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INTRODUCTION

Research uses a systematic approach to generate new 
knowledge to answer questions based on needs of 
patient health and practice. The investigator identifies 
research question, examines the ethical implications, 
describes the research design and collects appropriate 
data[1‑3] which is evaluated by statistical tests before it 
can be published.[4] Before putting this to use in clinical 
practice, the relevant data are critically appraised for 
validity and reliability.[1] This review covers these 
aspects of the research methodology, in continuation 
with the first part by Garg et al. published in this issue 
of Indian Journal of Anaesthesia (IJA).[5]

REGULATORY AND ETHICAL CONSIDERATIONS

The Indian Council of Medical Research  (ICMR) is 
the apex body in India responsible for the formulation, 
coordination and promotion of biomedical research. 
The International Committee of Medical Journal 
Editors (ICMJE) makes it mandatory for clinical trials 
to be included in a clinical trials registry for acceptance 
for publication. Clinical Trials.gov, run by the United 
States National Library of Medicine, was the first 
online registry established in 2005 and is widely used 
today. All trials to be conducted in India should have 

mandatory prospective registration with the Clinical 
Trial Registry of India  (CTRI‑www.ctri.in). Good 
clinical practice (GCP) guidelines is a set of guidelines 
for biomedical studies which encompasses the design, 
conduct, termination, audit, analysis, reporting 
and documentation of the studies involving human 
subjects. It protects rights of human subjects and the 
authenticity of biomedical data.  (www.cdsco.nic.in/
html/GCP1.html). Table 1 lists the type of the research 
involved and their regulatory bodies.[6]

The International Standard Randomised Controlled 
Trial Number  (ISRCTN) registry is a primary 
clinical trial registry recognised by the World 
Health Organization. The ICMJE provides content 
validation of all submitted studies  (proposed, 
ongoing or completed). The study is assigned a unique 
identification number, and records of the study in the 
database can be easily accessed (www.isrctn.com).
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ABSTRACT

Research is a systematic process, which uses scientific methods to generate new knowledge 
that can be used to solve a query or improve on the existing system. Any research on human 
subjects is associated with varying degree of risk to the participating individual and it is important 
to safeguard the welfare and rights of the participants. This review focuses on various steps 
involved in methodology (in continuation with the previous section) before the data are submitted 
for publication.
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To conduct a clinical trial in India, Institution Ethics 
Committee  (IEC) approval is mandatory, and it must 
be registered with CTRI‑www.ctri.nic.in.[2,6] When 
‘off‑label’ use of a drug  (drug being used for a new 
indication/new dose/formulation/route) is tested for 
purely academic purposes and not for commercial 
use, currently there is no requirement of regulator 
approval.[2,6] However, the IEC has to consider the 
risks‑benefits and ethical basis for approval of the 
research.

Drugs Controller General of India  (DCGI) in India 
insists on registration and approval of clinical trials 
through CTRI and ensures scientific and safe conduct 
of the study. Most of the academic medical centres have 
Institutional Review Board (IRB) or IEC. They (‘internal’ 
Ethics Committees) can assess research proposals first 
and approve before submitting to national bodies. The 
approval may also go in parallel with DCGI approval. 
It is responsible for the supervision and protection of 
rights, safety and welfare of human subjects. During 
the progress of the trial, the IEC reviews safety reports, 
any significant violation/deviations in the protocol and 
for any amendments in the study protocol or informed 
consent.[2,7]

If IEC is not available in the institution, proposals can 
be sent independent ethics committee outside the 
institution (‘external’ Ethics Committees).[2] The ICMR 
suggests the establishment of registered Independent 
Ethics Committees  (Ind EC) without institutional 
affiliation, functioning as per national guidelines. 
Proposals can also be sent to another institution, 
following established protocol, including providing 
a ‘no objection certificate’ and allow the external IEC 
necessary access.[2] When there is a large load of research, 
multiple ECs can function in the same institution as 

also subcommittees  (e.g.,  subcommittees on adverse 
event, data safety monitoring, expedited review, etc.,).

The IRB consists of 7–15 members and at least five 
members are required to form the quorum to make a 
decision on the research [Table 2].[2]

CONSENT

All the research involving human participants should 
follow four basic ethical principles;[2]  (a) Respect for 
persons autonomy, (b) beneficence (balance the risks 
against benefits bearing in mind the welfare of the 
research participant[s]), (c) nonmaleficence (no harm 
or reduce exposure to greater harm) and (d) Justice 
(distribution of research subjects equitably in all 
groups, for example, social, economic demographic, 
etc).

