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Introduction – Clinical Research  

• Clinicians often face problems in the care of 
patients that are still unresolved 

• The answers to most of these unresolved issues 
can be obtained by the own clinician, transformed 
into a clinical investigator 

• The most important tasks for a clinical researcher 
are being creative and applying common sense: 

– Recognizing important research question 

– Devising clever approaches 

 



Introduction – Goal of Research 

• To draw inferences about truth in the universe 
from events observed in the study sample 



Introduction – Investigator’s Goals 

• To create the elements of the study plan 
(research question, type of study, subjects, 
measurements, sample size calculation,……) in a 
form that will make the project fast, inexpensive, 
and easy to do 

• To minimize the errors that threaten conclusions 
based on the inferences about the events that 
happened in the study sample and then about 
generalizing these events to people outside the 
study 
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1. Choosing the research 
question 

2. Developing the protocol 

3. Prestesting and revising 
the protocol 

4. Carrying out the study 

5. Analyzing the findings 

6. Drawing and 
disseminating the 

conclusions 

The sequence and cycle of research 



The structure of research projects 

• The protocol is the written plan of the study 

• The protocol has important functions 

– It helps the investigator to organize the research 
in a logical, focused, and efficient way 

– It is the device needed for seeking grant fund 

 

 

 

 



Outline of the study protocol 

Element Purpose 

Research questions (objectives) What question will the study address? 

Significance (background) Why are these questions important? 

Design 

Time frame 

Epidemiologic approach 

How will the study be carried out? 

Subjects 

Selection criteria 

Sampling design 

Who are the subjects, and how will they 

be selected? 

Variables 

Predictor variables 

Outcome variables 

What measurements will be made? 

Statitiscal issues 

Hypotheses 

Sample size estimation 

Analytical approach 

How large is the study, and how will it 

be analyzed? 



Some design decisions I 

Design Example 

 

Observational Study 

The investigator observes the 

events without altering them 

A case-control study comparing 

the needle-sharing history of i.v. 

drug-users who have HIV 

antibodies with the history of 

those who do not 

Decision #1 

Alter the events under study? 

 

 

Experiment 

He applies an intervention, and 

observes the effect on the 

outcome 

A randomized trial of the impact 

of a health-education program on 

needle-sharing habits 



Some design decisions II 

Design Example 

Cross-sectional Study 

Each subjects is examined on 

only one occassion 

A cross-sectional study of 

needle-sharing habits and HIV 

antibodies measured at the same 

exam 

For Observational Studies 

DECISION #2 

Make measurements on 

more than one occasion? 

 

Longitudinal Study 

Each subject is followed over a 

period of time 

A cohort study that assesses 

current needle-sharing habits of a 

group of i.v. drug abusers, then 

observes who subsequentlly 

develops HIV antibodies 



Sequence for studying a topic 

Study Example 

Descriptive Studies 
(distribution of diseases and health-related 

characteristics in the population) 

What is the prevalence of antibodies to HIV 

in i.v. drug users? 

Analytic Studies 
(associations to discover cause-and-effect 

relationships) 

What risk factors increase the likelihood of 

HIV infection in this population? 

Experiment 
(effects of an intervention) 

Does a health education program alter the 

incidence of infection? 



Outline of the study protocol 

Element Purpose 

Research questions (objectives) What question will the study address? 

Significance (background) Why are these questions important? 

Design 

Time frame 

Epidemiologic approach 

How will the study be carried out? 

Subjects 

Selection criteria 

Sampling design 

Who are the subjects, and how will they 

be selected? 

Variables 

Predictor variables 

Outcome variables 

What measurements will be made? 

Statitiscal issues 

Hypotheses 

Sample size estimation 

Analytical approach 

How large is the study, and how will it 

be analyzed? 



How does research work? 

