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Preface 
 

The purpose of health research is to generate knowledge that lead to solutions for 

health problems. The ongoing revolution in biomedical research is accelerating 

dramatically with visible impact on patients' welfare. For progress in medical research 

to continue, sufficient funding is necessary to support the research infrastructure. 

Study designs changed over the last decade, with controlled clinical trials, and 

prospective studies becoming more predominant. Clinical research is an important and 

complex area since advances in medical care depend on it. Since clinical research is a 

team work, professional integrity concerns all members of the research team from 

various disciplines. 

Health research in Kuwait showed a steady growth, supported by the establishment 

of the Faculty of Medicine in 1976, and Kuwait Institute for Medical Specialization 

(KIMS) in 1984. The Ministry of Health, Kuwait has undertaken important steps to 

encourage health workers to conduct research. The Research Unit (RU) was brought 

under the umbrella of KIMS since the year 2000 with the objective of promoting 

scientific and clinical interests of health professionals. RU also ascertains that research 

projects meet not only high research quality, but also international standards of human 

ethics through ethical review by the Medical Research Ethics Committee of KIMS. In 

addition, RU initiated a medical research registry to optimize the utilization of medical 

research findings through wider dissemination to the medical profession. 

Many physicians were not trained in research methodology during the course of 

their medical education; hence they are unfamiliar with research procedures. The aim 

of this guide is to provide health professionals with the essential research procedures 

required for planning and conducting research. It also highlights the mechanism of 

presenting a scientific publication in a systemic way. It is hoped that researchers will 

find this guide a useful reference for self-learning, and whenever they pursue a 

research or prepare a publication. 

 

Dr. Khaled F. Al-Jarallah 

FRCPC, FACR, FACP, FRCP 

Secretary General, KIMS
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1.1 Identifying a health problem and literature 

review 
 

Research ideas do not come from space. For a research to be beneficial and productive 

there should be a hypothesis to test or a problem to solve. After formulating a 

hypothesis, reviewing the literature about the subject should be conducted in order to 

begin at where the others ended. Today in our fast paced world, searching for 

information related to our research proposals has become an enormous affair. From 

huge libraries to our bookshelf, from CD ROMs to the World Wide Web, they have all 

become a vital source of information when it comes to documentation of evidence.1 

 
 

Why do we search the literature? 
There are a number of reasons to search the literature: 

1. to help identify a research topic; 

2. to avoid any duplication; 

3. to facilitate a full understanding of the work that has been done in the past; 

4. to keep update with new developments; 

5. to have an evidence (documented base) for the work that is planned; 

6. to formulate a hypothesis and provide discussion; 

 
 

Steps of literature searching 
1. Define your subject in one sentence (what is your research question); 

2. Define concepts and terms, i.e., split your question into concepts and then list 

other terms that describe each concept; 

3. Gain interview of the topic by consulting existing resources; 

4. Search specialized Indexing Systems; 

5. Read, appraise, and select literature; 

6. Use additional strategies, i.e., asking experts and librarians and using the Internet. 
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Web-based literature searching 
The following are useful literature search databases: 

1. The National Library of Medicine (NLM) at Bethesda, Maryland publishes the 

Index Medicus, a monthly subject/author guide to articles in nearly 4000 journals. 

These information are available in the database MEDLINE, the major component 

of PubMed, freely accessible via the World Wide Web (http://www.nlm.nih.gov). 

(National Library of Medicine). Unfortunately, some of the medical journals 

published in the Middle East and the Gulf countries are not included in 

MEDLINE, and should be searched manually. 

 
2. MEDLARS, an acronym that stands for Medical Literature Analysis and Retrieval 

System is also used for web searching. It is a computer-based database of the U.S. 

National Library of Medicine (NLM) that allows rapid access to NLM's store of 

biomedical information.  

 
3. EMBASE database (www.embase.com) has long been recognized as an important, 

comprehensive index of the world's literature on human medicine and related 

disciplines. It is an integrated web-based service which provides access to 

validated biomedical and pharmacological information. 

 
4. SciSearch (A Cited Reference Science Database) is an international, 

multidisciplinary index to the literature of science, technology, biomedicine, and 

related disciplines produced by the Institute for Scientific Information (ISI). 

SciSearch contains all of the records published in the Science Citation Index (SCI), 

plus additional records from the Current Contents publications. It is available 

through many medical websites, i.e. 

www.cas.org/ONLINE/DBSS/scisearchss.html. 
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1.2 Wr iting a research proposal (protocol) 
 

A research proposal must answer the following questions: 

·  Does the study provide clear research methods, specify the research 

instrument, and outline the phased schedule for research implementation? 

·  Is the sample size and sampling method defined, and appropriate variables 

identified? 

·  Are statistical/research methods suitable for achieving the stated objectives? Is 

a feasibility study required? 

·  Does the study outline a specific time frame, identify the research stages and 

organize the budget according to these requirements? 

·  Is the research implementation feasible within the stipulated time frame? 

 
Once a research problem has been formulated, the researcher should embark on 

writing a protocol even if no funding is needed. The time and efforts spent on writing 

the protocol will not be wasted. All the information included in the protocol will be 

effectively used in preparing publications such as reports, and journal articles as a sign 

of scientific productivity at the end of the research period. 

The components of a research proposal are Introduction, Methods, and Reference 

citations. Introduction establishes the research theme and the theoretical framework 

showing why research needs to be conducted in the proposed area. Introduction 

includes background, objectives, hypotheses, and importance of the study. 

Background traces the historical antecedents of a research, citing similar studies in the 

field as an essential background to the proposed issue to be addressed. The 

background should adequately demonstrate the need for advancing research in the 

proposed area. Objectives state clearly the major aims of research, and what the study 

seeks to achieve� Importance explains the significance of research results in advancing 

knowledge, establishing linkage with previous studies in the field, and having a direct 

impact on population. 

Methods include study population (inclusion and exclusion criteria), determination 

of sample size, sampling method, research instrument (questionnaire), variables 

measured, standardization of equipments, minimization of inter-observer errors and 

bias, adjusting confounding between variables by matching, stratification, or 

multivariate statistical methods, in addition to other statistical methods used. 
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How to make your  research protocol a winner  
·  Address all questions readers may have about your study;  

·  Identify limitations of your research design; 

·  Offer alternative methods; 

·  Refer to supportive and contradicting scientific literature relevant to your 

work; 

·  Make sure your text is easy to read; 

·  Check your use of English spelling and grammar; and 

·  Show your future research depending on generated results.2 

 

Research organizations have their own forms for a research proposal. The 

Research Unit, KIMS, proposed forms for a research proposal which can be printed 

from KIMS website: http://www.kims.or.kw or requested from the Research Unit. In 

case a researcher - who is employed by the Ministry of Health – requires funding, the 

protocol should be submitted to the Research Unit (RU). In turn, RU will 

communicate with funding agencies, and continue monitoring the research project's 

execution and reporting. The researcher should abide to the rules and regulations of 

the RU and the funding agent. Funding agencies may have extra forms and 

requirements which have to be satisfied.3 It would be beneficial for the researcher to 

submit the proposal for evaluation by reviewers even if no funding is required. The 

objective points raised by reviewers may lead to improvement of the proposal in most 

situations. 
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1.3 Ethics of research involving human subjects 
 

Human subjects research is defined as the study of living persons with whom an 

investigator directly intervenes, or obtains private information. This covers a wide 

range from private information to human organs, tissues, cells, fetuses, embryos, and 

body fluids such as blood or urine. Design your target study enrollment by planning 

ahead for the populations you will need to include in the research. Your research 

should include: study design, interventions, patient eligibility, criteria for excluding 

any populations, plans to manage side effects, plans to assess and report adverse 

events, plans to monitor the data and safety of the trials, pharmacy, and laboratory. 

At this stage, the researcher should seek the ethical approval of an Ethics 

Committee, if human subjects are involved and there is a liability for their exposure to 

hazards, or collection of biological specimens, tissues, or fluids. Researchers must 

exercise particular care when their research involves human subjects.4 When reporting 

research on human subjects, authors should indicate whether the procedures followed 

were in accordance with the ethical standards of the responsible ethical committee and 

with the Helsinki Declaration of 1975, as revised in 2000 (5).5 When occupational 

records, medical records, tissue samples, etc. are used in a research, informed consent 

should be sought from participating human subjects.6 

From that aspect, KIMS has a responsibility to ensure that researchers are 

committed to high quality research that promotes the rights and welfare of research 

subjects. The Research Unit, KIMS has established the Medical Research Ethics 

Committee for ethical review of biomedical research proposals involving human 

subjects. This committee is essential for integrating the process of research with the 

aim of protecting the rights of involved subjects. Members of this committee 

undertake comprehensive ethical review including the research protocol, consent 

form, and letter of information to participating subjects.7 
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1.4 Developing research instrument (questionnaire) 

 

As part of the process of writing the research proposal, the questionnaire or data 

collection format should be developed. Review of literature about the research topic will 

help in identifying the important variables which are related to the study, and are 

necessary to build the questionnaire. It is important to test the validity, reliability, 

repeatability, and internal consistency of the questionnaire. If a similar study has been 

carried out in another population, it is relevant to use the already validated questionnaire. 

This will save you testing for its reliability and validity. 

It is preferable to divide the questionnaire into sections staring with 

sociodemographic characteristics (gender, age, marital status, education, occupation, 

family income, residence, type of housing, ...etc), if these demographic data are related to 

the problem under study. It is more objective to use structured close-ended questions, 

and avoid open-ended questions. It is easier and less time consuming to key in structured 

coded questions in the computer than open-ended questions. Avoid branching questions, 

since they will incur some difficulties in the analysis. Also minimize questions with 

multiple responses. Data may be collected through personal interview, over-phone 

interview, self-administered, observed, measurements experimental, or analysed such as 

weight, height, blood glucose, ...etc. 

The questionnaire should be tested through conducting a pilot study in which the 

questionnaire is administered to a small number of participants before preparing the final 

version in order to ascertain that it is clearly comprehended, and to estimate the time 

required to complete. Any ambiguous questions should be modified. If the questionnaire 

was designed in English, it should be translated into simple Arabic, and then back 

translated into English in order to make sure that the included items have the same 

meaning as in the English version. 
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2.1 Type of study 
 

Studies may be classified as: observational or experimental. 

A. Observational studies 
Observational studies involve no intervention other than asking questions, carrying out 

medical examinations and simple laboratory tests or X-ray examinations, and hence 

carry minimal risk to participating subjects. Observational studies may be also 

classified into descriptive and analytical. Descriptive studies are concerned with the 

existing distribution of variables; they do not make inferences about causality. 

Descriptive studies are relatively inexpensive to conduct and are usually of short 

duration. However, such studies are limited in their usefulness since no inferences can 

be made concerning causality. 

Analytical studies are designed to examine associations, causal relationships, and 

measure the effects of specific risk factors. Although observational studies are more 

informative than descriptive studies, they are expensive and time-consuming to 

conduct. Types of analytical studies include cross-sectional, prospective, retrospective 

studies, and meta-analysis.8 

 

1. Cross-sectional studies (prevalence studies, surveys) 

Cross-sectional studies are those in which individuals are observed at only one point 

in time. The presence or absence of a disease and suspected etiologic factors are 

determined in each member of the study population or in a representative sample at 

one particular time. Cross-sectional studies have the advantage of being relatively 

inexpensive to conduct, and can be completed relatively quickly. However, cross-

sectional studies reveal nothing about the temporal sequence of exposure and disease. 

Also, cross-sectional studies can only measure disease prevalence (accumulated old 

and new cases) rather than incidence (new cases). Although, a cross-sectional study 

can be suggestive of a possible risk factor for a disease, cohort or case-control study 

must be relied on for establishment of etiologic relationships. 

 

2. Prospective studies (cohor t, follow-up studies) 

In prospective studies, the investigator selects a study population of exposed and non-

exposed individuals and follows both groups until some individuals develop the 
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disease, then the incidence of disease can be determined, through dividing the number 

of newly diagnosed cases by the number of population at risk. Prospective studies 

generally imply study of a large population for a prolonged period of years. This type 

of study design is effective when there is evidence of an association of the disease 

with a certain exposure.  

The advantage of prospective studies is that the incidence rates of the disease 

under study can be measured in addition to absolute and relative risks. Disadvantages 

of prospective studies, include: (1) The difficulty and expense of conducting these 

studies, since large populations and long periods of observation are required for 

definite results; (2) bias may be introduced if every member of the cohort is not 

followed; (3) the length of the study may be less than the latency period of the disease; 

for example, if the study is stopped before old age, many important diseases such as 

cancer may be missed; and, (4) prospective studies are inefficient for studying rare 

diseases. 

 

3. Retrospective studies (case-control studies) 

To examine the possible relation of an exposure to a certain disease, a group of 

individuals with the disease are identified as cases, and, a group of people without that 

disease are identified as controls. In retrospective studies, the investigator selects 

cases with a specific disease, and appropriate controls without the disease, and obtains 

data regarding past exposure to possible etiologic factors in both groups. The rates of 

exposure of the two groups are then compared. A case-control approach is preferred 

when studying rare diseases, such as most cancers, because a very large number of 

individuals would be needed over a long period of time in order to draw conclusions 

in a prospective study. Although it is possible to detect the association of multiple 

exposures or factors with a particular disease, retrospective studies are generally used 

to study diseases that have some unique and specific cause, such as infectious agents, 

in order to avoid the problem of confounding etiologic factors. 

Case-control studies can not determine directly absolute or relative risk because 

the incidence of disease is not known in either the exposed or unexposed population as 

a whole. However, the relative risk can be estimated in retrospective studies by the 

odds ratio, which is the ratio of the odds of exposure among cases divided by the odds 

of exposure among controls. The odds ratio is a good approximation of the relative 

risk when the subject cases are representative of all cases with regard to exposure, the 
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controls are representative of all controls with regard to exposure, and the disease 

being studied is rare. 

