


I——— Contents

1. Introduction to Research

e WhatisResearch? 1

e Types of Research 1

e Steps to Conduct Research 3

e Selection of Research Topic 3

e Scale for Rating Research Topics 5
e Resources of Literature Search 5

2. Study Designs

e Definition 8

e Types of Epidemiological Study Designs 8
e Descriptive Observational Studies 70
e Analytical or Comparative Studies 74
* Analytical Observational Studies 74

* Registries 20

* Interventional/Experimental Studies 27
e Blinding 24

e ConsentForm 25

e IntenttoTreat Analysis 25

* Quasi-experimental Studies 25

e C(Clinical Trials and their Phases 25

* Research Questions and Study Types 27
e Meta-analysis 27

3. Sampling Procedure

e Population 30
e Reasons for Sampling 37
e Sampling Techniques 37

4. Variables, Data and its Presentation

e Variables and their Types 41
* Dataandits Types 42
e Tabulation and Graphical Presentation of Data 44

5. Biostatistics: Basic

e Measures of Central Tendency 57
e Measures of Variation 52



Xiv Basics in Epidemiology and Biostatistics

10.

11.

e Standard Error of Mean 54
¢ Normal Distribution 54

Estimation and Hypothesis Testing

e Point Estimate 57

e |Interval Estimate 57

e Hypothesis Testing 57

e Introduction to the Scale of Probability 58
e Test of Hypothesis 59

e Decision Errors 62

Measures of Disease Frequency

* Ratio, Proportion and Rate 69
¢ Prevalence and Incidence 70
e Special Types of Incidence Rates 73

Measures of Association

e Association between Two Continuous Variables
¢ Relative Risk and Odds Ratio 84

Factors Affecting Study Outcomes

¢ Introduction 89

* Bias 89

e Control of Bias 92
e Confounding 92

o Effect Modifiers 93

Sample Size Estimation

e Sample Size 95

e Sample Size for Single Proportion 95

e Sample Size for Single Group Mean 96

e Sample Size for Two Proportions 98

e Sample Size for Two Group Means 98

e Sample Size for Sensitivity and Specificity 107
* Suggested Websites for Sample Size Calculator

Screening

e Reliability and Validity of a Screening Test 103
e Sensitivity and Specificity 104
e Predictive Values 105

77

102

57

69

77

89

95

103



12.

13.

14.

15.

16.

17.

Basic Statistical Tests

e Unpaired Samples 110
e Paired Samples 170
* What are Validity and Reliability in Research Findings?

Overview of Data Collection Techniques
 Different Data Collection Techniques 7715

Data Analysis Plan

* Importance of Data Analysis Plan 7217
e What Should the Plan Include? 1217

Synopsis Writing

e Methodology 129

e Plan for Analysis of Results 730
e Title/Topic 130

* Introduction 130

Dissertation Writing

e Stepsin Writing a Dissertation 157

e Title 152

e Table of Content 152

e TitlePage 152

e Abstract 752

e Introduction 152

e Hypothesis 153

e Study Objective 153

* Subjects/Material and Methods 753

e Results 153

e Discussion 154

e Optional Components 154

e References 155

* Annexes 155

* The Whole Manuscript/Dissertation Should be
in Past Tense 155

e Sample of Title Page 155

Reference Writing

e (iting a Journal Article 157
e Title of Journal Article 758

e Journal'sTitle 158

e (iting a Book Reference 159

Contents

110

115

120

129

151

157

XV



Xvi Basics in

Epidemiology and Biostatistics

Other Authors 161
Dissertation Reference 161
Citing Internet and other Electronic Sources 161

18. Guidelines for Consent Writing

General Ethical Principles 164
Guidelines for Drafting an Informed Consent Form 166
Important Notes 168

19. Consent to Participate in Research (Sample)

Index

Title or Paraphrased Title of the Study 169

Purpose of the Study 169

Procedures 169

Potential Risks and Discomforts 170

Potential Benefits to Subjects and/or to Society 170
For Biomedical Studies only,

