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INTRODUCTION

Welcome to MGS809: Biostatistics and Migration, an important course
in the postgraduate curriculum. This two-credit course is designed to
provide a strong understanding of how biostatistical methods are applied
to study migration patterns, health outcomes, and demographic trends
among migrant populations. It introduces students to the ways in which
data can be used to explore health disparities, social determinants of
health, and the complex interactions between mobility and well-being.

The course is academically valuable for students, researchers,
policymakers, public health practitioners, and development professionals
seeking to strengthen their analytical and decision-making skills in a data-
driven world. It offers a solid foundation for applying statistical evidence
to real-world migration and health challenges in an increasingly
interconnected global context.

THE COURSE

This course explores the application of biostatistical methods to
understand migration patterns, health outcomes, and demographic trends
in contemporary global contexts. It examines how data can be used to
analyse population movement, health disparities, and the social
determinants that shape migrant health. As migration continues to
influence public health systems and policy decisions worldwide, students,
researchers, and practitioners must be equipped with the skills to interpret
and apply statistical evidence in meaningful ways.

The course introduces you to the core concepts and methods of
biostatistics, including data collection, analysis, and interpretation. You
will engage with key analytical approaches such as descriptive and
inferential statistics, data visualisation, and the use of statistical tools in
real-world migration and health studies. Through practical examples, the
course highlights how statistical techniques can be used to identify trends,
measure health outcomes, and evaluate interventions among migrant
populations.

You will gain insight into the complex relationship between migration and
health, including issues such as disease patterns, healthcare access, and
population vulnerability. The course encourages critical thinking by
examining real datasets and case studies, allowing you to understand how
evidence is generated and applied. It also introduces emerging approaches
such as big data analytics and predictive modelling, which are
increasingly important in understanding dynamic migration patterns.
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Beyond analysis, the course focuses on the use of evidence in decision-
making and policy development. It explores how statistical findings are
translated into actionable insights that inform public health interventions
and migration policies. While grounded in global perspectives, the course
also draws on examples from African and Nigerian contexts to ensure
relevance and practical application.

This Course Guide provides an overview of MGS809: Biostatistics and
Migration, outlining the structure of the course, including its modules and
units. It offers guidance on how to engage with the learning materials,
complete tutor-marked assignments (TMAs), and manage your study
effectively. Although tutorial sessions are optional, they are highly
recommended as they provide opportunities for discussion, clarification,
and interaction with peers and instructors. Overall, the guide is designed
to support you in navigating the course successfully and gaining both
theoretical knowledge and practical skills in biostatistics and migration.

WHAT YOU WILL LEARN IN THIS COURSE

This course provides a comprehensive understanding of how biostatistical
methods are applied to migration and health in today’s global context.
Through a structured and practical approach, you will learn key concepts
in biostatistics, including data collection, analysis, and interpretation, as
they relate to migration patterns, health outcomes, and population trends.
You will also explore important analytical tools such as descriptive and
inferential statistics, data visualisation, and basic modelling techniques,
with a focus on applying these methods to real-world migration and public
health data.

The course places strong emphasis on linking theory to practice. You will
analyse how migration affects health outcomes, including issues such as
disease patterns, access to healthcare, and health inequalities among
migrant populations. You will also examine how social and
environmental factors influence these outcomes. In addition, the course
introduces modern approaches such as big data analytics and predictive
modelling, helping you understand how large datasets can be used to track
trends, forecast outcomes, and support planning in migration and health
contexts.

As you progress, you will develop skills in interpreting statistical results,
evaluating data quality, and applying evidence to decision-making. You
will work with real-life examples and case studies from both global and
African contexts, enabling you to understand practical challenges and
solutions. By the end of the course, you will have a solid foundation in
biostatistics, along with the ability to use data to inform research, policy,
and public health interventions related to migration.
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COURSE AIMS

This course aims to provide you with a solid understanding of how
biostatistical methods are applied to study migration patterns, health
outcomes, and population trends. It focuses on building your ability to
analyse, interpret, and use data to understand the relationship between
migration and health, and to support evidence-based decision-making in
research and policy.

These aims will be achieved by your ability to:

a. Identify and explain key concepts in biostatistics, migration, and
public health;

b. Analyse migration patterns and demographic trends using
statistical methods;

C. Apply descriptive and inferential statistics to migration and health
data;

d. Examine the relationship between migration and health outcomes,
including disease patterns and healthcare access;

e. Interpret data on health disparities and social determinants
affecting migrant populations;

f. Evaluate the quality, reliability, and limitations of migration and
health data;

g. Use data visualisation techniques to communicate statistical
findings clearly;

h. Apply data management processes such as data cleaning,

integration, and harmonisation;

I. Explore the use of big data and digital tools in migration analysis;

J. Apply basic predictive modelling techniques to forecast trends and
risks;

K. Analyse how statistical evidence informs policy and public health
interventions;

l. Examine ethical considerations in the use of migration and health

data;

m. Interpret case studies and real-world data applications in migration
contexts;

n. Apply analytical skills to support research, policy, and programme
development;

0. Evaluate the role of biostatistics in improving health outcomes

among migrant populations.
COURSE LEARNING OBJECTIVES
To achieve the aims of this course, teaching and learning are guided by
clearly defined objectives. Each unit begins with specific objectives to

help you focus on your study. You are encouraged to review these
objectives before starting a unit, revisit them as you learn, and reflect on

vi
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them after completing each section. These unit-level objectives align with
the overall goals of the course and support your academic progress.

By completing this course, learners are expected to have achieved the
overall aims outlined below. On successful completion of MGS809, you
should be able to:

. Define and explain key concepts in biostatistics, migration, and
public health

. Describe the relationship between migration patterns, population
dynamics, and health outcomes

. Apply basic statistical methods to analyse migration and health
data

. Interpret data on health disparities and social determinants
affecting migrant populations

. Identify and evaluate different sources of migration and health data

. Apply data management techniques such as data cleaning,
Integration, and harmonisation

. Use data visualisation tools to present statistical findings clearly

. Explain the role of big data in migration and health analysis

. Describe basic predictive modelling techniques and their
applications

. Analyse trends and patterns in migration and health data

. Evaluate the strengths and limitations of statistical and predictive
methods

. Apply statistical evidence to support policy and public health
decision-making

. Recognise ethical issues in the use of migration and health data
. Analyse real-world case studies in migration and health contexts
. Demonstrate critical thinking and analytical skills in interpreting

data and research findings
WORKING THROUGH THIS COURSE

To complete this course, you are required to read the study units
carefully and other relevant and other materials stated in the section on
further reading. Each study unit contains SELF-ASSESSMENT
EXERCISE (SAEs) and Tutor-Marked Assignments (TMAS), and at
each point in the course, you are required to submit assignments for
assessment purposes. At the end of the course is a final examination.
You will also find listed all the components of the course, what you
must do and how you should allocate your time to each study unit to
complete the course successfully and in good time.

Vil
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COURSE MATERIALS

Major components of the course are:
1) Course Guide

2) Study Units

3) References

4) Presentation Schedule

STUDY UNITS

The study units in this course (MGS809) are as follows:

Module 1  Foundations of Biostatistics in Migration Studies

Unit 1 Migration, Health, and Population Dynamics

Unit 2 Role of Biostatistics in Migration Research

Unit 3 Data Sources and Measurement in Migration Studies
Unit 4 Descriptive Statistics for Migration Analysis

Module 2 Statistical Methods for Migration and Health Analysis
Unit 1 Probability and Sampling in Migration Research

Unit 2 Inferential Statistics and Hypothesis Testing

Unit 3 Regression and Multivariate Analysis

Unit 4 Epidemiological Measures in Migrant Health

Module 3  Applied Biostatistics in Migration Contexts

Unit 1 Health Disparities among Migrant Populations

Unit 2 Spatial and Temporal Analysis of Migration

Unit 3 Evaluation of Migration and Health Interventions

Unit 4 Data Visualisation and Communication

Module 4  Evidence-Based Policy and Research Translation

Unit 1 Translating Statistical Evidence into Policy

Unit 2 Ethics and Governance in Migration Data

Unit 3 Big Data and Predictive Modelling in Migration

Biostatistics

PRESENTATION SCHEDULE

The presentation schedule included in this course material gives you the
important dates of this year for the completion of tutor-marked
assignments and for attending tutorials. Remember, you are required to
submit all your assignments by the due date. You should guard against
falling behind in your work.

viii
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ASSESSMENT

There are three aspects in the assessment of the course. First is a set of
Self — Assessment Exercises (SAES), second is a set of tutor-marked
assignments (TMAs), and third is a written end-of-semester
examination. In tackling the assignments, you are expected to be
sincere in attempting the exercises; you are expected to apply the
information, knowledge and techniques gathered during the course. The
assignments must be submitted to your tutor by the formal deadlines
stated in the presentation schedule and the assignment file. The work you
submit to your tutor for assessment will make up 40% (postgraduate) of
your total course mark. At the end of the course, you will need to sit for
a final written examination of two hours® duration. This examination
will make up the remaining 60% (postgraduate) of your total course
mark.

TUTOR-MARKED ASSIGNMENTS (TMAS)

Assignment questions referred to as TMA (Tutor Marked Assignments)
for each study unit in this course are stated. You will be able to complete
your assignments from the information and materials contained in your
reading and study units. However, it is desirable for you to demonstrate
that you have read and researched more widely than the required
minimum. Using other references will give you a broader viewpoint and
may provide a deeper understanding of the subject.

When you have completed each assignment, send it together with a
TMA (tutor-marked assignment) form to your tutor. Make sure that each
assignment reaches your tutor on or before the deadline given in the
presentation schedule and assignment file. If, for any reason, you cannot
complete your work on time, contact your tutor before the assignment
Is due to discuss the possibility of an extension. Extensions of time will
not be granted after the due date unless in exceptional circumstances.
You are encouraged to submit all assignments.

FINAL EXAMINATION AND GRADING

The final examination for this course will be for a two-hour duration,
and it has a value of 70% of the total course grade. The examination will
consist of questions, which reflect the type of self- testing, practice
exercises and tutor-marked assignments (tutor-attended to problems)
you have previously encountered in this study material.

Use the time between the last study unit and sitting for the
examination to revise the entire course. You might find it useful to
review your set-up self-tests, tutor-marked assignments and tutor

comments on them before the examination. The final examination
iX
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covers information from all parts of the course.
COURSE MARKING STRUCTURE

The following table lays out how the actual course marking is done.
Table I: Course Marking Structure

Stages of Assessment Percentage of Scores
Assessments 30% (Postgraduate)
Final Examination 70% (Postgraduate)
Total 100% of Course Marks

HOW TO GET THE MOST FROM THIS COURSE

In Open and Distance Learning (ODL), the study units replace the
University Lecturer. This is one of the great advantages of ODL. You
can read and work through specially designed study materials at your
own pace, and at a time and place that suits you best. Think of it as
reading the lecturer. In the same way that the lecturer might set you
some reading to do, the study units tell you when to read your other
materials. Just as a lecturer might give you an in-class exercise, your
study units provide exercise for you to do at the appropriate points.
Each of the study units follows a common format. The first item is an
introduction to the subject matter of the study unit and how a particular
study unit is integrated with the other study units and the course. Next
Is a set of learning objectives. These objectives let you know what you
should be able to do by the time you have completed the study unit. You
should use these objectives to guide your study. When you have
finished the study unit, you must go back and check whether you have
achieved the objectives or not. If you make a habit of doing this, you
will significantly improve your chances of passing the course.

The main body of the study unit guides you through the required reading
from other sources. This will usually be either from a reading section or
from other sources. You will be directed when there is a need for it.

Self- Assessment Exercises (SAEs) are stated throughout the study
units. Working through these SAEs will help you to achieve the
objectives of the study units and prepare you for the assignments and
examination.

You should do every SAE as you come to it in the study unit. There will
also be numerous examples given in the study units. Work through these
when you come to them, too.

The following is a practical strategy for working through the course. If
you run into any trouble, telephone your tutor immediately. Remember
that your tutor‘s job is to help you. When you need help, don‘t hesitate
to call and ask your tutor to provide the necessary guidance. You are
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encouraged to take note of the following tips:

1.

2.

Read this course guide thoroughly.

Organise a study schedule. Refer to the course overview for more
details. You should note that it is expected of you to devote at
least 2 hours per week to studying this course. The number of
hours to be devoted to intensive study stated above is outside
other need-driven academic activities like self-help, group
discussion and instructional facilitation. Note the time you are
expected to spend on each unit and how the assignments relate to
the study units. Important information, e.g. details of your
tutorials, and the date of the first day of the semester, is available.
You need to gather all this information in one place, such as in
your diary or a wall calendar. Whatever method you choose to use,
you should write in your own dates for working on each unit.

Once you have created your own study schedule, do everything
you can to stick to it. The major reason why students fail is that
they get behind with their coursework. If you get into difficulties
with your schedule, please let your tutor know before it is too late
for him to help you.

Turn to unit 1, read the introduction and the objectives for the
unit.

Assemble the study materials. Information about what you need
for a unit is given in the table of contents at the beginning of
each unit. It will be helpful for you to always read both the study
unit you are working on and one of the materials for further
reading on your desk at the same time.

Work through the Unit. The content of the unit itself has been
arranged to provide a sequence for you to follow. As you work
through the unit, you will be instructed to read sections from
other sources. Use the unit to guide your reading.

Keep in mind that you will learn a lot by doing all your
assignments carefully. They have been designed to help you meet
the objectives of the course and, therefore, will help you pass the
examination. Submit all assignments not later than the due date.

Review the objectives for each study unit to confirm that you
have achieved them. If you feel unsure about any of the
objectives, review the study materials or consult your tutor.

When you are confident that you have achieved a unit‘s
objectives, you can then start on the next unit. Proceed unit by
unit through the course and try to pace your study so that you
keep yourself on schedule.

Xi
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9. When you have submitted an assignment to your tutor for
marking, do not wait until you get it back before starting on the
next unit. Keep to your schedule. When the assignment is
returned, pay particular attention to your tutor‘s comments, both
on the tutor-marked assignment form and as written on the
assignment itself. Consult your tutor as soon as possible if you
have any questions or problems.

10. After completing the last unit, review the course and prepare
yourself for the final examination. Check that you have achieved
the unit objectives (listed at the beginning of each unit) and the
course objectives (listed in the course guide).

Online Facilitation and Learning Resources

As you begin your journey in MGS809: Biostatistics and Migration, you
will have access to a curated set of resources designed to support your
learning and engagement. These include scholarly readings, case studies,
and multimedia materials that illustrate key concepts, theories, and
debates in gender, migration, and diaspora studies.

The resources are structured to help you apply theoretical frameworks,
analyse real-world examples, and participate in discussions that deepen
your understanding of gendered migration and diasporic experiences.
They complement the study units, enabling you to connect theory, history,
and lived realities in a meaningful way.

Online Facilitation

Throughout this course, experienced facilitators will guide your learning
process through regular interaction and feedback. These subject matter
experts will moderate discussions, answer questions, provide
clarification on complex concepts, and share relevant examples from
practice. The facilitators serve as both mentors and role models,
demonstrating effective digital pedagogy through their own teaching
approaches.

Videos

The course incorporates a variety of instructional videos that bring
theoretical concepts to life. These include recorded lectures,
demonstrations of smart technologies in action, case studies, expert
interviews, and analytical commentaries. The videos are strategically
embedded within modules to illustrate key principles and practices of
smart education, providing you with visual models of innovative
pedagogical approaches.

Xii
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Course Materials

Your course materials consist of carefully structured text-based content,
interactive elements, and embedded activities. These materials
incorporate principles of instructional design specific to digital learning
environments, featuring clear learning objectives, concept explanations,
practical examples, reflective questions, and assessment opportunities.
All materials are designed according to smart education principles, with
scaffolded learning paths that can adapt to different levels of prior
knowledge.

URLs

Throughout the course, you will be directed to curated external
resources via URLs. These links connect you to research papers,
educational tools, exemplary smart education implementations, and
communities of practice. Each URL is accompanied by guidance on how
to critically engage with the resource and apply insights to your own
educational context.

Synchronous and Asynchronous Sessions
This course blends both synchronous (real-time) and asynchronous (self-
paced) learning experiences:

Synchronous sessions include scheduled webinars, collaborative
workshops, and live discussions where you interact directly with
facilitators and peers. These sessions provide opportunities for
immediate feedback, collaborative problem-solving, and the
development of a learning community.

Asynchronous elements allow you to engage with course content at
your own pace and convenience. These include discussion forums,
reflective activities, project work, and self-assessment exercises.

Asynchronous learning provides flexibility while encouraging deep
engagement with concepts and their practical applications.

Through thoughtful integration of these varied resources, the course
itself serves as a model of effective smart education pedagogy, allowing
you to experience as a learner the approaches you will later implement
as an educator.

There are 8 hours of tutorials provided in support of this course. You
will be notified of the dates, times and location of these tutorials
together with the name and phone number of your tutor as soon as
you are allocated a tutorial group.

xiii
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Your tutor will mark and comment on your assignments. He will also
keep a close watch on your progress or any difficulties you might
encounter and aid you during the course. You must mail your tutor-
marked assignments to your tutor well before the due date (at least
two working days are required). They will be marked by your tutor and
returned to you as soon as possible. Do not hesitate to contact your tutor
by telephone, e-mail, or discussion board if you need help. The
following might be circumstances in which you would find help
necessary. Contact your tutor if: You do not understand any part of
the study units or the assigned readings. You have difficulty with the self
— assessment exercises. You have a question or problem with an
assignment, with your tutor’s comments on an assignment or with the
grading of an assignment. You should try your best to attend the
tutorials. This is your only chance to have face-to-face academic contact
with your tutor and to ask questions on problems encountered during
your study.

To gain the maximum benefit from course tutorials, prepare a question

list before attending them. You will learn a lot from participating in
discussions actively.

Xiv



MAIN

COURSE
CONTENTS PAGE
Module 1  Foundations of Biostatistics in Migration Studies 1
Unit 1 Migration, Health, and Population Dynamics.......... 1
Unit 2 Role of Biostatistics in Migration Research............ 22
Unit 3 Data Sources and Measurement in Migration Studies 44
Unit 4 Descriptive Statistics for Migration Analysis........... 66
Module 2  Statistical Methods for Migration and Health
ANAIYSIS.cutiiniiinienetieeienreratesatenscsnsesascsnsonssnns 81
Unit 1 Probability and Sampling in Migration Research...... 81
Unit 2 Inferential Statistics and Hypothesis Testing........... 94
Unit 3 Regression and Multivariate Analysis................... 111
Unit 4 Epidemiological Measures in Migrant Health.......... 130
Module 3 Applied Biostatistics in Migration Contexts......... 151
Unit 1 Health Disparities among Migrant Populations......... 151
Unit 2 Spatial and Temporal Analysis of Migration............ 165
Unit 3 Evaluation of Migration and Health Interventions..... 180
Unit 4 Data Visualisation and Communication................. 196
Module 4  Evidence-Based Policy and Research Translation... 212
Unit 1 Translating Statistical Evidence into Policy.......... 212
Unit 2 Ethics and Governance in Migration Data............. 229
Unit 3 Big Data and Predictive Modelling in Migration

BIloStatiStiCS. .o




MGS809 BIOSTATISTICS AND MIGRATION

MODULE 1 FOUNDATIONS OF BIOSTATISTICS IN
MIGRATION STUDIES

Unit 1 Migration, Health, and Population Dynamics

Unit 2 Role of Biostatistics in Migration Research

Unit 3 Data Sources and Measurement in Migration Studies

Unit 4 Descriptive Statistics for Migration Analysis

UNIT 1 MIGRATION, HEALTH, AND POPULATION
DYNAMICS

Unit Structure

1.1  Introduction
Learning Outcomes
Foundations of Migration Analysis: Concepts, Drivers, and
Measurement
1.3.1 Concept and Major Types of Migration
1.3.2 Drivers and Determinants of Migration
1.3.3 Migration Measurement and Classification
1.4  Demographic Transitions and Population Change
1.5  Migration as a Social Determinant of Health
1.6  Global Trends in Mobility and Health Inequalities
1.7 Summary
1.8  References/Further Readings/Web Sources
1.9  Possible Answers to Self-Assessment Exercises

' "all Introduction

In this unit, you will explore the relationship between migration, health,
and population dynamics through the lens of biostatistics. Migration is
not merely the physical movement of people across borders or regions; it
Is a complex demographic and social process that reshapes population
structures, influences patterns of disease, and affects access to health
services. Population dynamics—changes in the size, structure, and
distribution of populations—are deeply connected to migration flows,
fertility patterns, mortality rates, and public health conditions.
Biostatistics provides the analytical tools needed to examine these
changes systematically, transforming raw health and demographic data
into meaningful insights for research and policy.

Understanding migration through statistical analysis allows scholars and
policymakers to identify trends in health outcomes among migrant
populations, assess vulnerabilities, and design effective interventions.

1
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Migrants often face unique health challenges such as exposure to new
disease environments, barriers to healthcare access, occupational risks,
and psychological stress associated with displacement and adaptation.
Through biostatistical approaches, researchers can measure these
patterns, compare populations, and evaluate how migration influences
both the health of migrants and the health systems of receiving and
sending communities.

Engaging with this unit will introduce you to key concepts linking
migration processes with health indicators and demographic change.
You will begin to appreciate how population data, epidemiological
measures, and statistical reasoning help explain the health realities of
mobile populations. This foundation prepares you for subsequent units
that will examine the statistical tools and methodological frameworks
used to analyse migration-related health data in greater depth.

@ 1.2 Learning Outcomes

By the end of this unit, you will be able to:

. define the concepts of migration, health, population dynamics,
and biostatistics within the context of migration studies
. explain the relationship between migration processes and changes

in population structure, including fertility, mortality, and
population distribution

. identify key health challenges and vulnerabilities commonly
experienced by migrant populations
. analyse how migration influences public health outcomes in both

sending and receiving communities.

Foundations of Migration Analysis: Concepts, Drivers,
and Measurement

Understanding migration requires more than simply observing the
movement of people; it involves analysing the underlying concepts,
causes, and patterns that shape these movements. Migration is a
complex social and demographic process influenced by a wide range of
factors, including economic conditions, political contexts, environmental
changes, and individual circumstances. To study migration effectively, it
Is essential to establish clear conceptual foundations that define what
migration is, the forms it takes, and how it can be systematically
examined.
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This section introduces the core elements that underpin migration
analysis. It explores key concepts and typologies of migration, examines
the drivers and determinants that influence migration decisions, and
outlines how migration is measured and classified using statistical tools.
Together, these components provide a structured framework for
analysing migration patterns and their implications, forming a basis for
more advanced study in migration biostatistics and policy.

1.3.1 Concept and Major Types of Migration

Migration is commonly defined as the movement of a person or group of
persons from one geographical location to another with the intention of
establishing a temporary or permanent residence (International
Organisation for Migration [IOM], 2019). This movement may occur
within a country or across international borders and may involve varying
degrees of choice or compulsion. Migration therefore represents a
dynamic process that reflects broader patterns of demographic change
and socioeconomic transformation. These are highlighted and explained
further in the figure below.

MIGRATION

Movement of people
across geographic areas.

Types of Migration
™
& O Ik 1o
Internal Migration International Migration Voluntary Migration Forced Migration
Ul A
2O h
L1
(4

Temporary Migration Permanent Migration Permanent Migration Network-Driven

Figure showing conception and types of migration

One of the most widely used classifications distinguishes between
internal migration and international migration. Internal migration refers
to the movement of people within the boundaries of a country, such as
rural-urban migration, urban—rural migration, or movement between
regions or states. This type of migration is particularly common in
developing countries where individuals relocate in search of
employment, education, or improved living conditions (United Nations
Department of Economic and Social Affairs [UN DESA], 2020).
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In contrast, international migration occurs when individuals cross
national borders to reside in another country either temporarily or
permanently. This form of migration is often driven by labour
opportunities, educational advancement, family reunification, or
protection from conflict and persecution (IOM, 2022). International
migration has become increasingly significant in the context of
globalisation, contributing to transnational networks, remittance flows,
and multicultural societies.

