015).
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1.2.1 UK

Although there is no record of the exact number of people living with an intellectual
disability in the UK, in 2011 it was estimated that the number was approximately 1.191
million people (roughly 1.9% of the population). Of these, 286,000 were estimated to be

children (Emerson et al., 2012).

1.2.2 Brazil

Data collected in the 2010 census showed that around 45.6 million people in Brazil have
a disability of some sort. It was also found that 1.4% of these people have a learning
or mental disability (Carvalho and Forrester-Jones, 2016). It is thought however, that
this figure may be inaccurate as the assessment instrument used was said to be difficult
to understand and socio-culturally insensitive. Also, within the 2010 census people with
mental illness were counted as having an intellectual disability and it failed to include

individuals with an undeclared disability (Carvalho and Forrester-Jones, 2016).

1.3 Education Structure

Education is commonly thought of as a basic right which should be available for all
children, with the majority of countries worldwide now having a range of ages for which
education is compulsory. The funding for education in many countries comes from public
resources and national governments. After the availability of basic education becoming
a global priority in the mid 20th Century the rate of illiteracy worldwide declined greatly
(Roser and Ortiz-Ospina, 2016).

1.3.1 UK

The structure of education in the UK is comprised of four main levels: primary education,
secondary education, further education and higher education. Primary education is for
children aged between 4 and 11 and secondary education is for children aged between
11 and 16. Further education may be entered once a student finishes their secondary
education and higher education, which is university level, may be entered after further

education has been completed.
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In 1944 education was made compulsory until the age of 15. In 1972 the age was
raised and now education is compulsory until the age of 16 in the whole of the UK
(Norris, 2007). In 2013, the law was amended slightly in England adding a requirement
that from age 16 to 18 an individual must either stay in full time education, start an
apprenticeship or spend 20 hours per week working or volunteering whilst in part time
education.

In the UK, all children between the ages of 5 and 16 are eligible for a free place at
a state school. The funding for state schools comes from local authorities or from the
government. There are four types of state schools in the UK. Community schools are
funded by the state and hiring of staff for the school is the responsibility of the local
education authority. Foundation schools are also state funded however the hiring of the
employees of the school is the responsibility of the governors (Wood, 2006). Grammar
schools can be funded by local authorities, a foundation body or a trust and admit
children dependant on their academic ability. Finally, academies are run by trusts and
are independent to local authorities.

A national curriculum was created in 1988 to provide a framework for education
between the ages of 5 and 18 in England and Wales. The national curriculum includes
a set of subjects for schools to follow in order to ensure that children across the country
are all learning the same things. The equivalent in Scotland is called the Curriculum
for Excellence programme and in Northern Ireland is known as the common curriculum
(British Council, 2013). Community schools, foundation schools and grammar schools
tend to follow the national curriculum whereas academies have the freedom to follow a
different curriculum.

In addition to the free state schools, there are also private schools in the UK. Private
schools are not funded by the government or local authorities and therefore do not have

to follow the national curriculum.

1.3.2 Brazil

The structure of education in Brazil was introduced in 1971 and is comprised of three
levels: elementary school (ensino fundamental), high school (ensino médio) and higher
education (ensino superior). Elementary school is for children aged 6 to 14 and is

compulsory for all children between the ages of 7 and 14 years old. High school is
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for children between the ages of 15 and 17 and higher education is university level and
takes place after all other schooling is complete (Meyer, 2010).

Before this structure was put into place, education was only compulsory up to fourth
grade (approximately 11 years old) and education beyond this point was available only
to children from higher income families. The rate of illiteracy in Brazil before 1971 was
estimated to be 33% (Mantoan and Valente, 1998).

Education at municipality, state and federal level in Brazil is overseen by a system of
ministries and government offices. Early childhood education is provided and regulated
by municipalities whereas primary and secondary level education is the responsibility
of states and federal districts. Nationally, The Ministry of Education is responsible for
establishing policies and regulating public and private schools and provides technical
and financial support for education systems within municipalities and states (Stanek,
2013).

Classes are provided to cover a range of areas: communication and expression (Por-
tuguese), social studies (geography, history, political science), science (mathematics,
physical-biological science) and educational practices (physical education, art, health

education, civic and moral education) (Mantoan and Valente, 1998).

1.4 Intellectual Disability and Poverty

Inadequate prenatal care, inadequate medical care during delivery, malnutrition, acci-
dents, physical abuse, childhood diseases and inherited syndromes are all factors that
can lead to a child having an intellectual disability. Many of these factors are linked to
poverty and thus there is evidence that poverty is a cause of intellectual disability and

may be preventable through public health measures (Block, 2007).

14.1 UK

There have been a various studies into the relationship between poverty and intellectual
disability in the UK. Studies have been conducted using data from the Family and Child
Study (FACS) and the Millennium Cohort Study (MCS).

One paper written in 2010 for the Journal of Intellectual and Developmental Dis-

ability entitled “Poverty transitions among families supporting a child with intellectual
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disability” outlines three potential pathways to the relationship between intellectual dis-
ability and poverty. Firstly, if a family has a child with an intellectual disability it may
be more likely to enter poverty and less likely to escape poverty. Secondly, if a child
grows up in poverty, they are more exposed to a range of hazards which can increase
the risk of developing health conditions or impairments which are related to disability.
Finally, there may be “third factors” which lead to an increase in risk for both poverty
and intellectual disability. Examples of such “third factors” are poor parental health or
parental intellectual disability (Emerson et al., 2010).

This study used data from the FACS and identified a child has having an intellectual
disability if they responded “yes” to either “Does ( name of child ) have any long-
standing illness or disability?” or “Has ( name of child ) been identified at school as
having SEN?” . In addition to this, an answer of “yes” also had to be recorded to either
“Do/Does/Will this problem/ any of these problems affect { name of child )’s ability
to attend school or college regularly?” or “Do/Does/Will this problem/ any of these
problems cause you to spend more time caring for ( name of child ) compared with a
fully-fit child of a similar age?”.

In order to measure poverty, two different methods were used. The first was income
poverty which was based on equivalised household incomes. Equivalised income accounts
for the different sizes and compositions of households by dividing the household’s total
income by it’s equivalent size. The second was hardship which was based on a family’s
access to assets and resources.

The paper identifies three potential events which are believed to be associated with
a family including a child with an intellectual disability entering income poverty: an
increase in the number of dependent children in the family; the main informant of the
questionnaire developing a disability of some kind and the number of adults working 16
or more hours per week increasing. After analysis it was found that the first two of these
events were found to be statistically significant however the third was not.

In addition to income poverty, the paper also highlighted three potential trigger
events potentially related to a family entering hardship. These events are: separation,
an increase in the number of dependent children in the family and if the occupational
status of the family decreases. Analysis found that none of these events were statistically

significant in relation to the risk of a family entering hardship.
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The probability of a family exiting income poverty was also investigated in this
paper. Three possible events which could be associated with a family exiting poverty
were identified: if the occupational status of the family increased; if the health of the
informant of the questionnaire improved and if the number of adults working 16 or more
hours per week increased. Only the first of these three potential trigger events was found
to be significant during the analysis.