FINDINGS 
IN THE 
STUDY 

TRUTH IN 
THE STUDY 

TRUTH IN 
THE 

UNIVERSE Inference 

#1 

Inference 

#2 

INTERNAL  

VALIDITY 
EXTERNAL  

VALIDITY 

(Generalizability) 



Errors in research 

• No study is free of errors 

• The main issue is whether the errors will be large 

enough to change the conclusions in important 

ways 

• Our goal is to control the errors 

– In the design and implementation phases 

– In the analysis phase 



Design errors 
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Target 

population 
 

All i.v. drug 

users in 

Madrid 

Phenomena 

of Interest 
 

The proportion 

infected by 

HIV 

TRUTH IN THE 

STUDY 
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Intended 

sample 
 

All patients in 

HRC 

outpatient 

clinic in 2013 

Intended 

variables 
 

The proportion 

with antibodies 

to HIV 

Errors 

design 

infer 

EXTERNAL 

VALIDITY 



Implementation errors 

TRUTH IN THE 

STUDY 

 

 

STUDY PLAN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Intended 

sample 
 

All 1,200 

patients in 

HRC clinic in 

2013 

Intended 

variables 

 
The proportion 

with antibodies 

to HIV 

FINDINGS IN THE 

STUDY 

 

 

ACTUAL STUDY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Actual 

subjects 
 

The 600 

patients who 

get studied 

 

 

 

The proportion 

with a positive 

ELISA test 

Errors 

implement 

infer 

INTERNAL 

VALIDITY 

Actual 

measurements 



Types of errors 

Type Example Solution 

Random error 

(wrong result due to chance) 

By chance, patients tested 

for HIV have a lower 

prevalence of HIV antibodies 

than the real one 

Increase the sample size 

(increase in the precision) 

Systematic error 

(wrong result due to bias) 

The patients attended at the 

HRC clinic do not represent 

all i.v. drug users in Madrid 

Design the study in a way 

that either reduces the size 

of the biases or gives some 

information about them 

Measurement error 

(random or systematic) 

Variation in the titer of HIV 

antibody titer when a single  

specimen is tested 

repeatedly (random), testing 

for antibodies may not 

include patients with recent 

infection (systematic) 

Choose the best 

measurements and 

acknowledge their limitations 



The importance of errors 

Cornfield J. Principles of research. Am J Ment Deficiency 1959; 64:240-252. 

“On being asked to talk on the principles of 

research, my first thought was to arise after the 

chairman’s introduction, to say ‘be careful’, and to sit 

down ……..” 
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Summary of how research works 
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Introduction 

• The research question is the uncertainty about 
something in the population that the investigator 
wants to resolve by making measurements on the 
study subjects 

• There is no shortage of questions in the universe 

• The challenge is the difficulty of finding an 
important question that can be transformed into a 
feasible and valid study plan 



Origins of a research question 

• Build on experience 

– Established vs. new investigator 

– For a new investigator, the single most important decision to 
make is ………. the choice of a mentor!!!! 

• Be alert to new ideas 

– Medical literature, journal clubs 

– National and international meetings 

– Observation of patients 

– Skeptical attitude 

• Keep the imagination roaming 

– Creativity and tenacity 

 



Characteristics of  

a good research question (FINER) 

• Feasible 

– Adequate number of subjects 

– Adequate technical expertise 

– Affordable in time and money 

– Manageable in scope 

• Interesting to the investigator 

• Novel 

– Confirms or refutes previous findings 

– Extends previous findings 

– Provides new findings 

• Ethical 

• Relevant (the “so what” test) 

– To scientific knowledge 

– To clinical and health policy 

– To future research directions 



The research question and the study plan: 

Problems and solutions I 

Potential problems Solutions 

1. Vague or inappropriate • Write the research question at an early stage 

• Get specific in the 1-2 page study plan about 

- How the patients will be sampled 

- How the variables will be measured 

• Think about ways to make 

- The subjects more representative of the 

population 

- The measurements more representative of 

the phenomena of interest 



The research question and the study plan: 

Problems and solutions II 

Potential problems Solutions 

2. Not feasible  

Too broad • Specify a smaller set of variables 

• Narrow the question 

Not enough subjects 

available 

• Expand the inclusion criteria 

• Eliminate exclusion criteria 

• Add other sources of subjects 

• Lengthen the time frame for entry into study 

• Use more efficient variables or designs 

Methods inadequate 

or beyond the skills of 

the investigator 

• Consult experts and review the literature for 

alternative methods 

• Learn the skills 

• Collaborate with colleagues who have the skills 

Too expensive • Consider less costly study designs and 

measurement methods 

• Seek additional financial suppport 



The research question and the study plan: 