Migration can also be classified based on the degree of voluntariness
involved in the movement. VVoluntary migration occurs when individuals
move by choice in pursuit of better economic opportunities, education,
or improved quality of life. Conversely, forced migration occurs when
individuals are compelled to leave their homes due to conflict, violence,
persecution, or environmental disasters. Refugees, asylum seekers, and
internally displaced persons (IDPs) are common examples of forced
migrants (United Nations High Commissioner for Refugees [UNHCR],
2023).

Another important distinction relates to the duration of migration.
Temporary migration refers to movements that occur for a limited
period, such as seasonal labour migration or short-term employment
abroad. Permanent migration, on the other hand, involves long-term or
indefinite settlement in a new location, often accompanied by social and
economic integration into the host community (Castles et al., 2020).
Understanding these concepts and typologies is essential for analysing
migration patterns and their implications for population dynamics and
health outcomes.

1.3.2 Drivers and Determinants of Migration

Migration does not occur randomly; it is shaped by a range of structural,
economic, political, environmental, and social forces that influence
individuals and groups to move from one location to another. These
factors, often described as drivers or determinants of migration, help
explain why people migrate, when migration occurs, and where migrants
choose to relocate. Understanding these drivers is essential for analysing
migration patterns and their implications for population dynamics,
development, and public health.

One of the most widely used frameworks for understanding migration
drivers is the push—pull model. This model explains migration as a
response to conditions that push individuals away from their places of
origin and conditions that pull them toward new destinations. Push
factors often include unemployment, poverty, political instability,
environmental degradation, and lack of access to basic services. Pull

4
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factors, in contrast, may involve better economic opportunities, higher
wages, access to education, improved healthcare systems, and political
stability in destination areas (Lee, 1966). Although originally developed
decades ago, this framework remains influential in migration research
because it provides a useful conceptual structure for understanding
population mobility.
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Economic Political Factors Environmental Social

The different drivers of migration, which may be economic,
political, environmental or social factors

Migration is largely driven by the pursuit of better opportunities and the
need for safety. From an economic perspective, many individuals move
in search of employment, higher incomes, and improved living
standards, making labour migration a central feature of globalisation.

Migrants also contribute significantly to their home countries through
remittances, which support household welfare and national economies
(World Bank, 2023). At the same time, political conditions such as
armed conflict, persecution, human rights violations, and instability can
force people to flee their homes. These circumstances give rise to forced
migration, including refugees, asylum seekers, and internally displaced
persons, with global displacement levels continuing to rise in recent
years (UNHCR, 2023).

Environmental and social factors further shape migration patterns in
important ways. Climate-related challenges such as drought, flooding,
and desertification can disrupt livelihoods, particularly in resource-
dependent communities, often pushing people to migrate as a survival
strategy (International Organisation for Migration [IOM], 2022). In
addition, social and demographic influences such as family
reunification, education, marriage, and migrant networks play a key role
in migration decisions. These networks help reduce the risks and costs
of moving by providing information and support, often creating
established pathways between origin and destination areas (Castles et
al.,, 2020). Understanding how these interconnected factors drive
migration is essential for developing effective policies and analysing its
broader social and economic impacts.
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1.3.3 Migration Measurement and Classification

Understanding migration scientifically requires reliable methods for
measuring and classifying population movements. Migration
measurement involves the systematic collection, analysis, and
interpretation of data related to the movement of people across
geographic spaces. These measurements are crucial for researchers,
policymakers, and international organisations because they help identify
migration trends, demographic impacts, and social consequences
associated with population mobility. Without accurate measurement, it
becomes difficult to design effective migration policies, assess
population change, or evaluate the health and socioeconomic conditions
of migrant populations (United Nations Department of Economic and
Social Affairs [UN DESA], 2020).

Measurement & Classification

009
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Migration Stocks Migration Flows Census Data Survey & Records

Different measurement and classification tools of migration

Migration is measured using demographic data and statistical tools that
help researchers track who is moving, where they are going, and for how
long. Key data sources include population censuses, household surveys,
administrative records, and border statistics. For example, censuses
collect details such as place of birth, previous residence, and duration of
stay, allowing researchers to identify migrants and study patterns over
time. Household surveys and administrative data, like visa records and
population registers, add further insight into migration flows and the
characteristics of migrants (International Organisation for Migration
[IOM], 2019). Two main approaches are used in analysis: migration
stock, which refers to the total number of migrants living in a place at a
given time, and migration flow, which captures the number of people
entering or leaving a country within a specific period. Together, these
measures help explain the scale and direction of migration globally (UN
DESA, 2020).

Migration is also classified using clear demographic and statistical
criteria to better understand different types of movement. Common
classifications include place of birth and citizenship, which help
distinguish migrants from non-migrants and allow analysis of

6
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characteristics such as age, education, and employment (Organisation
for Economic Co-operation and Development [OECD], 2020). Another
important distinction is based on duration of stay: long-term migrants
are those who move for at least twelve months, while short-term
migrants stay between three and twelve months, often for work, study,
or seasonal activities (United Nations, 1998). These classifications are
essential because they influence how migrants integrate into society and
access services like healthcare. Overall, accurate measurement and
classification provide the foundation for migration research and
biostatistical analysis, enabling comparisons across countries and
helping researchers understand the broader effects of migration on
populations and health outcomes.

1.4 Demographic Transitions and Population Change

Demographic transitions are central to understanding population change
and its implications for society, public health, and migration. The
Demographic Transition Model (DTM) provides a framework for
analysing how populations shift from high birth and death rates to low
birth and death rates as societies develop economically and socially
(Notestein, 1945). These transitions influence population growth, age
structure, fertility patterns, mortality rates, and migration trends.
Understanding demographic transitions is essential for migration
studies, as changes in population size and composition shape labour
mobility, healthcare needs, and social infrastructure.

The Demographic Transition Model is typically divided into four main
stages, with some scholars identifying a fifth stage to reflect modern
population trends:

1. Stage 1 — Pre-Transition: Both birth and death rates are high,
leading to a relatively stable and low population growth.
Populations are vulnerable to famine, disease, and conflict.

2. Stage 2 - Early Transition: Death rates decline due to
improvements in healthcare, sanitation, and nutrition, while birth
rates remain high. This stage produces rapid population growth.

3. Stage 3 — Late Transition: Fertility begins to decline, following
the earlier decline in mortality. Population growth slows, and age
structure starts to change.

4, Stage 4 — Post-Transition: Both birth and death rates are low,
resulting in stable or slowly growing populations. Many
developed countries are in this stage.

5. Stage 5 - Declining Population (optional): Some highly
developed societies experience fertility rates below replacement
level, leading to population decline and ageing societies (Lutz et
al., 2008).
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These stages illustrate how socio-economic development, public health,
and cultural changes interact to produce shifts in population dynamics.

Bith& A Demographic Transition Model
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The Demographic Transition Model, showing birth rate, death rate, and
population growth across the five stages of development

The DTM explains how birth rates, death rates, and population growth
change as societies develop economically and socially. In the early stage
of development, both birth and death rates are high, resulting in
relatively slow population growth. As societies begin to modernise,
improvements in healthcare, sanitation, nutrition, and living conditions
lead to a significant decline in death rates while birth rates remain high.
This creates a widening gap between the two, resulting in rapid
population growth.

In later stages of development, social and economic changes, such as
urbanisation, higher levels of education, increased participation of
women in the workforce, and access to family planning, contribute to
declining birth rates. As birth rates gradually approach death rates,
population growth slows and may eventually stabilise or decline. The
model therefore illustrates how demographic patterns evolve alongside
broader processes of development, modernisation, and social
transformation.

Population Change

Population change is the net result of fertility, mortality, and migration
over a given period. These three components interact to determine
whether a population grows, remains stable, or declines.
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. Fertility: The number of live births per woman is influenced by
education, access to contraception, cultural norms, and economic
factors. Declining fertility is a key feature of later stages of
demographic transition.

. Mortality: Improvements in healthcare, nutrition, and sanitation
reduce death rates, particularly infant and child mortality, thereby
increasing life expectancy.

. Migration: In- and out-migration influence population size and
structure, often redistributing people from high-fertility or high-
mortality regions to areas with labour demand or better social
services (United Nations, 2019).

Population change also affects the age structure of a society. As fertility
and mortality decline, the proportion of older adults increases, creating
an ageing population. Ageing populations pose challenges for labour
markets, healthcare systems, and social support services, particularly in
countries experiencing low fertility and net emigration (World Bank,
2022).

Population Structure Comparison

Population structure refers to the distribution of people across different
age groups within a society. This structure is often visualised using
population pyramids, which provide insight into demographic trends and
future population dynamics. Population Structure Comparison is used to
compare Stage 2 vs Stage 5 population structures using age groups. It
illustrates how developing societies have youth-heavy populations,
while advanced societies show ageing populations.

Population Structure and Ageing

Stage 2: Stage 5: Agéng Population
Young Population

Children Working Age

Children Children
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In societies undergoing Stage 2 of the demographic transition,
populations tend to have a broad base, reflecting high birth rates and a
large proportion of children and young people. Such youth-heavy
populations indicate strong population growth and create future
demands for education, employment, and healthcare services.

By contrast, societies in Stage 5 typically exhibit a narrower base and a
wider upper section, reflecting low fertility rates and increasing life
expectancy. This results in an ageing population, where the proportion
of elderly individuals becomes larger relative to the working-age
population. Ageing populations raise important economic and policy
challenges, including pressures on pension systems, healthcare services,
and labour markets.

Key Takeaways here are: 1. Population structure shows the age
distribution of a population; ii. Stage 2 societies typically have large
youth populations and rapid growth; iii. Stage 5 societies often
experience ageing populations and low fertility rates; iv. Population age
structures influence economic planning, labour supply, and social
services.

Migration Patterns Across Demographic Transition Stages

Migration patterns are closely linked to the stages of demographic and
economic development. In the earlier stages of the demographic
transition, countries often experience net emigration, where more people
leave the country than enter it. This outward migration is commonly
driven by limited employment opportunities, lower wages, political
instability, or limited access to education and social services. Migration
patterns across demographic transition stages thus demonstrates how
migration patterns shift from net emigration in early stages to net
Immigration in later stages.

( Migration Patterns
Early Stages: Later Stages:
Net Emigration Net Immigration

10
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As countries progress through later stages of development, economic
growth, improved living standards, and expanded employment
opportunities can transform them into net immigration destinations. In
these stages, migrants are attracted by better economic prospects,
political stability, and higher-quality social services. Consequently,
migration flows often shift from predominantly outward movement to
inward migration. Understanding these migration patterns helps
researchers and policymakers analyse how demographic change, labour
demand, and economic development interact across different regions of
the world. Migration, therefore, becomes an important mechanism
through which demographic imbalances—such as labour shortages or
population ageing—may be partially addressed.

From the above, we can see that migration patterns often change with
economic and demographic development. It also means that at the early
stage, economies tend to experience net emigration. This is because
advanced economies often attract net immigration due to labour demand
and better opportunities. Thus, migration can help address labour
shortages and demographic imbalances.

Implications of Demographic Transitions and Population Change
for Migration Studies

Understanding demographic transitions is vital for migration research.
Populations in early transition stages may experience youth bulges,
increasing pressure for education, employment, and urbanisation.
Conversely, populations in late or post-transition stages may face ageing
populations, labour shortages, and higher dependency ratios, which can
create demand for migrant workers. Migration flows, therefore, are
closely linked to demographic patterns, shaping both sending and
receiving regions. Biostatistical analysis of these dynamics allows
policymakers to anticipate health, social, and economic impacts of
population change.

1.5  Migration as a Social Determinant of Health

Migration shapes the social, economic, and environmental contexts in
which people live, making it a key determinant of health. Migrants’
health outcomes are influenced not only by biological factors but also by
structural, social, and policy environments in both origin and destination
countries. By studying migration as a determinant of health, researchers
and policymakers can better understand health disparities,
vulnerabilities, and resilience among mobile populations (Castafieda et
al., 2015; WHO, 2010).

11
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Social and Economic Determinants

The health of migrants is strongly influenced by their social and
economic conditions. Stable, well-paid jobs improve access to
healthcare, housing, and nutrition, while insecure or informal work
increases exposure to stress and health risks. Many migrants work in
low-paid sectors with limited protections, which can harm their well-
being (Gushulak & MacPherson, 2006). Education also plays an
important role, as it helps people understand health information and use
preventive services. However, language and educational barriers, such
as those faced by some Syrian refugees, can limit access to care and
reduce uptake of services like vaccinations (Abubakar et al., 2018).

Social support and living conditions further shape migrant health. Strong
community networks can improve access to healthcare and provide
emotional support, while social isolation increases health risks. At the
same time, poor living conditions, including overcrowding and
inadequate sanitation, can expose migrants to infectious diseases. For
example, some migrant workers in South Africa live in informal
settlements where such risks are higher (Castafieda et al., 2015). Overall,
migrant health is shaped by a combination of work, education, social
support, and living environments.

Structural Barriers and Vulnerabilities

Migrants often face structural vulnerabilities that exacerbate health
Inequities:

Legal and policy barriers come in the form of restrictive immigration
policies that can limit eligibility for public health services, health
insurance, or social support. In the United States, undocumented
migrants often cannot access Medicaid or public health insurance,
creating barriers to timely care and preventive services (Abubakar et al.,
2018).

Discrimination and xenophobia, in the form of experiences of racism,
stigma, and cultural insensitivity, can discourage migrants from seeking
care and contribute to chronic stress. Migrants in Europe, including
North African migrants in Italy, report experiences of racism and social
exclusion, which contribute to chronic stress, anxiety, and poorer mental
health outcomes.

Language and cultural barriers are expressed as limited proficiency in
the host country’s language and can impede communication with
healthcare providers and reduce the quality of care. Refugees from Syria
and Iraq in Turkey often face difficulties communicating with healthcare
providers, leading to misdiagnoses and delays in treatment. Community
interpreters and bilingual health workers have been critical in improving
access (WHO, 2010).

12
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Navigating complex health systems, a lack of documentation, and the
cost of services are common obstacles for migrants. These can be called
Administrative and logistical challenges. Migrants in Malaysia,
including Bangladeshi and Indonesian workers, face challenges
registering for health services due to complex documentation
requirements, resulting in delayed or foregone care (Gushulak &
MacPherson, 2006).

Structural barriers highlight that health inequities are often institutional
and systemic, not just individual choices or behaviours.

Protective Factors and Resilience

Despite vulnerabilities, many migrant populations demonstrate
resilience and protective factors that mitigate health risks:

Strong social networks such as family, diaspora communities, and peer
groups provide emotional support, information, and practical help in
accessing services. Migrants thus often rely on extended family,
community groups, and diaspora networks. For instance, Eritrean
refugees in Switzerland benefit from community centres that provide
emotional support, healthcare information, and help navigate
bureaucratic systems.

Cultural practices and identity can result in engagement with cultural
traditions and community activities supports mental health and coping
strategies. Traditional dietary habits and religious practices can promote
physical and mental well-being. Indian migrants in the UK maintain
culturally familiar diets and exercise routines, which help reduce chronic
disease risk.

Migrants often develop skills to navigate new environments, access
resources, and maintain healthy behaviours despite adversity (WHO,
2010). These help them with problem-solving strategies to access
healthcare, employment, or social services. Central American migrants
in Mexico, for example, rely on mobile clinics and NGO networks
during transit to maintain health and hygiene. All the above can be seen
below.

13
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A diverse group of migrants in a community centre, engaging in
social support, health education, and everyday interactions that
foster resilience and well-being

Policy interventions such as inclusive health policies, targeted outreach,
and culturally competent care strengthen protective environments and
reduce disparities. Countries with inclusive health policies, such as
Canada and Portugal, provide culturally competent care and outreach
programs that reduce barriers and enhance protective factors for
migrants (WHO, 2010).

From the above, it can be seen that resilience is often contextual, relying
on both individual and community strategies as well as supportive
policy environments.

1.6  Global Trends in Mobility and Health Inequalities

Migration has emerged as a defining feature of contemporary global
society. The scale, diversity, and complexity of human mobility are
unprecedented, shaping not only economies and demographics but also
health outcomes and inequalities worldwide. The interplay between
migration and health is not uniform; it is mediated by factors such as
legal status, access to healthcare, occupational conditions, and social
integration.

Increasing Global Mobility

Global migration patterns reflect a mosaic of economic, political, and
environmental forces. Internationally, migration has reached staggering
proportions. According to the United Nations Department of Economic
and Social Affairs, there were approximately 281 million international
migrants in 2020, representing nearly 3.6% of the world’s population

14
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(UN DESA, 2020). Many of these movements are driven by labour
demand in high-income countries, such as the large-scale recruitment of
Filipino nurses and healthcare workers to Europe, the Middle East, and
North America. These labour migrations are shaped not only by
economic opportunity but also by recruitment policies, language
requirements, and credential recognition, which in turn influence access
to health services and social protection.

Forced migration adds another layer of complexity. Conflicts and
environmental crises have displaced millions in the past decade. The
Syrian civil war, for example, generated over six million refugees
dispersed across neighbouring Middle Eastern countries and Europe.
Beyond immediate humanitarian needs, these populations experience
chronic health wvulnerabilities, including mental health burdens,
interrupted vaccination schedules, and reduced access to maternal and
child health services (World Health Organisation [WHO], 2022).
Internal migration within countries, such as the rural-to-urban movement
in India and China, creates urban health pressures, with migrants often
living in informal settlements where overcrowding and poor sanitation
increase exposure to infectious diseases and environmental hazards.

The confluence of these forms of migration demonstrates that mobility
IS not a singular phenomenon but a continuum shaped by economic
aspiration, conflict, and climate pressures, each with distinct
implications for health outcomes.

Health Inequalities Among Mobile Populations

Migrants often face health inequalities not because of biological
differences, but due to the social and structural conditions surrounding
their lives. Legal restrictions, economic insecurity, and social exclusion
can limit access to healthcare and increase vulnerability to illness. For
example, undocumented migrants in the United States may avoid
seeking care due to fear of deportation, while those in unstable jobs
often lack health insurance, leading to delayed treatment and
preventable diseases (Castafieda et al., 2015). In addition, many
migrants work in high-risk sectors such as agriculture, construction, and
domestic work, where they are more exposed to injuries, hazardous
substances, and poor working conditions, often without adequate
occupational health support.

Mental health challenges are also common, particularly among forced
migrants. Refugees frequently experience higher levels of depression,
anxiety, and post-traumatic stress due to exposure to conflict,
displacement, and social isolation (Abubakar et al., 2018). Even
voluntary migrants may face stress as they adapt to new cultural and
social environments. Beyond this, broader social factors such as
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housing, income, education, and community support play a critical role
in shaping health outcomes. For instance, Venezuelan migrants in
Colombia often live in overcrowded settlements with poor sanitation,
increasing the risk of disease. Overall, migrant health is shaped less by
migration itself and more by the conditions migrants encounter in their
new environments.
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Rural migrant workers engaged in agricultural labour while accessing a
mobile health clinic, illustrating occupational hazards, limited healthcare
access, and health inequalities in rural migration contexts

Emerging Global Patterns

Recent migration trends are influencing health outcomes, often
increasing inequalities while also highlighting areas for action. Rapid
urbanisation has led cities like Lagos and Mumbai to absorb large
migrant populations, putting pressure on health systems and limiting
access to care for low-income groups. At the same time, climate-induced
migration driven by droughts, floods, and rising sea levels is creating
new health risks, including malnutrition, infectious diseases, and mental
stress.

However, some countries are responding with inclusive policies. For
example, Portugal and Canada provide migrants with access to primary
healthcare and culturally appropriate services, showing that health
inequalities can be reduced through effective policy choices (World
Health Organisation [WHO], 2019). Overall, migration and health are
closely linked, and equitable outcomes depend on how well systems
adapt to migrants’ needs.
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Self-Assessment Exercise 1

1. Which of the following best describes internal migration?
A. Movement across international borders for employment or
education

Movement within the boundaries of a country, such as
rural-to-urban relocation

Forced movement due to conflict or persecution
Short-term seasonal migration to another country

o

OO

Which of the following is considered a driver of migration?
Economic opportunity

Migration stocks

Census surveys

Migration typology

oCompm

In migration studies, migration stocks refer to:

The number of people entering or leaving a country during a
specific period

Temporary seasonal migration for work or study

Census data on the birthplace of citizens

The total number of migrants residing in a location at a specific
point in time

> w

O Ow

Self-Assessment Exercise 2

Scenario: “Health on the Move”

The city of Lagos has experienced rapid rural-to-urban migration over
the past decade. Many migrants arrive seeking employment in informal
sectors such as street vending, domestic work, and construction. While
these opportunities provide income, most migrants live in densely
populated settlements with limited sanitation and restricted access to
public healthcare. A nearby mobile clinic offers basic services, but
language barriers, lack of identification, and long working hours prevent
many from accessing care. Meanwhile, Venezuelan migrants in
Colombia settle in informal settlements, facing similar challenges.
Climate change has also displaced communities in Bangladesh, forcing
them into temporary flood shelters with limited clean water and
healthcare.

This scenario illustrates how mobility interacts with social, economic,

and environmental factors to produce health inequalities, highlighting
that migrant health risks are context-dependent rather than universal.
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Now answer the questions below:
1. Which of the following best describes a key factor contributing to
health inequalities among migrants?

A. Universal access to healthcare in host countries

B. High educational attainment of all migrants

C. Legal status, occupational hazards, and social exclusion

D. Personal choices alone

2. Which global trend has the most significant impact on health
inequalities for migrants in urban areas?

A. Climate change displacement

B. Rural-to-urban migration and overcrowding

C. International tourism

D. Seasonal agricultural cycles in origin countries

3. Which of the following illustrates a positive policy intervention
to reduce migrant health inequalities?

A. Excluding undocumented migrants from public healthcare

B. Restricting access to vaccination for new arrivals

C. Providing culturally competent care and inclusive health services

D. Limiting mobile clinics to urban centres only

9,

1.7 Summary

This unit explored how migration and health inequalities are closely
connected, showing that migration is a complex process shaped by
economic, political, environmental, and global forces. It highlighted
how structural factors such as legal status, language barriers,
employment conditions, and social exclusion can lead to unequal health
outcomes by limiting access to care. The unit also examined key global
trends like urbanisation, labour migration, conflict, and climate-related
displacement, demonstrating how they influence both movement and
health risks. Overall, it provided a foundation for understanding how
migration interacts with social determinants of health and equips
learners to critically analyse issues of equity and public health policy.
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Answers to Self-Assessment Exercise 1

1. B
2. A
3. D

Answers to Self-Assessment Exercise 2

l. C
2. B
3. C
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@ 2.1 Introduction

In this unit, you will explore the role of biostatistics in migration
research and how statistical methods help us understand patterns of
human mobility and their implications for population health.
Biostatistics is presented not just as a set of mathematical tools, but as a
framework for interpreting complex health data and turning population
observations into meaningful evidence. It enables researchers to
examine how migration influences disease patterns, healthcare use, and
wider social determinants of health across different settings, while also
measuring migration as a dynamic process shaped by economic,
political, environmental, and social factors.

The unit goes beyond statistical techniques to emphasise the importance
of data in informing decision-making in migration and health policy.
You will develop skills in interpreting population data, critically
evaluating research, and applying evidence-based approaches to real-
world challenges. Overall, the unit positions biostatistics as a key tool
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for analysing migration-related health issues and prepares you to engage
with more advanced concepts, data sources, and analytical methods in
the study of global population health and inequalities.