The paper summarises that families who are supporting a child with an intellectual
disability or any other type of disability are more likely to be living in income poverty and
hardship when compared to a family who is not supporting a child with an intellectual
disability.

Also, when taking into account the initial poverty status of a family, it was found
that a family including a child with an intellectual disability is both more likely to
enter hardship and less likely to transition out of hardship in a 12 month period, when
compared to a family which does not support a child with an intellectual disability.

These findings are consistent with the initial analysis in a later article from The
Journal of Social Policy with the title “Child Disability and the Dynamics of Family
Poverty, Hardship and Financial Strain: Evidence from the UK”. In addition to the two
indicators used in the previously mentioned study to measure poverty (income poverty
and hardship) this study used a third indicator: financial strain - based on a self-reported
(by the adult informant) evaluation of the level of financial strain experienced. This
study also used data from the FACS and so a child was identified as having a disability
if they met the same conditions as previously mentioned.

The article hypothesised that when compared to a family who is not supporting a
child with a disability, a family supporting a disabled child will: be in poverty for a
greater proportion of yearly intervals; have an increased chance of entering poverty and
have a reduced chance exiting poverty (Shahtahmasebi et al., 2011).

In addition to the initial analysis, a further analysis comparing the association be-
tween poverty and child disability, whilst taking into account possible confounding vari-
ables, was also conducted. The proposed confounding variables included: composition
of the household, age and sex of informant, general health status of informant, presence
of long-standing illness or disability, smoking status of informant, occupational status of

the household, academic attainment of household and neighbourhood deprivation.
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When an analysis was completed including these potential confounding variables it
was found that any associations found previously were reduced, eliminated or reversed
meaning that a family supporting a child with a disability is no more likely to exit or
enter poverty than a family who is not supporting a child with a disability when they
have similar levels of resources.

A further paper which was written for Public Health England in 2015 used data from
the MCS to “summarise current knowledge about the determinants of health inequalities
experienced by children with learning disabilities in the UK” (Emerson, 2015). In this
study it was discovered that the majority of children in the UK who do not have a learning
disability had not experienced income poverty at three or more of the initial five waves of
the MCS. The paper states that there is already known evidence of an inequality between
children with an learning disability and children with no learning disability. Children
with a learning disability are known to be ‘significantly more likely than their non-
disabled peers to be living in households characterised by low socio economic position
(SEP) and poverty” (Emerson, 2015).

It finds that although this association is not exclusive to learning disabilities, the
relationship is especially strong between child disability and low SEP for children with
learning disabilities. This is particularly true for children with less severe learning dis-
abilities. Disabled children (including those with an intellectual disability) are, at any
point in time, at a greater risk of poverty. Over time, they are also more likely to enter
poverty and remain in poverty and less likely to escape from poverty.

As a likely result of the apparent association between intellectual disability and
poverty, children with a learning disability are more likely to experience a variety of
hazards that can be detrimental to their health. These hazards include, but are not
exclusive to: inadequate nutrition, poor housing conditions and family, peer and com-

munity violence (Emerson, 2015).

1.4.2 Brazil

There have been very few studies conducted in Brazil to evaluate the relationship between
intellectual disability and poverty. In Brazil only 7% of articles in the mental health field
between 1999 and 2003 discuss mental health in children and this percentage is further

decreased when looking at intellectual disability (Razzouk et al., 2006).
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A paper entitled “Perspectives of intellectual disability in Latin American countries:
epidemiology, policy and services for children and adults” discusses the lack of research
into intellectual disability in Brazil among other Latin American countries. It states
that the majority of studies published regarding intellectual disabilities in Brazil tend
to be specific to small regions and produce only descriptive statistics (Mercadante et al.,
2009). For example a study of 500 children, aged between 6 and 12, was conducted
and found that 4% of students had an IQ of below 70 (Assis, 2009). A study linking
education and intellectual disability looked at two groups of 44 students and concluded
that intellectual disability was the greatest predictor of a child dropping out of school
(Tramontina et al., 2002).

A further paper entitled “Poverty, disabilities and violence” examines social inequal-
ities in Latin America, particularly Brazil, regarding chronic poverty in the disabled
community and its connection with violence. The paper states that “the links between
poverty and disability - that poverty causes disability and disability causes poverty has
not yet been addressed” (Marinho, 2009). The major barrier in studying this relation-
ship currently is defining poverty. When looking at poverty it is important to not only
consider the lack of material assets but to take a broader view and also consider the lack
of resources available. Despite the fact people with disabilities may not be the poorest,
they may suffer from lack of access to healthcare, education and employment.

This study found that based on data from the 2000 Census, there were approximately
9 million disabled people in Brazil (not specifically intellectually disabled) who had a
monthly salary of between 100 and 200 US dollars.

Marinho states that there is still insufficient interest in the relationship between
intellectual disability and poverty in Brazil and emphasises the need to bring this topic

to social and political sectors in order to reduce poverty in the disabled community.

1.5 Motivation

Despite various studies being conducted into the relationship between poverty and in-
tellectual disability in the UK, there has been very little research conducted for the
population of Brazil. Some studies in the UK confirm a relationship between intellectual

disability and poverty, however others conclude that when accounting for other variables,
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this relationship no longer exists. Therefore in order to fully understand the relationship
between intellectual disability and poverty in both a developed and a developing country,
a new analysis will be conducted.

In 2011 it was estimated that only 6.6% of adults with an intellectual disability in
the UK were in some form of paid employment with the majority of employment being
part-time (Emerson et al., 2012). This suggests that despite recent advances in the
policies for disabled individuals, there are still improvements which can be made. If it
is possible to profile a child that may be likely to have an intellectual disability, early
intervention is more likely to be an option.

Early intervention is when a child receives support for their disability in the early
years of their lives, however according to Mencap, many children with intellectual dis-
abilities currently do not receive the support that they need. Without early intervention,
an intellectually disabled individual may be more likely to have poor outcomes in life
resulting in higher financial costs not only to the family but also to society (Cooper
et al., 2014).

There is a belief in Brazil that there is a relationship between poverty and intellectual
disability however there is a lack of research into this subject. In particular there have
been no large scale studies in Brazil which examine the relationship between intellectual
disability poverty. A person living in poverty faces limitations with their access to ser-
vices and resources such as education. Therefore, without studies regarding intellectual
disabilities the progression of education for disabled children will be halted (Mantoan
and Valente, 1998).

International comparisons are important since they allow the countries involved to
gain inspiration from each other in order to improve. Both the UK and Brazil have
adopted similar policies in recent years regarding the education of children with intel-
lectual disabilities and therefore, comparing the two countries will provide insight into

how both systems can be improved.