Problems and solutions III 

Potential problems Solutions 

3. Not relevant or novel • Modify the research question 

 

4. Uncertain ethical 

suitability 

• Consult with institutional review board 

• Modify the research question to avoid potentially 

unethical elements 



Primary and secondary questions 

• Many studies have more than one research 
question 

• Designing a study with several questions has 

– Advantages: efficiency (several answers emerge from a 
single study) 

– Disadvantages: complexity of designing and implementing 
the study 

• Solution: establish a single primary research 
question and supplement with secondary research 
questions 

• Focus the development of the study plan around 
the primary research question 

 



Final considerations 

 

• Get good advice 

– Research team (including at least one senior scientist) 

– Consult with specialists 

– Local and national/international experts 

• The study plan should gradually emerge from an 
iterative process of designing, reviewing, 
pretesting and revising 

 



Outline of Session 

• Introduction  

• Overview of Study Design 

• The Research Question 

• A real example 



Developing the research question: 

A real example I 

• The origin of the research question. 

– In 1987, we began to see an extraordinarily high number 
of HIV patients with tuberculosis in Spain 

– HIV-infected patients had atypical presentation of 
tuberculosis with high mortality 

– Risk factors for developing tuberculosis in the HIV infected 
population were not known, so preventive measures could 
not be adopted 

– Of great concern, most patients who developed 
tuberculosis had a negative tuberculin skin test (TST) 
before and after the development of the disease 

 

 

 



Sequence for studying a topic 

Descriptive Studies 
(distribution of diseases and health-related 

characteristics in the population) 

Analytic Studies 
(associations to discover cause-and-effect relationships) 

Experiment 
(effects of an intervention) 



Developing the research question: 

A real example II 

• The origin of the research question. 

– It was identified that being drug user, a positive TST, and 
having AIDS or a low CD4 count were associated with a 
higher risk of developing TB 

– With these observations, we thought that perhaps the 
development of tuberculosis could happen in patients with 
a previous negative TST who were anergic and with low 
CD4 count 

– The initial research question was: Are anergic patients at 
high risk of developing TB? 

 

 

 



Developing the research question: 

A real example III 

• Translating the research question into a study 
plan 

– Discussion of the idea with my advisor and colleagues 

– We agreed that the question was novel and relevant 

– A search of the literature confirmed the high risk of 
development of TB associated with HIV infection but 
information on the risk of anergic patients was lacking 

– We decided to develop a study plan 

– The initial research question still was: Are anergic patients 
at high risk of developing TB? 

 

 

 



Developing the research question: 

A real example IV 

• Making the research question FINER 

– The variables “anergic”, “high risk” and “developing TB” 
are too ambiguous and broad 

• For anergy, there was no clear consensus, but most author agreed 
that a battery of negative skin tests, in addition to TST, could 
identified anergic patients. Intradermal administration of different 
antigens by the Mantoux method was preferred to the multipuncture 
device. 

• For high risk, we decided that anergic patients had to be compared 
with patients with a positive TST (identified as being at very high 
risk) and, if possible, with TST-negative, non-anergic patient. 

• For development of TB, the gold-standard was culture-proven TB, 
although clinically and/or radiologically and/or histologically 
documented TB had also to be considered. 
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Developing the research question: 

A real example IV 

• Making the research question FINER 

– We wrote the study plan that specified the approaches to 
selecting study subjects and decided on the type of study. 

– We decided that a retrospective, cohort study was the best 
type of study at that time for our purposes. 

– To be certain that there would be enough subjects, we 
consulted the Immunology Department to check the 
number of HIV-infected subjects that had undergone 
“anergy testing” at the same time that the CD4 count was 
measured. 

– We evaluated a small sample of patients (25) to be sure 
that the outcome could be documented in most of them. 

 



Developing the research question: 

A real example V 

• Making the research question FINER 

– Having determined that the project was important and 
feasible, the research question was written in its final 
specific form: Among HIV-infected patients seen in our 
hospital, do the results of intradermal administration of 
multiple antigens predict the risk of developing confirmed 
TB? 

– The question meets all the criteria for a good research 
question: it provides a clear focus for the study, describes 
the variables in terms that can be measured, and specifies 
the population that will be studied 

– A detailed proposal was submitted for funding. 

– The results of the research were published. 