@ 2.2

By the end of this unit, you will be able to:

Learning Outcomes

J define gender, migration, and diaspora, and explain their
significance in social, cultural, and political contexts

o analyse how gender structures identity, opportunity, and power
within migratory and diasporic experiences

o differentiate between various forms of migration and understand
their causes and social implications

o identify key features of diasporic communities, including
belonging, memory, and transnational engagement

o analyse the intersections between gender, migration, and diaspora

in shaping social relations and lived experiences.

Scope and Functions of Biostatistics

Biostatistics is the application of statistical methods to the study of
health, disease, and population phenomena. It transforms raw health data
into meaningful insights, enabling researchers to detect patterns, make
predictions, and inform decision-making. Rather than treating health
outcomes as isolated events, biostatistics situates them within
populations, accounting for risk factors, trends, and variability. Its scope
spans research design, data analysis, risk assessment, and policy
evaluation, making it an essential tool for evidence-based public health,
epidemiology, and biomedical research.

This foundation prepares us to explore its specific roles in population
health, migration policy, and interdisciplinary applications.

2.3.1 Functions of Biostatistics in Population Health

Biostatistics plays a central role in population health by providing
methods to collect, analyse, and interpret data that inform public health
decisions. Its functions can be broadly itemised as follows:
1. Data Collection and Organisation
Biostatistics ensures that health data are systematically collected
and structured. This includes designing surveys, health registries,
or epidemiological studies. Well-organised data can then be
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summarised using tables, charts, and graphs, making patterns in
morbidity, mortality, or vaccination coverage easier to visualise
(Sullivan, 2018). For example, a bar chart showing regional
differences in malaria incidence highlights areas requiring urgent
intervention.

Malaria Incidence by Region
(Cases per 1,000 Population)
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Malaria Incidence by Region (Cases per 1,000 Population)

This figure presents a comparison of malaria incidence across
five regions: North, East, Central, West, and South. The East
region records the highest incidence at 110 cases per 1,000
population and is highlighted as a high-priority area for
intervention. Central (60) and North (45) show moderate levels,
while West (30) and South (25) have comparatively lower
incidence rates.

The chart illustrates regional disparities in malaria burden,
emphasizing the need for targeted public health strategies. In
particular, the significantly higher rate in the East suggests a need
for intensified control measures such as increased surveillance,
vector control, and healthcare resource allocation.

2. Disease Surveillance and Trend Analysis
Biostatistics enables the monitoring of health outcomes over
time. Line graphs and trend charts can track the incidence of
diseases such as COVID-19, showing spikes, declines, and long-
term trends. Such analysis allows public health authorities to
detect outbreaks early and evaluate the -effectiveness of
interventions (Pagano & Gauvreau, 2018).
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COVID-19 Cases Over Time: January 2020 - January 2024
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Figure: COVID-19 Cases Over Time (January 2020 — January 2024)

This figure shows trends in COVID-19 cases over time,
highlighting key events such as the initial outbreak, a second
wave, and the vaccination rollout. Cases peaked during the early
waves and gradually declined following vaccination efforts,
indicating the impact of public health interventions on reducing
transmission.

3. Risk Assessment and Prediction
Using statistical models, biostatistics identifies risk factors and
predicts health outcomes. Regression analyses, for instance, can
link lifestyle or environmental factors to chronic disease
prevalence. Kaplan—Meier survival curves can estimate patient
outcomes under different treatments, helping health planners
allocate resources effectively (Altman, 1991).

Regression Analysis:
Link Between Obesity — Heart Disease
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Figure: Regression Analysis: Link Between Obesity and Heart Disease
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This figure shows a positive relationship between obesity (BMI)
and heart disease risk. As BMI increases, the risk of heart disease
also rises, indicating that higher obesity levels are associated with
greater health risk.

Kaplan-Meier Survival Curve:
Patient Outcomes by Treatment
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Figure: Kaplan—Meier Survival Curve: Patient Outcomes by Treatment

This figure compares survival probabilities over time for patients
receiving Drug A and Drug B. Patients treated with Drug A show
higher survival rates than those on Drug B, and the difference is
statistically significant (p = 0.003), indicating better treatment
outcomes with Drug A.

4. Evaluation of Public Health Interventions
Biostatistics assesses whether health programmes achieve their
objectives. For example, pie charts comparing pre- and post-
vaccination coverage illustrate improvements in immunisation
uptake, while statistical tests confirm whether observed changes
are significant. This function supports evidence-based decision-
making for policy and programme adjustments.

Pre-Vaccination Coverage Post-Vaccination Coverage

/ Unvaccinated

25%
Vaccinated *

Vaccinated

/ 75%

p <0.001
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5. Policy Development and Resource Allocation
By transforming raw data into interpretable evidence, biostatistics
informs policy formulation. Population pyramids, incidence
maps, and prevalence tables guide governments and NGOs in
prioritising interventions, targeting high-risk groups, and
distributing health resources efficiently.

Through these functions, biostatistics makes population health
measurable, comparable, and actionable, linking statistical evidence
directly to practical public health decision-making.

2.3.2 Biostatistics in Migration Policy and Planning

Biostatistics is essential for understanding the health, demographic, and
social dimensions of migration. It enables policymakers to move beyond
simple counts of migrants, allowing them to analyse patterns of disease,
assess health risks, and plan interventions that are evidence-based and
context-sensitive. For instance, measuring the prevalence of
communicable diseases or malnutrition within migrant populations
provides critical insight into which communities are most vulnerable and
require immediate attention. This is illustrated below:

Health Status of Migrant Populations

Prevalence of Common Health Conditions Across Five lllustrative Migrant Settlements
(Cases per 1,000 Population)
200 4

180 180

Acute Respiratory
Infections (ARIs)

160

140 - \
"l\? Malaria
120
(. Tuberculosis
100 A % (1B)
Diarrheal
Diseases

80 -

60
( (Maybe one
more, like Skin
Infections)

Cases per 1,000 Population

40 -
20

Settlement 1: Settlement 2: Settlement 3: Settlement 4: Settlement 5:

Camp Alpha Camp Beta Camp Gamma Camp Delta Camp Epsilon
(Arid Zone) (City Edge) (Delta Region) (Transit Hub) (Upland Area)

@ Acute Respiratory Infections (ARIs) (@ Malaria () Tuberculosis (TB) (@ Diarrheal Diseases

Note: Data is illustrative and designed for educational purposes. Specific numbers vary by context.

The bar chart described provides a clear, teaching-friendly visual
comparison of common health conditions such as malaria, tuberculosis,
and respiratory infections across five migrant settlements. By displaying
cases per 1,000 population with distinct colours for each disease, it helps
simplify complex data and allows policymakers and students to quickly
understand differences in disease prevalence. More broadly, biostatistics
supports this kind of analysis by tracking health trends over time,
identifying emerging risks, and examining how factors like
overcrowding or access to healthcare influence health outcomes.
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Beyond visualisation, biostatistics plays a key role in decision-making
by guiding risk assessment and resource allocation. Data on illness,
mortality, and vaccination coverage helps prioritise healthcare services
and evaluate the effectiveness of interventions such as immunisation or
nutrition programmes. Overall, biostatistics transforms raw data into
practical insights, enabling evidence-based policies that improve health
outcomes for both migrant and host populations.

2.3.3 Interdisciplinary Applications

Biostatistics is inherently interdisciplinary, drawing on concepts and
methods from multiple fields to analyse complex health and population
issues. In migration contexts, the movement of people intersects with
epidemiology, sociology, economics, environmental science, and public
policy. Biostatistical tools, therefore, help integrate data from these
different domains to generate comprehensive insights into migrant
wellbeing and social outcomes (Sullivan, 2018).

One important interdisciplinary application lies in epidemiology and
public health, where biostatistics is used to examine disease patterns
among migrant populations. Researchers may analyse relationships
between living conditions, access to healthcare, and disease prevalence
in refugee or internally displaced populations. Such analyses allow
public health authorities to design targeted interventions aimed at
preventing outbreaks and improving health services in migrant-hosting
communities (World Health Organisation, 2022).

Biostatistics also contributes to sociological and demographic research
on migration. By analysing variables such as age, gender, employment
status, and educational attainment, researchers can examine how
migration affects social integration and well-being. For example,
statistical analyses may reveal how socioeconomic inequalities influence
migrants’ access to healthcare, education, and employment
opportunities, thereby informing policies that promote social inclusion
and equity.

Another interdisciplinary application is found in environmental and
humanitarian studies, particularly in contexts of climate-induced
displacement. Biostatistical models can assess the health implications of
environmental exposure, overcrowded settlements, or inadequate
sanitation in displaced populations. These analyses provide evidence for
humanitarian organisations and governments when planning relief
programmes, health infrastructure, and environmental interventions.
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Through these diverse applications, biostatistics serves as a bridge
connecting multiple disciplines in the study of migration and population
health. By integrating quantitative evidence across fields, it supports
more holistic and informed policy responses to the complex challenges
associated with human mobility.

2.4  Types of Data in Migration and Health Studies

Understanding migration and health is a bit like assembling a moving
puzzle, and data provides the pieces that make the picture clear.
Biostatistics helps organise and interpret this data, allowing researchers
to track movement patterns, identify health risks, and understand how
migration affects wellbeing. These insights come from a wide range of
sources, including surveys, hospital records, censuses, and even newer
digital traces like mobile phone or location data. Some data capture a
single moment in time, while others follow people over longer periods,
revealing changes and long-term effects. By combining these different
types of data, researchers can build a more complete and reliable
understanding of migration and health, forming the foundation for better
research and informed decision-making.

2.4.1 Primary and Secondary Data Sources

In migration and health research, data generally come from two major
sources: primary data and secondary data. Understanding the distinction
between these sources is important because each offers different
strengths, limitations, and opportunities for analysis. Biostatistics
provides the methods through which both types of data are collected,
organised, and analysed to generate reliable evidence for research and
policy. The chart below illustrates this.
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Primary data are collected directly by researchers for a specific purpose,
giving them control over what information is gathered and how. In
migration and health studies, this might involve surveys, interviews, or
clinical assessments carried out among migrants or displaced
populations. For example, researchers may measure nutrition, health
status, or living conditions directly in camps or communities. This
approach provides detailed, context-specific insights, but it can be
costly, time-consuming, and sometimes difficult, especially in unstable
or hard-to-reach settings (Sullivan, 2018).

Secondary data, in contrast, are already collected by organisations such
as governments or international agencies and include sources like
censuses, health records, and migration statistics. These datasets are
valuable because they often cover large populations and long time
periods, allowing researchers to study trends and patterns (Pagano &
Gauvreau, 2018). However, they may lack specific details needed for
certain analyses. For this reason, researchers often combine both types
of data, using primary data for depth and secondary data for breadth, to
build a more complete and reliable understanding of migration and
health.

2.4.2 Cross-sectional and Longitudinal Data

In migration and health research, different types of data are used
depending on whether the goal is to understand a situation at one point
in time or how it changes over time. Two key approaches are cross-
sectional and longitudinal data, both of which help researchers analyse
health outcomes, migration experiences, and population characteristics.
Cross-sectional data provide a snapshot of a population at a single
moment, such as measuring disease prevalence or access to healthcare
among migrants in a camp. They are quick and cost-effective, making
them useful for identifying current conditions, but they cannot show
how situations change or establish cause-and-effect relationships
(Sullivan, 2018).

Longitudinal data, on the other hand, track the same individuals or
groups over time, allowing researchers to observe changes, identify
trends, and assess long-term impacts of migration on health. Although
more complex and expensive to collect, they offer deeper insights into
how conditions evolve. Both approaches combined complement each
other, providing a fuller understanding of migration and health for
effective policy and planning (Pagano & Gauvreau, 2018).
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2.4.3 Big Data and Digital Migration Traces

Recent advances in digital technology have introduced new forms of
data that are increasingly used in migration and health research. These
large and complex datasets—commonly referred to as big data—are
generated from digital platforms, mobile technologies, and online
interactions. Unlike traditional survey-based data, big data are often
produced continuously and can capture real-time information about
human mobility, communication patterns, and behavioural trends. In
migration studies, such digital traces provide valuable insights into how
populations move, interact, and access services across different
locations.
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Al image showing: Big data sources provide insights into migration
and health through biostatistical analysis of digital traces

Digital migration traces are like the invisible trails people leave behind
as they move through a connected world. These include mobile phone
data, social media activity, satellite images, and digital transactions, all
of which can reveal patterns of movement and behaviour. For example,
anonymised phone data can show how populations shift during crises,
while social media can highlight migration routes or how migrants share
vital information about jobs, housing, and healthcare (Blumenstock,
2016).
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In public health, this type of big data acts almost like an early warning
system. It helps track disease outbreaks, monitor access to healthcare,
and assess vaccination coverage among mobile populations. Because
these datasets cover large groups and update quickly, they allow
researchers and policymakers to respond faster and more effectively to
emerging health and humanitarian challenges (Wesolowski et al., 2015).
However, using big data comes with important challenges. Concerns
about privacy, data accuracy, and the exclusion of people without digital
access must be carefully managed. Despite this, when combined with
traditional data and strong analysis, digital migration traces offer
powerful new ways to understand migration and improve health
responses in real time.

2.5 Measurement of Morbidity, Mortality, and Risk

In migration and health studies, understanding population health
requires more than simply counting individuals—it requires precise
measurement of disease, death, and the factors that influence health
outcomes. Biostatistics provides the tools to quantify these dimensions
through morbidity measures, mortality indicators, and risk or association
metrics.

Morbidity measures capture the frequency and distribution of illnesses
or health conditions in a population, highlighting which diseases are
most prevalent and which subgroups are most affected. Mortality
indicators quantify deaths, allowing researchers and policymakers to
identify trends, evaluate health interventions, and prioritise resources
effectively. Risk and association measures go further, showing
relationships between exposures and health outcomes, helping to
identify causal factors and inform evidence-based interventions.

2.5.1 Morbidity Measures

Morbidity measures are fundamental for understanding the burden of
disease within a population, particularly in migrant and displaced
communities where health risks may be elevated. These measures
quantify the frequency, prevalence, and distribution of illnesses or health
conditions, providing critical insight into which diseases affect which
groups and to what extent. Biostatistical methods are used to calculate
morbidity metrics, allowing researchers and policymakers to make
informed decisions about healthcare priorities, interventions, and
resource allocation.

Key morbidity measures include:
1. Incidence — the number of new cases of a disease or condition
occurring in a defined population over a specific period. For
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example, tracking new cases of respiratory infections among
refugees in a camp over a month provides insight into emerging
health risks. Incidence is particularly useful for identifying
outbreaks and monitoring disease trends.

2. Prevalence — the total number of existing cases, both new and
pre-existing, within a population at a given point in time. For
example, a cross-sectional survey showing that 12% of migrant
children in a settlement suffer from malnutrition illustrates the
overall burden of the condition. Prevalence helps policymakers
plan ongoing health services and interventions.

3. Attack Rate — often used during outbreaks, it measures the
proportion of a population that becomes ill after exposure to a
specific risk factor or pathogen. For instance, during a measles
outbreak in a refugee camp, the attack rate indicates the
proportion of susceptible individuals affected, guiding
vaccination campaigns.

4, Morbidity Ratios and Rates — ratios such as disease-specific
morbidity rates (cases per 1,000 or 100,000 population)
standardise comparisons across populations of different sizes. For
example, comparing malaria incidence between different migrant
settlements using rates per 1,000 population identifies areas
requiring urgent intervention.

Morbidity measures are essential not only for documenting health
challenges but also for evaluating the effectiveness of interventions.
When combined with statistical analyses and visualisation tools such as
bar charts or line graphs, these measures enable public health
professionals to detect trends, allocate resources efficiently, and
prioritise high-risk populations.

2.5.2 Mortality Indicators

Mortality indicators are essential tools in biostatistics for assessing the
frequency and distribution of deaths within a population. In migration
and health studies, these indicators help researchers and policymakers
understand the severity of health challenges faced by migrant, refugee,
and displaced populations. By analysing mortality patterns, public health
professionals can identify vulnerable groups, evaluate healthcare
interventions, and monitor overall population wellbeing.
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Crude Death Rate (CDR) refers to the total number of deaths occurring
in a population during a specific period, usually expressed per 1,000
individuals per year. This indicator provides a general overview of
mortality levels within a population. However, because it does not
account for differences in age structure, comparisons between
populations should be interpreted cautiously (Sullivan, 2018).

Age-Specific Mortality Rate (ASMR) measures deaths within
particular age groups. This indicator is especially useful for identifying
vulnerable populations such as children, older persons, or working-age
adults. For example, high mortality rates among children under five in
displaced communities may indicate poor sanitation, malnutrition, or
limited access to healthcare services.

Infant Mortality Rate (IMR) is a widely used indicator that measures
the number of deaths of infants under one year of age per 1,000 live
births in a given year. It is often considered a sensitive indicator of a
population’s overall health status because it reflects factors such as
maternal health, nutrition, access to medical care, and living conditions
(World Health Organisation, 2022).

Maternal Mortality Ratio (MMR) measures the number of maternal
deaths related to pregnancy or childbirth per 100,000 live births. In
migration settings, high maternal mortality ratios may indicate limited
access to prenatal care, skilled birth attendants, or emergency obstetric
services.
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Cause-Specific Mortality Rate refers to the number of deaths attributed
to a particular disease or condition within a population. This measure
helps identify major causes of death, such as infectious diseases, chronic
illnesses, or injury-related fatalities, thereby guiding targeted health
interventions and policy responses.

2.5.3 Risk and Association Measures

In epidemiology and biostatistics, understanding population health
requires more than describing how frequently diseases occur; it also
involves examining whether certain exposures or conditions are linked
to particular health outcomes. Risk and association measures provide
statistical tools for assessing the strength and direction of relationships
between potential risk factors and diseases. In migration and health
studies, these measures help identify factors such as living conditions,
occupational exposure, nutrition, or access to healthcare that may
influence health outcomes among migrant populations.

Several measures are commonly used to evaluate risk and association in
population health research.

Risk (Probability of Disease) refers to the likelihood that an individual
in a population will develop a specific disease over a defined period. For
example, if 50 out of 1,000 migrants exposed to contaminated water
develop cholera within a month, the risk of infection in that population
can be calculated and compared with groups that were not exposed. Risk
estimates help public health officials identify vulnerable groups and
design preventive interventions (Sullivan, 2018).

Relative Risk (Risk Ratio) compares the probability of disease among
individuals exposed to a particular factor with the probability among
those who are not exposed. A relative risk greater than one indicates that
exposure is associated with a higher likelihood of disease. For instance,
if migrants living in overcrowded shelters experience twice the rate of
respiratory infections compared with those living in adequate housing,
the relative risk helps quantify the strength of that association (Pagano &
Gauvreau, 2018).

Odds Ratio (OR) is another measure of association commonly used in
case—control studies. It compares the odds of exposure among
individuals with a disease to the odds among those without the disease.
In migration health research, odds ratios are often used to examine
relationships between environmental conditions and health outcomes
when direct risk calculations are not possible.
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Attributable Risk (Risk Difference) estimates the portion of disease
incidence that can be attributed to a specific exposure. This measure is
particularly useful for public health planning because it indicates how
much disease burden might be reduced if the exposure were eliminated.
For example, if poor sanitation accounts for a large proportion of
diarrhoea disease cases in a displaced population, reducing that exposure
could significantly lower disease prevalence.

These risk and association measures allow researchers to move beyond
simple description toward analysing causal relationships and identifying
determinants of health. When applied using appropriate biostatistical
methods, they provide evidence that informs disease prevention
strategies, health interventions, and policy decisions in both migrant and
host populations.

2.6  Ethical Issues in Migrant Data Collection

Collecting data on migrants and displaced populations is vital for
understanding their health needs and living conditions, but it must be
handled with great care. Many migrants face legal, social, and political
vulnerabilities, so research must protect their safety, dignity, and rights.
This means ensuring that data collection does not expose individuals to
harm, discrimination, or legal consequences, especially in settings where
protections are limited.

Ethical research in this field is guided by principles such as respect,
beneficence, and justice, alongside international standards like the
Declaration of Helsinki, which emphasise informed consent, privacy,
and minimising harm (Beauchamp & Childress, 2019; World Medical
Association, 2013). Because migrants may also face language barriers,
cultural differences, and fear of authorities, researchers must take extra
care to ensure participation is truly informed and fair, while managing
data responsibly and equitably.

Informed Consent and Confidentiality

Informed consent is a key ethical principle in research, ensuring that
participants voluntarily agree to take part after fully understanding the
purpose, procedures, risks, and their rights. In migration and health
studies, this can be challenging due to language barriers, low literacy, or
fears about immigration status. Researchers must therefore communicate
clearly and in culturally appropriate ways, ensuring participants know
they can refuse or withdraw at any time without consequences (Macklin,
2003).

Confidentiality is equally important, as migrant data often includes
sensitive information such as legal status or health history. Without
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proper protection, this could lead to discrimination or harm. Researchers
must safeguard data through anonymisation, secure storage, and careful
reporting, ensuring individuals cannot be identified. Ethical
responsibility extends throughout the entire research process, from data
collection to publication (Israel, 2015).

ETHICAL PROCESS OF MIGRANT DATA COLLECTION
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2.6.2 Vulnerability and Equity

Migrants and displaced populations are often considered vulnerable
research populations because they may experience social, economic, or
political disadvantages that increase the risk of exploitation or harm.
Vulnerability may arise from factors such as irregular legal status,
poverty, limited access to healthcare, language barriers, or exposure to
conflict and displacement. Ethical research practice therefore, requires
researchers to exercise heightened sensitivity when working with
migrant communities.

Vulnerability in Migration Research
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Equity in migration and health research means ensuring fairness in both
participation and the benefits that come from the research. Migrants
should not be studied simply because they are accessible; their
involvement must be justified by clear potential benefits for their
communities, such as improved healthcare or policies (Council for
International Organisations of Medical Sciences [CIOMS], 2016).

Ethical research also aims to reduce health inequalities by informing
interventions that promote better outcomes for migrant populations. At
the same time, researchers must be mindful of power imbalances,
ensuring that participation is truly voluntary and that migrants do not
feel pressured, especially when studies are linked to organisations
providing essential services.

2.6.3 Responsible Data Governance

Responsible data governance refers to the ethical management,
protection, and use of data throughout its lifecycle. In migration
research, data governance is particularly important because information
about migrants can be politically sensitive and potentially harmful if
misused. Effective governance frameworks ensure that data are
collected, stored, analysed, and shared in ways that protect individual
rights while enabling valuable research and policy development.

Key elements of responsible data governance include data protection,
transparency, accountability, and controlled data sharing. Researchers
must ensure that personal identifiers are removed or encrypted whenever
possible, and that datasets are stored using secure digital systems.
Institutional ethics committees and research review boards also play a
critical role in ensuring that research projects comply with ethical
standards before data collection begins (Israel, 2015).

Ethical Data Governance Lifecycle
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Another important aspect of data governance is the principle of data
minimisation, which means collecting only the information necessary to
answer the research question. Collecting excessive or irrelevant personal
data increases privacy risks and may expose participants to unnecessary
harm. Researchers must therefore carefully balance the need for detailed
information with the obligation to protect participants’ privacy.

Responsible data governance also involves ethical considerations
regarding data sharing and secondary use. Migration datasets may be
valuable for multiple research projects, but sharing such data requires
clear protocols to ensure that participants’ confidentiality is maintained
and that the data are not used in ways that could harm migrant
communities. Increasingly, researchers are encouraged to adopt
frameworks such as “data responsibility”” and “ethical data stewardship”,
which emphasise long-term accountability for how data are used and
interpreted (Taylor & Broeders, 2015).

Ultimately, responsible data governance ensures that migration data are
used to advance knowledge and improve policy outcomes without
compromising the rights and safety of vulnerable populations.