1.6 Data Sources

In order to examine the relationship between poverty variables and intellectual disability

in Brazil, data from the Brazilian National Health Survey, The Pesquisa Nacional de
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Satide (PNS) will be used. The PNS was created in partnership with the Brazilian
Institute of Geography (IBGE) by the Ministry of Health with the objectives to “produce
national level data about the health status and lifestyles of the Brazilian population and
also data about health care regarding access, use of health services, preventative actions,
continuity of care and health care funding” (Souza-Junior et al., 2015).

The PNS was first conducted in 2013 and used a multi-stage, probability sampling
design in order to provide estimates of various characteristics of the population of Brazil.

In regards to the UK, data from the The Millennium Cohort Study (MCS) will be
used. The MCS is a longitudinal study which is collecting data from approximately
19,000 children who were born in the UK between September 2000 and January 2002.
The study is funded by the Economic and Social Research council (ESRC) and certain
Government departments and so far there have been seven surveys conducted. These
have occurred when the children were aged nine months, three years, five years, seven
years, eleven years old, fourteen and seventeen years old.

Data concerning the child, the child’s siblings and the child’s parents has been col-
lected. Particular topics covered by the data include: parenting; school choice; child
behaviour and cognitive development; employment of parents; education of parents and
income and poverty.

The study was developed to see the impact that family context (the home setting
and family characteristics e.g. parental stress and parenting practices) in the early years
of a child’s life has on the child’s development and outcomes throughout their childhood,
their adolescent years and further into adulthood.

All analyses and simulations in this project will be conducted using R.

1.7 Sampling weights

If a survey has a complex design then there are many factors which may lead to sampling
weights being included within the data. In order for any analysis conducted on the
sample to fully describe the population, these sampling weights may need to be included.

The main purposes of sample weights when considering data with a complex sampling
structure are: to compensate when individuals or households do not have an equal

probability of inclusion in the survey, to compensate for non-responses and to adjust for
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certain characteristics in order to ensure the sample conforms to the entire population
(Yansaneh, 2003).

Both the Millennium Cohort Study (MCS) and the Pesquisa Nacional de Saide
(PNS) have complex survey designs and both include sampling weights. This raises the
question of whether or not these weights should be incorporated into the analysis of

these data sets and, if so, how it is best to incorporate them.

1.8 Variable Selection

When a survey such as the PNS or MCS is conducted, generally information about a
wide variety of topics is collected. This in turn can lead to an extensive data set with a
large number of possible predictors. When this is the case, some sort of variable selection
will be necessary. Variable selection aims to remove any unnecessary predictors from
the model.

There are a number of motivations for conducting variable selection. Occam’s Razor
says that if there are multiple explanations for something then the simplest explanation
is the best. This principle can be applied to regression models and therefore we want to
find the smallest possible model which fits the data (Wears and Lewis, 1999).

If more predictors than necessary are included in the regression model, it will add
noise to the estimation of the parameters of interest. Also, the risk of collinearity is
increased if there are too many covariates included.

There are a number of ways in which variable selection can be conducted. These
include: background knowledge, using information criteria and introducing a penalty to
the likelihood. In particular, the recent developments in the penalty methods suggest
that it is possible to incorporate variable selection in the estimation so that an automatic
variable selection is possible. Arguably, the Lasso (Tibshirani, 1996a) is one of the first
methods developed and is still the most popular. This raises the question of which
method of variable selection should be used to analyse the survey data from the PNS

and the MCS.

1.9 Research questions and objectives

The research questions to be answered in this thesis are:
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1. How do poverty and health variables interrelate with intellectual disability in Brazil

and the UK?

2. When is it appropriate to include sampling weights and how should they be used

when necessary?

3. Which methods of variable selection are commonly used when analysing survey
data? Specifically, how has the lasso been adapted beyond linear regression with

continuous covariates for use with more complex data?

4. Is it possible to profile different types of children that need lower and higher levels
of support to aid in identifying subgroups for selective interventions to alleviate

inequalities in education?

The specific objectives are to:

1. Review the current practice used to analyse data from a complex survey design,

specifically how it is advised to incorporate the sampling weights.

2. Conduct simulations to show the effect that using sampling weights has on coeffi-

cient estimates under varying sampling schemes.

3. Review the current practices used to conduct variable selection and see how they

can be extended for use on data from a complex survey.

4. Conduct simulations to compare the resulting models when using different methods

of variable selection.

5. Review the current practices for conducting variable selection for a complex survey

sample.

6. Compute a relevant analysis to determine the relationship between intellectual

disability and the poverty and health variables in both Brazil and the UK.

1.10 Outline of thesis

Chapter 2 gives information about the Brazilian National Health Survey (Pesquisa Na-

cional de Satide (PNS)). The data from this survey will be used to answer the research
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questions regarding Brazil. The aims and content of the survey are discussed. Informa-
tion is given regarding how the sample of the PNS was selected and furthermore how
the sampling weights provided have been calculated. Exploratory analysis has been con-
ducted. Within this, the variable of interest has been selected and potential variables
that could be indicators of poverty have been established.

Chapter 3 looks at the Millennium Cohort Study (MCS). The data from the fifth
sweep of the MCS conducted in 2013 will be used to answer the research questions re-
garding the UK. Similarly to the previous chapter, the aims and content of the survey
are discussed as well as the sampling scheme and how the sampling weights have arisen.
Exploratory analysis has been conducted in which the response variable has been se-
lected, similar variables to those found in the PNS have been established and further
variables which may be indicators of poverty have been identified.

Chapter 4 looks at when and how sampling weights are used when analysing survey
data. The different methods for calculating sampling weights are described. Litera-
ture regarding when it is appropriate to use sampling weights for descriptive statistics
and regression modelling is discussed along with the proposed methods to conduct such
analyses. Both model-based and design-based methods are examined. Potential tests
to determine whether or not the use of sampling weights is necessary when using linear
regression modelling are described. Model-based and design-based methods are com-
pared through simulation studies for a variety of scenarios. A test for determining the
appropriateness of using weights in a linear regression model is adapted for use with a
logistic regression model.

Chapter 5 examines various methods of variable selection. Variable selection using
background knowledge, information criteria and penalised likelihoods are discussed. The
least absolute shrinkage and selection operator (lasso) is defined and the ways in which it
has been adapted to account for binary response variables and variables with a grouping
structure are discussed. Simulations comparing the lasso with step-wise selection have
been computed. The need for centering and standardising the design matrix is also
examined.

Chapter 6 combines methods from the two previous chapters the way in which the
lasso can be used for survey data from a finite population is discussed. Various design-

based models are fit to the data from the PNS and the MCS and the results of each are
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examined to determine the similarities and differences in inference between the resulting
models.

Chapter 7 uses stepwise selection based on AIC to determine models to describe the
relationship between intellectual disability and poverty and health variables in the two
countries. Sample weights are used when calculating the estimates for the coefficients.
The resulting models are then interpreted and the results for both countries are compared
and contrasted.