Retrospective studies are much less expensive and less time consuming to conduct 

than are prospective studies; usually, a relatively small population is needed for the 

study. Also, since the study selects only cases of the disease of interest, there is no 

bias incurred in determining the endpoint. However, bias is frequently incurred during 

detection and selection of cases, and during assessment of exposure. Controls should 

be identical to the exposed cases except for the factor under investigation, a 

requirement which is often difficult to achieve in practice. As with prospective studies, 

problems are frequently encountered in attempting to control for competing risk 

factors and confounders. The investigators can adjust for known confounders either by 

matching when selecting controls, statistically by stratification, or by use of 

multivariate regression models. 

A study design that has been used increasingly in recent years is the nested case-

control study, a hybrid design in which a case-control is nested in a cohort study. In 

this type of study, a population is identified and followed over time. A case-control 

study is then carried out using persons in whom the disease developed (cases) and a 

sample of those in whom the disease did not develop (controls). The advantages of 

this type of study are: (1) data are obtained before any disease has developed; (2) if 

abnormalities in biological characteristics are found, because the specimens were 

obtained years before the development of clinical disease, it is more likely that these 

findings represent risk factors or other premorbid characteristics than a manifestation 

of early, subclinical diseases; (3) such a study is more economical to conduct.9 

 

4. Meta-analysis 

Meta-analysis has been defined as "the statistical analysis of a large collection of 

analysis results from individual studies for the purpose of integrating the findings". 

The results of a well-done meta-analysis may be accepted as a way to present the 

results of disparate studies on a common scale; however, caution should be exercised 

before attempting to reduce the results to a single value as this may lead to flawed 

conclusions.10, 11  

 

 



 

 12 

B. Exper imental studies (controlled randomized 

clinical tr ials) 
An experiment is a study in which the investigator intentionally alters one or more 

factors under controlled conditions to study their effects. The usual formal experiment 

is the controlled randomized clinical trial, which is done to test a preventive or 

therapeutic regimen. Experiments involving human subjects are regarded as unethical 

unless there is genuine uncertainty about a regimen or procedure that can be clarified 

by research. In this form of experiment subjects are allocated at random to groups, one 

group receiving and the other not receiving the experimental regimen or procedure. 

Outcome in the two groups is compared. Random allocation aims to remove the 

effects of unknown sources of bias, which would invalidate the study.7, 12, 13, 14, 15 

Randomized trials should be used when possible in evaluating new medicines, 

interventions or programmes or early detection diseases. Since it is always possible 

that harm may be caused to at least some of the participating subjects, informed 

consent is essential. 

 

Determination of sample size for  a clinical tr ial 

( ) ( )[ ]
n

Z Z p
=

+a b

d

 
2

 1- p
2

2
 

 

Where, 

n = No of subjects in each treatment, 

a = Type I error 

ß = Type II error 

( )p =  p   21 +p2   

d = projected improvement or allowed error = p p1 2-  

Example: 

p1= death rate among controls = 60% 

p2= death rate among cases = 40%  i.e. reduction of d = 20% 

It is required to detect such reduction with 80% power (b = 0.20) and 5% level of 

significance. 
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Za = 1.96 at Type I error    a = 0.05 (from the normal table) 

Zß = 0.84 at Type II error    ß= 0.20  

( ) ( )[ ]
n

Z Z p
=

+a b

d

 
2

 1- p
2

2
 

 

( ) ( ) ( )[ ]
( )

n =
+196 084 22. .  0.5  0.5

0.2
 =  98

2
 

 

Dropouts should be accounted for, i.e. if we expect 10% dropout, we should increase 

the sample size by 10%. 

 

 

Random allocation of subjects 

1. Simple randomization 

It can be done through tossing unbiased coin (head� group A, tail� group B), random 

tables (even� group A, odd� group B), computer: uniform random number (0-

0.49� group A, 0.5-1.0� group B). This method has the advantage of being easy and 

the disadvantage of leading to two imbalanced groups. Alternating assignment of 

subjects e.g. ABAB should be avoided, since there is no random component except the 

first subject. Allocation will be known apriori which leads to bias in subjects selection. 

 
2. Blocked randomization 

The advantage of this method is that two groups will be balanced (i.e. there will be 

equal number of subjects in each treatment). Suppose block size = 4, this means that it 

is required to check after allocating 4 subjects that half of these 4 are allocated to 

treatment A and the remaining 4 to treatment B. To choose 2 out of 4, we have 6 

combinations: AABB, ABAB, BAAB, BABA, BBAA, ABBA. Select one of the 6 

combinations randomly using random table, and the 4 subjects are assigned to 

treatments accordingly. Repeat the above procedure as many as needed until the 

required number of patients is allocated to the two treatments, i.e. if we want to 

randomize 100 patients, we have to repeat block randomization with block size = 4 , 

25 times. 
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3. Stratified randomization 

The advantage of this method is that the important factors will be represented in the 

two treatments. Stratify the sampling frame by the important factors e.g. age, 

gender, smoking status, etc. Within each stratum, allocate patients to treatments by 

simple random or blocked randomization. Only important variables should be taken 

as stratifying variables, since the number of strata are multiplicated. 

 
 

Mechanics of randomization 

Independent unit (not directly involved with patients) should be made responsible for 

randomization and assignments of patients. Sequenced- sealed envelopes which do not 

show the written contents are prepared before starting the trial. Randomized blocks 

randomization is the most popular method to allocate patients. Once a patient arrives, 

the independent unit directs him to the randomly assigned treatment. 

 
 

Blindness in clinical tr ials 

There are various types of blindness during conducting of clinical trials. 

1. Unblinded clinical tr ial 

Both investigator and patient know the nature of treatments e.g. in case of surgical 

procedure. It is simple, and investigators are more comfortable in taking decisions 

if they know the identity of treatments. However, this type may incur bias since 

patients on the new treatment will report better improvement than those on the old 

treatment on psychological grounds. 

 
2. Single-blind clinical tr ial 

Patients are kept blind, only investigators are made aware of the nature of 

treatments. Doctors recognize that bias is reduced by keeping subjects blinded but 

feel that the subjects' health and safety are best served if the investigator is not 

blinded. It is simple but the may incur bias on the part of the investigator e.g. by 

giving advice or therapy which would interfere in the comparison between the two 

treatments. 
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3. Double-blind clinical tr ial 

Neither subject nor investigator knows about the nature of treatments. Outside body 

who is not involved in the trial with patients e.g. pharmacist or statistician should 

monitor or analyze data. Involved parties in the trial should not be involved. There 

is no bias in this type of blindness. 

 
 

Types of controls in clinical tr ials 

1. Randomized controls 

This is the standard design in which cases and controls are randomly assigned by 

random allocation methods. This type of controls is ethical as clinicians feel that they 

must not deprive a patient from receiving a new therapy. However, the answer is that 

there is always uncertainty about the potential benefits of any new treatment. 

 
2. Non-randomized concurrent controls 

In this type, patients involved in another on-going study are used as controls. As an 

example to this type of controls is comparison of survival results of patients treated at 

two institutions, one using a new surgical procedure, and the other using traditional 

medical care. These are non-random controls. The weakness of this type of controls is 

that the two groups will not be strictly comparable and this may lead to bias. 

 
3. Histor ical controls 

Previous series (not concurrent) of the controls are used in this type. The argument in 

favor of this type is that all patients will get the new treatment and the time is cut to 

half. However, there are several limitations for this type. It may incure bias and 

unreliability. Furthermore, change in patient management or population may result in 

misleading results. In addition, shift in diagnosis criteria due to improved technology 

may make comparison invalid. 

 
4. Cross-over  design 

In this type of design, patients are used as their own controls. However, this type 

suffers from the carry-over effect between the two treatments, since there is no 

guarantee that the first treatment is completely excreted from the body, and will not 

potentiate the effect of the other treatment when administered. If one treatment is 

curable, we can not use this design. 
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Monitor ing recruitment in clinical tr ials 

Recruitment problems 

In case of slow recruitment we either accept smaller number of recruited 

subjects, and thus reducing the test power, or relax the inclusion criteria, hence 

leading to mixed conclusions, or extend the study time, and this inflates the 

study budget. It is possible to monitor recruitment in a clinical trial using the 

following simple graphical illustrations: 

 

1. The following figure displays a clinical trial in which recruitment 

performed poorly. 
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2. The following figure exhibits a clinical trial in which recruitment was consistently 

performed at the target goal rate. 

 

 

 

3. The following figure charts a clinical trial in which recruitment started slowly, and 

the performed at the goal rate. 
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2.2 Sampling from populations 
 

Sampling is the process of selecting a sample from a population. Sampling methods 

guarantee that selection bias is minimized.15 

 
 

Definitions 
Population: include all elements about whom we wish to make an inference. 

Sampling unit: is the smallest unit sampled such as a subject or household. 

Sampling frame: consists of a list of subjects in the population to select the 

sample from. Most sampling methods require sampling frame. 

 
 

Proper ties of a good sample 
1.  Representative: The sample should represent the population from which it is 

drawn. This is achieved by stratification. 

2.  Unbiased: The sample should provide estimates close to the parameters of the 

population, this is achieved through randomization. 

3.  Adequate: The sample should be large enough (adequate) in order to be able to 

show significance. This is achieved by increasing the power; and this power is 

directly related to the sample size. If the power is 80%, then the researcher will 

have a chance to detect significance at a rate of 80% and will miss the chance to 

detect significance at a rate of 20%. It is in the interest of the researcher to increase 

the test power by increasing the sample size and hence increasing the chance of 

detecting significance. 

 
 

Factors affecting sample size determination 
The formula for determining sample size is, 

( )
d

sZZ ba=
2

22  +
n  

where, n is the sample size, Za is the standard normal deviate from the unit normal 

table at type I error a, Zb is the standard normal deviate at type II error b, s2 

variance, d allowed error. 
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Usually a = 0.05 (Z0.05 = 1.96), b = 0.2 (power = 1-0.2 = 0.8) 

 
Example: 

A nutritionist wishes to conduct a survey among teenage girls to determine their 

average daily protein intake (in gram). He would like the estimated mean to have 

an interval of 10 gms, i.e. 5 gms in either direction with a confidence coefficient of 

0.95. Assuming that the population standard deviation is about 20 gms, what is the 

required sample size at power 80%? 

 

( )
d

sZZ ba=
2

22  +
n  

 
Za is two-sided in this example, Zb is one-sided always 

a= 0.05,    Za= 1.96,  

b= 0.2,      Zb=0.84,     s= 20            d=5 

( )
25

40084.096.1
n

2+
= =    125.44     »     125 

 
In case of proportions,  

( )
d

ZZ ba=
2

2 
pq

n
 +

 

 
Example: 

A survey is being planned to determine what proportion of children are obese. It is 

believed that the proportion cannot be greater than 25%. A 95% confidence 

interval is desired with allowed error 5% on either direction. What sample size of 

children should be selected, at power 90%? 

 

( )
d

ZZ ba=
2

2 
pq

n
 +  

a= 0.05,    Za= 1.96,  

b= 0.1,      Zb= 1.28,             p = 0.25           q = 0.75        d = 0.05 

( ) ( )( )
( )2

2

05.0

75.025.028.196.1
n

+
=  
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    =
19684
00025
.
.

      = 787.32      »   787 children 

 
From the above sample size equation, we can see the following relations: 

1.  The variance is directly related with n.  

2.  Allowed error (or expected improvement) is indirectly related with n. 

3.  Level of significance a and type II error b are indirectly related with n. 

4.  The test power is directly related with n. 

 
 

Probability sampling methods 

1. Simple random sampling 

The basic principle of this method is that each sampling unit in the population has 

equal chance to be selected. It requires a sampling frame i.e. list of all sampling units 

in the population. The required number is then selected using random number table 

(See the Appendix). If a random number is repeated or lies outside the range of the 

population, the number is ignored. 

• Advantage: Simple to conduct. 

• Disadvantages: 

1.  Requires sampling frame. 

2.  Does not account for important factors like age, gender, etc. 

 

2. Systematic sampling 

In this method, selection from the sampling frame is carried out systematically. To 

select 100 subjects from a sampling frame of 1000, we should select 1 subject from 

each 10. The first subject is chosen at random from a random table. Suppose that the 

first randomly selected number is 5, then selected subjects will be 5, 15, 25. 

• Advantage: Easy to conduct. 

• Disadvantages:  

1.  Requires sampling frame. 

2.  Only the first subject is selected randomly. 

 

3. Stratified random sampling 

Stratified random sampling is used when the population consists of subgroups or strata 

based on factors like age and gender. The population is divided into a number of 
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strata, then, simple random sample is selected from each stratum. Stratified random 

sampling ensures representation of the important factors in the sample. The overall 

estimate is more precise than that based on a simple random sample, which ignores the 

subgroup structure of the population. 

•  Advantages:  

1.  Allow for important factors like age and gender. 

2.  Decrease the variance between measurements, in each stratum. 

•  Disadvantage: More expensive and time consuming. 

 

4. Multi-stage sampling 

Multi-stage sampling is carried out in stages using the hierarchical structure of a 

population. For example, a two-stage sample consists of first taking a random sample 

of schools and then taking a random sample of children from each selected school. 

The schools would be called first-stage units and respectively the children would be 

called second-stage units. It is also possible to have a scheme with more than two 

levels of sampling, for example selecting town, districts, streets and finally houses. 

This is called multi-stage sampling. 

 
•  Advantages: 

1.  Resources can be concentrated in a limited number of places.  

2.  Sampling frame is not needed for the whole population. Only a list 

of the first-stage units is required, but second-stage units are only 

needed for those first-stage units which are selected.  

•  Disadvantage: The overall estimate is less precise than that based on a 

simple random sample. 

 

5. Cluster  sampling 

In cluster sampling, we select all subjects in the last stage and not only a sample of 

them. Cluster sampling is preferred if some benefit is being offered to participants, 

e.g. vaccination of school children. 

 
 
 
 
 
 



 

 22 

Non-probability sampling methods  

1. Convenience sampling 

Sample is selected in a haphazard fashion. This may be because of convenience, less 

cost etc. The sample selected in such a manner it is unlikely to be representative. The 

purpose for such sampling is usually exploratory e.g. to get the feel of the situation. 

Examples: 

1. First 10 patients in the clinic. 

2. Students in the library 

 

2. Purposive sampling 

Sampling done on the basis of some predetermined idea (clinical knowledge etc). The 

results of such a sample cannot be generalized. 