Self-Assessment Exercise 1

1. Which of the following measures refers to the number of new
cases of a disease occurring in a population within a specified
period of time?

Prevalence

Incidence

Attack rate

Mortality rate

CoOw>

no

Which mortality indicator is widely used as a sensitive measure
of the overall health status of a population, particularly reflecting
maternal health, nutrition, and access to healthcare?

Crude Death Rate

Age-Specific Mortality Rate

Infant Mortality Rate

Cause-Specific Mortality Rate

CoOow>

w

Which statistical measure compares the probability of disease
among an exposed group with that of a non-exposed group?
Attributable risk

Relative risk

Prevalence rate

Crude death rate

CoOow>
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Self-Assessment Exercise 2

Scenario: Ethical Data Collection in a Migrant Health Survey

A team of public health researchers is conducting a study to assess
health conditions among migrants living in a temporary settlement near
a border region. The study aims to collect information on disease
prevalence, healthcare access, and environmental health risks to support
better public health planning.

Before beginning the survey, the researchers organise community
meetings with migrant representatives and interpreters to explain the
purpose of the study, the type of information to be collected, and how
the data will be used. Participants are informed that their involvement is
completely voluntary and that they can refuse to answer any question or
withdraw from the study at any time without any consequences. Each
participant is asked to provide informed consent before participating.

Because many migrants are concerned that personal information might
be shared with authorities, the researchers assure participants that all
responses will remain confidential. Names and personal identifiers are
removed from the dataset and replaced with unique codes. The data are
stored in secure digital systems and are accessible only to authorised
members of the research team.

The researchers also recognise that migrants in the settlement are a
vulnerable population, as many face economic hardship, language
barriers, and uncertain legal status. To ensure fairness and respect, the
team emphasises that access to humanitarian services or medical care
will not depend on participation in the study. Through these measures,
the research team aims to collect reliable data while protecting the
rights, dignity, and safety of migrant participants.

Now answer the following Multiple-Choice Questions

1. When the researchers explain the purpose of the study and inform
participants that they may withdraw at any time, they are
applying the principle of:

Informed consent

Data governance

Mortality measurement

Data modelling

OOwx>

no

The researchers remove names and other identifying information
from the dataset and store the data securely. This ethical practice
primarily protects:

Sampling accuracy

Confidentiality

w >
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C. Statistical validity

D. Disease surveillance

3. Ensuring that migrants can still receive healthcare services even
if they refuse to participate in the study addresses concerns
related to:

Data analysis

Mortality indicators
Vulnerability and equity
Epidemiological modelling

I\l

0

2.7 Summary

~| OoOw>»
—~

In this unit, we examined how biostatistics supports migration research
by providing tools to measure population health, morbidity, mortality,
and risk among migrant populations. We explored data sources—
primary, secondary, cross-sectional, longitudinal, and digital traces—
and how they inform analysis and policy. The unit also highlighted
ethical considerations, including informed consent, confidentiality,
protection of vulnerable groups, and responsible data governance.
Overall, biostatistics enables researchers to generate valid, ethical, and
actionable insights into migrant health, guiding evidence-based
interventions and policy decisions.
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|_|:;2.9 Possible Answers to Self-Assessment Exercises

Answers to Self-Assessment Exercise 1

1. B
2. C
3. B
Answers to Self-Assessment Exercise 2
l. A
2. B
3. C
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UNIT 3 DATA SOURCES AND MEASUREMENT IN
MIGRATION STUDIES

Unit Structure

3.1  Introduction
3.2 Learning Outcomes
3.3 Census and Survey Data in Migration Research
3.3.1 Population Census Data
3.3.2 Household and Specialised Surveys
3.3.3 Strengths and Constraints of Survey Methods
3.4  Administrative and Health Records
3.5 International Databases and Comparative Sources
3.6  Indicators of Migration and Health
3.7  Validity, Reliability, and Comparability of Data
3.7.1 Validity and Measurement Error
3.7.2 Reliability and Consistency
3.7.3 Cross-National Comparability
3.8 Summary
3.9  References/Further Readings/Web Sources
3.10 Possible Answers to Self-Assessment Exercise

@ 3.1 Introduction

In the previous unit, you explored the role of biostatistics in migration
research, where statistical reasoning was introduced as a powerful tool
for analysing patterns of migration, population movement, and migrant
health outcomes. Biostatistics provides the analytical lens, but analysis
cannot exist without reliable information. Every statistical insight begins
with data—and in migration studies, obtaining accurate and meaningful
data is both a scientific challenge and a methodological adventure.

In this unit, you will examine the. These sources range from traditional
records such as population censuses, surveys, and administrative data to
emerging forms of digital and big data, including satellite imagery,
mobile phone records, and online migration databases. Each source
offers unique insights but also presents specific limitations related to
coverage, reliability, and ethical considerations. Understanding where
migration data comes from and how it is measured is therefore
fundamental for anyone studying migration, population dynamics, or
public health. By the end of this unit, you will appreciate how robust
data collection and precise measurement techniques enable researchers
to transform different sources of migration data and the methods used to
measure migration-related variables, complex migration realities into
meaningful scientific knowledge.
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@..

By the end of this unit, you will be able to:

Learning Outcomes

. explain the importance of data sources in migration studies and
their relevance for migration research and policy formulation
. identify and describe the major sources of migration data,

including censuses, surveys, administrative records, and
international migration databases

. examine the strengths and limitations of different migration data
sources, particularly in developing countries
. explain how migration-related variables such as migration flows,

migration stocks, duration of stay, and remittances are measured
and analysed in research

. apply appropriate measurement techniques for analysing
migration patterns and migrant characteristics in empirical
studies.

Census and Survey Data in Migration Research

Migration research depends strongly on population data, particularly
information obtained from censuses and surveys. These data sources
provide the empirical basis for understanding migration patterns, the
characteristics of migrant populations, and the broader demographic
effects of human mobility. Rather than viewing migration only as
physical movement, census and survey data allow researchers to analyse
it as a demographic and social process influenced by economic,
political, and environmental conditions.

Population censuses provide large-scale national data by counting
individuals at a specific point in time and collecting information such as
place of birth, previous residence, and duration of stay, which helps
identify migrant populations. Surveys complement census data by
offering more detailed insights into migration experiences, motivations,
and household dynamics. Together, these sources enable researchers to
move beyond simple descriptions and develop systematic explanations
of migration trends and their implications for society.

3.3.1 Population Census Data
Population census data are like a national snapshot, capturing detailed

information about everyone living in a country at a specific moment.
Usually conducted every ten years, censuses provide essential data on
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where people live, where they were born, and how long they have stayed
in a place. In migration research, this helps identify who a migrant is and
estimate the total number living in a country, offering a broad and
reliable picture of migration patterns (United Nations, 2017).

Beyond counting migrants, census data also reveal who migrants are.
Information on age, education, occupation, and family structure allows
researchers to understand the characteristics of migrant populations and
why people move. For example, census findings often show that young
adults are more likely to migrate in search of jobs or education, helping
explain trends in urban growth and labour markets.

Illustrative Distribution of Migrants by Age Group
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Census data are very useful for understanding where migrants come
from and where they settle. Because a census covers the whole
population, it allows researchers to map migration patterns across
regions. This helps governments see which areas are growing due to
incoming migrants and which are losing people through out-migration.
Such information is important for planning housing, transport,
healthcare, and other public services.

However, census data also have some limitations. They are usually
collected every ten years, so they may miss recent changes or sudden
movements caused by conflict or emergencies. Some migrants,
especially those without legal status, may also be undercounted. In
addition, censuses often provide limited detail about why people migrate
or their experiences after moving. Despite this, they remain a reliable
and widely used source of data, especially when combined with surveys
and administrative records to give a more complete picture of migration.
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3.3.2 Household and Specialised Surveys

Household and specialised surveys are another key source of data in
migration research. Unlike censuses, which cover the whole population,
surveys focus on a smaller group of households but collect more detailed
information. This allows researchers to better understand why people
migrate and what their experiences are. Surveys can provide insights
into areas such as employment, education, health, and remittances,
giving a fuller picture of migrants’ lives (United Nations, 2017).

These surveys are especially useful for studying the causes and effects
of migration. Common examples include Labour Force Surveys,
Demographic and Health Surveys (DHS), and Living Standards
Measurement Surveys (LSMS). They often ask about migration history,
reasons for moving, and changes in work and income after migration.
By analysing this information, researchers can understand how
migration affects household wellbeing, poverty levels, and labour
markets.

TYPES OF MIGRATION SURVEYS FOR DATA ANALYSIS
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The image above shows different types of migration surveys used for
data analysis. Specialised migration surveys focus specifically on
migration issues and collect detailed information about migrants’
journeys, social networks, remittances, and return movements. For
example, they may explore how family or community connections help
people migrate or how migrants stay linked to their home countries.
These surveys are especially useful in areas with high levels of
migration, as they provide deeper insight into migrant experiences.
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However, surveys also have some limitations. Since they are based on a
sample rather than the whole population, their findings may not fully
represent all migrants. They also rely on people’s memory and honesty,
which can sometimes lead to inaccurate responses. Even so, when
carefully designed, surveys provide valuable and detailed information
that complements census data and helps researchers better understand
migration patterns.

3.3.3 Strengths and Constraints of Survey Methods

Survey methods, including household and specialised surveys, are
essential in migration research because they provide detailed and
flexible information that censuses cannot capture. They help researchers
understand not just who migrates and where, but also why and how
migration happens. Surveys collect rich data on migrants’ experiences,
including their motivations, employment, education, health, and
remittances, making them very useful for studying the causes and effects
of migration at an individual level (Groves et al., 2011).

However, surveys also have some limitations. Because they are based on
samples, they may not fully represent all migrant groups, especially
those who are hard to reach. The quality of data can also be affected by
people’s memory or willingness to share accurate information, and
surveys can be expensive and complex to carry out. Despite this, when
combined with other data sources like censuses and administrative
records, surveys provide valuable insights that support better research
and informed migration policies.

3.4  Administrative and Health Records

Administrative and health records are an essential part of migration
research because they add depth and continuity to the data collected
from censuses and surveys. While censuses provide broad snapshots and
surveys offer detailed samples, administrative and health records give
ongoing, real-time information about individuals and populations. These
records are routinely collected by government agencies and institutions,
making them valuable for tracking migration patterns, health outcomes,
and demographic changes. Because they are regularly updated, they
support timely decision-making and help policymakers respond more
effectively to changing population needs.

Civil Registration and Vital Statistics (CRVS)

Civil Registration and Vital Statistics (CRVS) systems are official
government systems that record key life events such as births, deaths,
marriages, and divorces. These records are particularly important in
migration research because they provide accurate and continuous data
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on population changes. When combined with migration-related
information, they help researchers estimate population growth, mortality
rates, and demographic trends at both local and national levels (World
Health Organisation [WHQ], 2021). For example, birth records can
show the number of children born to migrant parents, while death
records provide insight into mortality patterns among migrant groups. A
major strength of CRVS systems is that they cover the entire population
and are updated continuously, unlike censuses, which are conducted at
fixed intervals.

Clinical and Public Health Records

Clinical and public health records include data collected through
hospitals, clinics, immunisation programmes, and disease surveillance
systems. These records provide detailed information about individuals’
health, including diagnoses, treatments, vaccination status, and health
outcomes. In migration research, they are especially useful for
understanding the health needs of migrants, monitoring the spread of
diseases, and identifying inequalities in access to healthcare. For
instance, by linking migration status with hospital records, researchers
can examine whether migrants are at higher risk of certain illnesses or
face barriers when seeking care (Abubakar et al., 2018). Because these
data are collected routinely, they offer a rich and practical source of
information for public health planning.

Data Integration and Linkage

One of the most powerful features of administrative and health records
is their ability to be linked with other datasets. Data integration allows
researchers to combine information from CRVS systems, clinical
records, surveys, and migration databases to create a more complete and
detailed understanding of migrant populations. For example, linking
civil registration data with health records can reveal patterns of
mortality, while combining survey data with employment records can
show the economic outcomes of migration. This approach also supports
longitudinal analysis, allowing researchers to follow individuals over
time and study long-term effects on health, education, and socio-
economic status (Zhang et al., 2021). However, linking data requires
careful attention to privacy, ethical standards, and data quality.
Researchers must ensure that personal information is protected through
anonymisation and that all legal and ethical guidelines are strictly
followed.

3.5 International Databases and Comparative Sources
International databases and comparative sources provide essential cross-

national information for migration research. While national data like
censuses, surveys, and administrative records capture internal and local
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migration dynamics, international databases allow researchers to
compare migration trends across countries, regions, and time periods,
supporting global migration analysis and evidence-based policymaking
(I0OM, 2022).

These sources often aggregate data from national statistics offices,
international organisations, and specialised migration surveys to provide
harmonised, comparable indicators such as migration stocks, flows,
refugee populations, remittances, and migrant labour participation. They
are particularly useful for identifying patterns of international migration,
regional mobility, and global displacement, as well as for benchmarking
countries against international standards.

Key International Databases
There are a number of these international databases. They can be seen in
the diagram and discussed below.

International Migration Databases

{@) UN DESA International @ World Bank @) OECD
= . Organization
Inte]'natl_onal for Migration Migration and International
Migration (I0M) Remittances Data Migration Database
Database

Comparative Migration Data

2 alk @1 By

Figure illustrating major international migration databases—UN
DESA, IOM, World Bank, and OECD

1. United Nations Department of Economic and Social Affairs
(UN DESA) - International Migration Database

o Provides data on international migrant stocks, migration flows,
and refugee populations across countries.

o Offers harmonised and regularly updated datasets for
comparative research.

o Example: Percentage of international migrants per country or
region.
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2. International Organisation for Migration (IOM) — Global
Migration Data Portal

o Central repository of global migration statistics, including
remittances, migration policies, and migration governance
indicators.

o Provides both quantitative and qualitative data to support

research, policymaking, and monitoring of the Sustainable
Development Goals (SDGs).

3. World Bank — Migration and Remittances Data

o Offers country-level data on migrant stocks, remittance flows,
and economic impacts of migration.
o Useful for analysing the socio-economic dimensions of migration

at regional and global scales.

4, OECD International Migration Database

o Provides data on migration flows, migrant characteristics, and
integration indicators among OECD member countries.
o Allows comparative studies of labour migration, family

reunification, and policy impacts.

Comparative Advantages
International databases offer several key benefits:

. Cross-country comparability: Harmonised indicators allow
researchers to study trends across multiple countries.

. Longitudinal analysis: Many databases provide historical data,
supporting trend analysis and forecasting.

. Policy evaluation: Researchers can assess migration policies and

international commitments, such as the Global Compact for
Migration, across countries.

However, there are limitations: data quality varies by country,
definitions of “migrant” differ, and underreporting of irregular migration
iIs common. Despite this, international databases remain indispensable
tools for global migration studies.

3.6 Indicators of Migration and Health

Understanding migration and health requires not only accurate data but
also well-defined indicators that summarise complex information into
measurable, comparable units. Indicators provide the tools to quantify
migration patterns, assess health outcomes among migrant populations,
and identify the socio-economic, demographic, and environmental
factors affecting mobility and wellbeing. They help researchers,
policymakers, and practitioners monitor trends, evaluate interventions,
and make evidence-based decisions in both national and global contexts.
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In this section, we explore the key indicators used to study migration
and health, starting with migration-specific measures.

Migration Indicators

Migration indicators are quantitative measures that describe the scale,
characteristics, and dynamics of population movement. They allow
researchers to move beyond simple counts of migrants and examine who
migrates, from where, to where, and why. Migration indicators can be
classified into several categories: i. stock and flow indicators; ii.
demographic and socio-economic indicators; iii. migration motivation

Types of Migration Indicators
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and status indicators and iv. spatial indicators.

1. Stock and Flow Indicators
Migration Stock: The total number of migrants residing in a
country or region at a given time. For example, the number of
international migrants living in the United Kingdom in 2020.

o Migration Flow: The number of individuals moving into or out
of a location over a specified period. Flows can be internal
(within a country) or international. Flow indicators help track
recent mobility trends and seasonal or temporary migration.

2. Demographic and Socio-Economic Indicators
Age, sex, marital status, education level, and occupation of
migrants. These indicators reveal which groups are most mobile
and the potential social and economic impact of migration on
origin and destination areas.

o Household composition and dependency ratios can indicate the
support structures available to migrants and their families.
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3. Migration Motivation and Status Indicators

o Reasons for migration, such as employment, education, family
reunification, conflict, or environmental factors.

o Legal or administrative status: regular, irregular, refugee, or

asylum seeker. These indicators are crucial for understanding
vulnerabilities and access to services.

4. Spatial Indicators

o Place of origin and destination, rural-urban migration patterns,
and cross-border movements. Spatial indicators help visualise
migration corridors and regions of high in- or out-migration.

Migration indicators are often derived from censuses, surveys,
administrative records, and international databases, and they serve as the
foundation for subsequent analysis of health outcomes, socio-economic
impacts, and policy evaluation.

Health Indicators

Health indicators are quantitative measures that capture the health status,
risks, and outcomes of populations, including migrants. These indicators
are crucial for understanding how migration affects physical, mental,
and social wellbeing, and they help identify disparities in access to
healthcare and exposure to health risks (Abubakar et al., 2018). By
combining migration and health indicators, researchers can track how
population mobility intersects with disease prevalence, healthcare
utilisation, and health inequalities.

Health indicators for migrants are typically derived from clinical
records, public health surveillance, surveys, and international databases.
They allow policymakers to target interventions, allocate resources, and
monitor progress towards health equity.

Key Categories of Health Indicators include: i. morbidity indicators, ii.
mortality indicators, iii. healthcare access and utilisation indicators, iv.
nutrition and anthropometric indicators, v. mental health and
psychosocial indicators, and vi. environmental and occupational health
indicators.

1. Morbidity Indicators

o Measure the incidence and prevalence of illnesses among migrant
populations.
o Can include communicable diseases (e.g., tuberculosis, COVID-

19) and non-communicable diseases (e.g., diabetes,
hypertension).

o Useful for identifying health wvulnerabilities and prioritising
medical services.
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2. Mortality Indicators

o Track deaths among migrants, including cause-specific
mortality rates.

o Can be derived from civil registration and vital statistics (CRVS)
or health records.

o Essential for understanding the health risks associated with

migration and evaluating the impact of interventions.

3. Healthcare Access and Utilisation Indicators

o Measure migrants’ access to and use of healthcare services, such
as hospital visits, vaccinations, maternal and child health
services, and preventive care.

o Reveal barriers due to legal status, cultural differences, or
geographical constraints.

4, Nutrition and Anthropometric Indicators

o Include measurements such as body mass index (BMI), stunting,
wasting, and dietary intake.

o Useful for assessing the nutritional status of migrant children and
adults.

5. Mental Health and Psychosocial Indicators

o Assess levels of stress, depression, anxiety, trauma exposure, and
social support among migrants.

o Particularly important for refugees, asylum seekers, and displaced
populations.

6. Environmental and Occupational Health Indicators

Include exposure to unsafe housing, poor sanitation, hazardous
workplaces, or climate-related risks.

o Highlight the role of living and working conditions in shaping
migrant health outcomes.

Health indicators are best visualised using charts, dashboards, or
infographics, often disaggregated by age, sex, migration status, or
geographic location. They provide actionable insights for public health
planning and policy evaluation. So let us examine visually two major
types of indicators here, being mortality and morbidity.
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Morbidity and Mortality Indicators
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The infographic above visually compares morbidity and mortality
indicators between migrants and non-migrants. On the left, the disease
prevalence chart shows that migrants experience slightly higher rates of
infectious diseases like tuberculosis and conditions such as depression,
while non-migrants show comparable or slightly higher rates of chronic
conditions like hypertension and diabetes. On the right, the cause-
specific mortality chart demonstrates that migrants have higher mortality
from infectious diseases and cardiovascular conditions, whereas non-
migrants show lower rates across most categories.

3.7  Validity, Reliability, and Comparability of Data

In migration and health research, the usefulness of any dataset depends
not only on the quantity of information collected but also on its quality
and consistency. Validity, reliability, and comparability are critical
concepts that ensure research findings are accurate, trustworthy, and
meaningful across different populations and contexts.

Careful attention to these principles allows researchers to draw credible

conclusions, inform evidence-based policy, and support interventions
that respond effectively to migration and health challenges.

55



MGS809 BIOSTATISTICS AND MIGRATION

3.7.1 Validity and Measurement Error

In migration and health research, validity refers to the degree to which a
measure accurately captures the concept it is intended to assess. For
instance, a survey question designed to assess migrant access to
healthcare is valid if it truly reflects the accessibility of services, rather
than general satisfaction or unrelated factors. Ensuring validity is crucial
because invalid measurements can mislead policy decisions and obscure
real health and migration trends (Bolarinwa, 2015).

Measurement error occurs when there is a discrepancy between the true
value and the recorded value. Errors may arise from various sources:

1. Instrument error: Flaws in data collection tools, such as poorly
worded survey questions or malfunctioning health equipment.

2. Respondent error: Misreporting due to recall bias,
misunderstanding questions, or intentional misrepresentation.

3. Observer or enumerator error: Differences in how data

collectors interpret or record responses.

In biostatistical terms, measurement error can be systematic (bias) or
random (variance). Systematic errors consistently over- or under-
estimate values, whereas random errors introduce variability without a
predictable direction. Both types reduce the accuracy and
trustworthiness of findings, making validity checks essential.

3.7.2 Reliability and Consistency

In migration and health research, reliability refers to the consistency or
repeatability of measurements. A reliable instrument produces similar
results under consistent conditions, even if the study is repeated at
different times or by different observers. Reliability is critical because
inconsistent data can obscure real trends in migration patterns or health
outcomes, undermining the credibility of research findings (Bolarinwa,
2015).

Reliability can be assessed in several ways:

1. Test—Retest Reliability
This examines the stability of a measurement over time by
administering the same instrument to the same respondents at two
different points. For example, a survey asking migrants about
access to healthcare services might be conducted now and
repeated after two weeks; consistent responses indicate high test—
retest reliability.

2. Inter-Rater Reliability
This focuses on the agreement between different observers or
data collectors. If two enumerators assess the nutritional status of
the same migrant population, similar results from both would
indicate strong inter-rater reliability.
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3. Internal Consistency

Internal consistency evaluates whether multiple items intended to
measure the same concept produce similar responses. In a
migrant survey assessing mental health, questions on anxiety,
stress, and depression should correlate well if they accurately
reflect overall psychological well-being. Together, these
approaches ensure that measurements are stable, consistent, and
trustworthy.

In biostatistics, reliability is often quantified using coefficients such as
Cronbach’s alpha for internal consistency or intraclass correlation
coefficients (ICC) for test-retest and inter-rater reliability. High
coefficients indicate that the measurement tool produces stable and
consistent results, whereas low coefficients signal potential problems
with data quality.

3.7.3 Cross-National Comparability

In migration and health research, cross-national comparability refers to
the ability to meaningfully compare data collected from different
countries or regions. Because migration is inherently a global
phenomenon, researchers frequently rely on datasets compiled from
multiple national sources. However, differences in definitions, data
collection methods, survey instruments, and statistical standards can
make direct comparisons difficult. Ensuring comparability, therefore,
requires the use of standardised indicators, harmonised methodologies,
and internationally recognised classifications (United Nations, 2017).

One major challenge arises from variations in how countries define a
migrant. Some countries classify migrants based on country of birth,
while others use citizenship or duration of residence. Similarly, health
indicators may be recorded differently across health systems, affecting
the interpretation of morbidity or mortality statistics. Without
harmonisation, such variations can lead to misleading conclusions when
comparing migration trends or health outcomes across countries.