Add the Following Section Here 172

Identification of Investigators 172

Rights of Research Subjects 173

164

169

175



CHAPTER

3

Sampling Procedure

B POPULATION

A major purpose of the research is to infer or generalize findings from
a sample to a target population. Population is the term statisticians
use to describe a large set or collection of items that have something
in common (i.e. all pregnant women, all pregnant women in third
trimester, all anemic pregnant women in third trimester, etc.).
Target population is a group about which researcher aims to draw
conclusion. In medicine, population generally refers to patients
or other living organisms, but the term can also be used to denote
collections of inanimate objects, such as autopsy reports, X-ray
reports, or birth certificates.

Figure 3.1 shows relationship among target population, study
population and sample. Target population is a population of ultimate
clinical interest about which researcher aims to draw a conclusion.
On account of the cost and other practical issues, the entire target
population cannot be studied. Study population is a subset of
target population that can be studied. Samples are subsets of study
populations investigated in clinical research because often not every
individual in a study population can be measured.

A “sample” is a subset of population with all its inherent qualities.
Studies are conducted on samples but inference is made about
target population. That is why it is important that the sample should
be a true representative of the target population. Hence, the selected
elements should be properly approached, recruited in the study and
interviewed. Thus, selection of sample is critical as, otherwise, the
research findings might not be valid.

It is vital to have a clear understanding of the terms population
and sample; these two terms must not be used interchangeably.
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Figure 3.1 Relationship among target population,
study population and sample

I REASONS FOR SAMPLING

It is reasonable and practical to collect information from sample
rather than the whole population. Below are the reasons listed for
sampling:

Samples can be studied more quickly than population

A study of a sample. is less expensive than that of an entire
population

A study of a population is impossible in most situations

Samples are more often accurate than results based on a
population

If samples are properly selected, probability methods can be used
to estimate the error in the resulting statistics

Samples can be selected to reduce heterogeneity.

Il SAMPLING TECHNIQUES

Broadly, there are two types of sampling techniques (Table 3.1):
1. Probability sampling techniques.
2. Nonprobability sampling techniques.

In a probability sampling technique, each participant in a study

population has an equal (or at least a known) chance of being
selected. The method protects the research from bias and ensures
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Table 3.1: Different sampling techniques

Probability sampling Nonprobability sampling
1. Simple random sampling 1. Consecutive sampling
2. Systematic random sampling 2. Convenience sampling
3. Cluster sampling 3. Purposive sampling
4, Stratified random sampling 4. Quota sampling

U 5. Snowball sampling

that the sample is a true representative of a population. Importantly,
it helps a researcher to make meaningful statistical estimation while
analyzing the results of the research. In a nonprobability technique,
each participant does not have an equal chance of being selected.

Probability Sampling Techniques
Simple Random Sampling

Simple random sampling is the simplest method of probability
sampling. In this type of sampling technique each individual within
the study frame has an equal chance of inclusion in the sample. A
common example is sometimes called the ‘lottery method’ and
illustrated in Figure 3.2.

Figure 3.2 Lottery sampling technique
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For example in a recruitment for a study there are 100 participants
available, of these 25 have to be selected (sample size). The
participants to be recruited in the study will be selected randomly by
drawing a chit bearing the names/ID number of the 100 individuals.
Each individual in the study frame has an equal probability of being
selected for the study (i.e. when the first participant is to be selected
the probability is 1/100 for all participants, for second participant
the probability is 1/99 for all participants, for third participant
the probability is 1/98 for all participants and so on). Thus each
participant has an equal probability of being selected for the study.

The recommended way to select a simple random sample is to
use a table of random numbers, or a computer-generated list of
random numbers. For this approach each participants should have
an identification number (ID), and a list-of ID numbers called a
“sampling frame”.