Chapter 8 concludes the findings of the previous chapters. The profile of a child
with a potential intellectual disability is determined and potential recommendations to

policies are made. Finally, future work is discussed.
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Chapter 2

Data - Brazil (The Pesquisa
Nacional de Saide (PNS))

This chapter will discuss the dataset that will be used for the Brazilian analysis. The
sampling scheme of the PNS will be discussed along with how the sampling weights
have been calculated. The content of the survey will be also be described. Finally,
exploratory analysis will be conducted in which the response variable will be identified,
proxy variables for poverty will be examined and the remaining variables of the PNS

will also be explored.

2.1 Obtaining the sample for the PNS

The target of geographical coverage of the PNS was the entire country. The sample

was made up of people living in permanent private households (PPH) within one of the

census tracts of the 2010 Geographic operating base (Souza-Junior et al., 2015).
Certain areas of the country were excluded from the sample such as indigenous

villages, military bases, camp sites, jails, nursing homes and hospitals.

2.1.1 The Master Sample

The sample selected for the PNS was a subsample of the Integrated Household Surveys
System’s (SIPD) Master Sample (Damacena et al., 2013). The Master Sample is made
up of primary sampling units (PSUs) which are used for various studies. A detailed

description of how the Master Sample was created is given later in the chapter.
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2.1.2 Sample Size

After taking many factors into account, including the effect of the sampling plan, it was
calculated that the size of the sample for each of the geographical areas should be at
least 900 households. Therefore the estimated sample size, based on a 20% non-response
rate, was approximately 80,000 households.

During the study a total of 81,167 households were visited. Out of these house-
holds, 69,994 were occupied. In total 64,348 household interviews and 60,202 individual
interviews with a randomly selected resident were conducted.

Since the main interest of this project is intellectual disability in children the data
will be reduced to include only responses regarding children aged between 5 and 18.

Therefore the sample size used throughout this project is 45,517.

2.2 Survey design and content

When conducting the PNS, the questionnaire was divided into three sections each with
a different respondent. Within each section, the questionnaire was further divided into

modules.

2.2.1 Part 1 - Household section

The first section of the questionnaire concerned the whole household and questions were
answered by the head of the household. The modules in this section of the questionnaire

asked questions regarding the following:

e Module A: Address information and household demographics

e Module B: Home visits from the Family Health Team and Endemic Disease

Agent.

Module A includes questions regarding the location of the home, the type of housing,
the materials used in the walls/ floor/ roof, access to water and access to other appliances
such as TV/ fridge/ computer.

Module B asks whether the family has a family health plan and whether they have

recently received visits from the Family Health Team and Endemic Disease Agents.
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2.2.2 Part 2 - Household residents

The second section of the PNS was answered by all of the residents of the household.
If a member of the household was absent during the interview, the questions could be
answered on their behalf by the head of the household. For children, answers were
supplied by a parent or guardian.

The modules of the second section of the questionnaore asked questions relating to

the following subjects:

e Module C: General characteristics of residents

e Module D: Education characteristics of people 5 years or older
e Module E: Work of household members (aged 14 years or older)
e Module F: Household income

e Module G: People with disabilities

e Module I: Health plan coverage

e Module J: Health service utilisation

e Module K: Health of individuals 60 years or older and mammography coverage

for women over 50

e Module L: Children under 2.

More specifically, module C concerns the general characteristics of the individual
such as gender, age and race.

Module D was asked to only those aged over five years old and concerned the ed-
ucational characteristics of the individual. Questions were asked about whether or not
school is attended, whether the individual can read and write and the highest level of
education an individual has received.

Due to issues in data collection, answers to modules E and F are not available.

Module G is concerned with disabilities and asks whether or not an individual has
an intellectual, physical, hearing or visual disability along with asking about how the
disability has an effect on every day tasks if relevant. Since the main focus of this project

is intellectual disability, this module will be of high interest and the question which asks

39



“Do you have an intellectual disability?” will serve as a binary response when conducting
logistic regression.

Module I asks about whether the individual has a health plan and if they do what
the plan covers, how long the health plan has been held and how much the health plan
costs.

Module J asks about how much the individual uses health services in particular, the
general health status of an individual, when the last time a doctor/ dentist was consulted
and whether or not an individual has been hospitalised in the last 12 months.

Module K was asked to residents over the age of 50 and so is not of interest in this
project. Similarly, module L concerned only children under the age of two and so is also

of no interest in this project.

2.2.3 Part 3 - Individual

Part 3 of the questionnaire was issued to only one member of each household. This
resident was selected at random from all the residents of the household aged 18 or over.

Questions in this section related to the following topics:

e Module M: Other work characteristics and social support

e Module N: Perception of health status

e Module O: Accidents and violence

e Module P: Lifestyle

e Module Q: Chronic diseases

e Module R: Women’s health (aged 18 or over)

e Module S: Prenatal care (women who gave birth between 28/07/11 and 27/07/13)
e Module U: Oral health

e Module X: Health care

Since this section was asked to residents over the age of 18, the data collected in this

section of the questionnaire is of no interest in this project.
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2.3 Sampling weights in The PNS

Due to the complex survey structure of the PNS, sampling weights are provided in the
dataset. The following section describes the sampling plan in more detail and how the

sampling weights have been calculated.

2.3.1 Stratification of The Master Sample

As mentioned previously, the Master Sample is a collection of census tracts or groups
of census tracts that have been selected for use as primary sampling units (PSUs) in
various studies.

PSUs were selected by stratification across four different criteria:

1. Administrative - stratifies by state and also within the state based on whether
the area is a capital city, metropolitan region or integrated economic development

region.

2. Geographic - divides the state capital cities and any larger cities into further

strata.
3. Area situation - separates geographic strata into rural and urban areas.

4. Statistical - classifies the rural and urban areas into similar strata by household
income and number of permanent private households (PPHs) (Souza-Junior et al.,

2015).

2.3.2 Probability of a PSU being selected in the Master Sample

PSUs from each strata were selected using probability proportional to size (PPS) sam-
pling where the number of PPHs were used to determine the size of each PSU.

The probability of a certain cluster being selected when using PPS sampling is

o

where:

e ¢ is the cluster population,
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e b is the number of clusters sampled and

e ¢ is the total population (sum of the population of all clusters).

Therefore, for the Master Sample, the probability of PSU ¢ being selected in strata
h is:

Nhi X mp

where:
e Ny, is the population of PSU ¢,
e my is the number of PSUs to be sampled in strata h and

e Ny is the total population of all PSUs in strata h.

2.3.3 Weight of the primary sampling units in the Master Sample
The sampling weights of each of the PSUs is the inverse of their sampling probability.

Therefore PSU ¢ in strata h has a sampling weight of

Ny,
Nhi X mh’

where Np, Np; and my, are as previously defined.
2.3.4 Obtaining the PNS sample from the Master Sample

The sample for the PNS was obtained using simple random sampling in three stages:

1. Stage 1: Simple random sampling (SRS) was used to select the PSUs from the
Master sample. This maintained the stratification of PSUs used in the Master

Sample which is as previously discussed.