Informed consent is a process by which a subject 
confirms his/her willingness to participate in a clinical 
study.[4] It protects the individual’s freedom of choice 
and respect for individual’s autonomy. It ensures 
proper regulations in clinical trials and assures 
patient safety by dealing with both legal and ethical 
basis.[7] The process of informed consent consists of 
providing relevant information, its comprehension 
and voluntariness.[2] The details of the clinical study 
are explained to the subject in a simple and easily 
understandable language. The ‘subject/participant 
information sheet’ should include research aspect 
of the study, sponsor of the study, purpose and 
procedure, side effects, risks and discomforts, benefits, 
compensation for any study‑related injury, alternatives 
to participation, right to withdraw, confidentiality of 
records and contact information of the investigators 
and IRB.[2,6] The informed and written consent form 
is duly signed by the subject in a document called 
‘informed consent form’.[1‑3] The documents consisting 
of patient/participant information sheet and informed 
consent form should be reviewed and approved by the 
IEC before enrolment of the participants.

A legal authorised representative  (LAR) should be 
involved in the decision‑making of vulnerable subjects 
who lack the ability to consent. The consent is taken 
from parent/LAR  (in kids  <7  years) and consent 
of parent/LAR along with assent form  (oral/written) 
in children aged 7–18  years.[2] Audio/audio‑visual 
recording of the informed consent process may 
be required in case of certain regulatory, clinical 
trials.[2] After the completion/termination of the study, 

Table 1: Research involved and their regulatory bodies
Study involving Regulatory bodies[6]

Drugs DCGI, clinicaltrial.gov. in
Diagnostic (ionizing radiation/
radioisotopes)

Nuclear medicine board by BARC

Surgical procedures or medical 
devices

CDSCO, DCGI, ISI, BIS

Modern biology and 
Biotechnology

DBT

International research HMSC
Genetic basis of health and 
disease

DBT, GTR

DCGI – Drug Controller General of India; BARC – Bhabha Atomic Research 
Centre; CDSCO – Central Drugs Standard Control Organization; ISI – Indian 
Standard Institute; BIS – Board of Indian Standards; DBT – Department 
of Biotechnology; HMSC – Health Ministry’s Screening Committee; 
GTR – Genetic Testing Registry
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all records within the IEC must be archived for at least 
3 years; those related to regulatory, clinical trials must 
be archived for 5  years as per CDSCO regulation. 
Longer preservation may be needed as required by the 
sponsors/regulatory bodies. 

Many finer aspects of the legal and ethical issues in 
research are discussed by Yip et al in this issue of IJA.[8]

The ethical duty of confidentiality refers to the 
obligation of an individual or organisation to safeguard 
entrusted information of the research data. It is 
essential for the integrity of the research project and 
protects information from unauthorised access, use, 
disclosure, modification, loss or theft.[6,7]

Data related to any of the studies of individual 
participant can be disclosed only under the following 
circumstances:

(a) Threat to a person’s life, (b) Communication with 
drug registration authority in cases of severe adverse 
reaction,  (c) Communication to health authority 
whenever there is risk to public health,  (d) In a 
court of law under the orders of the presiding judge 
and (e) As a requirement for government agencies or 
regulatory authorities.[2]

DATA COLLECTION

‘Data’ includes the information that is systematically 
collected by the investigator during the study. The 
primary data are those which are originally done for 
the first time. The secondary data are a compilation of 
information done by someone else and have already 
been passed through the statistical process. A  Data 
Monitoring Committee or Data and Safety Monitoring 
Board may be appointed, independent of IEC for 
interim analysis; their report forms the basis for early 
termination of planned study when there is compelling 
evidence of beneficial effectiveness or harmful side 
effects or for major flaws in the study.

The two main types of data are qualitative and 
quantitative, and most studies will have a combination 
of both. While quantitative data are easy to analyse and 
fairly reliable, qualitative data provide more depth in 
the description of the sample.[9]

Data collection methods [Figure 1]:
•	 Interview: This method allows face to face 

contact with respondents, exploring the topic 
in depth. It allows the interviewer to explain 
or help to clarify questions increasing the 
usefulness of a response. It can be of different 
types‑structured, unstructured (informal, 
conversational approach), semi‑structured, 
focused and standardised.[9‑11] There can be 
disadvantages‑interviewer clarifications can lead 
to inconsistencies and influence the responses; 
the subject may distort information through 
recall error, selective perceptions and in the 
desire to please the interviewer.[10] Sometimes, 
the data may be too voluminous to record or 
reduce it

•	 Observation: This method provides direct 
information about the behaviour of individuals 
and groups. It allows the investigator to 
understand the situation and context. It could 
be ‘Participant’ observation: The observer 
takes part in the situation he or she observes 
or ‘Nonparticipant’ observation: The observer 
watches the situation, openly or concealed, but 
does not participate[9‑11]