To address these issues, international organisations promote standard
statistical frameworks and data harmonisation practices. Institutions
such as the United Nations, the World Bank, and the International
Organisation for Migration develop guidelines that encourage countries
to collect migration and health data using comparable definitions and
measurement approaches. These frameworks allow researchers to
examine global migration patterns, health disparities among migrants,
and policy outcomes across countries with greater confidence.
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Standardisation of Mortality Rates

Cross-National Comparison Before and After Age Standarlisation
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Infograph showing cross-national comparison of mortality rates before
and after age standardisation, demonstrating how statistical adjustment
improves comparability between populations

This infographic compares mortality rates between two countries before
and after age standardisation. The initial comparison shows apparent
differences that may be influenced by variations in population age
structures. After standardisation, the adjusted rates provide a more
accurate comparison, removing bias caused by demographic differences.
The visual highlights the importance of statistical standardisation in
biostatistics, particularly in migration studies, where populations often
differ significantly in age distribution. By adjusting for these
differences, researchers can make fair and meaningful comparisons
across countries.

From a biostatistical perspective, comparability is strengthened when
datasets use standard population rates, age-standardised mortality rates,
and harmonised survey indicators. Such techniques help control for
demographic differences between populations and ensure that observed
variations reflect genuine differences rather than methodological
inconsistencies.

Self-Assessment Exercise 1

1. Which of the following statements BEST describes the role of
data in migration research?

A Migration research relies primarily on anecdotes and historical
narratives rather than systematic data.

B. Reliable migration data allows researchers to identify patterns,
compare populations, and design effective interventions.
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C. Migration data is only useful for counting the number of migrants
and nothing else.

D. Data on migration is unnecessary because migration trends are
always obvious.

2. Which feature of population censuses makes them particularly
valuable for migration research?

A. They collect nationwide data, including place of birth, previous
residence, and duration of

B. They provide real-time tracking of all migrant movements.
stay.

C. They are conducted monthly to capture short-term migration.

D. They focus exclusively on international migrants and ignore
internal migration.

3. Which of the following correctly distinguishes surveys from
census data in migration research?

A. Surveys provide comprehensive coverage of the entire
population, while censuses use samples.
Censuses provide broad coverage but less detail.

B. Surveys cannot capture socio-economic characteristics, while
censuses can.

C. Surveys and censuses provide identical information in every
country.

D. Surveys are sample-based and collect detailed information on
migration experiences, while

Self-Assessment Exercise 2

Scenario:

A public health team in Nigeria is studying the health of migrants in two
urban areas. They collect data on the number of recent arrivals
(migration flow), their age, gender, occupation, and legal status. Health
assessments include incidence of infectious diseases, chronic conditions,
nutritional status, and mental health. The researchers also calculate a
Migrant Vulnerability Index that combines socio-economic, health, and
environmental factors to identify high-risk groups.

1. Which of the following BEST describes a migration flow
indicator?

The total number of migrants living in Lagos in 2022

The average age of migrants in Kano

The number of migrants moving to Abuja over the past year

The prevalence of depression among migrant populations

OOwx>
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no

Which health indicator would be MOST appropriate for
identifying nutritional deficiencies among migrant children?
Body mass index (BMI) and stunting/wasting rates
Cause-specific mortality rate

Hospital admission rate for infectious diseases

Migration stock by age and sex

OOwx>

w

A Migrant Vulnerability Index combines legal status, access to
healthcare, income, housing quality, and disease prevalence.
What is the main advantage of using this composite indicator?

It condenses multiple factors into a single measure to identify
high-risk groups

It provides detailed individual-level health records

It measures only morbidity among migrants

It eliminates the need for surveys or administrative data

>

O Ow

9,
3.8 Summary

In this unit, you explored how biostatistics is used in migration research
to analyse patterns of human movement and understand their effects on
population health. It showed that migration is not just about people
moving from one place to another, but a complex social process that can
be studied using data and statistical methods. Biostatistics helps
researchers organise and interpret this data, turning it into useful
evidence for research and policy. The unit also highlighted the role of
statistical indicators in measuring migrant populations, tracking health
outcomes, and identifying differences between migrant and non-migrant
groups. Overall, it demonstrated how biostatistics supports informed
decision-making and improves our understanding of migration and
health across different settings.
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P

Answers to Self-Assessment Exercise 1

3.10 Possible Answers to Self-Assessment Exercises

1. A
2. B
3. D

Answers to Self-Assessment Exercise 2

1. C
2. A
3. A
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UNIT 4 DESCRIPTIVE STATISTICS FOR MIGRATION
ANALYSIS

Unit Structure

4.1  Introduction
4.2  Learning Outcomes
4.3  Data Organisation and Visualisation
4.3.1 Classification and Tabulation of Data
4.3.2 Graphical Representation of Migration Data
4.4  Measures of Central Tendency and Dispersion
4.5  Rates, Ratios, and Proportions
4.6  Summary
4.7  References/Further Readings/Web Sources
4.8  Possible Answers to Self-Assessment Exercises

@4.1 Introduction

In the previous unit, you learned about different data sources used in
migration studies, such as census data, surveys, and administrative
records. These sources provide useful information, but data on its own
does not tell the full story. To make sense of it, researchers need to
organise and summarise the data using statistical methods. This is where
descriptive statistics come in.

In this unit, you will learn how descriptive statistics help turn complex
data into clear and meaningful information. You will explore tools such
as tables, charts, percentages, averages, and measures of variation.
These tools make it easier to see patterns in migration, such as trends in
population movement, differences in groups, and health outcomes. By
the end, you will be able to understand and present data clearly for
research and policy purposes.

@ 4.2

By the end of this unit, you will be able to:

Learning Outcomes

. explain the concept and importance of descriptive statistics in
migration analysis

. organise migration data using tables, charts, and frequency
distributions

. calculate and interpret basic descriptive measures such as

percentages, ratios, and rates in migration research
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. apply measures of central tendency (mean, median, and mode) to
summarise migration-related datasets
. interpret statistical summaries to identify patterns and trends in

migration and health data.

Data Organisation and Visualisation

Migration research often produces large and complex datasets from
sources like censuses, surveys, and administrative records, which need
to be carefully organised before they can be understood. Techniques
such as classification, tables, and charts help turn raw data into clear
patterns by grouping information and showing trends in migration,
population characteristics, and health outcomes. While tables organise
data neatly, graphs and charts make patterns easier to see and explain,
making these tools especially important for communicating findings
clearly to researchers, policymakers, and the public.

4.3.1 Classification and Tabulation of Data

Classification and tabulation are key steps in organising migration data
so that patterns can be clearly understood. Migration datasets often
include large amounts of information on variables such as age, gender,
education, employment, migration status, and health outcomes, which
can be difficult to interpret without structure (Triola, 2018).
Classification involves grouping data into meaningful categories based
on shared characteristics. For example, migrants may be grouped into
age ranges such as 0-14, 15-24, 25-44, 45-64, and 65+ years, helping
researchers identify differences in population structure and health risks.

Data can also be classified using socio-economic factors like income,
education, or employment, as well as health-related categories such as
disease status or healthcare use. Once grouped, the data are organised
into tables through tabulation, where information is arranged in rows
and columns for easy comparison. A common example is a frequency
table, which shows how many individuals fall into each category.
Together, classification and tabulation turn raw data into clear,
structured information that supports analysis and decision-making
(Kirkwood & Sterne, 2003).
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Cross-Tabulation in Migration Health Research

Comparing Migration Status and Disease Prevalence

ﬁ K(‘o of Group Affected
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This infographic shows how cross-tabulation, also known as
contingency tables, is used to examine the relationship between two
categorical variables, such as migration status and disease prevalence.
Each cell in the table represents the proportion of people in each group
affected by a specific condition, making it easier to compare outcomes.
This approach helps researchers quickly spot patterns and differences
between groups, which is essential for understanding health trends and
supporting public health decisions.

In migration research, cross-tabulation is commonly used to compare
variables like migrant versus non-migrant status with health outcomes. It
helps identify possible associations between factors and forms the basis
for further analysis, such as the chi-square test (Agresti, 2019). Overall,
classification and tabulation are important first steps in data analysis, as
they organise information clearly, reveal patterns, and prepare data for
charts and more advanced statistical methods.

4.3.2 Graphical Representation of Migration Data

In migration and health research, large datasets often contain numerous
numerical values that can be difficult to interpret when presented only in
tables. Graphical representation provides a visual method for
summarising and communicating statistical information, making
patterns, relationships, and trends easier to understand. By transforming
numerical data into charts and graphs, researchers can quickly illustrate
migration flows, demographic structures, and health indicators across
populations and regions (Triola, 2018).

Graphs are particularly useful in biostatistics and population studies
because they allow researchers to visualise distributions, identify trends
over time, and compare groups. For example, migration researchers may
use graphs to display changes in migrant population size, age
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distribution, disease prevalence, or access to healthcare services. Visual
presentation not only enhances interpretation but also improves
communication of findings to policymakers, scholars, and the general
public.

Several types of graphs are commonly used in migration analysis. Each
serves a specific analytical purpose depending on the nature of the data
being presented.

Bar Charts

A bar chart is a simple way to compare different groups. In migration
studies, it is often used to show how migrants are distributed by age,
gender, country of origin, or level of education. Each bar stands for a
group, and the height of the bar shows how many people fall into that
group or the percentage they represent.

For example, a bar chart can show how many migrants are in each age
group. This helps researchers see which age group is most common,
often the 25-44 age range, which includes many working adults. Bar
charts are especially useful when dealing with categories, as they make
it easy to compare groups at a glance.

Migrant Population Distribution by Age Group

Descriptive Statistics in Migration Research
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Bar chart showing migrant distribution by age group or gender. The bar
chart of migrant population distribution by age group. Include labelled
axes, percentages, and clear categories

Pie Charts
A pie chart shows how a whole is divided into parts. Each slice of the
circle represents a percentage of the total, making it easy to see how
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different groups contribute to the whole. In migration studies, pie charts
are often used to show the distribution of migrants by factors such as
region of origin, type of work, or migration status. For example, a pie
chart might display the proportion of migrants from regions like West
Africa, North Africa, Europe, and Asia. This helps students quickly
understand which groups make up the largest or smallest shares of the
population, making comparisons simple and clear.

Global Migrant Population by Region of Origin

Distribution of international migrants by region of origin.

North
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Global Migrant Population by Region of Origin

This infographic shows how international migrants are distributed across
different regions of the world using a pie chart. Asia has the largest
share at 40%, highlighting its major role in global migration. Africa
contributes 14%, while Europe and Latin America & the Caribbean each
account for 11%, showing moderate levels of migration. North America
(5%) and Oceania (3%) have smaller shares, indicating lower levels of
people leaving these regions. Overall, the chart shows that migration is
uneven across the world, with regions that have larger populations and
economic challenges contributing more to global migration. In total,
there are about 281 million migrants, representing 3.6% of the world’s
population, showing that migration is a significant global issue.

Line Graphs

A line graph is used to show changes in a variable over time. This type
of graph is particularly valuable in migration analysis because migration
patterns often evolve across years or decades. Line graphs are
commonly used to illustrate trends in migration flows, disease incidence
among migrants, or population growth of migrant communities. For
example, line graph might display the number of migrants entering a
country from 2010 to 2024, as seen below.
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International Migration Inflows by Region of Destination, 2010-2024
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highs in Europe and continued growth in Asia.

Migration Inflows Over Time (2010-2024)
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This infographic shows how global migration inflows changed from
2010 to 2024, measured in millions per year. Migration increased
steadily from 2010 to around 2016, reflecting growing global
movement, but then declined sharply between 2017 and 2020, reaching
its lowest point around 2020, likely due to COVID-19 travel restrictions.
From 2021, migration begins to recover strongly, rising again to a peak
by 2024. Overall, the trend shows that migration is affected by global
events and policies but is also resilient, with the ability to recover over
time.

Histograms

A histogram is used to show how numerical data are spread out by
grouping values into ranges, also called intervals. In migration health
studies, it can be used to display information such as age, length of stay,
income, or health measurements among migrants. This helps researchers
see how common certain values are within a population. Unlike a bar
chart, the bars in a histogram are joined together because the data are
continuous, not separate categories. Histograms make it easier to spot
patterns in the data, such as whether most values are clustered in one
area, spread evenly, or skewed to one side.

68



MGS809 BIOSTATISTICS AND MIGRATION

Age Distribution of Migrants

Percentage distribution of international migrant population by age group
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Histogram of Age Distribution of Migrants

This histogram shows how international migrants are distributed across
different age groups. The x-axis shows age ranges (0-14, 15-24, 25-44,
45-64, 65+), while the y-axis shows the percentage of migrants in each
group. The bars are joined together to reflect that age is a continuous
variable, even though it is grouped into intervals for easier analysis.

The chart shows that the largest group of migrants is aged 25-44 (30%),
followed by 45-64 (26%), meaning most migrants are in the working-
age population. Younger groups, 0-14 (13%) and 15-24 (11%), make
up smaller shares, while older migrants aged 65+ account for 20%. This
pattern shows that migration is mainly linked to work and economic
opportunities. Histograms like this help researchers understand the age
structure of migrants and how it relates to labour and population trends.

4.4  Measures of Central Tendency and Dispersion

After organising and presenting migration data, the next step is to
summarise it using measures of central tendency and dispersion.
Measures like the mean, median, and mode help describe what is typical
in a dataset, such as the average age, income, or healthcare use among
migrants. Measures of dispersion, such as range and standard deviation,
show how much the data vary, helping researchers understand
differences within the population. Together, these tools give a clearer
picture of patterns, inequalities, and diversity in migrant groups,
especially when used alongside tables and charts.

Measures of Central Tendency

Measures of central tendency summarise a dataset by identifying a
single value that represents the “centre” or typical observation within a
distribution. In migration and health research, these measures are
invaluable for describing key characteristics of migrant populations,
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such as average age, income, length of stay, or number of healthcare
visits. The three most commonly used measures are mean, median, and
mode, each providing different insights depending on the type and
distribution of the data (Triola, 2018).

1. Mean

The mean is the average value. It is calculated by adding all the values
in a dataset and dividing by the total number of observations. For
example, if we record how many times 100 migrants visit a clinic in a
month, the mean shows the average number of visits. However, the
mean can be affected by very high or very low values, which may make
it less reliable in some cases.

2. Median

The median is the middle value when all the data are arranged in order.
It is useful when the data are uneven or skewed, such as income levels,
where a few extreme values can affect the average. The median gives a
clearer picture of a typical value, showing the point where half the
population is above and half is below.

3. Mode

The mode is the value that appears most often in a dataset. In migration
studies, it can show the most common country of origin, job type, or
health condition. The mode is especially useful for categorical data and
can be used for both numerical and non-numerical information.

Illustrative Example:

Suppose a survey of migrant ages in a sample of 17 individuals reports:
24, 25,19, 32, 28, 19, 40, 34, 25, 26, 36, 38, 30, 22, 19, 25, 38.

Mean age: (24 + 25+ 19 + ... + 38) = 17 = 27.1 years

. Median age: Middle value = 25 years

. Mode age: Most frequent value = 19 years

This example shows that in some datasets, mean, median, and mode
may coincide, while in skewed datasets, the median or mode may better
represent the central tendency. This can be seen in the figure below.

A Mode A Median A Mean

- A Mode A Median A Mean
Most frequent age. | Middle value. Arithmetic average
Mode =19 Median = 25 | Mean=271
The age 19 occurs most | When arranged from least to greatest, | Calculated by summing all ages (407)
frequently in the dataset. the middle of the dataset is 25 and dividing by the number of
observations (15).

(24425 +19432428+19+40434425426+38+30+19425) 115=27.1 =17.5=27.1
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This is also represented graphically in the image below.

Measures of Central Tendency in Migration Research

Understanding mean, median, and mode through a small dataset of migrant ages.

(- ‘ﬁ) Sample Migrant Age Dataset
} | = 24,25 19, 32, 28, 19, 40, 34, 25, 26, 36, 38, 30, 22, 19, 25, 38 ...

5 Mode =19 Median=25 Mean =271

v 4 A A
20 :
g s :
© :
\ AKX .
o X X e X X
5(0 0 . X 7 3 X
15 20 25 20 25 30 35 30 35 40 45 45

Measures of Central Tendency in Migration Research

Measures of Dispersion

While measures of central tendency describe the “typical” value in a
dataset, they do not convey how spread out the data are. In migration
and health research, understanding variability is crucial because it
highlights differences within populations, for example, variations in age,
income, duration of stay, or access to healthcare among migrants.
Measures of dispersion quantify this variability, enabling researchers to
identify inequalities, risk groups, and the range of experiences within a
population (Triola, 2018).

1. Range

The range is the simplest way to measure how spread out the data are. It
is found by subtracting the smallest value from the largest value. For
example, if migrant ages go from 18 to 60 years, the range is 42 years.
Although it is easy to calculate, the range only shows the extremes and
does not tell us how the values are spread in between.

2. Variance

Variance shows how far values are spread out from the average. It looks
at how much each value differs from the mean and gives an overall
measure of variation. In migration studies, it can be used to see how
much things like income differ within a group. A high variance means
the values are very spread out, while a low variance means they are
more similar.

3. Standard Deviation

Standard deviation is closely related to variance but is easier to
understand because it is in the same units as the data. It shows how far
values typically fall from the average. For example, if migrants visit a
clinic 5 times on average, with a standard deviation of 2, most people
will have between 3 and 7 visits. This makes standard deviation a useful
way to understand how much variation exists in a dataset.
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[llustrative Example:

Using the previous migrant age dataset: 24, 25, 19, 32, 28, 19, 40, 34,
25, 26, 36, 38, 30, 22, 19, 25, 38:

Remember that from above example, our Mode is 19, Median is 25, and

= Range (0?2 Variance 0 Standard Deviation
The difference between the The average of the squared The square root of the variance;
maximum and minimum ages. deviations from the mean. measures the spread of ages around
= he mean.
3 Y72 l
E Sy gl=20-%? -1 271=34
< — > n-1 n ==, = S —
9 24 40 40 2583 . 25
Range = Maximum - Minimum Standard Deviation = V1.9 Standard Deviation =v11.9 ~ 3.4
=40-19=21

Source: United Nations Department of Economic and Social Affairs (UN DESA).

Mean age is 27.1
Figure illustrating Measures of Dispersion in Migrant Age Data.

Range, variance, and standard deviation quantify the spread of ages
within the migrant sample, providing insight into population
heterogeneity beyond central tendency.

Explanation

1. Range (Total Spread)
The range captures the simplest form of variability by measuring
the distance between the youngest and oldest individuals:
Range = Maximum — Minimum =40-19 =21
This indicates that migrant ages span 21 years, reflecting the
breadth of age diversity but not how values are distributed within
that interval.

2. Variance (Average Squared Deviation)
Variance measures how far each age deviates from the mean, on
average, using squared differences:

2 2lxi—a)”

n—1

a

. Each age is compared to the mean (27.1 years)

. Deviations are squared to avoid cancellation of positive
and negative differences

. The result (= 11.9) represents the average squared
dispersion

Variance is sensitive to outliers and provides a foundational
metric for statistical inference in migration studies.
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3. Standard Deviation (Interpretability of Spread)
The standard deviation (SD) is the square root of variance,
expressed in the same units as the data:

g—1+'11.9 = 3.4

This means that, on average, migrant ages deviate by about 3.4 years
from the mean.
In the infographic:

. The mean (27.1 years) is visually centered

. The shaded band or error bars represent £1 SD

. Most ages cluster within this interval, illustrating moderate
variability

Together, these measures reveal that while migrant ages cover a wide
interval (range = 21), the typical spread around the mean is relatively
tight (SD = 3.4). This suggests a moderately homogeneous age
distribution, which may reflect selective migration patterns such as
working-age mobility.

Interpretation in Migration Contexts

In migration research, measures like the mean, median, and mode help
describe what is typical for a population, while measures such as range
and standard deviation show how much variation exists. Together, they
give a clearer picture of both the average experience and the level of
inequality within migrant groups (Triola, 2018). For example, a mean
age of 30 may suggest a young population, but a wide range or large
standard deviation would show that both younger and older migrants are
also present, which is important for planning services like education and
healthcare.

These measures are also useful in areas like health and income. A low
average number of healthcare visits with high variation may suggest that
some migrants are not accessing services equally. Similarly, a median
income can show typical earnings, while high variation highlights
economic inequality. By combining these measures, researchers and
policymakers can identify vulnerable groups, understand differences
within populations, and design more targeted and effective
interventions.

4.5 Rates, Ratios, and Proportions
In migration and health research, simple counts and averages are often
insufficient to fully understand population dynamics or to compare

different groups. Rates, ratios, and proportions are essential statistical
tools that allow researchers to standardise measurements, express
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relationships, and make meaningful comparisons across populations of

different sizes.

. Rates measure the occurrence of an event in a population relative
to the size of that population over a defined period, such as
migration inflows per 1,000 residents.

. Ratios express the relative magnitude of two quantities, such as
the male-to-female ratio among migrants.
. Proportions indicate the fraction of a population with a particular

characteristic, like the proportion of migrants with access to
healthcare services.

Together, these measures provide a robust framework for analysing
migration trends, health outcomes, and population structure, allowing
researchers and policymakers to identify patterns, disparities, and
priority areas for intervention (Preston, Heuveline, & Guillot, 2001).

Construction of Demographic Rates

Demographic rates are fundamental in migration and health research
because they standardise the measurement of events relative to the
population at risk, enabling meaningful comparisons across time,
regions, or population groups. These rates convert raw counts—such as
births, deaths, or migration flows—into proportions per unit population,
often expressed per 1,000 or 100,000 individuals (Preston, Heuveline, &
Guillot, 2001).

Key Types of Demographic Rates

1. Crude Birth Rate (CBR)
The CBR measures the number of live births in a population per
1,000 people per year, thus, helps us understand population
growth potential in migrant communities.

Number of live births
CBR =

x 1,000
Total population

As an example, in a migrant settlement of 20,000 people, if 400
babies are born in a year:

CBR =

X = 1 .
20,000 1,000 = 20 births per 1,000 population
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Crude Birth Rates in Migrant Settlements

Crude birth rate (CBR); the total number of live births per 1,000
population in a year within a settlement.

31 31
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Cruue Bisthn Rad)
(per 11900 ppoputonin()

Camp A Camp B Refugee Camp D Migration
Town C Hub E

Settlement

Bar chart comparing CBR across multiple migrant settlements

It illustrates crude birth rates in several migrant settlements.
Include labelled bars for each settlement per 1,000 population.
Academic style for teaching biostatistics and migration
demography.”

2. Crude Death Rate (CDR)
CDR enables us to assess mortality patterns and compare health
outcomes across different migrant populations. It thus measures
the number of deaths per 1,000 individuals in a population per
year.

Numberofdeaths

~ Totalpopulation
Example: If 150 migrants die in a population of 20,000 in a year:

CDR = 2;?)20 X 1,000 = 7.5deaths per 1,000 population

CDR

1,000

3. Migration Rate
This helps appreciate population change dynamics beyond natural
growth, thus capturing the influence of migration.

The migration rate measures the net or gross movement of people
relative to a population, usually per 1,000 individuals.

Number of imminigrants—Number of emmigrants
TotalDooDUbton

Migration Rate =

1,000pp

Example: A city has 1,200 immigrants and 800 emigrants in a
population of 50,000:
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. . 1,200-800 .
Net migration rate = o000 % 1,000 = 8migrants per 1,000
population
Net Migration Rates by Region
Net migration rate; the difference between the number immigrants
and emigrants per 1,000 population in a year.
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Figure: Comparative bar chart showing net migration rates across
regions or years.

It shows net migration rates for several regions. Include labelled bars
and values per 1,000 population. Academic style for teaching
biostatistics and migration analysis.

By using these demographic rates, we can move beyond raw counts and
understand proportional differences. These rates are particularly useful
when comparing populations of different sizes, assessing health risks, or
monitoring migration trends. In migration research, combining birth,
death, and migration rates helps to construct a complete picture of
population dynamics and informs resource planning and policy.