2. Stage 2: Simple random sampling was used to select a fixed number of PPHs

from each of the PSUs.

3. Stage 3: Simple random sampling was used again to select an individual in each
household (aged 18 or over) from a list of residents to complete the final part of

the questionnaire (Souza-Junior et al., 2015).
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i=1

h=1

O PSU not selected in nry, - the number of selected PSUs in stratum h for the Master Sample

PNS mf ™% - the number of selected PSUs in stratum f in the PNS

Ny, - the number of households in stratum h
O PSU selected in PNS Npi - the number of households in PSU i in stratum f

Figure 2.1: A strata of the Master Sample showing the primary sampling units (PSUs)
and the individual households within these PSUs.

2.3.5 Probability of a PSU being selected in the PNS sample

Figure 2.1 shows an example of a strata from the Master Sample. The circles represent
PSUs with the red indicating that the PSU is selected in the sample for the PNS.

The probability of PSU ¢ being selected in the sample for the PNS is given by the
probability of the PSU being selected in the Master sample multiplied by the probability

that it is chosen from this sample by SRS.

mp X Nhi mﬁNS
X

Ny, mp

where my, Np; and N, are as previously defined and mf NS is the number of PSUs

in stratum h that are selected for the PNS.

2.3.6 Weight of PSU 7 in the PNS sample

The weights of the PSUs in the PNS sample are calculated as the inverse of the sampling

probability of selection and are defined as
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Nh mp
Wh; = X
! m{fNS

mp X th’

for PSU ¢ in stratum h (Paulo and Freitas, 2014a).

2.3.7 Basic weights of households in the PNS sample

The households in each of the PSUs were selected by simple random sampling therefore
the probability of a household in PSU 4 and stratum h being selected is given that this

PSU and stratum has been selected:

Nhi
*
N hi

where ny,; is the number of households selected in PSU 4, stratum h and NNy, is the
total number of PPHs in PSU i, stratum h.

Therefore the weight of a household within a PSU is given by:

*
Nhi

Nhg

Wilhi =

Combining the weight of a PSU and a household within the PSU gives a basic

household weight of:

w = Wh; X W = Nh X h X N;;l
hij — Whi jlhi —
| mp X Nhi m{jNS Nhi

for household j in PSU 4 in stratum h (Paulo and Freitas, 2014a).

2.3.8 Weights correcting for non-responses and to population calibra-

tion

The final weight of a household in the PNS sample accounts for the weight of the corre-
sponding PSU, adjusts for households with non-responses and also calibrates estimates

with population totals with the use of other sources (Paulo and Freitas, 2014a).

2.3.8.1 Correcting for non-responses

Non-responses may have occurred for a variety of reasons including refusal by the infor-

mant or an inability to contact a resident of a chosen household. An adjustment for this
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is given by the following weight:

*
Mh
k%

hi

* f— ..
wh” = ’LUhZ] X

where ny; is the number of selected households with residents in PSU 4, stratum h
and ny> is the number of households in which an interview was held in PSU ¢, stratum

h (Paulo and Freitas, 2014a).

2.3.8.2 Population calibration

An additional adjustment was made to account for the results of research from other
sources. This adjustment means that when estimating the total population at certain
geographic levels, the estimates concur with the population estimates produced by the
Population Coordination and Social Indicators (COPIS) of the Research Board (Paulo
and Freitas, 2014a).

Based on information from 27th July 2013, the calibration can be seen in the following

expression:

tri

Kk a
Diri
Pa

_ *
Wpij = Whij

where P/™ is the population estimates produced by COPIS at geographic level a and

p};”' is the population estimated obtained with the survey data at geographic level a.

2.3.9 Final Household Weight

The final weight of a household which accounts for the probability of selection of the
corresponding PSU, compensates for non-responses and calibrates for known population

totals is given by (Paulo and Freitas, 2014b):

L Ny mw  Np P

a
hii = — X =
Y my o Npio o mfNS T oy o piri

2.4 Exploratory analysis

As mentioned previously, the variable of interest in this project is intellectual disability.

Since the variable of interest in this project is binary, logistic regression will be used
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to examine the relationship between intellectual disability and the other socio-economic
variables in the data. The methods for analysis of data from a survey with a complex
sampling structure will be discussed in more detail in later chapters.

In order, to understand what is available in the PNS data, exploratory analysis will
be carried out. This will involve looking at the frequency of the response variable and
looking at the other socio-economic variables in more detail.

Since interest lies in children with intellectual disabilities, the data set was cut down
to include only people younger than 18 years old. Since Module D of the PNS was only
filled in for people over the age of the 5, the lower bound of the age range was adjusted
to account for this. Therefore, the following analysis was conducted on data from the

PNS for children aged between 5 and 18 years old.

2.4.1 The response variable - Intellectual disability

Module G of the PNS questionnaire is interested in disabilities. Information was collected
regarding intellectual disabilities, physical disabilities, hearing impairments and visual
impairments.

The following question was asked to/about each member of the household:
Does ( name ) have an intellectual disability?

The possible answers to this question were “yes” or “no” providing a binary variable.

Initial exploratory analysis of this variable showed that out of 45,517 children, 404
of them have been recognised as having an intellectual disability.

Since less than 1% of the sample size has an intellectual disability, it may be relevant
to also look at the other disabilities (physical, hearing, visual) which were asked about in
the questionnaire. This can be done with the aim to see whether there is any correlation
between intellectual disability and any of the other three disabilities and as a result,
whether a further group of people could be used to help to model any variables significant
to intellectual disability.

Table 2.1 shows whether or not the children who have been classified as having an
intellectual disability have also been classified as having a further disability. It can been
seen, however, that out of the 404 children with an intellectual disability 327 of them
have no further disability. This means that it is unlikely that combining the disability

groups will give any further insight to the factors that influence intellectual disability.
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Table 2.1: Disabilities (physical, hearing or visual) the children in the PNS sample with
an intellectual disability have.

Hearing disability
Yes \ No
Visual disability
Physical disability | Yes | No | Yes | No | Total
Yes 1 2 5 36 44
No 7 |10 | 16 | 327 | 360
Total 8 12 | 21 | 363 | 404

2.4.2 Using Module A to measure poverty

In order to examine the relationship between intellectual disability and poverty, it needs
to be determined how poverty will be measured using the available data. Generally, to
measure poverty, a cut off called the ‘poverty line’ is used. A poverty line of 60% of the
countries median income is widely used and it is recommended that this value is used
for cross-national comparisons (Eurostat, 1998).

Module E of the PNS contains the question:
What is the gross monthly income usually received for this work?

Based on the recommendation from Eurostat, this answer to this question by the
members of the child’s household could be used to determine whether or not the child
is classified as living in poverty. However, information from Module E (among others)
is missing from the dataset meaning that this method is no longer an option.

In a paper written for the Joseph Rowntree Foundation in 2014, the following broad

definition of poverty is used:

“When a person’s resources (mainly their material resources) are not sufficient to meet

their minimum needs (including social participation)” (Goulden and D’arcy, 2014).