•	 Questionnaire: It is a simple and inexpensive 
method not even requiring any research 
assistants. More honest responses may be 
available when anonymity is provided. Written 
questions are presented that are to be answered 
by the respondents. A  written questionnaire 
can be administered in different ways, such as 
by sending questionnaires by mail with clear 
instructions on how to answer the questions 
and asking for mailed responses; gathering all or 
part of the respondents in one place at one time, 

Figure 1: Methods of data collection

Table 2: Composition of Institution Ethics Committee
Chairperson (outside the institution)
Member secretary (belongs to the institution and conducts the 
business of the committee)
1-2 persons from basic medical science area
1-2 clinicians
1 legal expert
1 social scientist
1 philosopher/ethicist/theologian
1 lay person from the community
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giving oral or written instructions, and letting 
the respondents fill out the questionnaires; or 
hand‑delivering questionnaires to respondents 
and collecting them later.[10‑11] The disadvantage 
of this method are observer bias and breach 
in confidentiality; also, this cannot be used on 
illiterate subjects. As with other types of outcome 
measurements, questionnaires and interviews 
are to be assessed for validity  (accuracy) and 
for reproducibility  (precision)‑using ‘face 
validity, content validity and construct validity’

•	 Documents: It is an inexpensive and unobtrusive 
method of data collection from locally available 
records or documents  (existing research, 
hospital records, databases, videotapes, etc.).[9‑11] 
There is disadvantage of accuracy, authenticity 
and availability  (missing data/omission 
of needed data). Anaesthesia information 
management systems used in modern practice 
have the ability to collect data automatically, 
in large volumes, which can be converted for 
specific, focused outcome assessments for 
research purposes.

Compilation of data includes systematic arrangement 
of data to facilitate the presentation and analysis.[12] 
The data collected are entered in a database where 
the information about subjects and variables are 
stored. Simple study database can be maintained 
in   a spreadsheet  (MS Excel©) or statistical software 
(e.g.,  Statistical Analysis System (SAS®) (NC, USA), 
IBM SPSS (Statistical Package for the Social Sciences) 
Statistics® (IBM Inc., NY, USA). More complex database 
require integrated database management software 
(e.g., Access© (Windows) and Filemaker© Pro (Apple 
Inc.,).[13] Database ‘queries’ sort and filter the data as 
well as calculate values based on the raw data fields.[12,13] 
Queries are used to monitor data entry, report on study 
progress and format the results for analysis. Data must 
be stored in ‘secure servers’ so that confidentiality is 
maintained.[13] Backup files and off‑site storage may be 
necessary to prevent any data loss. Common methods of 
summarising and presenting data are tables, pie charts, 
bar charts, histograms, frequency and cumulative 
frequency curves, dot plots and x–y scatterplots.[13‑15]

RESEARCH TOOLS: DEVELOPMENT AND 
VALIDATION

‘Research tool’ is the means of collecting information 
for the purpose of a study. Observation forms, interview 
schedules, questionnaires are all classified as research 

tools. The first practical step in doing a research 
process is to construct a research tool. Four stage 
process is involved in developing a research tool.[9‑12]

•	 Concept development: The researcher should 
understand the basic knowledge pertaining to 
the study

•	 Specification of concept dimensions: The 
researcher should be able to build in a 
dimension based on the concept of the study

•	 Selection of indicators: Once the concept and its 
dimensions are developed, each concept element is 
measured by indicators  (respondent’s knowledge, 
opinion, expectation, etc., are measured with 
scales, devices). More than one indicator increases 
the score and validity of the study

•	 Formation of index: Dimension of a concept or 
different measurements of a dimension are then 
put into an overall index.

The error may occur at any stage of research, i.e., from 
selection to interpretation of data to conclusion. Two 
types of error can occur  –  random and systematic 
error. The random error must be reduced as far as 
possible, and the systemic error should be eliminated. 
Errors can occur from three sources:[16‑19]

•	 Investigator: Due to ignorance, incompetence 
and bias

•	 Instrument: Due to variability, calibration, 
problems and malfunctioning

•	 Subject: Due to bias, noncompliance and 
biological variation in response.

Any research can be affected by factors that can 
invalidate the findings. A  good research tool should 
meet the tests of validity, reliability and practicality.

Validity refers to the extent to which a test measures 
what we actually wish to measure. Reliability refers to 
accuracy and precision of a measurement procedure.

The practicality characteristic of a measuring 
instrument can be judged in terms of economy, 
convenience and interpretability.