The steps of simple random sampling are as follows:

o Prepare the sampling frame (assign a number to each element) of

the whole population [Participants are numbered from 1 to 100].
o Determine the sample size [Estimated sample size is 25]

e Randomly select the element [Any 25 numbers are picked from

1 to 100]

OR
e If using computer generated lists to randomly select the
participant

- Enter lowest ID number (i.e. in this case 001)

- Enter highest ID number (i.e. in this case 100)

- Enter the estimated sample size as 25

- Computer generated randomization software will generate a

table of randomly selected participants/ID number (Fig. 3.3).

Systematic Random Sampling

In systematic sampling technique study participants are selected at
regular intervals using a sampling frame (Fig. 3.4).

Just estimate the population size (N) and calculate the required
sample size (n).

Now divide population size by sample size, i.e. N/n. This will give
you the kth number (sampling interval). In the above study example,
the number of individuals were 100 and the required sample size
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001 002 | 003 | 004 |005 006 | 007 |008 |009 |oO1 0\

011 012 |013 |014 (015 016 (017 |018 | 019 | 020

021 | 022 |023 | 024 |025 026 | 027 |028 |029 |030

031 032 | 033 | 034 |035 036 |037 |038 |039 | 040

041 042 043 | 044 | 045 046 | 047 |048 |049 | 050

051 052 | 053 054 | 055 |056 |057 |058 |059|060

061 062 | 063 064 | 065 066 | 067 |068 |069 |070

071 | 072 | 073 074 | 075 |076 |077 |078  |079..080

081 082 | 083 084 | 085 086 | 087 | 088 | 089 |090
\091 | 092 | 093 094 | 095 096 | 097 ﬁSv 099 | 100

Figure 3.3 Random selection of 25 participants represented by bold

Figure 3.4 Systematic random sampling (Every 3rd selected )

was 25, hence 100/25 would be 4 and so every 4th X-ray should be
selected.

First element is selected randomly from 1st to kth element (i.e.
in above example from 1 to 4). Then every kth element is selected
till the researcher achieves the required sample size. For example in
Figure 3.5 second individual in the study population is selected at
random and then every fourth individual is selected (i.e. 6th, 10th,
14th, etc.).
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Q91 092 093 094 | 095 096 | 097 098 | 099 | 100
7

Figure 3.5 Systematic random sampling (Every 4th selected )

Stratified Random Sampling

Stratified random sampling is a sampling technique that divides
the population into various sub-groups, i.e. based on gender, age
groups, ethnicity, etc. (Fig. 3.6) and then any of the random sampling
technique is employed to randomly select participants from each
group (Fig. 3.7). Suppose a population consisted of more females
than males. In spite of the random technique employed, females will
constitute a greater proportion of sample than males. Such problem
could be overcome by utilizing stratified random sampling.

For example, a population consisted of 60 individuals and the
researcher wants to select equal representation of all the strata based
on ethnicity. Firstly, the population is stratified according to ethnicity
(i.e.-Caucasians, African-American and Hispanic-American). There
are 30 Caucasians, 20 African-American and 10 Hispanic-American.
As the researcher wants to select 15 participants thus each strata
must constitute 5 participants. Finally, 5 participants are randomly
selected from each strata.

One of the main purposes of stratified sampling is to compare
different strata (e.g. males with females, different age groups, etc.)
which may not be possible with simple random sampling alone.
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Figure 3.6 Stratified random sampling technique
(Individuals in each strata)

Figure 3.7 Stratified random sampling technique (Participants selected from
each strata represented by bold headed stickman)

Cluster Sampling

In clustered sampling technique sub-group of population is used as
a sampling unit instead of individuals. It is a probability sampling
technique, employed when the researcher aims to select participants
from a large geographical area i.e. country, province, state or city
(Flow chart 3.1). Suppose the city of Karachi consisted of 18 towns
and each town consisted of 10 union councils. Initially, 5 towns are
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Flow chart 3.1 Cluster random sampling technique

selected by either of the random technique methods. Later, from
each town 4 union councils are randomly selected. Finally, from
20 union councils houses are randomly selected. Thus in this type
of sampling method households are the sampling unit instead of
individual residents.