4.5.2 Ratios and Proportions

In migration and health research, ratios and proportions provide a way to
express relationships between population subgroups or the fraction of a
population with specific characteristics. Unlike raw counts, these
measures allow for comparisons across populations of different sizes
and help identify disparities, vulnerabilities, or demographic patterns
(Preston, Heuveline, & Guillot, 2001).
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Key Types of Ratios and Proportions

1. Sex Ratio
The sex ratio expresses the number of males per 100 females in a
population. It is widely used in migration studies to describe
gender composition. It enables us to understand imbalances in
migrant populations, which may affect social integration,
employment, and healthcare planning.

SexRatio — 1 Numberofmales < 100
erratto =y = Namberof females

For example, in a migrant camp of 600 males and 400 females:
SexRatio — % X 100 — 150 males per 100 females

2. Dependency Ratio
The dependency ratio measures the proportion of dependents

(children and elderly) relative to the working-age population:
Population aged 0—14+Population aged 65+ X 100

Dependency Ratio= .
Population aged 15 to 64

Exemplifying this, in a migrant settlement with 800 children, 200
elderly, and 1,500 working-age adults:

22120 % 100 = 66.7%
High dependency ratios is an indication of greater pressure on

working-age migrants to support dependents, affecting economic
planning and social services.

Dependency Ratio —

Dependency Ratios in a Migrant Population

Dependency ratio: the ratio of dependent (non-working-age) population
to the working-age population.

Dependent
Population
30%

B Working-Age Population Working-Age
Population

B Dependent Population 70%

Pie chart showing the proportion of dependents vs working-age
migrants

Educational infographic showing dependency ratios in a migrant
population. Include a pie chart with working-age vs dependent
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population percentages. Academic style for teaching migration
demography.

4. Proportion of Migrants with a Specific Characteristic
Proportions are easy to interpret and highlight inequalities,
helping policymakers target interventions. It measures the
fraction of a population with a given trait or outcome. For
example, the proportion of migrants with access to healthcare:

PI‘OpOI‘tiOl’l:: Number with chara.cteristic % 100
Total population
Example: In a migrant settlement of 1,000 individuals, 600 have

access to healthcare:

0
X 100 — 60%

P tion =
roportion 1.000
Self-Assessment Exercises
1. Which of the following best describes the role of descriptive

statistics in migration analysis?

A To test hypotheses and determine causal relationships between
migration and health outcomes.

B. To summarise, organise, and present migration data to identify
patterns and trends.

C. To replace the need for surveys and census data in migration
studies.

D.  Toensure migration datasets are free of errors and fully accurate.

2. A researcher wants to compare the number of migrants in
different age groups in a city. Which type of graph is most
appropriate?

A. Line graph

B. Histogram

C. Bar chart

D. Pie chart

3. Which of the following statements about classification and

tabulation in migration research is TRUE?
A. Classification groups data based on common characteristics,
while tabulation presents them systematically in rows and

columns.

B. Tabulation eliminates variability in data and always provides the
mean.

C. Classification is only applicable to numerical data, not categorical
data.

D. Tabulation and classification are only necessary for large datasets
exceeding 10,000 observations.
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4.6 Summary

In this unit, you explored how descriptive statistics provide essential
tools for understanding migration patterns and population
characteristics. The discussion began with data organisation and
visualisation, emphasising how proper classification, tabulation, and
graphical representation transform raw data into meaningful insights.
You then examined measures of central tendency, dispersion, rates,
ratios, and proportions as key methods for standardising comparisons
across populations, alongside standardisation techniques that ensure fair
analysis despite structural differences such as age and sex. Finally, you
explored demographic profiling, which provides a deeper understanding
of migrant populations by examining their age, gender, socio-economic
characteristics, and household structures. Overall, the unit equips you
with practical statistical tools and conceptual understanding needed to
analyse migration data accurately and support evidence-based research
and policy.
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I_I::4.8 Possible Answers to Self-Assessment Exercises

1. B
2. C
3. A
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MODULE 2 STATISTICAL METHODS FOR MIGRATION
AND HEALTH ANALYSIS

Unit 1 Probability and Sampling in Migration Research
Unit 2 Inferential Statistics and Hypothesis Testing
Unit 3 Regression and Multivariate Analysis

Unit 4 Epidemiological Measures in Migrant Health

UNIT 1 PROBABILITY AND SAMPLING IN MIGRATION
RESEARCH

Unit Structure

1.1 Introduction
1.2  Learning Outcomes
1.3 Foundations of Probability and Sampling
1.3.1 Core Probability Concepts
1.3.2 Random Variables in Population Studies
1.3.3 Probability in Sampling
1.4  Sampling Designs in Migration Research
1.4.1 Probability Sampling Methods
1.4.2 Non-Probability Sampling Approaches
1.4.3 Sampling Frames and Field Implementation
1.5 Bias and Uncertainty in Migration Research
1.6 Summary
1.7  References/Further Readings/Web Sources
1.8  Possible Answers to Self-Assessment Exercise

‘ ]l.l Introduction

Probability and sampling are central to the study of migration and health
because they help researchers make sense of data. In most cases, it is not
possible to collect information from every person in a population.
Instead, researchers study a smaller group, called a sample, to
understand the wider population. Probability helps by showing how
likely certain outcomes are, allowing researchers to deal with
uncertainty and make reliable conclusions.

In migration and health research, these methods are used to estimate
patterns such as migration trends, disease levels, and access to
healthcare without studying everyone. Different sampling methods, such
as random or grouped sampling, help ensure that the sample represents
the larger population. For example, when studying vaccination rates
among migrants, a well-chosen sample can give accurate results for the
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whole group. Learning these methods helps students understand data
better, judge the quality of studies, and apply statistics to real-world
problems (Cochran, 1977).

@ 1.2

By the end of this unit, you will be able to:

Learning Outcomes

. explain the fundamental concepts of probability and their
relevance to migration and health research

. identify and differentiate between key sampling methods,
including simple random, stratified, cluster, and systematic
sampling

. apply probability principles to design representative samples for
estimating population parameters

. assess the strengths, limitations, and potential biases of different

sampling strategies in migration studies.

Foundations of Probability and Sampling

Probability and sampling are important in migration and health research
because they help researchers deal with uncertainty and draw reliable
conclusions from data. Since it is not practical to study every individual,
samples are used to represent the wider population, and probability
ensures these samples are chosen in a way that produces accurate and
meaningful results. This section introduces key concepts such as events,
outcomes, and probability rules, and explains how random variables
describe population characteristics. It also shows how probability
supports statistical analysis and guides the selection of representative
samples, helping to reduce bias and improve the reliability of research
on migrant populations.

1.3.1 Core Probability Concepts

Core probability concepts form the basis for understanding uncertainty
in migration and health research. Probability measures how likely an
event is to occur, using a scale from 0 (impossible) to 1 (certain). In
migration studies, events might include a migrant being vaccinated, a
household experiencing food insecurity, or a health programme reducing
iliness. By assigning probabilities to these events, researchers can make
informed predictions and design studies that are both efficient and
reliable (Ross, 2014).
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Key concepts include:

Experiment and Outcome: An experiment is any activity with a
measurable result, such as surveying migrants about their
immunisation status. Each possible result, like “vaccinated” or
“not vaccinated,” is called an outcome.

Event: An event is a group of outcomes of interest. For example,
“a migrant aged 20—39 who is fully vaccinated” combines several
outcomes.

Probability Rules: These rules help us calculate probabilities.
The addition rule is used for events that cannot happen together,
while the multiplication rule is used for independent events.
Complementary Events: This shows the probability that an
event does not happen, written as (1 — P[event]), and is useful
when it is easier to measure the opposite outcome.

In migration and health research, these ideas are used to estimate risks
such as disease, injury, or access to services. For example, if the
probability that a migrant lacks healthcare access is 0.25, then the
probability that they have access is 0.75. This approach helps
researchers clearly understand uncertainty and make better decisions
based on data.

Classical Empirical
Probability Probability

&
e, @

Equally Likely Outcomes

e.g., Rolling a die, e.g., Survey results, e.g., Expert opinions,
flipping a coin. observed frequencies. personal beliefs.

Three faces of probability: Theory, Data, and Belief

Probability wears three different hats depending on how we approach
uncertainty:

% Classical Probability: Built on symmetry. Every outcome is
equally likely, like rolling a fair die or flipping a coin. It’s neat,
tidy, and lives in the world of ideal assumptions.

1:J Empirical Probability: Grounded in reality. It emerges from
observed data such as experiments or surveys. If you flip a coin
100 times and get 60 heads, this approach listens to that evidence.

83



MGS809 BIOSTATISTICS AND MIGRATION

. @9 Subjective Probability: Shaped by human judgment. It
reflects personal beliefs or expert opinions, especially when data
IS scarce or situations are complex.

1.3.2 Random Variables in Population Studies

In migration and health research, random variables are used to turn real-
life characteristics into numbers that can be analysed. For example,
things like age, number of healthcare visits, or employment status can be
recorded as numerical values. This makes it easier for researchers to
study patterns and understand what is happening in migrant populations
(Ross, 2014).

Random variables can be either discrete or continuous. Discrete
variables count whole numbers, such as the number of migrants in a
household, while continuous variables can take any value within a
range, such as age or income. This difference helps researchers choose
the right way to analyse data. For instance, if the number of migrants
arriving each day varies a lot, it shows movement is unpredictable and
planning may need to be more flexible. Using random variables helps
researchers measure uncertainty, identify patterns, and make Dbetter
decisions based on data.

1.3.3 Probability in Sampling

Probability is very important in sampling because it helps ensure that a
sample represents the wider population fairly. In migration and health
research, probability-based sampling gives every individual a known
chance of being selected, which reduces bias and improves the reliability
of results. For example, when studying healthcare access among
migrants in a city, using this approach helps include different groups,
such as men and women, and both documented and undocumented
migrants (Cochran, 1977).

Different sampling methods are used depending on the situation. In
simple random sampling, individuals are chosen randomly from a list. In
stratified sampling, the population is divided into groups, such as by
gender or location, and samples are taken from each group to ensure
balance. In cluster sampling, whole groups, like households or
communities, are selected, which is useful when populations are large or
spread out. These methods help researchers collect accurate data and
produce findings that can inform policy.
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Probability Sampling Methods

in Migration Research

Simple Random Sampling
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Probability sampling methods in migration research

Simple Random, Stratified, and Cluster Sampling Approaches

This infographic shows three common probability sampling methods
used in migration research. Simple random sampling selects individuals
randomly from a migrant list, giving everyone an equal chance of being
chosen. Stratified sampling divides the population into groups, such as
by gender or location, and selects samples from each group to ensure
fair representation. Cluster sampling selects entire groups, such as
households in a refugee settlement, making data collection easier in
large or spread-out populations. Together, these methods help
researchers collect reliable and representative data for informed
decision-making.

1.4  Sampling Designs in Migration Research

Sampling design is a key part of migration research because it
determines how a smaller group is selected to represent a larger
population. This can be challenging, as migrant groups—especially
refugees, displaced persons, and undocumented migrants—are often
mobile and difficult to track, making standard lists unreliable (Bakewell,
2010). Researchers, therefore, need to choose methods that are both
scientifically sound and ethically responsible, ensuring fair inclusion,
informed consent, and protection of vulnerable groups. Sampling
methods are usually divided into probability approaches, which allow
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generalisation of results, and non-probability approaches, which are
more practical for hard-to-reach populations but may introduce bias.
Newer methods, such as respondent-driven and time-location sampling,
are often used to study hidden populations (Tyldum & Johnston, 2014).
Careful planning, including defining who to sample and how to collect
data in different settings, is essential for producing reliable and useful
findings.

1.4.1 Probability Sampling Methods

Probability sampling methods are foundational in migration research
because they ensure that every individual in a population has a known
and non-zero chance of being selected. This allows researchers to make
reliable estimates about the wider population, measure sampling error,
and draw valid conclusions. In migration studies, these methods are
especially useful when working with organised populations such as
registered migrants or refugees in defined areas, where accurate lists
exist. Compared to non-probability methods, probability sampling
improves transparency and strengthens the reliability of findings
(Bryman, 2016; Singleton et al., 2021).

The main types of probability sampling include:

I. Simple Random Sampling (SRS) — Every individual has an
equal chance of being selected. This is often done using random
numbers or a lottery system. For example, selecting migrants
randomly from a list ensures fairness and reduces bias.

Ii. Systematic Sampling — Individuals are selected at regular
intervals, such as every 5th person on a list. This method is
simple to apply but requires care to avoid patterns that may affect
results.

ii.  Stratified Sampling — The population is divided into groups
based on characteristics like age, gender, or region, and samples
are taken from each group. This ensures that all key groups are
represented.

Iv. Cluster Sampling — The population is divided into natural
groups, such as households or communities, and entire groups are
selected. This is useful when populations are spread out, and
multi-stage sampling can be used to select individuals within
those groups.

In migration research, probability sampling allows researchers to
generalise findings to the wider population and apply statistical methods
such as confidence intervals and hypothesis testing. However, it can be
difficult to use when complete population lists are not available,
especially for undocumented migrants, and it may require significant
time and resources to carry out effectively. These visuals help students
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see abstract sampling concepts applied to real migration contexts,
making statistical ideas more tangible.

1.4.2 Non-Probability Sampling Approaches

Non-probability sampling methods are commonly used in migration
research when studying hard-to-reach groups such as undocumented
migrants, refugees, or seasonal workers. In these cases, it is often not
possible to create a full list of the population, so researchers cannot give
everyone an equal chance of selection. Although this limits the ability to
generalise results, these methods are practical and often more
appropriate in sensitive settings, allowing researchers to gather detailed
and meaningful information (Biernacki & Waldorf, 1981; Bryman,
2016).

Common types of non-probability sampling include:

Purposive Sampling — Participants are selected based on their
knowledge or experience. For example, a study may choose parents,
teachers, or officials who understand the education challenges of
displaced children.

Snowball Sampling — Existing participants help recruit others from
their networks. This is useful for reaching hidden groups, such as
undocumented migrants, though it may introduce bias.

Quota Sampling — Researchers select participants to meet specific
group targets, such as equal numbers of men and women or different age
groups, without random selection.

Convenience Sampling — Participants are chosen based on ease of
access, such as migrants at community centres or transit points. This
method is quick but less reliable.

Overall, non-probability sampling offers flexibility in complex
migration settings where probability methods are not practical.
Researchers often combine these approaches with other methods to
improve the quality and credibility of their findings, balancing the need
for access with the limits of generalisation.

1.4.3 Sampling Frames and Field Implementation

A sampling frame is the list or source used to select a sample, linking
statistical ideas to real fieldwork. In migration research, creating a
reliable sampling frame can be difficult because migrant populations are
often mobile, scattered, or undocumented. For example, when studying
urban refugees in Abuja, researchers may rely on camp records, school
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lists, or NGO databases as substitutes for a full population list. However,
these sources may be incomplete or outdated, so they need to be
carefully checked and updated (Groves et al., 2011).

Field implementation is about putting the sampling plan into practice
while dealing with real-world challenges. This includes deciding who or
what to sample, training data collectors, and ensuring cultural sensitivity
and participant safety. In many cases, researchers combine different
methods, such as using available lists alongside approaches like
snowball or purposive sampling, to reach hidden groups. This mixed
approach helps improve coverage, reduce bias, and ensures that the data
collected is both practical and reliable.

1.5 Bias and Uncertainty in Migration Research

In migration research, bias and uncertainty are common challenges that
can affect how accurate and reliable findings are. Migrant populations
are often mobile and diverse, which makes it harder to collect fully
representative data. Bias happens when certain groups are
overrepresented or left out, while uncertainty comes from using a
sample instead of studying the whole population (Groves et al., 2011).
For example, research on internally displaced persons in Nigeria might
focus more on those in official camps and miss those in informal
settlements or undocumented migrants. Recognising these issues is
Important so researchers can design better studies, interpret results
carefully, and clearly explain any limitations.

Types of Bias

Bias in migration research can appear in different ways and affect the
accuracy of results. Selection bias happens when some groups are more
likely to be included than others, such as missing night-shift workers if
surveys are done only during the day. Response bias occurs when
participants give inaccurate or socially acceptable answers, especially on
sensitive topics like legal status or discrimination. Measurement bias
arises when research tools do not fit the context properly, for example
using a questionnaire designed for a different culture without adapting it
(Bryman, 2016). Nonresponse bias happens when people who choose
not to take part differ from those who do, such as migrants who avoid
surveys due to fear or lack of trust.
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These are further visualised in the image below.

Types of Bias in Migration Research

Selection Bias Response Bias
| i " - | have no
‘ Certain groups are over-or unde-sampled. ‘E o .

Answers are
influnced by social
desirability or fear:

= E.g.. Migrants giving socially
desigable or inaccurate
responses.

s E, g, Only interviewing visible mlgrants
missing hidden ones.

Questions or tools
are flawed or
misinterpreted.

Certain groups do
not respond to the survey.

= Eg. Migrants refusing
* Eg, Poorly to participate or unreachable.
translated survey

questions.

leferent types of blas in mlgratlon research: selection, response,
measurement, and nonresponse bias

Sampling Error and Variability

Even when probability sampling is used, some level of error and
variation is unavoidable because researchers are studying only part of
the population. Sampling error is the difference between the results from
the sample and the true value in the whole population, and it usually
becomes smaller as the sample size increases. For example, if a study
looks at remittance patterns using 200 migrant households, the results
may change slightly if a different sample is chosen. This natural
variation is expected and is important for understanding confidence
intervals and testing results (Kalton, 1983; Tourangeau et al., 2013).

In migration research, variation can be quite high because migrant
populations differ in income, background, legal status, and location. To
manage this, researchers often use methods like stratified or multi-stage
sampling to ensure key groups are included. They also need to adjust
their analysis to account for how the sample was collected, especially
when using grouped or weighted data, so that the results remain accurate
and meaningful.

Strategies for Minimising Bias

Reducing bias and uncertainty in migration research requires careful
planning and good practice at every stage. To limit selection bias,
researchers should use as complete a sampling frame as possible or
combine methods, such as using official records alongside snowball
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sampling to reach hidden groups. Response bias can be reduced by
designing clear, culturally appropriate questionnaires, translating them
properly, and ensuring participants feel safe and anonymous. Training
fieldworkers to understand local cultures and behave ethically also helps
improve the quality of data collected.

Statistical methods also play an important role in improving accuracy.
Techniques like weighting can adjust for missing or uneven data, while
stratification ensures key groups are fairly represented. Researchers may
also test how results change under different conditions to check their
reliability. Finally, clearly explaining any limitations or possible biases
is essential, so that findings are interpreted correctly and used
responsibly in policy decisions (Groves et al., 2011; Bryman, 2016).

Self-Assessment Exercise 1

1. Which of the following is a key advantage of probability
sampling in migration research?

It ensures every member of the population has a known, non-zero
chance of selection.

It allows researchers to study hard-to-reach populations easily.

It eliminates the need for a sampling frame.

It does not require careful field implementation.

cow >

no

In non-probability sampling, snowball sampling is particularly

useful for:

Randomly selecting participants from a complete population list.

Reaching hidden or hard-to-access migrant populations through

participant referrals.

C. Ensuring proportional representation across the population
subgroups.

D. Reducing all forms of bias in the sample.

w >

3. When implementing a sampling design in the field, which of the
following is NOT a typical consideration in migration research?

A. Training enumerators in cultural and linguistic sensitivity.

B. Defining sampling units clearly.

C. Ensuring the sample completely represents every migrant
globally.

D. Managing site access, timing, and participant safety.

Self-Assessment Exercise 2

1. In  migration research, occurs when certain
subgroups of the population are systematically over- or
underrepresented in the sample, potentially skewing the results.
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2. The difference between a sample estimate and the true population
value, which naturally arises when observing only a subset of the
population, is called

3. To minimise bias and improve the quality of migration research,
researchers can use strategies such as stratification, weighting,
hybrid sampling, and to adjust for nonresponse and
unequal probabilities of selection.

9,

1.6 Summary

In this unit, you explored how probability and sampling underpin
rigorous migration research. The unit began by introducing core
probability concepts, random variables, and the principles of statistical
inference, highlighting how probability guides data interpretation and
supports evidence-based conclusions. You then examined sampling in
detail, including probability and non-probability methods, the
construction of sampling frames, and practical field implementation,
emphasising strategies to ensure representativeness of migrant
populations. The unit also addressed the challenges of bias and
uncertainty, including selection, response, measurement, and
nonresponse bias, as well as sampling error, and presented practical
strategies to minimise these risks. Overall, the unit provides a
foundation for designing methodologically sound studies that generate
reliable, generalisable insights into migration patterns and population
characteristics.
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P

Self-Assessment Exercise 1

1.8 Possible Answers to Self-Assessment Exercises

1. A

2. B

3. C

Self-Assessment Exercise 2

1. selection bias

2. sampling error

3. robustness checks/sensitivity analysis
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UNIT 2 INFERENTIAL STATISTICS AND HYPOTHESIS
TESTING

Unit Structure
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' ;32.1 Introduction

In the previous unit, you learned about probability and sampling in
migration research, including how samples are selected and how they
represent larger populations. In this unit, we move a step further—from
simply describing data to using it to make informed conclusions about
wider groups. In migration and health research, the aim is not just to
analyse sample data but to understand what it tells us about the whole
population. Inferential statistics helps us do this by allowing us to
estimate values and make general conclusions, even when there is some
uncertainty.

A key part of this is hypothesis testing, which helps us decide whether
patterns we observe in data are real or just due to chance. You will learn
about important ideas such as the null and alternative hypotheses,
significance levels, p-values, and confidence intervals.
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By the end of this unit, you will be able to interpret data more critically
and draw conclusions based on evidence. You will also develop a more
structured way of thinking, using logic and data to understand migration
and health issues and to engage with research and policy discussions.

@ 2.2

By the end of this unit, you will be able to:

Learning Outcomes

. define inferential statistics and explain its relevance in migration
and health research

. explain the concept and process of hypothesis testing

. formulate and interpret null and alternative hypotheses in real-
world contexts

. apply inferential statistical tools to draw conclusions and support

evidence-based decisions.

Foundations of Statistical Inference

Statistical inference is the process of using data from a sample to make
conclusions about a whole population. In migration and health research,
it is often not possible to collect data from everyone due to time, cost, or
ethical limits, so researchers study a smaller, representative group
instead. Using probability, they can estimate population characteristics,
test ideas, and measure uncertainty. This helps in making informed
decisions, shaping policies, and planning interventions. By
understanding how sample results relate to the wider population,
researchers can identify trends such as healthcare access among
displaced persons or the average length of migration journeys, allowing
them to draw reliable conclusions beyond the sample.

2.3.1 Sampling Distributions and Estimation

In statistical inference, a key idea is the sampling distribution, which
shows how a statistic, like a sample mean or proportion, would vary if
we took many samples from the same population. In migration and
health research, this is important because researchers usually cannot
study the whole population, such as all internally displaced persons in a
region. Instead, they use samples to estimate population values, and the
sampling distribution helps them understand how much those estimates
might differ and how reliable they are.
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For example, if we take many samples of 50 migrants from a camp and
calculate the average age each time, we will get slightly different results
for each sample. These averages form a sampling distribution. The
Central Limit Theorem tells us that as the sample size grows, this
distribution becomes roughly normal, even if the original data are not.
This makes it easier for researchers to use probability to estimate how
close their sample result is to the true population value.

The standard error measures this variability and is calculated as:

T

Vn

where ¢ is the population standard deviation and (n) is the sample size.
For instance, if the standard deviation of migrant ages is 12 years and
the sample size is 50, the standard error would be 12/+/50 = 1.7 years.
This indicates that the average age calculated from a sample is expected
to vary by approximately 1.7 years from sample to sample.