Based on this definition of poverty, a person is said to be in poverty if the resources
that they have are not sufficient to meet their basic needs. Module A of the PNS is
concerned with household demographics and includes questions regarding the material
of the walls and roof and the availability of running water to the household. Some of the
items covered in this module of the questionnaire may be useful as a proxy to determine

the socio-economic position of the household that the children live in.
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2.4.2.1 Combining of levels in Module A

Since in the PNS there is no information available regarding income and as such it is
difficult to use the standard measure of poverty, other variables must be looked at. There
are certain variables within Module A of the PNS that can be recoded to give a better
insight into whether a person in Brazil is perceived to be living in poverty or not.

If the household in which a person is living is constructed with unsuitable materials
then perhaps this could be seen as a sign of poverty. From a book published by IBGE;,
it is said that certain household characteristics can be classed as “adequate” or “inade-
quate”. In particular, the material of the walls, roof and floor along with water supply,
outlet of bathroom, waste collection and origin of electricity can all be defined in this
way (Fundacao Instituto Brasileiro de Geografia and Estatistica. Departamento de Pop-
ulagao and Indicadores Sociais, 1998). Using the recoded variables with combined levels
instead of the original categorical variables will also aim to provide a model that is more
interpretable without losing too much information. Table 2.2 shows how the original
answers to these questions can be adapted into either “adequate” or “inadequate”.

Furthermore, it is asked whether the home contains a variety of items. These items
include: stove, TV, refrigerator, video/DVD player, washing machine, telephone, mi-
crowave, car, computer and internet.

Based on recommendations from the same book published by IBGE, these goods
can be grouped into basic goods and status goods. It is recommended that basic goods
include stove, TV and refrigerator and that status goods include video/DVD player,
washing machine, telephone, microwave and car.

The two questions about whether or not a home has a computer and whether or
not the home has internet has also been grouped into one variable with responses: has
computer and internet, has computer with no internet, no computer has internet and no

computer or internet.
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Table 2.2: The renaming of certain household variables in Module A of the PNS

Material of Coated masonry Adequate
Wealls Uncoated masonary Adequate
Suitable wood for construction Adequate
Uncoated taipa Inadequate
Seized wood Inadequate
Straw Inadequate
Other Inadequate
Material of Roof tile Adequate
Roof Concrete slab Adequate
Suitable wood for construction Adequate
Metal sheet Adequate
Seized wood Adequate
Straw Inadequate
Other Inadequate
Material of Carpet Adequate
Floor Ceramic tile or stone Adequate
Suitable wood for construction Adequate
Cement Adequate
Seized wood Inadequate
Dirt Inadequate
Other Inadequate
Water Supply  General distribution Adequate
Well or spring on the property Inadequate
Well or spring off the property Inadequate
Car tanker Inadequate
Water stored in rain tanks Inadequate
Rain water stored otherwise Inadequate
Rivers, lakes or streams Inadequate
Other Inadequate
Outlet of General sewage Adequate
Bathroom Septic tank Adequate
Fossa rudimentary Inadequate
Ditch Inadequate
Straight to river, lake or stream Inadequate
Other Inadequate
Waste Collected directly by housekeeping Adequate
Collection Collected in housekeeping bucket Adequate
Burned on the property Inadequate
Buried on the property Inadequate
Thrown onto wasteland Inadequate
Thrown into river, lake or sea Inadequate
Other Inadequate
Electricity General network Adequate
Other source (generator etc) Inadequate
No electricity Inadequate

2.4.2.2 Module A and Intellectual Disability

After combining the levels of some of the responses to the questions in Module A, some
exploratory analysis can be conducted in order to get a basic idea of the relationship
between these and the response variable. Table 2.3 shows the summary of the results of
the exploratory analysis conducted. Sampling weights were not used when conducting
the exploratory analysis.

It can be seen that when fitted alone with intellectual disability very few of the
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variables from Module A are found to be significant at the 5% level.

The type of home that a child lives in is found to be significant at the 10% level with
the odds of a child having an intellectual disability reducing if they live in an apartment
or lodging compared to a house.

If the material of the walls, roof and floor are inadequate, then the odds of a child
having an intellectual disability are increased compared to if the materials are adequate.
However, only the material of the walls is found to be significant at the 5% level with
the material of the roof found to be significant at the 10% level and the floor at the 15%
level.

If a home does not have a kitchen, the odds of a child having an intellectual disability
are found to increase compared to when a home does have a kitchen. The remaining
variables are found not to be significant at the 5% or 10% level.

From this initial analysis it appears that there may be evidence of a relationship
between intellectual disability and some poverty variables. How adequately a house
is constructed appears to have the strongest relationship with the odds that a child
has an intellectual disability. There appears to be little to no relationship between a
families access to both basic goods and status goods with whether or not a child has an

intellectual disability.

2.4.3 Exploratory Analysis of the remaining modules

The remaining modules of the PNS focus on topics such as health care, education and
other disabilities.

Table 2.4 summarises the results of the exploratory analysis conducted on these mod-
ules. The percentage of the sample belonging to each level of a variable has been calcu-
lated and then this percentage has been split across whether a child has an intellectual
disability or not. Then each of the variables has been included as the only explanatory
variable in a logistic regression model with intellectual disability as the response.

It can be seen that many of the variables are found to be significant at the 5% level.
If a child is female the odds of them having an intellectual disability are lower than if a
child is male. This is a common finding among studies into intellectual disabilities (Lai
et al., 2012). The race of a child was not found to be significant.

If a child is unable to read and write, the odds of that child having an intellectual
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disability was found to be significantly higher than for a child who is able to read and
write. If a child is educated, the odds of intellectual disability are reduced compared to
an uneducated child.

When looking at the other forms of disabilities, it was found that if a child has a
physical, hearing or visual disability the odds of them having an intellectual disability
are increased. It was previously noted in Table 2.1 that there are very few children who
have another disability in addition to an intellectual disability.

The health status of a child was also found to significantly affect the odds of a child
having an intellectual disability. If a child was reported as having average health the
odds of them having an intellectual disability are increased compared to a child with
above average health. The odds are increased further if a child is reported to have below
average health.

If a child’s health was found to limit daily activities the odds of intellectual disability
are increased. If a child has been diagnosed with a chronic illness the odds are also
increased.

When the length of time that a child last saw a doctor increases, the odds of that
child having an intellectual disability is decreased. Also if no health care was sought
for the child in the previous two weeks to when the survey was conducted, the odds of
intellectual disability are reduced compared to a child who did seek health care.

If a child was hospitalised or received emergency care at home in the last 12 months
the odds of the child having an intellectual disability are greater than for a child who
was not.

From this analysis, it appears that there are relationships between many of the
health variables and intellectual disability. There is evidence that there is a relationship
between sex and intellectual disability however, there is no evidence of a relationship
between race and intellectual disability. There is also evidence of a relationship between

level of education and intellectual disability.