Examples: 

1. Samples from different age groups. 

2. Samples based on the clinical condition of patients (select all 

hypertensives). 

 

3. Quota sampling 

In this type of sampling the strata of the population are identified and the researcher 

determines the proportions of elements needed from the various segments. 

 
Example: 

If in a population of students there are 40% females and 60% males, then the 

researcher may decide on keeping the same proportion of males and females in 

the sample. For sample size 50, 20 females and 30 males are selected and may 

use any type of probability or non probability sampling procedure to select in 

each stratum of males or females. 
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SECTION THREE 

STATISTICAL METHODS IN HEALTH RESEARCH 
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3.1 Descr iptive statistics 
 

A sample is a subset of the population including subjects with certain characteristics 

e.g. diabetics. Any measure calculated from a sample is called estimate and it is 

subject to error. Population includes all subjects defined by certain criteria e.g. 

subjects with type 2 diabetes; any measure calculated from the population is called 

parameter which is unique and is not subject to error.15, 16, 17, 18, 19, 20 

 
 

Types of var iables 
1.  Qualitative (categorical or discrete): could be ordinal like educational status or 

nominal like classification according to body organ systems. 

2.  Quantitative (continuous, interval): e.g. most of body measurements like blood 

pressure, cholesterol level, etc. 

 
 

Graphical presentation of data 

1. Qualitative data 

For a qualitative variable, we use bar or pie chart. Qualitative data are summarized by 

enumerating the number of counts (frequencies) in each category. They are often 

presented as relative frequency (or percentages if multiplied by 100). The set of 

frequencies of all the possibilities is called the frequency distribution of the variable. 

Frequencies or relative frequencies are commonly illustrated by bar or pie chart. In the 

bar diagram the lengths of the bars are drawn proportional to the frequencies, and in a 

pie chart the circle is divided so that the areas of the sectors are proportional to the 

frequencies. 
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Pie chart showing the distribution of causes of death
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Bar chart showing the causes of death
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2. Quantitative data 

If the number of observations of a quantitative variable is small (say <20), we may 

analyze it as ungrouped data; but if there is large number of observations, we 

summarize it as a frequency distribution which is a table showing the number of 

observations (frequency) at different values or within certain range of a continuous 

variable (category). 

a) Histogram 

The most common way of illustrating the frequency distribution of a continuous 
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variable is by a histogram. This is a diagram where the class intervals are shown on 

the horizontal axis and rectangles with heights or areas proportional to the frequencies 

drawn on them. If intervals are not all of the same width, then the heights of the 

rectangles should be made proportional to the frequencies divided by the widths in 

respective intervals. 

Haemoglobin level (g/100ml)

15141312111098

Histogram of haemoglobin levels
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nc
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20
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5

0

 

 
b) Frequency polygon 

A frequency distribution of a quantitative variable may be also illustrated as a 

polygon. This is particularly useful when comparing two or more frequency 

distributions by drawing them on the same diagram. The polygon is drawn by joining 

the midpoints of the tops of the histogram's rectangles. The endpoints of the resulting 

line are than joined to the horizontal axis at the midpoints of the groups immediately 

below and above the lowest and highest non-zero frequencies respectively. 
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Frequency polygon of haemoglobin levels
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c) Frequency curve of the population 

A histogram (or polygon) is usually based on a sample. Our confidence in drawing 

conclusions from the data depends on the sample size. The larger the sample 

measured, the finer the grouping interval that can be chosen, so that the histogram (or 

polygon) becomes smoother and more closely resembles the distribution of the total 

population. In the limit, if it was possible to measure the whole population pertaining 

to certain variable, then the resulting diagram would be a smooth frequency curve. 
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Shapes of frequency distr ibution curves 

If the distribution is symmetrical about its central values, it is said to be normal (mean 

= median) or bell-shaped. Most distributions encountered in medical statistics are of 

this type.  The most common value is the "mode" of the distribution. If there is only 

one peak, then the distribution is "unimodal ", some distributions show two peaks; 

these are called "bimodal". This is occasionally seen and indicates a mixture of two 

different populations. 

The distribution is said to be "skewed" if the distance from the central value to the 

extreme is much greater on one side than it is on the other. The two extremes of the 

curve are called "tails" of the distribution. If the tail on the right is longer than the tail 

on the left, the distribution is skewed to the right or positively skewed. In this case the 

mean is greater than the median. If the tail on the left is longer, the distribution is 

skewed to the left or negatively skewed (mean < median). If the tails are equal the 

distribution is symmetrical (mean = median). 

 

Example of positively skewed distribution 

 

 

Triglycerides in mmol/L 

3.07 2.74 2.42 2.09 1.77 1.44 1.12 .79 .47 .14 

Serum Triglycerides in school children 
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Measures of location (Central tendency) 

Mean (average or arithmetic mean): it is called x  (xbar) for a sample and m (mu) in 

case of population. The mean is convenient in case of homogeneous measurements 

and it is biased towards extreme values. The average value of a frequency distribution 

is usually represented by the arithmetic mean (or just the mean). This is simply the 

sum of the values divided by their number. 

 

Mean, 
n

x
  

n

1  i
i�

==x  , 

 
where ix denotes the values of the variable, the Greek capital letter S means 'the sum' 

and n is the number of observations. 

Other measures of the location are the median and the mode. The median is the 

central value of the distribution. If the observations are arranged ascendingly, the 

median is the observation which divides observations into two equal parts. If there is 

an even number of observations, the average of the two middle values is taken as the 

median. The median is not affected by extreme values and is considered as a 

nonparametric measure. 

The distribution of a variable can be divided into 100 percentiles. The median is 

thus the 50th percentile and the quartiles divide the distribution into 4 parts. The 

second quartile is the median. Tukey used the median, quartiles, maximum and 

minimum values as a convenient summary of a distribution which could be 

represented as "the box and whisker plot". The box shows the distance between the 

quartiles, with the median marked as a line, and the "whiskers" show the extremes. 
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Minimum   103 

Maximum   173.5 

Height in cm 

Median   137 

1st quartile   125.8 

3rd quartile   148.6 

 
Symmetric 

  Triglycerides 

Maximum   3.26 

Minimum   0.11 

Median   0.61 

1st quartile   0.44 

3rd quartile   0.88 

   Positively skewed 
 

Box and whisker plots for height and serum triglycerides 

 

The Mode is the value which occurs most often. In grouped data, it exists 

corresponding to the peak of the frequency curve. 

 

Measures of var iation 
In addition to a measure for the centre of the distribution, we need a measure for the 

spread (scatter, dispersion, heterogeneity or variability) of the distribution. The 

"range", the difference between the highest and lowest value, is the simplest measure 

of variation. Its disadvantage is that it is based on only the two extreme values 

minimum and maximum; so it can vary from sample to sample and gives no idea 

about other observations. Also it depends on the sample size; the larger the sample is, 

the further apart the extremes are likely to be and the range tends to be larger. 

The variation is better measured in terms of the deviations of the observations 

from their mean. However, if we add these deviations, we get zero. Instead, we square 

the deviations and then add them. This removes the effect of sign; we are only 

measuring the size of the deviation, not the direction. This gives us ( )2
x - � ix , which 

is called the sum of squares about the mean, usually abbreviated as the sum of squares. 

The variance is then the average of this squared deviation. Variance s
2
 in sample and 

s
2
 (sigma square) in population and it is the average of squared deviations of 

observations from their mean, 



 

 31 

( )
1n

xx
 s

2
i2

-

-
= � , 

where (n-1) is called degrees of freedom which is equal to the number of observations, 

n, minus number of parameters estimated from the sample mean (in our case, x ). 

Standard deviation: s or s  is the square root of the variance: it describes the variation 

between raw individual observations. 

Coefficient of variation (CV) expresses the standard deviation as a percentage of 

the sample mean and it is useful to compare the variation of groups with different 

units like mm Hg, and Kg. 

100  
s

  CV ´=
x

 

Standard error of the mean = standard deviation / square root of n. 

   
n

s
  )SE( =x  

It describes the variation between means and not between observations as the 

standard deviation does. 
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3.2 The normal distr ibution 
 

THE 
NORMAL 

LAW OF ERROR 
STANDS OUT IN THE 

EXPERIENCE OF MANKIND 
AS   ONE  OF  THE   BROADEST 

GENERALIZATIONS OF NATURAL 
PHILOSOPHY.  IT  SERVES  AS  THE 

GUIDING INSTRUMENT IN RESEARCHES 
IN THE PHYSICAL AND SOCIAL SCIENCES AND 

IN MEDICINE AGRICULTURE AND ENGINEERING.   
IT IS AN INDISPENSABLE TOOL FOR THE ANALYSIS AND THE 

INTERPRETATION OF THE BASIC DATA OBTAINED BY OBSERVATION AND EXPERIMENT 
 
The normal distribution occupies a central position in medicine as well as in other 

sciences since many natural phenomena follow this distribution. In medicine, most of 

the human body variables like anthropometric measurements, liver functions, lipids 

profile, renal profile, etc. follow this distribution. It provides the cut-off levels 

between healthy (normal) and patients, i.e. it assists in the clinical decision-making. 

 
 

Testing var iables for  normality 
A variable is considered to have normal frequency distribution if the following 

conditions are satisfied: 

a) Symmetric frequency curve 

b) Mean = mode = median. 

c) 68% of measurements are between Mean �  one standard deviation (SD) 

 95% of measurements are between Mean �  two SD 

 99.7% of measurements are between Mean �  three SD 

d) Skewness and Kurtosis = 0 

If skewness is a positive or negative value, the distribution is positively or negatively 

skewed. 

 
 

Standard (unit) normal distr ibution 
This is the basis for the normal table (see the Appendix), it has mean = 0 and standard 

deviation = 1. To access the normal table, we standardize the observed value x to z 

(standard normal deviate) by subtracting the mean m (or x ) from the observation x 
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and dividing the result by the standard deviation, s  ( or s). 

�
�x

 deviate normal Standard
-

=(z)  

This enables us from getting rid of units and use one normal table irrespective of 

different units. If z = 2, this means that the observation x is far from the mean by a 

distance equals 2 standard deviations. The normal distribution allows z = ±3. 

 
 

Confidence interval for  a population mean 
By this we can estimate limits for the population mean from a sample mean x . 

The general formula for confidence interval is: 

 

 
Population mean = Sample mean ± (Reliability coefficient) ´  (Standard error of the mean) 

 

( )  
n

�
    z    x   µ ´±= a , if s  is known 

 

( )  
n

s
      t  x   µ 1-ndf , ´±= =a , if s  is not known 

 
 

az  is the value of z from the unit normal table at type I error (or level of significance 

equal to a). In medical literature, a is called p-value; p is the probability that the 

reached significance may be due to chance (i.e. not true). If p is 5%, then the chance 

that our results are due to chance (i.e. not genuine or not significant) is 5%. 

Accordingly, we have confidence of 95% only in our conclusions. 95% resulted from 

the fact that the probability varies from 0 to 100% and since we have 5% error, then 

we are left with only 95% (100% minus 5%) confidence. 

It is agreed that in order to claim significant results, p-value should be 0.05. If p-

value is greater than 0.05, then we have large amount of error, and hence there is no 

significance. ( )1-n  df , =at : t stands for student-t distribution which is an approximation for 

the unit normal distribution in case n is small or s  is unknown.  

t distribution has a mean of 0 like the unit normal distribution but differs in allowing 

more spread or variation than the normal. To access the t-table, you need degrees of 

freedom=n-1(in case of a sample of size n) and type-I error, p. 
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The student-t distr ibution 
The t distribution was proposed by W S Gossett, an employee of the Guinness 

brewery in Dublin during the Second World War. At that time, the company did not 

allow its employees to publish the results of their work, lest it should lose some 

commercial advantage. Gossett therefore submitted his paper under the name 

"Student". This part of the history was mentioned to clear the ambiguity that the 

Student-t distribution is an easy method suitable for students to use. Like the standard 

normal distribution, the t-distribution is a symmetrical bell-shaped distribution with a 

mean of zero, but it is more spread out i.e. the t-distribution allows larger variance, 

and have longer tails than the standard normal distribution. The shape of the t-

distribution depends on the degrees of freedom, n-1. The fewer the degrees of 

freedom, the more spread out is the 

 t distribution. 

 



 

 35 

3.3 Tests of hypotheses (Test of significance) 
 

The objective of hypotheses testing is to determine the degree to which observed data 

are consistent with a specific hypothesis. Any test of hypothesis consists of three 

components: 

1.  Hypotheses 

2.  Test statistic 

3.  Conclusion 

 

1. Hypotheses 
There are 2 types of hypotheses,  

H0: the null hypothesis which assumes no difference between tested treatments; 

H1: the alternative hypothesis which assumes that the tested difference is larger than 

what we would expect to happen due to chance. Sometimes it is referred to as HA. 

 

One &  two-sided tests 

The two-tailed test allows departure from the null hypothesis in either directions. It is 

more conservative than the one-sided test. The one-sided test, on the other hand, is 

used when we have good reasons to assume a difference in one direction only. 

 
Types of er ror  in tests of hypotheses 

a) Type I error, p, or level of significance, a, is the probability that the resulting 

conclusions may be due to chance, i.e. it is the amount of error which conclusions 

may be subject to. The value of p may be interpreted as follows: 

 

  
p-value Meaning 

  
  

> 0.05 Not significant 
£ 0.05 Significant 
< 0.01 Highly significant 
< 0.001 Very highly significant 
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b) Type II error, b 

Power of the test = 1 - b 

The power of a test is its ability to detect significance; it is directly proportional to 

the sample size, n. 

 
 

2. Test statistic 
We usually apply the normal-Z test or the student-t test. Student-t test is more 

commonly used than the Z-test because it is valid in case of small sample size, n, and 

unknown population variance which is the more frequent situation. There are 5 types 

of tests of hypotheses: 

a)  Test of hypothesis about one mean 

b)  Test of hypothesis about two paired means 

c)  Test of hypothesis about independent means 

d)  Test of hypothesis about one proportion 

e)  Test of hypothesis about two proportions 

 

a) One mean t-test 

Example: 

The following are the heights in cm of 24 boys with sickle cell anaemia: 

84.4, 89.9, 89.0, 81.9, 87.0, 78.5, 84.1, 86.3, 80.6, 80.0, 81.3, 86.8, 83.4, 89.8, 

85.4, 80.6, 85.0, 82.5, 80.7, 84.3, 85.4, 85.5, 85.0, 81.9,  

 
It is required to test the mean height against the UK reference height for boys with this 

disease which is equal to 86.5 cm. 