SE; =

Estimation is the process of using sample data to infer population
parameters. Two main types are commonly used: point estimation,
which provides a single best estimate of a parameter (e.g., the sample
mean age), and interval estimation, which provides a range of plausible
values for the parameter (e.g., a 95% confidence interval). Sampling
distributions are central to both, as they provide the probability
framework for determining how accurate and reliable these estimates
are. In practice, this means researchers can state, with a specified level
of confidence, that the true average age of migrants in the population
lies within a particular interval derived from the sample.

2.3.2 Point and Interval Estimation

Estimation is the process of using sample data to infer unknown
characteristics of a population. In migration and health research, for
example, one might want to estimate the average age of displaced
persons in a camp or the proportion of migrants with access to clean
water. Point estimation provides a single value as the best estimate of a
population parameter. For instance, if a sample of 60 migrants has an
average age of 29 years, this sample mean serves as the point estimate of
the population mean. While point estimates are simple and intuitive,
they do not convey the uncertainty associated with sampling.

To address this limitation, researchers use interval estimation, which
provides a range of plausible values for the population parameter,
usually expressed with a specified confidence level. A confidence
interval (Cl) communicates the degree of certainty about the estimate.
For a population mean, the 95% confidence interval is calculated as:
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where X is the sample mean, Z./ is the critical value from the standard
normal distribution (approximately 1.96 for 95% confidence), o is the
population standard deviation, and (n) is the sample size. For example, if
the average age of migrants in the sample is 29 years, the population
standard deviation is 12 years, and the sample size is 60, the standard

error is 12/4/60 =~ 1.55. The 95% confidence interval is therefore:
204 1.96 = 1.5 =29+ 3.04 = [25.!}1:'5_.32.[]4]

This means the researcher can be 95% confident that the true average
age of migrants in the camp lies between approximately 26 and 32 years.
Interval estimation thus provides a more informative and reliable
understanding of population parameters than a point estimate alone.

Interval estimation is also applicable for proportions. If a sample shows
that 36 out of 100 migrants have access to sanitation facilities, the
sample proportion is 0.36. Using standard error for proportions:
ara =y I a9 o oA
[p(1 - p) 10.36 x 0.64
SE =\ == =V 100
A 95% confidence interval for the proportion is then:
0.36 + 1.96 x 0.048 = 0.36 + 0.094 = (0.266,0.454)

= 0.048

This tells researchers that the proportion of migrants with access to
sanitation is likely between 26.6% and 45.4%, providing a clear measure
of uncertainty.

2.3.3 Role of Inference in Migration Studies

Statistical inference is essential in migration and health research because
it allows researchers to conclude whole populations using data from
smaller samples. Since it is often not possible to study everyone due to
movement, access, or cost, inference helps estimate population
characteristics, test ideas, and measure uncertainty. This makes it
possible to produce reliable evidence for decision-making and policy
development.

For example, instead of surveying all displaced persons in a camp,
researchers can study a sample to estimate how many have access to
clean water. They can then use tools like confidence intervals to
estimate the true value for the whole population. In the same way,
hypothesis testing can help determine whether a health intervention has
made a real difference or if the result could be due to chance.
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Inference is also useful for comparing groups, predicting trends, and
planning services. Researchers can use sample data to assess risks, such
as disease outbreaks, or compare access to services across different
areas. By using measures like confidence intervals and p-values, they
can show how reliable their findings are. This is important in migration
contexts, where decisions about resources and support must be based on
strong and careful evidence.

| Sample Data gaamg Statistical Inference

; Hypothesis
— Testing

Estimate Test Research

!

Population Parameters Hypotneses
Migrant Population l
Estimate Evidence-Based

Population Parameters Policy Decisions

Guide Policies and Interventions

Statistical Inference in Migration Research: From Sample Data to
Policy Decisions

This diagram shows how researchers use sample data from a migrant
population to make conclusions about the whole group. Through
statistical inference, they estimate population values and test hypotheses,
which then guide evidence-based policies and interventions.

2.4 Confidence Intervals

Confidence intervals are an important tool in statistical inference
because they provide a range of values within which the true population
value is likely to fall. Instead of giving just one estimate, they show the
level of uncertainty in the data, helping researchers make more reliable
conclusions. In migration and health studies, they can be used to
estimate things like the proportion of migrants with access to services or
the average length of migration journeys. By combining sample data
with probability, confidence intervals help show how precise results are
and support better decision-making, while also reminding researchers to
consider assumptions and possible limitations.

2.4.1 Construction of Confidence Intervals

Constructing a confidence interval involves combining a sample statistic
with a margin of error to create a range of plausible values for a
population parameter. In migration and health studies, this allows

98



MGS809 BIOSTATISTICS AND MIGRATION

researchers to estimate quantities such as the average age of migrants in
a camp, the proportion with access to healthcare, or the mean duration of
displacement, while accounting for the uncertainty introduced by
sampling. Confidence intervals are typically expressed at a certain
confidence level, such as 90%, 95%, or 99%, which indicates the
probability that the interval contains the true population parameter if the
sampling process were repeated many times.

For a population mean with a known standard deviation o, the
confidence interval is calculated using the formula:

— o

XtZyp \/_ﬁ
where X is the sample mean, n is the sample size, andZ,, ,is the critical
value from the standard normal distribution corresponding to the desired
confidence level (approximately 1.96 for 95% confidence). For instance,
if a sample of 50 migrants has a mean age of 29 years and the population
standard deviation is 12years.The standard error is 12/v/50=1.7. The

95% confidence interval is then:
29+1.96 x 1.7=29+3.33 — (25.67,32.33)

This interval indicates that the true average age of migrants in the
population is likely to fall between approximately 26 and 32 years.

When the population standard deviation is unknown, which is common
in migration studies, the sample standard deviation (s) is used, and the t-
distribution replaces the standard normal distribution:

—_ S

X+ ta/Z,nl ) \/_ﬁ
wheret, , ,—q1s the critical value from the t-distribution with n-1
degrees of freedom. This adjustment accounts for additional uncertainty
introduced by estimating the population standard deviation from the
sample.

For population proportions, the confidence interval is calculated as:

r(1-p)

n
For example, if 36 out of 100 sampled migrants have access to clean
water ((\hat{p} = 0.36)), the standard error is (\sqrt{0.36 \times 0.64 /
100} \approx 0.048). A 95% confidence interval is:
0.36£1.96x0.048~0.36+0.094—(0.266,0.454)

p iZa/z ’

This range suggests that the true proportion of migrants with access to
clean water is likely between 26.6% and 45.4%.
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The construction of confidence intervals is therefore a systematic
process that combines the sample estimate with an appropriate measure
of variability and a probability-based critical value. This method ensures
that conclusions drawn from sample data are both quantifiable and
interpretable, providing a solid foundation for evidence-based decisions
in migration and health research.

2.4.2 Interpretation and Practical Meaning

Confidence intervals are not merely mathematical constructs; they carry
meaningful information for research and decision-making in migration
and health studies. A confidence interval provides a range of plausible
values for a population parameter, such as the average age of migrants,
the proportion with access to healthcare, or the mean household size in a
settlement. The width of the interval reflects the precision of the
estimate: narrower intervals indicate more precise estimates, while wider
intervals suggest greater uncertainty. For example, a 95% confidence
interval of 2632 years for the mean age of migrants tells us that, based
on the sample data, the true population mean is very likely within this
rang

Sample Estimates with 95% Confidence Intervals €.

Camp A 0 36%
Camp B & 30%
Camp C & 47%
Camp D £ - 40%
15% 2;% 33% 49%% 45% 5(:% 65%

Percentage of Migrants with Access to Clean Water

Graph of multiple sample estimates with 95% confidence intervals on a
number line for different migrant camps, highlighting the range of
plausible values and comparison, clean academic style suitable for
teaching statistics

100



MGS809 BIOSTATISTICS AND MIGRATION

The figure shows the estimated percentage of migrants with access to
clean water in four camps (A, B, C, and D), using 95% confidence
intervals. Each blue point shows the sample estimate, while the
horizontal bars show the range where the true population value is likely
to fall. This makes it easy to compare camps and understand how
reliable each estimate is. It is important to remember that a 95%
confidence interval does not mean there is a 95% chance the true value
Is in that specific range, but rather that if the study were repeated many
times, most of the intervals would contain the true value.

In practice, confidence intervals help guide decisions by showing both
the estimate and its uncertainty. For example, if 36% of migrants have
access to clean water with a confidence interval of 27% to 45%,
policymakers can use this range to plan and prioritise interventions.
Comparing intervals across camps can also highlight inequalities in
access to services. Overall, confidence intervals help researchers
communicate results clearly, showing both what is known and the level
of uncertainty, which is especially important in migration and health
decisions.

2.4.3 Limitations and Assumptions

Confidence intervals are useful, but they only work well if certain
conditions are met. One key requirement is that the sample must
represent the whole population. If some groups are left out, the results
may be misleading. For example, if researchers only collect data from
easy-to-reach areas of a camp, they may overestimate access to services
like healthcare. Another important point is independence, meaning each
person’s response should not affect another’s. In places like refugee
camps, where people live closely together, this may not always be true.
Confidence intervals also rely on assumptions about the data. They work
best when the sample is large or when the data follow a normal pattern.
With small or uneven samples, the results may not be accurate. In
addition, confidence intervals show a range of possible values, but they
do not guarantee that the true value is within that range for a single
study. They can also be less precise when the sample size is small or
when the data vary a lot.

Finally, confidence intervals only show statistical uncertainty and do not
account for errors in data collection, such as incorrect responses or
missing data. The level of confidence chosen, such as 95%, also
involves a trade-off. higher confidence gives a wider range but less
precision. Understanding these limits helps researchers interpret results
carefully and provide clear, reliable information for decision-making in
migration and health studies.

101



MGS809 BIOSTATISTICS AND MIGRATION

2.5 Significance Testing and Hypothesis Evaluation

Significance testing and hypothesis evaluation are central components of
statistical inference, providing a structured method for making decisions
based on data. In migration and health research, these tools enable
researchers to assess whether observed patterns or differences—such as
variations in access to healthcare across camps or changes in migration
flows—are genuine or simply the result of random variation. By
applying probability principles, hypothesis testing allows for the
objective evaluation of claims and supports evidence-based conclusions.

2.5.1 Formulation of Statistical Hypotheses

The formulation of statistical hypotheses is the first step in significance
testing. A statistical hypothesis is a clear and testable statement about a
population, such as a mean or proportion. In migration and health
research, hypotheses are used to examine real-world issues, for example,
whether migrants have adequate access to healthcare or whether a new
intervention has improved conditions in a camp. By turning research
guestions into clear hypotheses, researchers create a structured way to
analyse data and make decisions.

Statistical hypotheses are usually written in two forms: the null
hypothesis and the alternative hypothesis. The null hypothesis (Ho)
represents the default position, often stating that there is no change or no
difference. For example, it might state that 50% of migrants have access
to clean water (Ho: p = 0.50). The alternative hypothesis (H: or H,)
represents what the researcher wants to test, such as whether the true
value is higher, lower, or different from this assumption.

. A two-tailed hypothesis tests for any difference ((H,: p #0.50)),

. A right-tailed hypothesis tests for an increase ((H,: p > 0.50)),

. A left-tailed hypothesis tests for a decrease ((H;: p < 0.50)).

The choice of hypothesis structure depends on the nature of the research
question. For example, if a humanitarian programme aims to improve
healthcare access, the researcher may use a right-tailed test to assess
whether access has increased beyond a benchmark.

Formulating hypotheses also involves specifying the level of
significance ((\alpha)), which represents the probability of rejecting the
null hypothesis when it is actually true (a Type | error). Common values
are 0.05 or 0.01, reflecting 5% or 1% risk levels, respectively. This
threshold guides the decision-making process and determines how
strong the evidence must be before rejecting the null hypothesis. For
instance, setting (\alpha = 0.05) implies that the researcher is willing to
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accept a 5% chance of incorrectly concluding that a change or effect
exists when it does not.

In practice, hypothesis formulation ensures clarity, objectivity, and
rigour in statistical analysis. It forces the researcher to define precisely
what is being tested and establishes a logical framework for interpreting
results. In migration studies, this is particularly important, as decisions
based on statistical findings—such as resource allocation or intervention
strategies—can have significant humanitarian and policy implications.

2.5.2 Test Statistics and p-values

Once hypotheses have been formulated, the next step in significance
testing is to evaluate them using test statistics and p-values. A test
statistic is a numerical value calculated from sample data that measures
how far the observed result deviates from what is expected under the
null hypothesis. It provides a standardised way of assessing whether the
sample evidence is consistent with the assumption that the null
hypothesis is true.

For example, when testing a population mean, the z-test statistic (when
population variance is known) is given by:

X—p

o/\n
where (\bar{X}) is the sample mean, (\mu) is the hypothesised
population mean, (\sigma) is the population standard deviation, and (n)
is the sample size. If the population standard deviation is unknown, the
t-test statistic is used instead:

7 =

X—u

s/\n
where (S) is the sample standard deviation. These statistics quantify how
many standard errors the sample result is away from the hypothesised
value. For instance, in a migration study, a researcher might test whether
the average length of stay in a camp differs from an expected benchmark
by calculating how far the sample mean deviates from that benchmark.

t

The p-value is then used to interpret the test statistic. It represents the
probability of obtaining a result as extreme as (or more extreme than)
the observed one, assuming that the null hypothesis is true. A small p-
value indicates that such an extreme result is unlikely under the null
hypothesis, providing evidence against it. For example, if a study finds a
p-value of 0.03 when testing healthcare access among migrants, this
suggests that there is only a 3% chance of observing such data if there
were truly no difference from the assumed value.
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Decision-making in hypothesis testing is guided by comparing the p-
value with the level of significance (o), commonly set at 0.05. If p < a,
the null hypothesis is rejected, indicating statistically significant
evidence in favour of the alternative hypothesis. If p > a, there is
insufficient evidence to reject the null hypothesis. For example, if (p =
0.03) and (\alpha = 0.05), the result is statistically significant; however,
if p = 0.08, the evidence is not strong enough to support a conclusion of
difference or effect.

2.5.3 Common Tests in Migration Research

In migration and health research, statistical tests are used to evaluate
hypotheses, compare groups, and assess relationships between variables.
The choice of test depends on the nature of the data, the research
question, and the underlying assumptions. By applying appropriate
statistical tests, researchers can determine whether observed differences
or patterns in migration data are statistically significant and not due to
chance.

One of the most commonly used tests is the t-test, which is applied
when comparing the means of one or two groups. For instance, a
researcher may use an independent samples t-test to compare the
average income of migrants in two different camps, or a one-sample t-
test to assess whether the mean duration of displacement differs from a
known benchmark. The test statistic is given by:

X—pu

s/\n
and allows the researcher to determine whether the observed mean
difference is statistically significant. This test is particularly useful when
dealing with continuous variables such as age, income, or duration of
migration.

t

Another widely used test is the chi-square (x?) test, which is appropriate
for categorical data. It is often used to examine relationships between
variables, such as whether access to healthcare is associated with gender
or location within a camp. The chi-square statistic is calculated as:

XZZZ (O;TE)Z

where O represents observed frequencies and E represents expected
frequencies. For example, if observed healthcare access differs
significantly from what would be expected under no association, the chi-
square test will indicate whether this difference is statistically
meaningful.
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The z-test is another important tool, particularly for large samples or
when the population variance is known. It is commonly used to test
proportions, such as whether the proportion of migrants with access to
clean water meets a specific target. For instance, a researcher may test
whether at least 60% of migrants have access to sanitation facilities,
using sample data to compute the test statistic and corresponding p-
value.

In addition, analysis of variance (ANOVA) is used when comparing the
means of more than two groups. In migration studies, this might involve
comparing average health outcomes across multiple camps or regions.
Rather than conducting multiple t-tests, ANOVA evaluates whether at
least one group mean differs significantly from the others, reducing the
risk of error from repeated testing.

When to Use Each Statistical Test

Chi-Square Test
(Categorical Relationships)

Group A _ Group B

5 5

Group 1

Group 2 \/ X

+ Analysing the relationship between categrorical variables

+ Comparing the means of two groups

« Example: Testing if the average scores of two

oo by « Example: Checking if smoking is related to gender.

Z-Test (Proportions)

Group1  Group 2 Group 3

2

Sample A: !
5 6 7

Sample B:

40% 55%

« Comparing proportions between two groups + Comparing the means of three or more groups

+ Example: Testing if 40% vs. 55% support rate differs. + Example: Examining the average heights of three different plants.

A comparative diagram showing when to use t-test (means), chi-
square test (categorical relationships), z-test (proportions), and
ANOVA (multiple group means)

Diagram comparing statistical tests: t-test for means, chi-square for
categorical data, z-test for proportions, and ANOVA for multiple
groups, with simple icons and labels, clean academic style suitable for
teaching statistics
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These statistical tests are essential tools for analysing migration data,
enabling researchers to draw valid conclusions about population
characteristics, evaluate interventions, and inform policy decisions. By
selecting the appropriate test and interpreting results carefully,
researchers can provide robust, evidence-based insights into migration
and health challenges.

2.6  Comparison of Groups in Migration Contexts

Comparing groups is an important part of migration and health research
because it helps us understand inequalities and identify vulnerable
populations. Researchers often compare migrants with host
communities, or different groups of migrants, to see differences in areas
such as health, employment, access to services, and social integration.
These comparisons provide useful insights that can guide policies and
improve programmes.

Statistical methods help researchers decide whether the differences they
observe are real or just due to chance. By using appropriate techniques,
they can measure inequalities, assess how well interventions are
working, and support evidence-based decisions. This makes group
comparison a key tool for understanding migration issues and applying
research findings in real-world situations.

Comparing Migrant and Host Populations

Comparing migrant and host populations is an important way to
understand differences in living conditions, access to services, and
overall well-being. These comparisons help researchers see whether
migrants are at a disadvantage or whether policies are helping reduce
inequalities. For example, studies may compare income levels,
healthcare access, school enrolment, or disease rates between migrants
and local communities.

Statistical tools help determine whether these differences are real or just
due to chance. A t-test is used to compare average values, such as
income or age, while a chi-square test is used for categories like
employment or healthcare access. If the results show significant
differences, this can guide policymakers to design targeted support, such
as improving healthcare services for migrants. However, results must be
interpreted carefully, as factors like income level, legal status, and
length of stay can also affect outcomes, and statistics alone do not
explain the reasons behind the differences.
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2.7 Interpretation of Statistical Results in Migration Research

Interpreting statistical results in migration research is a crucial step that
bridges quantitative analysis with practical insights. Numbers alone—
means, proportions, p-values, or confidence intervals—do not convey
the full story unless they are contextualised within the social, economic,
and environmental realities of migrant populations. For instance, a
statistically significant difference in access to healthcare between
migrant camps may signal inequality, but understanding why this gap
exists—whether due to infrastructure, policy, or demographic factors—
Is essential for meaningful action.

Statistical Analysis in Migration Research
|

v

Data Collection

* Surveys

* Census Data

* Administrative Records

4

Statistical Analysis

* Descriptive Statistics
* Regression Analysis

» Hypothesis Testing

Effect Sizes Confidence Intervals P-Values
| | |
v

f==-1 i Policy and Intervention Decisions

) * Resource Allocation » Program Development

;& o Targeted Interventions e Targeted Interventions
Workflow of Statistical Interpretation in Migration Research

The diagram shows how raw data are turned into useful insights for
decision-making. It starts with statistical analysis, where researchers
calculate values such as effect sizes, confidence intervals, and p-values.
These results are then interpreted to understand whether findings are
both statistically and practically important. Finally, the results are used
to guide policies and interventions, helping address the needs of migrant
and host populations in a clear and evidence-based way.

Interpreting results involves looking beyond numbers. Researchers must
consider whether differences are meaningful in real life, not just
statistically significant. They also examine confidence intervals and
effect sizes to understand how strong and reliable the findings are.
Context is important too, as factors like culture, legal status, and living
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conditions can affect outcomes. In practice, these insights help guide
actions, such as improving education or healthcare for specific migrant
groups. Overall, the aim is to turn data into clear, useful information that
supports better policies and improves people’s lives.

Self-Assessment Exercise 1

1. What is the main purpose of the null hypothesis ((H_0)) in
statistical testing?

To prove the research hypothesis

To represent no effect or no difference

To calculate the sample mean

To increase the sample size

CoOow>

A p-value less than 0.05 generally indicates that:
The null hypothesis is true

The sample size is too small

The result is statistically significant

The data are normally distributed

COowx>mn

w

Which statistical test is most appropriate for examining the
relationship between two categorical variables (e.g., gender and
access to healthcare)?

t-test

ANOVA

z-test

Chi-square test

COwx>

Self-Assessment Exercise 2

Class Activity: Comparing Migrant and Host Populations Using
Confidence Intervals

Students will work in small groups using a simple dataset based on a
migration scenario. For example, they may compare access to clean
water between Camp A (40 out of 100 migrants) and a host community
(65 out of 120 individuals). Each group will calculate the sample
proportions, build 95% confidence intervals, and decide whether there is
a meaningful difference between the two groups. They will also explain
what their results mean in practical terms, especially for policy or
intervention.

Each group will then present their findings, focusing not only on the
calculations but also on interpretation. They should consider whether the
difference is statistically meaningful and whether it is important in real
life. Finally, they will suggest recommendations for policymakers or
NGOs, helping them link statistical results to real-world migration and
health decisions.
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19,

2.8 Summary

This unit explored the key principles of statistical inference in migration
and health research, showing how sample data can be used to understand
wider populations. It introduced core concepts such as sampling
distributions, confidence intervals, and hypothesis testing, and explained
how probability supports reliable decision-making under uncertainty. It
also highlighted how these tools are applied in practice, particularly
when comparing groups and interpreting results, emphasising the
importance of considering both statistical significance and real-world
relevance to inform effective policies and interventions for migrant and
host populations.

M
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I_I:Z.IO Possible Answers to Self-Assessment Exercises

Self-Assessment Exercise 1

1. B
2. C
3. D

Self-Assessment Exercise 2

Expected Outcomes

Students are expected to correctly compute proportions and confidence
intervals, demonstrating understanding of how sample data are used to
estimate population parameters. They should also be able to interpret
whether intervals overlap and what this implies about differences
between groups.

More importantly, students should show the ability to move beyond
calculations to critical interpretation, explaining the implications of their
findings in a migration context. By the end of the activity, learners
should appreciate how statistical tools inform evidence-based decisions,
particularly in addressing inequalities between migrant and host
populations.
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UNIT 3 REGRESSION AND MULTIVARIATE ANALYSIS
Unit Structure

3.1 Introduction
3.2 Learning Outcomes
3.3  Foundations of Regression Analysis
3.3.1 Concept of Statistical Modelling
3.3.2 Assumptions of Regression Models
3.3.3 Model Building Strategies
3.4  Linear Regression in Migration Studies
3.4.1 Estimation and Interpretation of Coefficients
3.4.2 Multiple Linear Regression
3.4.3 Applications to Migration and Health Data
3.5  Logistic Regression for Categorical Outcomes
3.5.1 0Odds and Logit Functions
3.5.2 Estimation and Interpretation of Odds Ratios
3.5.3 Extensions of Logistic Models
3.6  Confounding and Interaction
3.6.1 Identification of Confounders
3.6.2 Interaction and Effect Modification
3.6.3 Strategies for Model Adjustment
3.7 Interpretation of Model Outputs
3.8  Summary
3.9  References/Further Readings/\Web Sources
3.10 Possible Answers to Self-Assessment Exercise

@3.1 Introduction

In the previous unit, you learned the basics of statistical inference,
including confidence intervals, hypothesis testing, and how to compare
groups. These tools helped you decide whether the differences you
observed in migration data were meaningful or just due to chance. In
this unit, we move a step further. Instead of only asking what differences
exist, we begin to ask why they exist. This is where regression and
multivariate analysis come in, helping us explore how different factors
are linked to migration outcomes.