Determining validity can be viewed as constructing an 
evidence‑based argument regarding how well a tool 
measures what it is supposed to do.

USES OF VALIDITY IN SCIENTIFIC METHODS

External validity refers to generalising the study 
results to other population groups with similar 
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risk factors, settings, measurement and treatment 
variables.

Internal validity implies that the differences observed 
between the treatment groups, apart from random error, 
are only due to the treatments under investigation.[9]

Validity assessment can be performed in three ways:
1.	 Content validity is the extent to which a 

measuring tool provides adequate coverage of all 
the aspects of the topic under study. (e.g., quality 
of pain relief to include measurement of analgesia, 
haemodynamics, sedation, etc.). ‘Face validity’ 
assesses whether the measurements appear 
reasonable; a measure of how representative a 
research project is ‘at face value’, and whether it 
appears to be a good project

2.	 Construct validity refers to the degree to which a 
measurement conforms to theoretical constructs. 
Convergent validity tests whether and how well 
those ‘constructs’ that are expected to be related 
are, in fact, related. Discriminant validity or 
divergent validity tests those ‘constructs’ that 
should have no relationship do, in fact, not 
have any relationship

3.	 Criterion validity assesses the degree to which a 
new measurement correlates with well‑accepted 
existing measures. Predictive validity is a 
strong variety of criterion validity, representing 
the ability of the measurement to predict an 
outcome.

Other Types: Concurrent validity refers to the degree 
of correlation of two measures of the same concept 
administered at the same time. Consensual validity 
is a process by which a panel of experts judge the 
validity.[1,16‑19]

RELIABILTY

A measuring instrument is reliable if it provides 
consistent results.[1,11]

The stability aspect refers to securing consistent 
results with repeated measurements of the same 
person and with the same instrument. Determination 
of the degree of stability by comparing the results of 
repeated measurements.

The equivalence aspect considers how much error may 
get introduced by different investigators or different 
samples of the items being studied.

PRACTICALITY

Measuring instrument practicality is tested in terms of 
economy, convenience and interpretability.

Economy consideration suggests that some trade‑off 
is needed between the ideal research project and that 
which the budget can afford.

Convenience test suggests that the measuring 
instrument should be easy to administer. 
Interpretability consideration is especially important 
when persons other than the designers of the test are 
to interpret the results.

ANALYSIS PLAN: QUALITY AND APPROPRIATENESS 
OF ANALYSIS

The statistics in research functions as a tool in 
designing research, analysing its data and drawing 
conclusions from it.[20,21] Descriptive statistics are the 
development of certain indices from the raw data, 
summarised in tables, charts or numerical forms. The 
inferential analysis is undertaken to apply various 
tests of significance to test hypotheses of a research 
question so as to validate conclusions. An essential 
part of presenting any type of inferential data is by 
probability  (P value) which reassures the reader that 
the outcome was secondary to the effect of the studied 
variable and has not occurred purely by chance.[22] 
P < 5% is considered statistically significant. Statistical 
tests are used for testing the significance. Various 
parametric tests  (variable normally distributed) and 
nonparametric tests  (variables are not normally 
distributed) are used to meet the objective of the 
study [Table 3].[19‑20] ‘Basic Statistical Tools in Research 
and Data analysis’ in this issue of IJA by Zulfiqar Ali 
describe these tests in detail.[23]

SUMMARY

The ‘methodology’ in a research strategy outlines 
the steps involved in research process. The 
research problem is identified, aims and objectives 
are formulated, sample size is calculated; Ethics 
Committee approval and informed consent from the 
subject are taken; data collected are summarised. The 
research design is planned, and the collected data are 
then analysed using appropriate statistical tests. The 
derived evidence is put into clinical practice once the 
reader is convinced that the clinical study is valid and 
reliable.
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Table 3: Tests of significance
Type of objective Parametric test Non‑parametric test
Estimating the ratio/proportion in a population Z‑test ‑
Estimating a quantitative parameter in the population Z‑test/t‑test ‑
Estimating the difference in a quantitative parameter between two independent 
groups in the population

Independent sample t‑test Mann-Whitney U‑test
Wilcoxon signed rank test

Estimating the difference in a quantitative parameter between more than two 
independent groups in the population

ANOVA Krushkall-Wallis test

Estimating the ratio/proportion between two or more independent groups in the 
population

Chi‑square test
Fisher’s exact test

Correlating two independent quantitative variables Pearson’s correlation Spearman’s correlation
Comparing the difference in numerical measures between repeated measures 
or matched groups
Two repeated measures Paired t‑test Wilcoxon signed rank test
More than two repeated measures R ANOVA Friedman’s test
ANOVA – Analysis of variance
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