1. Hypotheses: 

H0: Population mean of this sample = 86.5 cm, i.e. m0 = 86.5 

HA: Population mean of this sample ¹  86.5 cm, i.e. m0 ¹  86.5 cm 

2. Test statistic: 

Calculations: 

Mean = 84.1 cm 

s ( standard deviation) = 3.11 cm 

Standard error = 
n

s
 = 0.63 
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3.81 -  
0.63

 86.5) -(84.1
 t ==  

3. Conclusion: 

Refer this calculated t to the t-table with degrees of freedom 23 which is equal to 

n-1, we find that p < 0.001. This explains that the mean height of the above sample 

is significantly different from the UK reference height. 

 

b) Paired t-test 

This type arises when we record two measurements (e.g. systolic blood pressure) for 

the same patient before and after taking a medicine and we want to test if the medicine 

was effective in reducing the blood pressure. 

 
Example: 

Results of a placebo-controlled clinical trial to test the effectiveness of a sleeping 

drug. 

 

 
Hours of sleep 

Patient Drug Placebo Difference 
   (Drug – placebo) 
    
    
1 6.1 5.2 0.9 
2 7.0 7.9 -0.9 
3 8.2 3.9 4.3 
4 7.6 4.7 2.9 
5 6.5 5.3 1.2 
6 8.4 5.4 3.0 
7 6.9 4.2 2.7 
8 6.7 6.1 0.6 
9 7.4 3.8 3.6 
10 5.8 6.3 -0.5 
    

Mean 7.06 5.28 1.78 
    

 

 

1. Hypothesis: 

H0: Mean difference in sleep hours is equal to zero, i.e. md = 0 

HA: Mean difference in sleep hours is significantly different from zero, i.e. md ¹  0 
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2. Test statistic: 

Calculations: 

Standard error of differences, Sd = 0.56 

t-calculated = 
56.0
78.1

 = 3.18 

3. Conclusion: 

Refer the calculated-t value to the t-table at 9 degrees of freedom (9 is the number of 

pairs of observations minus 1), we find that p< 0.02. This result means that the null 

hypothesis is implausible and that the trial suggests that the drug affects sleep time. 

 

c) Hypothesis test about two independent means 

The objective of this test is to compare between the means of two groups of subjects 

from whom measurements were recorded independently for each subject. 

Example: 

Comparison of birth weights of children born to 15 non-smokers with those of 

children born to 14 heavy smokers. 

 

  
Birth weight in kg 

Non-smokers Heavy smokers 
  

  
3.99 3.18 
3.79 2.84 
3.60 2.90 
3.73 3.27 
3.21 3.85 
3.60 3.52 
4.08 3.23 
3.61 2.76 
3.83 3.60 
3.31 3.75 
4.13 3.59 
3.26 3.63 
3.54 2.83 
3.51 2.34 
2.71  
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1. Hypotheses: 

H0: There is no difference between the two means, i.e. m1 = m2 

HA: There is significant difference between the two means, i.e. m1 ¹  m2 

2. Test statistic: 
 

 Smokers Non-smokers 
   
Mean 3.5933 3.2029 
Standard deviation 0.3707 0.4927 
N 15 14 
   
t-calculated  =  2.42   

3. Conclusion: 

Refer t- calculated to the t-table with degrees of freedom = 27 (= 15 + 14 - 2), we 

find that    p < 0.02. This result explains that children born to non-smoker mothers 

are, on the average, heavier than those born to heavy smoker mothers. 

 

d) Hypothesis test about one propor tion 

The objective of this test is to assess a sample proportion, p, against a given reference 

population proportion, P. 

Example: 

In a survey of 300 adult drivers in Al Ain, 123 responded that they regularly wear 

seat belts. Can we conclude from these data that Al Ain drivers differ from Dubai 

drivers who are known to wear seat belts at a rate of 50%? 

1. Hypotheses: 

H0: P = 0.5, means that the Al Ain sample is part of a population in whom seat 

belt wearing rate is 50%. 

HA: P ¹  0.5 

2. Test statistic: 

We always use the Normal-Z test in testing hypotheses about proportions since we 

assume that proportions are based upon large samples. 

3.11-   

n
PQ

P-p
 Zc ==  

3. Conclusion: 

Refer Zc to the Normal table, we find that p< 0.002. Then we conclude that Al Ain 
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population who regularly wear seat belts (41% in the sample) is different from 

Dubai population in which the seat belt wearing rate is 50%. 

 

e) Hypothesis test about the difference between two 

propor tions 

The objective of this test is to compare between two population proportions. 

Example: 

In a clinical trial to compare a new treatment for peptic ulcer, the classical 

treatment led to curation of 78 out of 100 subjects. The new treatment resulted in 

curation of 90 out of 100 patients received the new medicine. Do these data 

provide sufficient evidence to indicate that the new treatment is more effective than 

the classical one? 

1. Hypotheses: 

H0: p1 = p2 

HA: p2 > p1 (one-sided test) 

2. Test statistic: 

2.32   

n
qp

n
qp

pp
 Z

2

22

1

11

21
c =

+

-
=  

3. Conclusion: 

Refer Zc to the Normal table, we find that p < 0.05. This result shows that such 

data suggests that the new treatment is more effective than the classical one. 
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3.4 Compar ison of means of more two groups 

 

One-way analysis of var iance 
This is an extension of the two sample student t-test if we have more than two groups 

to compare their means. When there are only two groups, the one-way analysis of 

variance gives exactly the same results as the t-test. In such situation, the variance 

ratio F value, used in the analysis of variance, equals the square of the corresponding t 

value and the percentage points of the F distribution with (1, n-2) degrees of freedom 

are the same as the square of those of the t distribution with (n-2) degrees of freedom. 

Assumptions underlying analysis of variance: 

1.  Variables are quantitative and normally distributed; 

2.  Variances of the populations of different groups are equal (or homogeneous) 

 
 

Test of significance about more than two means 

1. Hypotheses: 

H0: k21   .........    m==m=m  

HA: k21   .........    m¹¹m¹m , where k = number of groups (At least two means are 

different) 

2. Test statistic: 

squaresmean  group-Within
squaresmean  group-Between

  F=   at d.  f. = (k-1, n-k), 

where F is the calculated variance ratio. There are two types of variances, one shows 

the variation between compared groups (between-groups variance) and the second 

shows the variation within the groups itself (within-groups variance). The value of F 

expresses how large is the between-groups variance compared to the within-groups 

variance, e.g. in case calculated F = 3, this means that the between-groups variance is 

as large as 3 times the within-groups variance. The minimum value of F is equal to 1 

which means that the two variances are equal. In order to show significance between 

the means of compared groups, the between-groups variance should be larger than the 

within-groups variance. 

The degrees freedom, d.f., for the numerator is equal to the number of groups, k, 

minus 1; while d.f. for the denominator is equal to the total number of observations in 
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the whole groups, n minus the number of groups, k. 

The analysis of variance method is based on assessing how much of the overall 

variation in the data is attributable to differences between the group means (between-

groups variation), and comparing this with the amount of variance attributable to 

difference between individuals in the same group (within-groups variation). The one-

way analysis of variance partitions the sum of squared deviations of the observations 

from the overall mean, referred to as total sum of squares or T.S.S. into two 

components: 

 
1. The sum of squares due to differences between group means (between-groups 

S.S.). 

2. The sum of squares due to differences between observations within each group 

(within-group S.S. or residual S.S. or error S.S.) 

 

Organization of the data to perform analysis of variance: 

 

       
Group 1 2 ............. i ............ k 
       
 y11 y21 ............. yi1 ............ yk1 
 y12 y22 ............. yi2 ............ yk2 
 . . ………. . ……… . 
 . . ………. . ……… . 
 . . ………. . ……… . 
 y1n y2n ............. yin .......…. ykn 
       
Total T1 T2 ............. Ti ............. Tk 
       
 
 

Correction Factor (C.F.) = T2 ÷ n where n = n1 + n2+...+nk, T = T1+T2+...+Tk 
 

C.F. y  S.S. Total 2
ij -= �  

C.F. - 
n
T

.......  
n
T

  
n
T

  S.S. Groups-Between
k

2
k

2

2
2

1

2
1

��
�

�
��
�

�
+++=   (1) 

 
Within-Groups S.S.  = Total S.S.  - Between S.S.   (2) 
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ANOVA Table 
 

     
Source d.  f. S.  S M.  S. Fc 
     
     
Between groups k-1 Equation(1) (3) = (1)/(k-

1) 
(3) / Sw

2 

Within groups 
(Error or residual) 

n-k Equation (2) Sw
2 

(variance) 
 

     
Total n-1    
     
 
Source = Source of variation 

d.f. = Degrees of freedom 

S.S. = Sum of squares 

M.S. = Mean of squares = Sum of squares ÷ Degrees of freedom 

Fc = Between-group S.S ÷ Within-group S.S. 

3. Conclusion: 

Compare calculated F with tabulated F from F-Table at the proper degrees of 

freedom of numerator (k-1) and degrees of freedom of denominator (n-k) to get 

the level of significance, p. 

 
 

Testing the difference between a pair  of means 

Calculate the standard error of the difference between the two means, say gy  and hy . 

�
�
�

�
�
�
�

�
+=-

hg

2
whg n

1
  

n
1

 S ) y y ( SE  

) y y ( SE

y y
  t

hg

hg
c -

-
=  

Compare calculated t with t-table at degrees of freedom = n-k and level of significance 

a = 0.05. This method is called LSD (Least significant difference). 

 

Example: 

In a study of the effect of glucose on insulin release, specimens of pancreatic 

tissue from experimental animals were randomly assigned to be treated with one of 

5 different stimulants. Later, a determination was made on the amount of insulin 

released. The experimenters wished to know if they could conclude that there is a 
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difference among the five treatments with respect to the mean amount of insulin 

released. 

 

Insulin released 
 

 
Stimulant  

 1 2 3 4 5  
       
       
 1.53 3.15 3.89 8.18 5.86  
 1.61 3.96 3.68 5.64 5.46  
 3.75 3.59 5.70 7.36 5.69  
 2.89 1.89 5.62 5.33 6.49  
 3.26 1.45 5.79 8.82 7.81  
  1.56 5.33 5.26 9.03  
    7.10 7.49  
     8.98  

Total 13.04 15.60 30.01 47.69 56.81 163.15 
Mean 2.61 2.60 5.00 6.81 7.10 5.10 

       
 

 
 
 

ANOVA Table 
 

     
Source d.f. S.S. M.S. Fc 
     
     
Between groups 4 121.185 30.296 19.78 
Within groups 27 41.357 1.532  
     
Total 31 162.542   
     

 

Compare Fc with F-table at degrees of freedom 4 and 27, we find p < 0.005. Since 

there is an overall significance, we may go further to detect which group caused 

this significant difference by the least significant difference (LSD) method, 

explained before. 
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3.5 Measure of association between two 

qualitative var iables (The chi-squared test) 
 

When there are two qualitative variables, the data can be arranged in a contingency 

table. Categories for one variable define the rows, and categories for the other variable 

define the columns. Observations are assigned to the appropriate cell of the 

contingency table according to their values for the two variables. A contingency table 

is also used for discretized quantitative variables (quantitative variables whose values 

have been grouped like when age is broken into groups). 

The chi-squared (c2) test is used to test whether there is an association between the 

row variable and the column variable. It is another test of hypotheses. 

 

Example: 

The following table shows results from an influenza vaccine trial. 

(a) Observed numbers 

 
    
Influenza Vaccine Placebo Total 
    
    
Yes 20 80 100 
 (8.3%) (36.4%) (21.7%) 
No 220 140 360 
Total 240 220 460 
    

 
(b) Expected numbers 

 
    
Influenza Vaccine Placebo Total 
    
    
Yes 52.2 47.8 100 
No 187.8 172.2 360 
Total 240 220 460 
    

 

If we follow the three steps of tests of hypotheses: 
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1. Hypotheses: 

H0: No association 

HA: Significant association 

2. Test statistic: 

( )�=
E
E-O

  �
2

2

c
 

( ) ( ) ( ) ( )
172.2

172.2-140
  

187.8
187.8-220

  
47.8

47.8-80
  

52.2
52.2-20

 �
2222

2 +++=  

      = 19.86+21.69+5.52+6.02 

      = 53.09 

Where O means observed frequency, E is the expected frequency in a cell. 

Calculation of the expected frequency is based on independence of vaccination 

and influenzal episodes. 

3. Conclusion: 

Compare c2 (calculated) with c2 table at degrees of freedom = (number of rows 

minus 1) ´  (number of columns minus 1), we find that p < 0.001 which indicates 

that there is significant association between infection with influenza and 

vaccination status. 

 
 

Validity of chi-square test in 2x2 tables 

1.  Overall n should be more than 40. 

2.  Expected frequency in each cell is at least 5. 

If these validity conditions are violated, the Fisher exact test replaces the chi-

squared test. 

 

Quick formula for  chi-square test 

Generalized notation for a 2x2 contingency table 

    

Influenza Vaccine Placebo Total 
    
Yes a b e 
No c d f 
Total g h n 
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If the various numbers in the contingency table are represented by the letters 

shown in the above table, then a quicker formula for calculating chi-squared on a 

2x2 table is:  

( ) ( )
53.01  

220240360100
22080-40120 604

  
efgh

bc-ad n
 

22
2 =

´´´
´´

==c  

 
 

Yates' continuity correction 

Like the normal test, the chi-squared test for a 2x2 table can be improved by using 

a continuity correction, often called Yates' continuity correction. The formula 

becomes: 
( )

�=
E

2
1 -  E-O 

  �

2

2  resulting in a smaller value for c2.   E-O  

means the absolute value of O-E or, in other words, the value of O-E ignoring its 

sign. 