2.5 Issues to consider during analysis

When it comes to analysing the data from the PNS with regards to intellectual disability

there are a number of issues which need to be considered.
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Firstly, when making a comparison between Brazil and the UK, similar variables in
each data set will need to be used. When it comes to the variables in module A of
the PNS it may be difficult to find any corresponding variables in the UK dataset since
subjects such as the material of the walls aren’t commonly asked in UK surveys.

As described above, the PNS has a complex sampling structure and therefore each
observation in the data set has a sampling weight. When analysing the relationship
between intellectual disability and the variables in the data, it will need to be determined
whether or not these sampling weights are required and, if so, how they should be used.

Finally, despite some of the variables being combined to create new ones, there is
still a relatively large number of variables to consider when looking at the relationship
that they have with intellectual disability. Therefore, some sort of variable selection will

need to be considered.
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Chapter 3

Data - UK (The Millennium
Cohort Study (MCS))

This chapter will discuss the dataset that will be used for the UK based analysis. First,
the aims of the MCS will be discussed. Next the sampling scheme and calculation of the
sampling weights will be described. Finally, exploratory analysis will be conducted to
examine the response variable and any variables that correspond to the variables in the

Brazilian dataset. Issues to be considered in further analysis is also discussed.

3.1 Aims of the Survey

When designing the surveys to be used in the MCS, the following five principles were

strongly considered:

e The study should provide data regarding children living in all four countries of the

UK (England, Wales, Scotland and Northern Ireland).

e The study should provide adequate data for specific sub-groups of children. These
subgroups include: children living in disadvantaged circumstances, children of eth-

nic minorities and children living in the three smaller countries of the UK.

e The study should provide data not only on the child but also on the child’s fam-
ily circumstances and the environment in which they grow up, including socio-

economic factors.
e The children in the study should be born within a single 12 month period.
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e Any child born within the selected time period of the study should have a known,

non-zero probability of being selected to be in the sample (Joshi et al., 2002).

The ESRC previously funded two other cohort studies: The National Child Develop-
ment Study in 1958 and the British Cohort Study in 1970. When a proposal was made
to the ESRC for the MSC it was stated that it should differ from the previous studies

in the following ways:

e Instead of a one week time period, the sample should include a sample of children

born in a 12 month time period, to include births in all seasons.
e The birth dates in the sample should include children born in the year 2000.
e The sample should include children from the whole of the UK.

e Data collected should focus strongly on the families social and economic circum-

stances.
e 15,000 should be the target sample size.
e The length of the interview will be controlled by a budget of £1.7 million.
e A sample design which over-samples ethnic minorities should be considered.

e The first of the surveys should be carried out when the children are all around 6

months old (Hansen, 2012).

The aims of each of the surveys differ slightly from each other since the information to
be captured in each wave of the study changed to be more relevant to the age of the

child at the time of the survey.

3.1.1 First Survey - 9 months old

Originally it was planned that the first survey would be conducted when the child was
aged 6 months. However, this target was unattainable and instead it was chosen to
postpone the survey until the child was 9 months old. In total 18, 553 families took part
in the first survey of the MCS.

In the first survey, information was collected regarding the circumstances of both the
mother’s pregnancy and the birth of the child. Information was also collected on the

social and economic background of the families.
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The objectives of the first survey were proposed in March 2000 by the Centre for

Longitudinal Studies and included:

To obtain an insight to the initial health, social and economic advantages and

disadvantages that children born in the new millennium will face.

To obtain a baseline for comparison of data collected in further studies.

To collect information on topics which have not been covered by previous studies

such as the father’s participation in the care and development of the child.

To focus strongly on the mother, father and siblings of the child, recording how

they have adapted to the newcomer in the family.

3.1.2 Second Survey - 3 years old

The second survey was conducted when the children were 3 years old. The data collected
in this survey allowed any changes in circumstances since the first survey to become
apparent.

In addition to the 18,553 families who took part in the first survey, a further 1,389
families were contacted to participate in the second survey.

Objectives of the second survey included:

e To measure the physical, cognitive, social and emotional development of the child.
e To look at changes in the family since the child was 9 months old.
e To collect information on any older siblings that the child has.

e To compile data which is comparable to previous cohort studies in the UK and

other studies from outside of the UK.

e To collect data from families who had moved into survey areas after the original

sample had been decided.

3.1.3 Third Survey - 5 years old

When the children were 5 years old, the third survey was conducted. The sample for
the third survey was made up of any family who had responded to at least one of the

previous surveys. This survey had the following objectives:
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e To continue to measure the physical, cognitive and behavioural development of the

child.
e To assess the child’s experiences of starting primary school.
e To continue to collect data on the siblings of the child.

e To contact any families who have responded to a previous survey (regardless of

whether they have responded to all earlier sweeps).

3.1.4 Fourth Survey - 7 years old

The fourth survey was conducted when the children in the sample were 7 years old and

had similar objectives to the third survey with the addition of:
e To directly ask the children about their thoughts and experiences.

In total, the number of families eligible to participate in the fourth survey of the
MCS was 19,244. However due to exclusion due to ineligibility, refusal, untraceability

or sensitive family circumstances, the survey was issued to 17,031 families.

3.1.5 Fifth Survey - 11 years old

The fifth survey took place when the children were aged 11. There were 19,244 potential
families eligible to take part in this survey however due to death, emigration, refusal or
untraceability, the total number of families who responded to this sweep of the MCS was
13,287. Therefore, information was collected for 13,469 cohort members in total.

The respondents for this survey were the cohort members, their parents and their
teachers. The aims were mostly similar to the surveys conducted in previous years with

the addition of:
e Collect information regarding puberty

e Collect information about the child’s attitude towards smoking, drinking and anti-

social behaviours
e Collect information about the child’s final year of primary school.

Since this survey was conducted between January 2012 and February 2013, when
making comparisons with analysis of the PNS, data from the fifth survey of the MCS

will be used.
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3.1.6 Sixth Survey - Aged 14

The sixth survey of the MCS was conducted in 2015 when the children were 14 years
old. In total 11,726 families took part in the survey and data was collected for 11,872
children.

This survey was the first conducted whilst the cohort members were teenagers and
hence some more age-appropriate questions such as those regarding alcohol, drugs, pu-
berty and romantic relationships were added to the cohort member self-completion ques-
tionnaire.

A further addition to this survey was activity monitoring. All cohort members in
Scotland, Wales and Northern Ireland along with 81% of English cohort members wore
a wrist activity monitor for two days along with self-completing an activity diary.

Saliva samples for DNA extraction and genotyping were collected from all cohort

members as well as their natural parents.

3.1.7 Seventh Survey - Aged 17

The seventh survey of the MCS was conducted in 2019 when the cohort members were
17 years old. In total 10,625 families took part in the survey and data was collected for
10,757 cohort members.