In migration and health research, outcomes such as access to healthcare,
income, or migration decisions are influenced by many factors at once,
such as age, gender, education, and policy conditions. Regression allows
us to study these factors together, estimate how strongly each one
matters, and better understand their combined effects. You will learn
how to use and interpret these models, check how well they work, and
apply them to real data. These skills are important not just for analysis,
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but also for shaping policies and designing solutions to real-world
migration challenges.

@ 3.2

By the end of this unit, you will be able to:

Learning Objectives

. explain the concept of regression analysis and its relevance in
migration and health research

. apply simple and multiple regression techniques to examine
relationships between variables

. interpret regression outputs, including coefficients, significance
levels, and model fit

. analyse the influence of multiple factors on migration outcomes

and draw evidence-based conclusions.

Foundations of Regression Analysis

Regression analysis is a key tool in statistical modelling, especially in
migration and health research. It helps us understand how different
factors are linked and how they influence important outcomes. Unlike
simpler methods that only compare groups, regression allows us to
explore how one or more variables affect a particular result, such as
income, health status, or access to services.

This is very useful in migration studies, where outcomes are rarely
shaped by a single factor. Instead, they are influenced by a mix of social,
economic, and environmental conditions working together. Regression
helps us make sense of these complex relationships. At its core,
regression involves building a model that represents real-world patterns
using mathematical expressions. To do this well, researchers must
choose the right variables and ensure certain assumptions are met. When
these steps are handled carefully, regression models can provide reliable
insights into complex migration data.

3.3.1 Concept of Statistical Modelling

Statistical modelling is the process of representing real-world
relationships between variables using mathematical equations. In
migration and health research, it provides a structured way to analyse
how different factors—such as age, education, income, or location—
influence key outcomes like migration decisions, access to healthcare, or
employment status. Rather than examining variables in isolation,
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statistical models allow researchers to quantify relationships, test
assumptions, and make predictions based on observed data.

At the core of statistical modelling is the idea of expressing a dependent
variable as a function of one or more independent variables. In its
simplest form, this is captured by the linear regression model:
Y=0,+F.X+E€

where Y represents the outcome of interest, X is the explanatory variable,
B, is the intercept, §; measures the effect of X on Y, and € is the error
term capturing unexplained variation. For example, a researcher may
model how years of education X influence migrant income Y, with the
coefficient £; indicating how much income changes with each
additional year of schooling.

In more complex situations, multiple variables are included, leading to
multivariate models that better reflect real-world dynamics. For
instance, income among migrants may depend not only on education but
also on gender, location, and legal status. Statistical modelling enables
researchers to isolate the effect of each factor while controlling for
others, making it a powerful tool for explanation and prediction.

| g( ‘
Education (X,) :
Years of schooling

H@ {ncome (Y) = Po + B1X1 + B2X5 + B3 X3 + €
S &=
Gender (X5) .

Female / Male / & > —

e

Ty \‘

Location (X3)
Geographic area
Statistical Modelling in Practice: Explaining Income Through
Multiple Influencing Factors

This infographic illustrates the concept of statistical modelling as a
method for representing real-world relationships using mathematical
equations. Here, income (YYY) is modelled as a function of multiple
influencing variables—education, gender, and location—reflecting a
multivariate regression framework. Rather than examining each factor in
isolation, the model integrates them to quantify their individual
contributions while accounting for others. This aligns with the core
principle of statistical modelling, where a dependent variable is
expressed as a function of independent variables plus an error term,
capturing both explained and unexplained variation. In applied research
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contexts such as migration and health, such models provide a structured
approach for analysing complex interactions, testing hypotheses, and
generating evidence-based predictions.

In practice, statistical models are not exact representations of reality but
simplified approximations. Their usefulness depends on how well they
capture key relationships and how carefully they are interpreted. In
migration research, this means combining statistical results with
contextual understanding to ensure that models produce meaningful and
actionable insights.

3.3.2 Assumptions of Regression Models

Regression models work well only when certain basic assumptions are
met. These assumptions allow us to interpret the results in a meaningful
and reliable way. In migration and health research, where data can be
messy and varied, it is especially important to understand these
conditions. Without checking them, we risk drawing incorrect
conclusions from the analysis.

Some key assumptions guide how regression works. Linearity means
that the relationship between variables follows a straight-line pattern,
such as education steadily affecting income. Independence means that
each observation stands on its own, which can be an issue when people
are grouped, for example, within the same household or camp.
Homoscedasticity means that the spread of errors stays consistent across
all values. The model also assumes that errors are normally distributed
and that independent variables are not too closely related to each other, a
problem known as multicollinearity.

In reality, these assumptions are not always perfectly met. Researchers,
therefore, use tools like residual plots, variance inflation factors, and
normality tests to check them. If problems are found, they can adjust the
model, for example, by transforming data or using more robust methods.
Taking these steps helps ensure that regression results are trustworthy
and useful for informing policy and decisions in migration research.

3.3.3 Model Building Strategies

Building a reliable regression model is not just about adding variables
and running a test. It starts with a clear idea of what you are trying to
explain. In migration and health research, this means choosing variables
based on theory, past studies, and the research question. For example,
when studying migrant income, factors such as education, gender, legal
status, and location are included because they are known to influence
earnings. A good approach is to begin with a simple model and then add

114



MGS809 BIOSTATISTICS AND MIGRATION

variables step by step. This helps you see how each factor changes the
results and whether it truly adds value. It is important to avoid adding
too many unnecessary variables, as this can make the model harder to
understand. At the same time, leaving out important variables can lead
to misleading results, so a balance is needed.

Regression Model Building Process

Theory & Research Question W

Define the problem and hypotheses.

I

Select Variables

Choose relevant independent
& dependent variables.

il

Estimate the Model
Run the regression analysis.
Diagnostics & Assumptions Check
Test assumptions and assess fit.
Issues Found W L Assumptions Met ]
Refine the Model
Adjust or transform as needed.

Final Model
Report and interpret results.

Regression Model Building Process

This flowchart outlines the key steps in building a regression model
clearly and logically. It starts with a research question based on theory,
where you define the problem and set out your hypotheses. You then
choose the relevant variables, including both the outcome (dependent
variable) and the factors that may influence it (independent variables).

Next, you run the regression analysis to estimate the model. After this,
you check whether the model meets the main assumptions and fits the
data properly. If there are problems, you improve the model by adjusting
variables or transforming the data. If everything looks appropriate, you
move on to the final model. The last step is to interpret and present the
results. The diagram also shows that this process is not always linear.
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You may need to go back and refine earlier steps to ensure your model
Is accurate and reliable.

3.4 Simple Linear Regression

Simple linear regression is one of the most fundamental techniques in
statistical analysis, used to examine the relationship between a single
independent variable and a dependent variable. In migration and health
research, it helps answer questions such as: How does education
influence migrant income? or Does distance to healthcare facilities
affect access to services? By modelling these relationships, researchers
can move beyond description to explanation and prediction. At its core,
simple linear regression expresses the relationship between two
variables using a straight-line equation:

3.4.1 Estimation and Interpretation of Coefficients

In simple linear regression, the key objective is to estimate the
coefficients that define the relationship between the independent
variable and the dependent variable. These coefficients, (\beta 0)
(intercept) and (\beta 1) (slope), are typically estimated using the
method of least squares, which selects values that minimise the sum of
squared differences between the observed values and the predicted
values of the dependent variable. In essence, the regression line is
chosen such that it fits the data as closely as possible.

The estimated regression equation is written as:

Y =by+ b X

A

where Y is the predicted value of the dependent variable, bo is the
estimated intercept, and bs is the estimated slope. The slope coefficient
b: is particularly important because it measures the average change in
the dependent variable for a one-unit increase in the independent
variable. For example, if a regression model estimates that by = 3,000,
this implies that each additional year of education increases migrant
income by 3,000 units on average.

The intercept represents the value of the dependent variable when the
independent variable is zero. While this may not always have a direct
real-world interpretation (for instance, zero years of education may not
be meaningful in some contexts), it is necessary for correctly positioning
the regression line. Together, bo and by define the entire relationship
captured by the model.

Interpreting coefficients also requires attention to their statistical
significance and direction. A positive coefficient indicates a direct
relationship, while a negative coefficient suggests an inverse
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relationship. Additionally, hypothesis testing (using p-values) helps
determine whether the observed relationship is statistically meaningful.
For instance, a statistically significant positive coefficient for education
would suggest that education is an important predictor of migrant
income.

In migration and health research, interpreting regression coefficients
allows researchers to move beyond simple description to quantifying
relationships and making predictions. However, it is important to
remember that coefficients reflect associations and should be interpreted
within the broader theoretical and contextual framework of the study.

3.4.2 Multiple Linear Regression

Multiple linear regression extends the simple regression model by
allowing the inclusion of two or more independent variables to explain a
single dependent variable. This approach is particularly important in
migration and health research, where outcomes are influenced by
multiple interacting factors. For instance, migrant income may be
shaped not only by education but also by age, gender, location, and
employment status. By incorporating these variables into a single model,
multiple regression provides a more realistic and comprehensive
understanding of complex social phenomena.

The general form of the multiple linear regression model is:

Y =80+ B X1 +BoXo + -+ BiXy + €
where Y is the dependent variable, Xi, Xo,..., Xk, are independent
variables, S, is the intercept, £;, 5.2, ..., By are coefficients measuring
the effect of each independent variable, and (\varepsilon) is the error
term. Each coefficient represents the partial effect of its corresponding
variable on the dependent variable, holding all other variables constant.

For example, 5, might show the effect of education on income while
controlling for age and gender.

A key strength of multiple regression is its ability to control for
confounding variables, thereby isolating the independent contribution of
each factor. This is particularly useful in migration studies, where
variables are often interrelated. However, careful interpretation is
required, especially when variables are correlated, as this may lead to
multicollinearity and affect the stability of coefficient estimates.

In practice, multiple linear regression enhances both explanatory and
predictive power. It allows researchers to identify the most important
determinants of migration outcomes and to generate more accurate
predictions. Nonetheless, the validity of the model depends on meeting
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key assumptions and ensuring that the included variables are
theoretically justified and empirically relevant.

3.4.3 Applications to Migration and Health Data

Multiple linear regression has wide-ranging applications in migration
and health research, as it allows researchers to analyse how several
factors simultaneously influence key outcomes. In migration contexts, it
can be used to examine determinants of income, access to healthcare,
educational attainment, or migration decisions. For example, a
regression model may estimate how education, gender, location, and
legal status jointly affect migrant income, providing a nuanced
understanding of economic integration. Similarly, in health studies,
regression can be applied to assess how variables such as age, nutrition,
living conditions, and access to medical facilities influence health
outcomes among migrant populations.

One important application is in policy evaluation and intervention
analysis. Researchers can use regression models to assess the impact of
specific programmes, such as healthcare interventions or cash assistance
schemes, by controlling for other influencing factors. For instance, a
study may investigate whether migrants who receive health support
services have significantly better health outcomes than those who do
not, while accounting for differences in age, gender, and socio-economic
status. This helps to isolate the effect of the intervention and determine
its effectiveness.

Regression analysis is also valuable for prediction and planning. By
estimating relationships between variables, researchers can forecast
future trends, such as expected healthcare demand in migrant camps or
likely income levels based on educational attainment. These predictions
support evidence-based planning, enabling governments and
humanitarian organisations to allocate resources more efficiently and
anticipate emerging challenges.

However, applying regression models in migration and health research
requires careful consideration of data quality, measurement accuracy,
and contextual factors. Issues such as missing data, measurement error,
and unobserved variables can affect the reliability of results. Therefore,
findings must be interpreted with caution and complemented by
qualitative insights where necessary. When used appropriately,
regression analysis provides a powerful tool for generating actionable
knowledge and informing policies that improve the wellbeing of migrant
and host populations.
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3.5 Logistic Regression for Categorical Outcomes

Logistic regression is used when the outcome being studied is
categorical, such as yes or no outcomes common in migration and health
research. Unlike linear regression, it models the probability of an event
occurring and provides results in terms of odds. This approach helps
researchers understand how different factors influence the likelihood of
specific outcomes, using tools such as odds ratios and logit functions.

3.5.1 Odds and Logit Functions

In logistic regression, the analysis of categorical outcomes begins with
understanding the concepts of probability, odds, and the logit function.
When dealing with binary outcomes—such as whether a migrant has
access to healthcare (yes = 1, no = 0)—the focus is on modelling the
probability that a particular event occurs. If the probability of having
access to healthcare is denoted by (p), then (1 - p) represents the
probability of not having access. While probabilities are intuitive, they
are bounded between 0 and 1, which makes them less suitable for direct
modelling using linear methods.

This can be seen from the figure below:

Logistic (Sigmoid) Curve
Probability (P) 41
Probability
P=0.7
l 1.0 -
Odds 085
P
Odds = —p P 0.5 -
Odds=0.7/0.3=2.33
. | 0.2
~ Logit (Log-Odds)
Logit = log ( Odds )
Logit = log (2.33) = 0.84

From Probability to Logit and Back via the Logistic Curve

This diagram traces the elegant transformation pipeline at the heart of
logistic regression. Starting with a probability PPP (bounded between 0
and 1), it is first converted into odds using

0dds = —-
STI-p
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which stretches the scale from (0, 1) to (0, o). Taking the natural
logarithm of the odds yields the logit (log-odds),

Logit(P) = log (%)
which maps values onto the entire real line (—o0,0).
On the right, the logistic (sigmoid) curve performs the inverse
transformation, converting logit values back into probabilities. Its
characteristic S-shape shows how extreme negative logits approach
probability 0, extreme positive logits approach 1, and a logit of O
corresponds to P = 0.5.

Consider a concrete case in migration and health research. Suppose the
probability that a migrant has access to healthcare is P=0.75P =
0.75P=0.75. This means that out of many similar individuals, about 75%
are expected to have access.

To better compare likelihoods, we convert this probability into odds:

ouge = 075 _
ST025

This tells a more comparative story: the migrant is three times more
likely to have access to healthcare than not.

Unlike probabilities, which are confined between 0 and 1, odds range
from O to infinity. This wider scale makes them particularly useful in
migration research when comparing groups. For instance, we might
examine whether migrants have higher or lower odds of healthcare
access than host populations, or how those odds change with income,
legal status, or duration of stay.

However, odds come with a subtle imbalance. They are not
symmetrically distributed. A change from odds of 1 to 2 is not
equivalent, in structure, to a change from 2 to 3. This asymmetry makes
odds awkward for linear modelling, where we prefer relationships that
behave evenly across the scale.

To resolve this, we take one more step and apply the logit
transformation, defined as the natural logarithm of the odds:

, P
Logit(P) — log (m)

This transformation reshapes the scale into one that spans from negative
infinity to positive infinity and is approximately symmetric. Now,
factors such as policy access, socioeconomic status, or health
infrastructure can be modeled as having linear effects on the logit of
healthcare access.
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On the right side of the diagram, the logistic (sigmoid) curve completes
the cycle by converting these logit values back into probabilities. This
ensures that, even after linear modelling, the final results remain
interpretable as real-world chances, such as the probability that a
migrant can access healthcare services.

In practice, while the logit model is estimated in terms of log-odds,
results are often transformed back into probabilities or interpreted using
odds ratios, which are more intuitive for policy and decision-making.
Understanding odds and the logit function is therefore essential for
interpreting logistic regression results accurately in migration and health
studies.

3.5.2 Estimation and Interpretation of Odds Ratios

In logistic regression, the coefficients are estimated using the method of
maximum likelihood estimation (MLE), which identifies the set of
parameter values that maximise the probability of observing the given
sample data. Unlike linear regression, where coefficients are interpreted
directly in terms of changes in the dependent variable, logistic
regression coefficients represent changes in the log-odds of the outcome.

To make these results more meaningful and interpretable, the
coefficients are commonly transformed into odds ratios.

An odds ratio (OR) is obtained by exponentiating the regression
coefficient:
OR = ef

The odds ratio shows how the likelihood of an outcome changes when
an independent variable increases by one unit. For example, if the
coefficient for education is 0.7, the odds ratio is about 2. This means that
each additional year of education roughly doubles the odds of the
outcome, such as having access to healthcare, while other factors are
held constant.

To interpret odds ratios, it is important to look at both their size and
direction. A value greater than 1 means the variable increases the
likelihood of the outcome, while a value less than 1 means it reduces it.
A value of 1 means there is no effect. For instance, an odds ratio of 0.5
suggests that the odds of the outcome are reduced by half. In migration
and health research, this helps compare groups. For example, an odds
ratio of 1.8 for gender may show that male migrants have 80% higher
odds of being employed than female migrants, after accounting for other
factors.
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It is also important to consider confidence intervals. If the interval
includes 1, the effect may not be statistically significant. Looking at both
the odds ratio and its confidence interval helps assess how strong and
reliable the result is. Overall, odds ratios make results easier to
understand, but they must be interpreted carefully, especially since odds
are not the same as probabilities.

References (APA Style)

3.5.3 Extensions of Logistic Models

While binary logistic regression is designed for outcomes with two
categories (e.g., yes/no), many migration and health variables are more
complex and require extended forms of the model. Extensions of logistic
regression allow researchers to analyse outcomes with multiple
categories or ordered structures, thereby providing greater flexibility in
modelling real-world phenomena. These extensions are particularly
useful in migration research, where outcomes such as migration status,
employment categories, or levels of wellbeing cannot always be reduced
to simple binary distinctions.

In this section, therefore, we are going to look at the three types of
logistic models: binary logistic, ii. multinomial logistic; iii. ordinal
logistic. The illustration below explains them and they are further
discussed in the section below:

Binary Logistic Multinomial Ordinal Logistic
Regression Logistic Regression Regression
Outcome Categories Outcome Categories Ordered Categories

| @ Yes Cats &9 Poor
@ No @ Dogs @ Fair
g Bfrds (©) Good
Fish @ Excellent

Example: Disease Example: Pet Type Example: Satisfaction
(Yes/No) (Cats, DOgS, Birds, Fish) (Poor, Fair, Good, Excellent)

Comparison of binary, multinomial, and ordinal logistic
regression models
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This diagram compares three types of logistic regression, based on the
kind of outcome being studied. Binary logistic regression is used when
there are only two possible outcomes, such as yes or no, or present or
absent. It estimates the probability of one outcome compared to the
other.

Multinomial logistic regression is used when there are more than two
categories and no natural order between them. For example, it can be
used to study different migration destinations, such as urban, rural, or
international, where the categories are simply different, not ranked.
Ordinal logistic regression is used when the categories follow a clear
order. For instance, health status levels like poor, fair, good, and
excellent have a natural progression. This model takes that order into
account when estimating the likelihood of being in higher or lower
categories.

Together, these models provide flexible tools for analysing different
types of categorical data, helping researchers choose the most suitable
approach based on how their outcome is structured. In practice, these
extensions enhance the analytical power of logistic regression, enabling
researchers to model complex categorical outcomes more realistically.
By selecting the appropriate model based on the structure of the
dependent variable, researchers can generate deeper insights and more
precise evidence to inform migration and health policies.

3.6 Confounding and Interaction

In regression analysis, it is important to understand confounding and
interaction to avoid misleading results. A confounder is a variable that is
linked to both the predictor and the outcome, which can distort the true
relationship if it is not controlled for. Interaction occurs when the effect
of one variable on an outcome changes depending on another variable,
such as when the impact of education on employment differs by gender
or location. In migration and health research, where relationships are
often complex, identifying and adjusting for confounding and interaction
helps produce more accurate and meaningful findings.

3.6.1 Identification of Confounders

A confounder is a variable that is associated with both the independent
variable and the dependent variable, and which can distort the true
relationship between them if not properly controlled. In migration and
health research, confounding is common because many social,
economic, and demographic factors are interrelated. For example, when
examining the relationship between education and migrant income, age
may act as a confounder if it is related to both education level and
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earning capacity. If ignored, the estimated effect of education may be
biased, either overstating or understating its true influence. See figure
below and accompanying explanations.

Confounding
Variable (e.g, Ability)

/N

Education

Income

A
A 4

(Independent Variable) (Dependent Variable)

Example: Disease (Ves/No) Example: Income (Dependent

Confounding Variable in the Relationship Between Education and
Income

This diagram shows a typical confounding structure, where a third
variable, such as ability or family background, affects both the
independent variable (education) and the outcome (income). Although
education appears to influence income, the confounder also plays a role
in shaping both. This means the observed relationship may not be purely
causal and can be misleading if the confounder is ignored.

In practice, this suggests that factors like ability or social support may
lead individuals to achieve higher education and also earn higher
incomes. If these factors are not included in the analysis, the effect of
education may be overstated. To identify confounders, researchers use
both theory and data. They draw on existing knowledge to decide which
variables matter and test their impact by comparing models with and
without the suspected confounder. A noticeable change in results often
indicates confounding.

Researchers also check whether a variable is linked to both the predictor
and the outcome, while ensuring it is not part of the direct causal
pathway. In migration research, variables such as socio-economic status,
legal status, and location often act as confounders. Careful identification
and control of these variables are essential to ensure that results are
accurate and useful for policy and decision-making.
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3.6.2 Interaction and Effect Modification

While confounding distorts relationships, interaction (or effect
modification) reveals when relationships differ across groups.
Interaction occurs when the effect of one independent variable on the
dependent variable changes depending on the level of another variable.
In migration and health research, this is particularly important because
social outcomes are rarely uniform across populations. For example, the
effect of education on migrant income may be stronger for males than
for females, or the impact of healthcare access may differ between urban
and rural migrant settlements.

Statistically, interaction is incorporated into regression models through
an interaction term, which is the product of two variables. A simple
interaction model can be expressed as:

Y = fo+ fiXe + f2Xo + 3 (X1 X X2 X2) + ¢

This diagram shows how a confounder, such as ability or family
background, can influence both education and income. While it may
seem that education directly affects income, the confounding variable
also shapes both, which can distort the true relationship. As a result, the
link between education and income may be partly due to these
underlying factors rather than a direct causal effect.

To address this, researchers use both theory and data to identify
confounders. They rely on existing knowledge to select relevant
variables and test their impact by comparing models with and without
them. If the results change noticeably, this suggests confounding. In
migration research, factors like socio-economic status, legal status, and
location often play this role. Properly accounting for these variables
helps ensure that findings are accurate and meaningful for policy and
decision-making.

3.6.3 Strategies for Model Adjustment

Addressing confounding and interaction requires deliberate model
adjustment strategies to ensure that estimated relationships are valid and
meaningful. The most fundamental approach is the inclusion of relevant
variables in a multivariate regression model, where potential
confounders such as age, gender, socio-economic status, or location are
controlled for simultaneously. By holding these variables constant, the
model isolates the independent effect of each predictor. For example,
when assessing the impact of education on migrant income, including
age and location in the model helps remove bias arising from their
influence.
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Another important strategy involves model specification and
comparison. Researchers often estimate multiple models—starting with
a simple model and progressively adding variables—to observe how
coefficients change. A substantial change in a key coefficient after
adding a variable suggests confounding. In addition, interaction terms
can be introduced to capture effect modification, allowing the model to
reflect differences across groups. For instance, including an interaction
between education and gender can reveal whether the effect of education
varies between male and female migrants.

Add Confounders
v AGE
/ SMOKING
X9

" DIET

T31a800007
Y = B, Bry+ B, + BrX, 1J

Iterative Process of Regression Model Development and Refinement

This infographic highlights that regression modelling is a continuous
and iterative process. It begins by including key confounding variables
to avoid biased results, followed by testing interaction effects to capture
more complex relationships. Researchers then carry out diagnostic
checks to assess assumptions and identify issues such as
multicollinearity or outliers. Based on these findings, the model is
refined and improved to better fit the data.

Diagnostic tools play a central role in this process, including examining
residuals and using measures like Variance Inflation Fact