In the above example, the value for c2 becomes: 

( ) ( ) ( ) ( )
2.172
0.5-32.2

  
8.187
0.5-32.2

  
8.47
0.5-32.2

  
2.52
0.5-32.2

 
2222

2 +++=c   

       = 19.25 + 21.02 + 5.35 + 5.84 = 51.46, p < 0.001. 

 
 

Compar ison of the 2x2 chi-squared test value with the Z-

normal test value for  the difference between two propor tions 

The Z-normal test for comparing two proportions and the chi-squared test for a 2x2 

contingency table are mathematically equivalent and c2 = Z2. 

For example, if Z = 0.05, then Za (two sided) = 1.96. 

c2 table at 1 degree of freedom (for 2x2 table) = (1.96)2 = 3.84. 

Therefore c2 = Z2. 

 
 

Test of hypotheses in larger  (r  x c) table 

The chi-squared test can also be applied to larger tables, generally called rxc tables, 

where r denotes the number of rows in the table and c the number of columns. 

( )
�=

E
E-O

  �
2

2    , d f = (r-1) (c-1) 

The general rule for calculating an expected number is: 
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E = (column total ´  row total) ¸  (overall total) 

There is no continuity correction or exact test for contingency tables larger than 

2x2. The approximation of the chi-squared test is valid provided less than 20% of the 

expected numbers are under 5 and none is less than 1. This restriction can sometimes 

be overcome by combining rows (or columns) with low expected numbers. There is no 

quick formula for a general rxc table. 

It is worth pointing out that the chi-squared test is only valid if applied to the 

actual numbers in the various categories. It must never be applied to tables showing 

proportions or percentages. 

 
Example: 

Comparison of principal sources of water used by households in three villages. 

(a) Observed numbers  

 

 
Village 

 

Water source A B C Total 
     
     
River 20 32 18 70 
Pond 18 20 12 50 
Spring 12 8 10 30 
Total 50 60 40 150 
     
 
(b) Expected numbers 

 

     
 

Village 
 

Water source A B C Total 
     
     
River 23.3 28.0 18.7 70.0 
Pond 16.7 20.0 13.3 50.0 
Spring 10.0 12.0 8.0 30.0 
Total 50.0 60.0 40.0 150.0 
     
 

1. Hypotheses: 

H0: No association 
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HA: Significant association  

2. Test statistic: 

( )�=
E
E-O

  �
2

2  =3.53 

3. Conclusion: 

Compare c2 = 3.53 with c2 table at d.f. (4) = 5.39, p >0.25. Therefore we conclude 

that there is no association between village and water sources. 
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3.6. Measures of association between two 

quantitative var iables: simple correlation and 

regression 
 

Simple Pearson correlation and simple linear regression are two techniques to 

investigate the linear association between two quantitative variables. Correlation 

measures the extent of relationship between the two variables, while simple linear 

regression gives the prediction equation that best describes the relationship. 

 

Simple Pearson correlation 
Simple: because there is only two quantitative variables 

Pearson: this is the parametric correlation which is followed in case the two variables 

are random and normally distributed. If the distributions are not normal (skewed) or 

not strictly continuous, then we resort to the nonparametric Spearman rank correlation. 

 

How can we measure correlation? 

Correlation is measured by the correlation coefficient, r  

( ) ( )
( ) ( )��

�=
22  y -y     x - x  

 y -y     x - x  
 r  = 

Y) ofdeviation  (standard x X) ofdeviation  (standard
Y and Xbetween  Covariance

 

The correlation coefficient is a number between -1 and +1, and equals zero if the 

variables are not associated. It is positive if the two quantitative X and Y variables 

have direct relation, i.e., they are high or low together. If r is negative, the relationship 

is indirect, i.e., if X values are high, Y values are low. The larger the value of r, the 

stronger is their association. The maximum value of 1 occurs in case of perfect 

correlation. This relationship may be explored using scatter diagram. In case of perfect 

correlation, all the points are exactly on a straight line. 
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Example: 

Plasma volume and body weight in 8 healthy men 

   
Subject Body weight(Kg) Plasma volume (l) 

 X Y 
   
   
1 58.0 2.75 
2 70.0 2.86 
3 74.0 3.37 
4 63.5 2.76 
5 62.0 2.62 
6 70.5 3.49 
7 71.0 3.05 
8 66.0 3.12 

   
 

 
According to the above formula, r = 0.76. 

 

Test of significance of r  

1. Hypotheses: 

H0: The sample is drawn from a population with correlation coefficient, r  = 0, i.e., 

No correlation 

Scatter diagram of plasma volume and body weight 

Body weight (Kg) 

82 78 74 70 66 62 58 54 50 

Pl
as

m
a 

vo
lu

m
e 

(l
) 

3.6 

3.4 

3.2 

3.0 

2.8 

2.6 
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HA: There is significant correlation, i.e., r  ¹  0 

2. Test: 

Student t-test 

2.86     
2-n

r-1
 r  oferror  standard          ,

r  oferror  standard
r

 t
2

c

=

==  

3. Conclusion: 

Refer t-calculated to the t-table at degrees of freedom 6 (=n-2), we find that p < 

0.05. Therefore, we conclude that there is significant association between plasma 

volume and body weight and this value of r cannot be attributed to chance only. 

This decision means that this data cannot support the null hypothesis, and we have 

to reject H0 and naturally accept the alternative hypothesis, HA. 

The problem with this test of significance is that t-calculated, which is directly 

proportional to the extent of association, depends on both the value of r and the 

number of observations, n. Consequently, a poor correlation may become 

statistically significant if based on a large number of observations, while a strong 

correlation may fail to achieve significance in case of few observations. 

 
 

Simple linear  regression 
Simple: because there is one independent (explanatory) variable only, which is the 

body weight X in the above example. If there are more than one independent variable, 

we will be dealing with multiple linear regression. Naturally, there is always one 

dependent (response or outcome variable) Y. The rule is as X changes Y changes 

accordingly. 

Linear: means that the relationship between X and Y is linear, i.e. as X changes one 

unit, Y changes at a constant rate equal to the regression coefficient (slope). 

 

How can we measure regression? 

We measure regression by the regression (prediction) equation is: 

y = a + bx, 

where, a is the intercept or the value of Y at X=0, b is the slope or regression 

coefficient which is the rate of change in Y per unit change in X. a & b are estimated 

by the least squares method which guarantees that deviations of the points from the 
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regression line are least (minimum). The least squares estimates of a & b are as 

follows: 

 

( )( )
( )

                 
 x - x  

y -y    x - x  
  b 2�
�=  = 

X) of (variance
Y X,between  Covariance

 ; xb - y  a=  

 

 

When there is no correlation, r = 0, also the regression coefficient, b will be equal 

to zero, i.e., the regression line becomes horizontal at height = y . 

In the above example, b = 0.0436, a = 0.0857, thus the regression equation is: 

Plasma volume = 0.0857 + 0.0436 ´  Weight 

The equation means that as body weight increases 1 kg, plasma volume increases 

0.0436 litre. We can use the equation for predicting plasma volume for a given body 

weight, e.g. for a person 70 kg weight, plasma volume y = 0.0857 + 0.0436 ´  70 = 3.1 

litres. This prediction is useful since the measurement of plasma volume is time 

consuming and it is convenient to predict it from body weight. 

 

How can we ascertain that the regression coefficient, b, is 

significant? 

We carry out a test of hypotheses about b: 

 
1. Hypotheses: 

H0: The population regression coefficient, b = 0, i.e., no regression  

HA: The population regression coefficient, b ¹  0, i.e. there is significant regression  

2. Test: 

2.85   
 (b)error  standard

 - b
 t c =

b
=  

3. Conclusion: 

Refer the calculated - t value to the t - table with degrees of freedom = 8 (= n-2), 

we find that p < 0.05. This result means that plasma volume increases significantly 

as body weight increases. 
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Assumptions under lying linear  regression and correlation 

1. The measurements of the two quantitative variables should be normally 

distributed, in case of correlation, while in regression the measurement of the 

dependent variable only should be normally distributed. 

2. The amount of scatter of the points should be close to the regression line, this 

means that the variance is homogenous. 

3. Prediction of the dependent variable should be in the range of the independent 

variable. 

Simple linear regression has a limited use in real life since it assumes that the outcome 

variable Y depends only on one factor, X, which rarely happens in life. Also, linear 

regression assumes that as the variable X changes, the outcome variable Y changes 

linearly, i.e., at a constant rate. The equation for a statistical model is not expected to 

be exactly true; instead, it represents a useful framework to study the relationship of 

interest, i.e. there is no biological support for a statistical model and its use is only 

restricted to the observed data set. 
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3.7 Multivar iate regression methods 
 

Multiple linear  regression 
This multivariate approach is used when we want to study the relationship between 

one quantitative outcome variable (Y) and a number of independent variables (Xi, i = 

1,k) which may be quantitative or qualitative. The merit of multivariate methods is 

that they adjust confounding between variables and provide the pure weight 

(importance) of each variable. The prediction equation takes the following form: 

Y = a + b1x1 + b2x2 + ...  + bkxk 

where, y is the response variable which should be quantitative and normally 

distributed, a is constant, bi are the regression coefficients, and xi are the explanatory 

or independent variables. 

 
 

Binary logistic regression 
This multivariate analysis is oftenly used for the analysis of case-control studies. The 

dependent (outcome) variable is binary (0 for control, 1 for case), while the 

independent variables (risk factors) may be quantitative or qualitative. This analysis 

leads to estimation of the adjusted odds ratios of cases in reference to controls for 

different risk factors after fixing the confounding between variables. 
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3.8 Non-parametr ic (distr ibution-free, 

order  or  rank) tests 
 

These tests do not assume any particular distributions for the data; they are useful 

when we deal with a small data set, which is non-normal and cannot be normalized by 

any transformation. The non-parametric methods are primarily concerned with 

significance tests or tests of hypotheses. Confidence intervals cannot be estimated by 

non-parametric methods. They are convenient for small skewed samples only, less 

powerful in detecting significance than the parametric methods (which require 

normality of variables). Our choice of parametric or nonparametric methods depends 

on the possibility of normal assumption, and the importance of obtaining a confidence 

interval. The following non-parametric tests are commonly used: 

 

  
Parametric test Nonparametric test 
  
  
One sample t-test Sign test/ Wilcoxon signed-rank test 

Independent 2 sample t-test Mann-Whitney U test 

Paired t-test Wilcoxon paired rank test 

One-way analysis of variance Kruskal-Wallis analysis of variance 

Pearson correlation Spearman rank correlation 

  
 

 

1. Sign test 

(one sample) 

The following are the appearance transit times (x) in seconds for 1l patients with 

significantly occluded right coronary arteries: 

1.80 3.30 5.65 2.25 2.50 3.50 2.75 3.25 3.10 2.70 3.00 

Can we conclude that the median appearance transit time in the population from which 

the sample was drawn is different from 3.50 seconds? 
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1. Hypotheses: 

H0: M = 3.50, M = median 

HA: M ¹  3.50 

2. Test statistic: 

Find the sign of the difference (X - M) 

 

X 1.80 3.30 5.65 2.25 2.50 3.50 2.75 3.25 3.10 2.70 3.00 
            
X – M - - + - - 0 - - - - - 
 

 how many are + ve   n(+)   = 1 

 how many are - ve   n(-)   = 9 

 Find the smaller among n(+) & n(-)    = k 

 We find fewer + ve difference = l  

  from Table (n = 10, p = 0.5) 

   P (k £ 1 /10, 0.5) = 0.0107  

   p = 2 ´  0.0107 = 0.0214 (two-sided p-value) 

3. Conclusion: 

Since p < 0.05 reject H0 and accept HA, i.e. we may conclude that the median 

appearance transit time in the population from which the sample was drawn is 

different from 3.5 seconds. 

For large sample (n > 12), the test statistic is 

 

( )

( )
0.027  p          2.21,-    

10  0.5

10  0.5 -  0.5  1 
    

n  0.5

n  0.5 -  0.5 k  
  Z

==
´

´+
=

´

´+
=

 

 
 

2. Wilcoxon signed-rank test 

(one sample) 

A random sample of 15 persons had the following IQs, can it be concluded that the 

median IQ is different from 107? 
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IQs 

99 100 90 94 135 108 107  111 

1l9 104 127 109 117 105 125 

 

1. Hypotheses: 

H0: M = 107  

HA: M ¹  107 

This test considers the value (X - M) instead of sign. It is more efficient than the 

Sign test. 

 
Calculations: 
 

    
IQ Di = X i – M0 Rank of  D  Signed rank of  D 

    
    

99 -8 7 -7 
100 -7 6 -6  
90 -1 7 11 -11 
94 -13 10 -10 

135 + 28 14 + 14 
108 + 1 1 + 1 
107 0 Eliminate from analysis 
111 +4 5 +5 
119 + 12 9 +9 
104 -3 4 -4 
127 + 20 13 +13 
109 +2 2.5 +2.5 
117 + 10 8 +8 
105 -2 2.5 -2.5 
125 +18 12 +12 

    
T + = 64.5 
T -  = 40.5 

2. Test statistic:  

T = 40.5 [smaller of T(-) & T(+)]   

p > 0.463 

3. Conclusion: 

Since p > 0.05 we cannot reject H0, i.e., the median IQ of the subjects in the 

sampled population may be 107. 

Large sample approximation, if n > 30 
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0.4  p      0.75,-    
15.93

12-
    

15.93
52.5 - 40.5

     

24
291514

4
51 14

  -  40.5
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If Sign test is used 

No. of ‘ -‘  sign, n (-) = 6  

No. of '+' sign, n (+) = 8 

 k = 6 [smaller of n (-) & n(+)] 

 P (k £ 6/n = 14, P = 0.5) = 0.3953 (from table) 

 p = 2 ´  0.3953 = 0.7906 

 
 

3. Mann-Whitney test 

(Two independent samples) 

The Mann-Whitney U test is a non-parametric equivalent of the two-sample t-test. The 

advantage over the t-test is that the only assumption about the distribution of the data 

is that the observations can be ranked, whereas for the t-test we must assume data are 

from normal distribution with homogeneous variance. The Mann-Whitney U test is 

less powerful that the t-test if the data are normally distributed. This means that the t-

test can detect smaller differences for a given sample size. The Mann-Whitney U test 

is purely a test of significance, while the t-test enables us to estimate confidence 

intervals for the difference between the two tested groups in addition of being a 

significance test.  