Nonprobability Sampling Techniques

Consecutive Sampling

It involves sequential selection of all accessible eligible participants
that meets the selection criteria. If the study participants are selected
in a consecutive manner; they might be inherently similar to eligible
participants thatmeets inclusion and exclusion criteria for the study.
Suppose, a strategy is devised to recruit 100 patients (the estimated
sample size) for a study that satisfies the selection criteria and seen
in a Nephrology clinic from Monday to Friday between 9.00 am to
12.00-pm. The first 100 patients who meets the eligibility criteria and
attend the outpatient clinic during these days and timings will be
recruited in the study. This method is best among nonprobability
sampling techniques as it minimizes selection bias by recruiting
complete accessible population within the parameters of estimate
sample size and selection criteria.

Convenience Sampling

Convenience sampling is presumed to be the most commonly used
technique in clinical research. It involves the selection of subjects
that are conveniently accessible to the researcher. Suppose, a
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researcher working as a professor of nephrology aims to identify the
communication skills of postgraduate trainees. The description of
“20 postgraduate trainees” is assuredly 20 postgraduate trainees in
nephrology ward who volunteered for this study. The participants
were selected on account of investigator feasibility to recruit these
participants, as working in the nephrology ward. The method is easy,
fast and less expensive but not the representative of a larger overall
population thus introducing selection bias in the research.

Purposive Sampling

Purposive sampling is also called judgmental sampling. The
technique is criticized for introducing selection bias in the research
as the researcher recruit participants based over pre-existing belief
that certain subjects will be more likely benefit, compliant or respond
in certain way. Thus, the researcher selects study participants with a
‘particular purpose’ in mind.

For example, if the researcher wants to check the hypothesis that
Pakistani females have better knowledge regarding medical research
than American females. Selection of Pakistani females medical
students (a group thathas better understanding of medical research
than other women) and American females who came to the market
for shopping were selected. As the two groups are noncomparable,
evidently Pakistani females will display a better knowledge regarding
medical research which might not be the case. Such deviation from
truth is on account of purposeful sampling.

Similarly, while conducting a knowledge survey on the mode
of transmission of HIV; selecting participants that are relatives of
AIDS patients will demonstrate an excellent knowledge regarding
transmission modes of HIV. Evidently the selection of study
participants was biased as the sample was not the true representative
of the target population.

Snowball Sampling

Snowball sampling method is employed when study participants
are difficult to identify, access or locate. The method is commonly
employed to recruit participants from hard to reach group (i.e. sex
workers, IV drug users, etc.). The sample is built through chain
referrals. Suppose, you are investigating the knowledge about
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Flow chart 3.2 Snowball sampling technique

contraception among female sex workers. Female sex workers are
hard to identify as they are not registered in Pakistan. Thus one
female sex worker will be identified and recruited in the study.
Later, the participant will be requested to recommend more sex
workers. Each of these will recommend more sex workers. In this
way, a sizeable sample may be obtained even for hard to reach group
(Flow chart 3.2).

Quota Sampling

Quota sampling is* a  nonprobability sampling method that
ensured a certain number of study participants from different
subgroups constitute the sample so that all these characteristics are
represented. Suppose you aim to identify the quality of life among
dialysis patients but you think that socioeconomic status has a
strong affect on quality of life in these patients. Thus you decide to
include 25% of respondents from each socioeconomic groups (i.e.
upper, middle, lower middle and lower). If the estimated sample
size is 200, each socioeconomic group will include 50 participants.
Thus initially a population is divided into different strata and then
any nonprobability sampling technique will be applied to select
participants.
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