In previous surveys a major focus of many of the questionnaires was schooling. Since
at age 17 many of the cohort members will have made major decisions in relation to
education and employment, a principle aim of this survey was to collect data regarding
this transition.

This survey aimed to build a picture of the daily life of the cohort members with
regards to: relationships with parents; family and peers; risky behaviours; social media

engagement and effort on activities such as education/school.

3.2 Sampling scheme for the MCS

The population of interest for the MCS is any child born between September 2000 and
January 2002 who at the age of nine months was living in the UK and eligible to receive
Child Benefit. This population includes children living in non-household circumstances

such as hostels at nine months as well as children who were born outside of the UK but
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were UK residents at the age of 9 months.

Children in the study were found using the Child Benefit records. In England and
Wales children born between 1 September 2000 and 31 August 2001 were sampled. In
Scotland and Northern Ireland children born between 23 November 2000 and 11 January
2002 were sampled. The initial time period of 12 months was extended in Scotland and
Northern Ireland due to a shortage in numbers which was noticed during fieldwork.

Any child born within the correct time period and living in one of the roughly 400
electoral wards of the UK at 9 months old were eligible for the study. Children who died
before the age of 9 months, who emigrated out of the UK before the age of 9 months or
who were not residents of the UK at the age of 9 months were excluded from the sample
(Cullis, 2007).

Although the sampling technique aimed to give an accurate representation of the
whole population, particular sub-groups were over-sampled intentionally. This was done
to ensure that there was accurate representation of: children living in the smaller coun-
tries of the UK (Scotland, Wales and Northern Ireland); children living in disadvantaged
areas and areas in England with a large ethnic minority population (30% or more of the
population in 1991 was Black or Asian). The Child Poverty Index, defined as the per-
centage of children under 16 in an electoral ward living in families receiving at least one
type of means tested benefit, was used during the stratification. The poorest 25% of

wards based on the Child Poverty Index were over-sampled (Hansen, 2012).

3.2.1 Stratification of the population

The population was stratified by country (England, Wales, Scotland and Northern Ire-
land) then, within these strata, further stratification was conducted.

In England the population was stratified into three strata. The first of these strata
was “ethnic minority” which included wards in which at least 30% of the total population
was either black or Asian. The next stratum was “disadvantaged” which included wards
which fell into the poorest 25% of wards based on the Child Poverty Index. The final
stratum was “advantaged” which included wards which fell into the wealthiest 25% of
wards based on the Child Poverty Index. If a ward was included in the “ethnic minority”
stratum it was excluded from the remaining two strata.

In Wales, Scotland and Northern Ireland, the population was stratified into two
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strata: “disadvantaged” and “advantaged”. The criteria for inclusion in these strata
were equivalent to the strata in England.

Since the wards in the UK vary greatly in size, particularly in England, in some
instances multiple wards were combined to create “superwards” which had a minimum
of 24 expected births in a year. In order to be combined, wards had to be bordering
each other in the same district and be within the same stratum. If this was not possible
then non-bordering within the same district were combined. Furthermore if this was not
possible then non-bordering wards in different districts could be combined. Under no

circumstances were wards in different strata combined.

3.2.2 Sample size

The target sample size of the MCS was 15,000. Sampling based on expected number of
births would have resulted in the sample sizes in Wales, Scotland and Northern Ireland
being too small for meaningful analysis. Instead, 1,500 children were chosen to be
sampled from these three countries meaning that 10,500 children were to be sampled
from England.

Initially, in England, half of the children were to be sampled from advantaged wards,
a quarter from disadvantaged wards and the final quarter from ethnic wards. In Wales,
Scotland and Northern Ireland half of the children were to be sampled from advantaged
wards and the other half from disadvantaged wards.

After additional resources were allocated to the study, further children could be sam-
pled from each country. In England, 35 additional disadvantaged wards were selected.
In Wales the target sample size was doubled with the additional 1500 children to be
sampled from disadvantaged wards. In Scotland, the target sample size was increased to
2,500 with 500 of the additional children to be sampled from advantaged wards and the
remaining 500 to be sampled from disadvantaged wards. Finally in Northern Ireland the
target sample size was increased to 2,000 with the additional children to be selected from
disadvantaged wards. The final target sample size was 20,646 children (Plewis et al.,
2007).
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3.2.3 Obtaining the sample

The population in England was ordered by the standard regions (South East, London,
North West, East of England, West Midlands, South West, Yorkshire and the Humber,
East Midlands and North East) and then within these regions ordered by ward size
(largest to smallest). In Scotland, four regions (South, Central, North East and North
West) were used and then similarly to England, the wards were listed in descending
order. Wales and Northern Ireland were not divided into regions and instead were listed
only by ward size.

Then, systematic sampling was used within each stratum and country to select the
wards to be sampled. The sampling interval was established based on the ratio of the
number of wards in the population to the required number of wards in the sample.

Once the wards were selected, a list of all eligible children living in the wards was
collected. The list was created based on the Child Benefit register. A letter was sent out
to all families with an eligible child in the selected wards inviting them to participate in

the survey. In total, 18,553 families agreed to take part in the study.

3.2.4 Sampling weights

Since the probability of selection varies depending on whether the child comes from an
advantaged or disadvantaged ward, sampling weights are given in order to adjust for
this.

Since there was no sub-sampling within wards, the weights for each child in the same
ward are equal. There are different weights provided depending on whether analysis is
based on an individual country or based on the whole of the UK.

The basic weight for a ward was calculated as the inverse of the sampling fraction
applied to each stratum. This weight was then scaled so that the mean sampling weight
was equal to one.

The sampling weights for each stratum are given in Table 3.1. Both the weights for
when analysis of a single country is to be conducted and for when analysis for the whole
of the UK is to be conducted are given.

The weights were then further adjusted to account for any bias arising from non-

responses. There are a variety of ways in which these biases can occur.
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Table 3.1: The sampling weights for each stratum of the MCS

Country Stratum Weight for country Weight for UK
analysis analysis
England Advantaged 1.32 2.00
Disadvanaged  0.71 1.09
Ethnic 0.24 0.37
Wales Advantaged 1.77 0.62
Disadvantaged 0.65 0.23
Scotland Advantaged 1.23 0.93
Disadvantaged 0.75 0.57
Northern Ireland Advantaged 1.41 0.47
Disadvantaged 0.76 0.25

The first of these ways is that there is an under-representation of families who have
recently moved. Since it is thought that families who move around more have different
characteristics to whose who don’t move very often if at all it is important to account
for this bias.

Next, there were some losses in the Child Benefit sample due to some families being
excluded for numerous reasons which could lead them to be classed as a sensitive case.
These reasons include: if there had been an infant death in the family in the past five
years; the child had been taken into the care system and the family had already been
selected for another survey. If the Child Benefit was to be paid directly into a bank
account, then records may not always show a change of address and so non-response
may also occur due to this.

Non-response also occurred when the survey was conducted in the field. It was found
that families in ethnic wards in England and advantaged wards in Northern Ireland were
less likely to respond. It was also found that if the clai