 
Example: 

A researcher designed an experiment to assess the effect of prolonged inhalation of 

cadmium oxide on hemoglobin level in gms of 15 animals with 10 control, and the 

results are given below. Can we conclude that the median hemoglobin levels differ in 

the two groups? 
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     Hemoglobin levels 

  
Exposed animals (X) Unexposed animals(Y) 
  

  
14.4 17.4 
14.2 16.2 
13.8 17.1 
16.5 17.5 
14.1 15.0 
16.6 16.0 
15.9 16.9 
15.6 15.0 
14.1 16.3 
15.3 16.8 
15.7  
16.7  
13.7  
15.3  
14.0  

  
 

1. Hypotheses: 

H0: Mx = My  

HA: Mx ¹  My 

2. Test statistic: 

Use ranks instead of actual values 
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X Rank of X Y Rank of Y 
    
    

13.7 1   
13.8 2   
14.0 3   
14.I 4.5   
14.1 4.5   
149 6   
14.4 7   

  15.0 8.5 
  15.0 8.5 

15.3 10.5   
15.3 10.5   
15.6 12   
15.7 13   
15.9 14   

  16.0 15 
  16.2 16 
  16.3 17 

16.5 18   
16.6 19   
16.7 20   

 S = 145 16.8 21 
  16.9 22 
  17.1 23 
  17.4 24 
  17.5 25 
   Total = 180 
    

 

S = minimum total rank = min (145, 180) = 145 

n1 = 15, n2 = 10 

25     
2
1615

  -  145      

2
) 1  n ( n

  -  S   U 11

=
´

=

+
=

 

Interpretation: 

Reject H0 if U < Wa/2 or U > W1-a/2 where W1-a/2 = n1 ´  n2 - Wa/2 

For a/2= 0.025, Table value of Wa/2 = 40 

W1-a/2 = n1 ´  n2 - Wa/2 

   = 15 ´  10 - 40 = 110 
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3. Conclusion: 

Since U(25) < Wa/2 (40), reject H0 and accept HA. 

Since p < 0.01 (from table), then the median hemoglobin level differs in the two 

groups. 

 
 

4. Wilcoxon paired rank test 

(Two dependent samples) 

To test the benefit of drug B for rheumatoid arthritis over drug A, a pair-matched 

clinical trial was undertaken, and the globulin fraction (g/l) was measured. The results 

were as follows: 

Globulin fraction, g/l in 10 matched pairs 

           
Pairs of patients 1 2 3 4 5 6 7 8 9 10 
           
Treatment A 38 26 29 41 36 31 32 30 35 33 
           
Treatment B 45 28 27 38 40 42 39 39 34 45 

           
 

Is there any differences between treatment A and B? 

1. Hypotheses: 

H0: MD = 0; HA: MD ¹  0 

2. Test Statistic: 

      
Pairs of Treatment A Treatment B Difference(D) Rank Signed rank 
Patients   (2) - (3) | D | D 

( I ) (2) (3) (4) (5) (6) 
      
1 38 45 -7 6½ -6½ 
2 26 28 -2 2½ -2½ 
3 29 27 2 2½ 2½ 
4 41 38 3 4 4 
5 36 40 -4 5 -5 
6 31 42 -11 9 -9 
7 32 39 -7 6½ -6½ 
8 30 39 -9 8 -8 
9 35 34 1 1 1 
10 33 45 -12 10 -10 
    T-  = 47.5    T+ = 7.5 

 
Test statistic (Smaller of:  T- & T+) = 7.5 

Table value for T = 7.5, a/2 = 0.025, p < 0.05 
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3. Conclusion: 

Reject H0 and accept HA, i.e. the differences in globulin fraction differ between 2 

drugs. 

Large sample approximation 

(If n > 30) 
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5. Kruskal - Wallis test 
This test compares the distributions of more than two groups. 

 
Example: 

The effects of two drugs on reaction time of a certain stimulus were studied in three 

groups of experimental animals. Group III served as a control while the animals in 

group I were treated with drug A and those in group II were treated with drug B prior 

to the application of the stimulus. The table below shows the reaction times in seconds 

of the 13 animals. 

Reaction time 

   
Group I Group II Group III 

   
   

17 8 2 
20 7 5 
40 9 4 
31 8 3 
35   
   

 

Can we conclude that the three populations represented by the three samples differ 

with respect to reaction time? 
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1. Hypotheses: 

H0: The population distributions are all identical. 

HA: At least one of the populations exhibits larger values than the other 

populations. 

 
Analysis: 

Values are replaced with ranks for the 13 observations 

   
 Group  
I II III 
   
   
9 6.5 1 
10 5 4 
13 8 3 
11 6.5 2 
12   

   
R1= 55 R2 = 26 R3 = 10 

 
  

   
Group n Mean rank 

   
   

1 5 11.0 
2 4 6.5 
3 4 2.5 

 Total =13  
   

 
2. Test statistic: 

) 1 n  ( 3 - 
n

R
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k = the number of groups 

nj = the number of observations in the jth group 

n = the number of observations in all groups combined 

Rj = the sum of the ranks in the jth group 

n = 13  n1 = 5   n2 = 4  n3 = 4 
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3. Conclusion: 

Since p < 0.009 (from Table), we select HA, i.e., the 3 groups belong to different 

populations. 

 
 

6. Spearman rank correlation coefficient, rs 

It tests the association between two non-normal quantitative variables. 

 

Example: 

It is known that interobserver variations in blood pressure exist; those doctors who 

tend to read high on systolic also tend to read high in diastolic. The table below 

shows the systolic and diastolic blood pressure readings by 14 doctors. We wish to 

compute a measure of the strength of the relationship between systolic and 

diastolic read by the doctors. 

 

Blood pressure readings (mm Hg) of 14 patients 

       
Doctor Systolic Diastolic  Doctor Systolic Diastolic 

       
       
1 141.8 89.7  8 140.2 89.3 
2 140.2 74.4  9 140.8 88.0 
3 131.8 83.5  10 131.7 82.2 
4 132.5 77.8  11 130.8 84.6 
5 135.7 85.8  12 135.6 84.4 
6 141.2 86.5  13 143.6 86.3 
7 143.9 89.4  14 133.2 85.0 

       
 

1. Hypotheses: 

H0: Systolic and diastolic blood pressure readings by doctors are not related. 

HA: There is a direct relation between systolic and diastolic blood pressure 

readings by doctors 

The alternative hypothesis states that doctors who read high on systolic tend to 

read high also on diastolic. 
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Calculations: 

(Ranking X & Y values) 

      
Systolic (X) Diastolic(Y) Rx Ry Di = Rx-Ry di

2 
      
      

141.8 89.7 12 14 -2 4 
140.2 74.4 8.5 1 7.5 56.25 
131.8 83.5 3 4 -1 1 
132.5 17.8 4 2 2 4 
135.7 85.8 7 7 0 0 
141.2 86 5 11 10 1 1 
143.9 89.4 14 13 1 1 
140.2 89.3 8.5 12 -3.5 12.25 
140.8 88.0 10 11 -1 1 
131.7 82.2 2 3 -1 1 
130.8 84.6 1 6 -5 25 
135.6 84 4 6 5 1 1 
143.6 86.3 13 9 4 16 
133.2 85.0 5 8 -3 9 

      
    �  di

2 = 132.50 

 

2. Test statistic: 

The test statistic is 

  

0.005  p ,  0.71   
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3. Conclusion: 

Since p < 0.005, we conclude that there is a direct relation between systolic and 

diastolic blood pressure measurements. 
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3.9 Some statistical methods used in epidemiology 
 

Epidemiology is by definition concerned with certain problems affecting groups of 

individuals rather than single subjects, and inevitably gives rise to statistical problems. 

 

A. Measurement of r isk 

a) Absolute risk 

The incidence of a disease in a population is called the absolute risk. Absolute risk can 

indicate the magnitude of risk in a group of people with a certain exposure, but 

because it does not take into consideration the risk of disease in nonexposed 

individuals, it does not indicate whether the exposure is associated with an increased 

risk of the disease. 

b) Relative risk 

Both case-control and cohort studies are designed to determine whether there is causal 

relationship between exposure to a factor and development of a disease. If an 

association exists, how strong is it? If a cohort study is carried out, the question can be 

put another way: what is the ratio of the risk of disease in exposed individuals to the 

risk of disease in nonexposed individuals? This ratio is called the relative risk.  

c) Attributable risk 

The attributable risk is defined as the disease risk that can be attributed to a specific 

exposure. 

 

Relative r isk and odds ratio 

We consider certain problems arising in epidemiology research for which special 

statistical methods have been developed. It is often useful to measure the increased 

risk of incurring a particular disease if a certain factor is present. Suppose that each 

subject in a large population has been classified as positive or negative according to 

some aetological factor, and positive or negative according to some disease state. The 

factor might be based on his/her current status past history. The disease state may refer 

to the presence or absence of a certain category of disease at a particular instant, or to 

a certain occurrence (such as diagnoses or death) during a stated period. (These two 

forms of disease classification relate to prevalence and incidence, respectively). 
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For any such categorization the population may be enumerated in a 2 X 2 table, as 

follows (where entries in the table are proportions of the total population): 

 
 Disease  

 + - 

Factor   + p1 p3 

              - p2 p4 

 

If these proportions were known, the association between the factor and the 

disease could be measured by the ratio of the risks of being disease positive for those 

with and those without the factor. 

( )
( )

Ratio of risks =  
P

P
P

P
 
P

P
1

1

2

2

1

2+ +
=

+

+P P

P P

P P3 4

2 4

1 3
 

In many situations in which aetiological studies are done, the proportion of 

subjects classified, as disease positive will be small. That is, P1 will be small in 

comparison with P3, and P2 will be small in comparison with P4. In such a case, ratio 

of risks will be very nearly equal to (substituting p1+ p3 = p3;   p2+ p4 = p4): 

y  =
P P
P  P
1

2

4

3
 

The above ratio is properly called an approximate relative risk (because of the 

approximation referred to above), but it is often referred to simply as relative risk. 

Other terms are odds ratio (because it is the ratio of P1/ P3 to P2/ P4, and these two 

quantities can be thought of as odds in favour of having the disease), and cross- ratio 

(because the two products P1P4 and P2P3 are obtained by multiplying diagonally 

across the table). 

 
Example: 

Estimate the relative risk (RR) and odd ratio (OR) of cancer among smokers compared 

to non-smokers? 

 Cancer  

 Yes No All 

Smoking 39(a) 29961(b) 30000 

Non-smokers 6(c) 59994(d) 60000 
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smokers.-non  tocompared ascancer  lung developing ofrisk   the times13 have Smokers

RR>OR otherwise , RR =OR  disease rareIn           13.0 = 
599946
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The relative risk could be estimated from a random sample of the population, or 

from a sample stratified by the two levels of the factor. It could also be estimated from 

a sample stratified by the two disease states ( i.e. from a case- control study ), and it is 

this fact which makes it such a useful measure of relative risk. Suppose a case- control 

study is carried out by selecting a random sample of non- diseased individuals, and 

that the frequencies are as follows: 

 

 Disease  

 + - 

Factor   + a c 

              - b d 

 

Frequently, of course, the sampling plan will lead to equal numbers of cases and 

controls; then a+b = c+d = 1/2n. Now, a/b can be regarded as a reasonable estimate of 

P1/P2, and c/d similarly estimates P3/P4. The observed relative risk: �y = ad/ bc, is the 

ratio of a/b to c/d, and therefore can be taken as an estimate of the population relative 

risk. The assumption that the case and control groups are random samples of relevant 

population groups is rarely, if ever, satisfied in case- control studies. 

The sampling variation of estimated relative risk is best considered by using a 

logarithmic scale. Approximately, 

( )var    = 1 a +1 b +1 c +  1 dlog �ey  

The loge denotes the natural logarithm. Approximate confidence limits can be 

obtained by using the square root of the above variance as the standard error of loge �y  

applying normal theory, and transforming the limits back to the original y  scale. 

( )log log � �e ey y ya =    Z   var loge± ´  

y  = antilog (limits) = e limits 
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Example: 

The table below shows the number of carcinoma cases and healthy controls by use of 

oestrogens for at least six months. 

 

 Cancer cases  Controls Total 

Oestrogen used         152     54 206 

Oestrogen not used 165 263 428 

Total 317 317 634 

 

Calculate the odd ratio of endometrial carcinoma among those who had oestrogen 

compared to those who did not have oestrogen. Calculate the 95% C.I. for y    

( )

�

�

y

y

=
´
´

+ + +

 
152  263
54  165

 =  4.49

var log   =  
1

152
 =  0.035e

1
54

1
165

1
263

 

( )log log � �e ey y ya =    Z   var loge± ´  

 =   4.49  .96  0.035 

 =  1.503  1.96  0.187

 =  1.503  0.366  =   (1.137 , 1.869)

 =  exp (log    e

log

) exp( . ), exp( . ) ( . , . )

e ± ´

± ´

±

= =

1

1137 1869 312 648y y

 

Another method to find the confidence interval of odds ratio is the Miettinen test:  

Confidence interval for y y a= ±(1 2Z x  , where x2 is the calculated chi-square 

value. 

Odds ratio, y  = 4.49 , x2 = 69.1   p< 0.001 

x2 = 69.1 , x2 = 8.31      At 95% confidence, a = 0.05 and Z (a) = 1.96 ,  

Z (a)/ x2 = 1.96/8.31 = 0.236   

and y y a= ±(1 2Z x = y = ±449 1 0236. ( . )  = 3.15 to 6.40 

 
Case control study with individually matched controls 

Example: 

In a case control study to estimate the risk of cancer due to smoking, 99 cancer cases 

and an equal numbers of individually matched healthy control were studied for their 

smoking habits. The following table shows the findings on the analysis of pairs of 

smoking habits. 
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  Control   

  + - Total 

Cases + 17(a) 62(b) 79 

 - 13(c) 7  (d) 20 

 Total 30 69 99 

 
a) Estimate the OR. 

b) Test the significance of the association between occurance of cancer and    

smoking habits. 

c) Find the 95% C.I. for the population OR. 

 
The analysis is based on pairs according to the present (+) or absence (-) of the risk 

factors, and the test for associations is based on McNemar Chi-square test. 

 
a) OR = b/c = 62/13 = 4.8 

b) Mc Nemar x2  =  [ ] [ ] [ ] [ ]b c b c- + - +2 262 13 62 13 =   =  32.0   p<0.0001. 

 Therefore, the association between cancer and smoking is significant. 

c) 95% c.I. 

( )

( ) 8.26) , (2.79  8.4 

 8.4 

 ˆ = 

 346.01

 3296.11

xZ1  
2

==

=

yy

±

±

�
�
��

�
� ± a

 

 
Bias 

Major sources of bias must be taken into account in assessing study findings that 

compare screened and un-screened populations. Selection bias can be minimized by 

using a randomized, controlled trial as the study design. In approaching programs of 

early disease detection, we need to be able to identify groups who are at high risk. 

These are the groups for whom cost-benefit calculations will favor benefit. The 

decision of whether or not to screen for a disease is a value judgment that should take 

into account the incidence of the disease and its severity, the feasibility of detecting 
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the disease early, the feasibility of intervening effectively in those with positive 

screening results, and the overall cost-benefit calculation for an early detection 

program. 

Information bias can occur when the means for obtaining information about the 

subjects in the study are inadequate so that as a result some of the information 

gathered regarding exposures and/or disease outcome is incorrect. A point to 

remember that bias is a result of an error in the design or conduct of a study. Efforts 

should therefore be made to reduce or eliminate bias or, at the very least, to recognize 

it and take into account when interpreting the findings of a study. 

 

Confounding 

A problem posed in many studies is that a true association is observed and a causal 

inference is derived, when, in fact, the relationship may not be causal. This is called 

confounding, which is the most important problems in observational studies. The 

problem of confounding can be addressed by either group or individual matching for 

the factor suspected to be a possible confounder, or in analysis of the data through 

stratification or adjustment by multivariate statistical methods. 8, 21  

 

B. Diagnostic tests 
In epidemiological studies much use is made of diagnostic tests, based either on 

clinical observations or on laboratory techniques, by means of which individuals are 

classified as healthy or as falling into one of a number of disease categories. Such tests 

are important throughout the whole of medicine, and in particular form the basis of 

screening programmes for early diagnosis of disease. Most such tests are imperfect 

instruments, in the sense that healthy individuals will occasionally be classified 

wrongly as being ill, while some individuals who are really ill may fail to be detected. 

How should we measure the ability of a particular diagnostic test to give the correct 

diagnosis both for healthy and for ill subjects? 

Suppose that each individual in a large population can be classified as truly 

positive or negative for a particular diagnosis. This true diagnosis may be based on 

more refined methods than are used in the tests; or it may be based on evidence which 

emerges after the passage of time, for instance at autopsy. For each class of 

individuals, true positive and true negative, we can consider the probabilities that the 

test gives a positive or negative verdict; as in the table below. 
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  Test  

  + - 

Actual + 1-b b 

 -               a 1-a 

 
An individual in the top right corner of this 2 X 2 table is called a false negative; b 

is the probability of a false negative, and 1-b is called the sensitivity of the test. Those 

in the lower left corner are called false positive; a is the probability of a false positive, 

and 1-a is the specificity of the test. There is an analogy here with significance tests. 

If the null hypothesis is that an individual is a true negative, and a positive test result is 

regarded as 'significant', then a is analogous to the significance level and 1- b is 

analogous to the power of detecting the alternative hypothesis that the individual is a 

true positive. 

Clearly it is desirable that a test should have small values of a and b, although 

other considerations such as cost and ease of application are highly relevant. Other 

things being equal, if test A has smaller values of both a and b than test B it can be 

regarded as a better test. 

 
Screening 

Sensitivity and specificity 

 
  New diagnostic test 

  +  - 

 

Final diagnosis 

         

+ 

True positive (TP) False negative (FN) 

  - False positive (FP) True negative (TN) 

 
·  Sensitivity = TP/ (TP+ FN) 

·  Specificity = TN/ (TN+ FP) 

·  Positive Predictive Value= TP/ (TP+ FP) 

·  Negative Predictive Value = TN/ (TN+ FN) 

 

Several sound principles and standards should be applied to modern epidemiological 

studies. Epidemiologic studies of environmental exposures (including dietary) are 
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warranted where evidence exists that rates of disease have changed much faster than 

can be explained by genetic change or improved detection. A credible study should 

show a strong association between disease and risk factor, as well as a highly plausible 

biological mechanism that could produce the disease. 
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SECTION FOUR 

DATA PROCESSING 
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4.1 Exploratory analysis 

 

Once data are collected, an exploratory analysis should be first conducted to clean the 

data and assess its quality. 

 

Quality of data 
a) Standardization of methods of data collection and measurement equipments 

leads to high quality data. 

b) Missing values results in unreliable conclusions. 

c) In retrospective designs quality of data is out of control. 

 In prospective designs, quality of data is maintained. 

d) The question of primary interest should be clear, and the response variable 

well defined 

e) Initial phase of data analysis is simple frequency tabulations or graphs to clean 

the data. 

 
Data exploration 
 
The objectives of data exploration are: 

a) Detect errors, i.e. incorrect values for variables or observations 

b) Explore the features of the data, such as linear relationship, time trend, change 

points, and outliers. 

 
The tools of data exploration are: 

a) Descriptive methods, such as measures of location, measures of dispersion, 

and tests for normality 

b) Graphical methods 

Univariate: qualitative variable: Bar, pie chart, 

  quantitative variable: Histogram, curve, box and whisker plot, 

  error bar. 

Bivariate: Scatter diagram 

Multivariate: Multiple linear regression, and multiple logistic regression. 
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4.2 Statistical computation 

 
Statistical computer  software: SPSS 
SPSS stands for Statistical Package for Social Sciences. 

 

Data editor  

The data editor window opens automatically when you start an SPSS session. This 

window displays the contents of the data file as a rectangular spreadsheet. The rows 

represent cases and columns represent variables. 

 

Creating data file  

The SPSS data editor creates a data file in two stages: 

1. Defining SPSS variables using variable view. 

2. Entering the data using data view. 

From the status bar at the bottom of SPSS window select the variable view for 

defining your variables. 

 

How to define var iables? 

On the spreadsheet shown on the screen from the variable view window define a 

variable: e.g. Serial Number   sn 

Name enter            sn 

    The variable name has the following restrictions: 

·  maximum 8 characters 

·  should start with alphabet 

·  does not allow space between words 

Type  

·  Numeric or string  

·  Width: Number of digits  

·  Decimal places  

Width 3 (because data on 100 cases will be entered)   

Decimals 0   
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Label No restrictions on the label, enter: Serial number. The label (not the 

variable name) will be printed out whenever the variable is printed. 

Column width should be at least 2 such that the variable 

name sn can appear, but in this situation it should be 3 since 

the width is 3.  

Missing values  

Usually impossible number to occur in the data e.g. 9 or 99 

Transform submenu 

Recode: Input variable = output variable if certain condition exists 

Compute: Target value = Expression 

Arithmetic (Mathematical) Operations 

+ Addition 

----  Subtraction 

*  Multiplication 

/ Division 

**  Exponentiation 

Pr ior ity of computation 

Parentheses 

Exponentiation 

Division or multiplication (from left to right) 

Addition or subtraction (from left to right) 

Ar ithmetic functions 

ABS(  ), SQR(  ), EXP(  ) 

Statistical functions 

SUM( List), MEAN(  ), SD(  ), VARIANCE(  ) 

Conditional transformations 

Relational operators 

EQ = 

NE <> 

GE >= 

LE <= 

GT > 

LT < 
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Logical operators 

NOT 

AND 

Prior ity of evaluation of operators 

Functions and arithmetic operators (as mentioned before) 

Relational operators 

NOT Reverse the outcome of the expression 

AND Both relations must be true 

OR Either relation can be true 

Statistics submenu 

Analyse menu, descr iptive statistics 

·  Frequencies: For one qualitative variable, it provides median, percentiles and 

bar chart. 

·  Descriptives: For one quantitative variable; it provides measures of location 

and dispersion. 

·  Explore: It breaks variables into a number of groups by a factor and provides 

confidence interval for the mean, outliers, percentiles 

·  Crosstabs: It builds a contingency table between two qualitative variables and 

calculates:   

Chi-square 

Relative risk 

Kappa: measure of agreement 

Compare means 

····  Means: Break a continuous variable by categorical variable into groups then 

calculate descriptive statistics for each group. 

·  Independent t-test: requires test variable and grouping variable. It produces p-

value and confidence interval of the difference between two means. 

·  Paired t-test: requires two variables (before and after certain intervention). 

····  One-way ANOVA: requires one dependent variable to be grouped by a factor. 

It provides:  

Descriptive statistics for the different groups 

Test of homogeneity of variances 

ANOVA table 

Pairwise comparisons: method of Least Significant Difference (LSD). 
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Correlate 

·  Bivariate: correlation between two continuous variables. It provides: 

Pearson correlation coefficient, r, and its test of significance 

Spearman correlation coefficient, rs, and its test of significance 

·  Partial: requires list of variables to find correlation between them after 

controlling for some variables. It provides p-value for significance. 

Regression 

• Linear (Binary Linear Regression): requires one dependent continuous variable 

and a number of independent variables (mixture of continuous and discrete 

variables). The following methods may be used: 

Enter 

Backward 

Forward. 

It provides: Model fit, Covariance matrix 

• Logistic (Multiple Logistic Regression): requires one dependent binary 

variable (0 for absence of the condition, control, and 1 for existence of the 

condition, case) and a number of independent covariates. The following methods 

may be used: 

Enter 

Backward 

Forward. 

Nonparametr ic tests 

····  2 Independent samples: requires one test continuous variable (not normal) and 

a grouping variable. The Mann-Whitney U test is the substitute for independent t-

test in case of skewed continuous random variables. 

·  K Independent samples: Kruskal-Wallis test to compare between K 

independent samples. It is the nonparametric substitute of one-way ANOVA. 

·  2 Related samples: Wilcoxon test, for paired variables; the substitute of paired 

t-test. 

·  K Related samples: Friedman test to compare K related samples. 

 

Graph submenu 

·  Bar and pie-chart: For one qualitative variable. 

·  Histogram: For one quantitative variable, with normal distribution overlayed on it. 
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·  Scatter: For two quantitative variables, we may fit the linear regression line on it. 

·  Error bar: Draws mean and confidence interval of a quantitative variable. 

·  Box plot: Draws the median and percentiles of a quantitative variable to show the 

shape of the distribution. 

 

There is a built-in dictionary in the SPSS package, which can be accessed by pressing 

the right side of the mouse. You may refer to the dictionary to understand the 

functions of various commands. 
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SECTION FIVE 

REPORTING HEALTH RESEARCH 
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In order to prepare an article for publication, authors should follow the writing style of 

the target journal shown in "Instructions for Authors", in addition to a recent paper 

published in this journal. There are two commonly used styles, Vancouver and Harvard 

systems. 

5.1 Vancouver  style 
 

A small group of editors of general medical journals met informally in Vancouver, 

British Columbia, in 1978 to establish guidelines for the format of manuscripts 

submitted to their journals. The group became known as the Vancouver Group. Its 

requirements for manuscripts, including formats for bibliographic references 

developed by the National Library of Medicine, were first published in 1979. The 

Vancouver Group expanded and evolved into the International Committee of Medical 

Journal Editors (ICMJE), which meets annually. The ICMJE gradually has broadened 

its concerns to include ethical principles related to publication in biomedical journals. 

Every journal has editorial requirements uniquely suited to its purposes. Authors 

therefore need to become familiar with the specific instructions to authors published 

by the journal they have chosen for their manuscript - for example, the topics suitable 

for that journal, and the types of papers that may be submitted (for example, original 

articles, reviews, or case reports) - and should follow those instructions. In addition, a 

paper from a recent volume of the selected journal may be used for guidance. 

Types of publications usually include: 

1. Or iginal ar ticles 

Original articles are usually up to 3000 words long with up to 6 tables/ illustrations 

and 30 references. Where applicable, it should be structured under abstract, objectives, 

methods, results discussion, and conclusion. 

2. Repor ts 

Reports should be novel and should not exceed 1500 words, inclusive of structured-

abstract, introduction, report and discussion. Up to 10 references and 2 tables/ 

illustrations can be used. 

3. Reviews 

Review articles may be up to 3000 words, provided they contain a clear educational 

message. The use of boxed case histories, learning bullet points, and structured tables 

are encouraged; an abstract may also be requested. 
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4. Editor ials 

The editorials may be up to 800 words. 

5. Letter  to the editor  

Letters to the Editor, especially those related to articles published in a journal should 

not exceed 500 words and five references. 

6. Self-assessment quizzes 

Self-assessment quizzes may take several formats, including multiple choice 

questions, photographic material, or data interpretation with clinical information, 

concluded with a discussion of the correct answers. 

 
 

Prepar ing manuscr ipt and format  
The manuscript is usually divided into sections with the headings Introduction, 

Methods, Results, Discussion, References, Tables, Figures, Figure Legends. Long 

articles may need subheadings within some sections (especially the Results and 

Discussion sections) to clarify their content. Other types of articles, such as case 

reports, reviews, and editorials, are likely to need other formats.  

Manuscripts must be typewritten, double-spaced, on one side of A4 paper with 

margins of at least 25mm. If manuscripts are submitted electronically, the files should 

be double spaced, because the manuscript may need to be printed out for reviewing 

and editing. A word-processing format such as MS-Word is preferred. All data, 

including headings and subheadings continuously left aligned. Number pages 

consecutively, beginning with the title page. Type the numbers in the upper right-hand 

corner using Arabic numerals. Begin each section or component on a new page. 

Follow the sequence: title page, abstract and keywords, text, acknowledgments, 

references, tables (each on separate page, avoid internal horizontal and vertical lines), 

figures, legends. Avoid abbreviations in the title and abstract. 

 
 

Title 

The title page should carry the following information: 

(a)  The title of the article. The title should be clear, and concise. Authors should 

include all information in the title that will facilitate electronic retrieval of the article. 

Use only a single sentence for your title. 
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(b)  Authors' names and institutional affiliations. Some journals publish each author's 

highest academic degree(s), while others do not; 

(c)  The name of the department(s) and institution(s) to which the work should be 

attributed; 

(d)  Corresponding authors. The name, mailing address, telephone and fax numbers, 

and e-mail address of the author responsible for correspondence about the manuscript.  

(e)  Acknowledgements. All contributors who do not meet the criteria for authorship 

should be listed in an acknowledgments section. 

(f)  A running head. Usually of no more than 40 characters. 

(g)  Word counts. A word count for the text only (excluding abstract, 

acknowledgments, figure legends, and references). A separate word count for the 

Abstract may also be required. 

(h)  The number of figures and tables. 

Authors may complete a conflict of interest notification page, and copyright page if 

required by the journal.  

 
 

Abstract and key words 

An abstract (requirements for length and structured format vary by journal) should 

follow the title page. The abstract should provide the background for the study and 

should state the study's objectives, subjects and methods (selection of study subjects, 

type of study: observational or analytical method), results (giving facts about findings 

and their statistical significance), and conclusions. 

It should emphasize the new and important aspects of the study. The best time to 

prepare the abstract is after you have completed the entire paper. Let the abstract be 

your last piece of writing and then insert it at the beginning of your paper. 

The abstract should not exceed 250 words (although variable between journals) 

and should state concisely what was done, the main findings and how the work was 

interpreted. Because abstract is the only portion of the article indexed in many 

electronic databases, and the only portion many readers read, authors need to be 

careful that abstracts reflect the content of the article accurately. 

Authors should prepare their abstracts in the format specified by the journal they 

have chosen. Some journals request that, following the abstract, authors provide, and 

identify as such, 3 to 10 key words. These will assist indexers in cross-indexing the 

article and may be published with the abstract. Terms from the Medical Subject 
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Headings (MeSH) list of Index Medicus should be used; if suitable MeSH terms are 

not yet available for recently introduced terms, present terms may be used. 

 
 

Introduction 

Provide background information for the study (i.e., the nature of the problem and its 

significance). State the specific purpose or research objective of, or hypothesis tested 

by, the study; the research objective is often more sharply focused when stated as a 

question. It may be easier to think of this section as a review of the relevant literature. 

Cite previous research and studies that are similar to what you are reporting. Position 

your research in relation to other efforts and show how your project will extend the 

work that has been previously done, avoid the mistakes and/or errors that have been 

previously made. It is essential to include a well-documented statement of the need 

and importance of your research. 

 
 

Goals and objectives 

Try and differentiate between your goals and your objectives, and include both. Goals 

are the large statements of what you hope to accomplish but usually are not 

measurable. Objectives are operational, tell specific things you will be accomplishing 

in your project, and are measurable. Your objectives will form the basis for the 

activities of your project and will also serve as the basis for the evaluation of your 

research. Present measurable objectives for your project.  

 
 

Methods 

The Methods section should include only information that were available at the time 

the plan or protocol for the study was written; all information obtained during the 

conduct of the study belong to the Results section. Describe your selection of the 

observational or experimental participants (patients and controls) clearly, including 

eligibility and exclusion criteria and a description of the target population. The 

guiding principle should be clarity about how and why a study was done in a 

particular way. When authors use variables such as race or ethnicity, they should 

define how they measured the variables and justify their relevance. 
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Identify the methods, apparatus (give the manufacturer's name and address in 

parentheses), and procedures in sufficient detail to allow other workers to reproduce 

the results. Give references to established methods, provide references and brief 

descriptions for methods that have been published but are not well known; describe 

new or substantially modified methods, give reasons for using them, and evaluate their 

limitations. Identify precisely all drugs and chemicals used, including generic name(s), 

dose(s), and route(s) of administration. 

Authors submitting review manuscripts should include a section describing the 

methods used for locating, selecting, extracting, and synthesizing data. These methods 

should also be summarized in the abstract. Describe statistical methods with enough 

detail to enable a reader to verify the reported results. When possible, quantify 

findings and present them with appropriate indicators of measurement error or 

uncertainty (such as confidence intervals). Avoid relying solely on statistical 

hypothesis testing, such as the use of p values; they should be supplemented by 

calculating the confidence intervals. Define statistical terms, abbreviations, and most 

symbols. Specify the computer software used. Justify the use of parametric or 

nonparametric methods, based on normal distribution of variables. 

 
 

Results 

Present your results in logical sequence in the text, tables, and illustrations, giving the 

main or most important findings first. Do not repeat in the text all the data in the tables 

or illustrations; emphasize or summarize only important observations. Extra or 

supplementary materials and technical detail can be placed in an appendix where it 

will be accessible but will not interrupt the flow of the text.  

When data are summarized in the Results section, give numeric results not only as 

derivatives (for example, percentages) but also as the absolute numbers from which 

the derivatives were calculated, and specify the statistical methods used to analyze 

them. Restrict tables and figures to those needed to explain the argument of the paper 

and to assess its support. Use graphs as an alternative to tables with many entries; do 

not duplicate data in graphs and tables. Avoid non-technical uses of technical terms in 

statistics, such as "random" (which implies a randomizing device), "normal," 

"significant," "correlations," and "sample." Where scientifically appropriate, analyses 

of the data by variables such as age and sex should be included.  

 



 

 88 

Discussion 

Emphasize the new and important aspects of the study and the conclusions that follow 

from them. Do not repeat in detail data or other material given in the Introduction or 

the Results section. For experimental studies it is useful to begin the discussion by 

summarizing briefly the main findings, then explore possible mechanisms or 

explanations for these findings, compare and contrast the results with other relevant 

studies, state the limitations of the study, and explore the implications of the findings 

for future research projects and for clinical practice. 

Link the conclusions with the goals of the study but avoid unqualified statements 

and conclusions not adequately supported by the data. In particular, authors should 

avoid making statements on economic benefits and costs unless their manuscript 

includes the appropriate economic data and analyses. Avoid claiming priority and 

referring to work that has not been completed.22 

 
 

References 

Although references to review articles can be an efficient way of guiding readers to a 

body of literature, review articles do not always reflect original work accurately. 

Readers should therefore be provided with direct references to original sources 

whenever possible. References to papers accepted but not yet published should be 

designated as "in press", authors should obtain written permission to cite such papers 

as well as verification that they have been accepted for publication. Information from 

manuscripts submitted but not accepted should be cited in the text as "unpublished 

observations" with written permission from the source. 

Avoid citing a "personal communication" unless it provides essential information 

not available from a published source, in which case the name of the person and date 

of communication should be cited in parentheses in the text. References should be 

numbered consecutively in the order in which they are first mentioned in the text. 

Identify references in text by Arabic numerals in parentheses or as superscript. The 

titles of journals should be abbreviated according to the style used in Index Medicus. 

Examples for references are as follows: 23, 24 

 
Articles in journals 

Standard journal article  

List the first six authors followed by et al. (Note: NLM now lists all authors.)  
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Halpern SD, Ubel PA, Caplan AL. Solid-organ transplantation in HIV-infected 

patients. N Engl J Med 2002;347:284-7.  

More than six authors:  

Rose ME, Huerbin MB, Melick J, Marion DW, Palmer AM, Schiding JK, et al. 

Regulation of interstitial excitatory amino acid concentrations after cortical contusion 

injury. Brain Res 2002;935:40-6.  

Organization as author  

Diabetes Prevention Program  Group. Hypertension, insulin, and proinsulin in 

participants with impaired glucose tolerance. Hypertension 2002;40:679-86.  

Volume with supplement  

Geraud G, Spierings EL, Keywood C. Tolerability and safety of frovatriptan with 

short- and long-term use for treatment of migraine and in comparison with 

sumatriptan. Headache 2002;42 Suppl 2:S93-9.  

Type of article indicated as needed  

Tor M, Turker H. International approaches to the prescription of long-term oxygen 

therapy [letter]. Eur Respir J. 2002;20:242.  

 
Books and other monographs  

Personal author(s)  

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical microbiology. 4th ed. 

St. Louis: Mosby; 2002.  

Author(s) and editor(s)  

Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd ed. Wieczorek RR, 

editor. White Plains (NY): March of Dimes Education Services; 2001.  

Organization(s) as author  

Royal Adelaide Hospital; University of Adelaide, Department of Clinical Nursing. 

Compendium of nursing and practice development, 1999-2000. Adelaide (Australia): 

Adelaide University; 2001.  

Chapter in a book  

Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations in human solid tumors. 

In: Vogelstein B, Kinzler KW, editors. The genetic basis of human cancer. New York: 

McGraw-Hill; 2002. p. 93-113.  
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Conference proceedings  

Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th 

Germ Cell Tumour Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer; 

2002.  

Conference paper  

Christensen S, Oppacher F. An analysis of Koza's computational effort statistic for 

genetic programming. In: Foster JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, 

editors. Genetic programming. EuroGP 2002: Proceedings of the 5th European 

Conference on Genetic Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin: 

Springer; 2002. p. 182-91.  

Scientific or technical report  

Issued by funding/sponsoring agency:  

Yen GG (Oklahoma State University, School of Electrical and Computer 

Engineering, Stillwater, OK). Health monitoring on vibration signatures. Final 

report. Arlington (VA): Air Force Office of Scientific  (US), Air Force  

Laboratory; 2002 Feb. Report No.: AFRLSRBLTR020123. Contract No.: 

F496209810049.  

Issued by performing agency:  

Russell ML, Goth-Goldstein R, Apte MG, Fisk WJ. Method for measuring the size 

distribution of airborne Rhinovirus. Berkeley (CA): Lawrence Berkeley National 

Laboratory, Environmental Energy Technologies Division; 2002 Jan. Report No.: 

LBNL49574. Contract No.: DEAC0376SF00098. Sponsored by the Department of 

Energy.  

Dissertation  

Borkowski MM. Infant sleep and feeding: a telephone survey of Hispanic Americans 

[dissertation]. Mount Pleasant (MI): Central Michigan University; 2002.  

Patent  

Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic 

grasping and cutting device and positioning tool assembly. United States patent US 

20020103498. 2002 Aug 1.  

Journal article on the internet  

Abood S. Quality improvement initiative in nursing homes: the ANA acts in an 

advisory role. Am J Nurs [serial on the Internet]. 2002 Jun [cited 2002 Aug 
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12];102(6):[about 3 p.]. Available from: 

http://www.nursingworld.org/AJN/2002/june/Wawatch.htm  

Monograph on the internet  

Foley KM, Gelband H, editors. Improving palliative care for cancer [monograph on 

the Internet]. Washington: National Academy Press; 2001 [cited 2002 Jul 9]. 

Available from: http://www.nap.edu/books/0309074029/html/.  

Homepage/Web site  

Cancer-Pain.org [homepage on the Internet]. New York: Association of Cancer Online 

Resources, Inc.; c2000-01 [updated 2002 May 16; cited 2002 Jul 9]. Available from: 

http://www.cancer-pain.org/.  

Part of a homepage/Web site  

American Medical Association [homepage on the Internet]. Chicago: The Association; 

c1995-2002 [updated 2001 Aug 23; cited 2002 Aug 12]. AMA Office of Group 

Practice Liaison; [about 2 screens]. Available from: http://www.ama-

assn.org/ama/pub/category/1736.html  
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5.2 Parenthetical citation (Harvard system) 
 

The Harvard system of citation is a straightforward method of acknowledging other 

people's work, because initially all you need to do is mention the author and date of 

publication in the text of your work. So, at each point in the text which refers to a 

particular document, insert the author's surname and publication year. 

The reader can easily locate the full description of the item you have cited by 

referring to the alphabetical list of references (or bibliography) provided at the end of 

your report. The system has the advantages of showing at a glance the authority used, 

who may well be recognised, and how recent or contemporary the information might 

be.25  

The APA (American Psychological Association) system of citing sources indicates 

the author's last name and the date, in parentheses, within the text of your paper. A 

typical citation of an entire work consists of the author's name and the year of 

publication: "Charlotte and Emily Bronte were polar opposites, not only in their 

personalities but in their sources of inspiration for writing (Taylor, 1990)." 

Use the last name only in both first and subsequent citations. When the reference 

is to a work by two authors, cite both names each time the reference appears: "Sexual-

selection theory often has been used to explore patters of various insect mating 

(Alcock & Thornhill, 1983). or "Alcock and Thornhill (1983) also demonstrate." 

When the reference is to a work by three to five authors, cite all the authors the 

first time the reference appears. In a subsequent reference, use the first author's last 

name followed by et al. (meaning "and others"): "Patterns of byzantine intrigue have 

long plagued the internal politics of community college administration in Texas 

(Douglas et al., 1997)" 

When the reference is to a work by six or more authors, use only the first author's 

name followed et al. in the first and all subsequent reference. When the reference is to 

a work by a corporate author, use the name of the organization as the author: "Retired 

officers retain access to all of the university's educational and recreational facilities 

(Columbia University, 1987, p. 54)." Personal letters, telephone calls, and other 

material that cannot be retrieved are not listed in References but are cited in the text: 

"Jesse Moore (telephone conversation, April 17, 1989) confirmed that ideas." 
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Parenthetical references may mention more than one work, particularly when ideas 

have been summarized after drawing from several sources. Multiple citations should 

be arranged as follows: 

1. List two or more works by the same author in order of the date of publication: 

(Gould, 1987, 1989)  

2. Differentiate works by the same author and with the same publication date by 

adding an identifying letter to each date:(Bloom, 1987a, 1987b) 

3. List works by different authors in alphabetical order by last name, and use 

semicolons to separate the references:(Gould, 1989; Smith, 1983; Tutwiler, 

1989). 
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Plagiar ism 

 

Medical writing often involves integrating information from published sources into 

your own writing in order to add credibility and authority--this process is essential 

to research and the production of new knowledge. However, when building on the 

work of others, you need to be careful not to plagiarize: "to pass off (the ideas and 

words of another) as one's own" or to "present as new and original an idea or 

product derived from an existing source." 26, 27 
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