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Experimental Epidemiology 

•Science of making predictions about individual 
patients by counting clinical events in similar 
patients, using strong scientific methods for studies 
of groups of patients to ensure that predictions are 
accurate 

• Important approach to obtaining the kind of 
information clinicians need to make good decisions 
in the care of their patients 

•Sounds like evidence based practice! 
 



Experimental Epidemiology 
 

• In the 1920s, Experimental Epidemiology meant the 
study of epidemic colonies of experimental animals 
such as rats and mice. However, in modern usage, 
experimental epidemiology is often equated with 
Randomized Controlled Trials. 

• Experimental or Interventional studies are similar in 
approach to cohort studies excepting that the 
conditions in which study is carried out are under the 
direct control of the investigator.  



 
 

  

 

1. Experimental epidemiology follows and builds on information 
gathered from descriptive and analytic approaches.  

2. It is used to study epidemics, the etiology of human disease, 
the value of preventive and therapeutic measures, and the 
evaluation of health services.  

3. In an experimental study, the investigator actually controls 
or changes the factors suspected of causing the health 
condition under study and observes what happens to the 
health state.  

4. In human populations, experimental studies should focus on 
disease prevention or health promotion rather than testing 
the causes of disease, which is done primarily on animals. 

Experimental Epidemiology 



Experimental Epidemiology 
 

• An experiment is the best epidemiological study design to prove 
causation. 

• It can be viewed as the final or definitive step in the research process. 

• A mechanism for confirming or rejecting the validity of ideas about 
the behaviours of objects, or effects upon them which result from 
interventions under defined sets of conditions. 



Aims of Experimental Epidemiology 

1. Provide stronger evidence of the effect (outcome) compared to 
observational designs, with maximum confidence and assurance. 

2. To provide a method of measuring the effectiveness and efficiency 
of health services.  

3. Yield more valid results, as variation is minimized and bias 
controlled 

4. Determine whether experimental treatments are safe and effective 
under “controlled environments” (as opposed to “natural settings” 
in observational designs) 



Modern Clinical Trials in History 

• Clinical trials began in 1800 onward to 
proliferate and more attention was paid to 
study design.  

• Placebos were first used in 1863 

• The idea of randomization was introduced in 
1923.  

• The first trial using properly randomized 
treatment and control groups also featured 
double blind assessment was carried out in 
1948 by the Medical Research Council, and 
involved the use of streptomycin to treat 
pulmonary tuberculosis.  
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1. Controls: Use of a comparison or control group. 

2. Randomization: the random (by chance) assignment of 
participants into exposure groups. 

3. Manipulation: Manipulation of the independent variable 

4. Blinding: 

Design Options 

Sponsor's 

Clinician / 

Analysis Team Investigator Patient

No No No open/unblinded

No No Yes single blinded

No Yes Yes double blinded

Yes Yes Yes triple blinded
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Experimental Studies (Clinical Trials) 

• Individuals are randomly allocated  to at least two groups. 

• One group is subject to an intervention, or experiment while the other 
group is not. 

• The outcome of the intervention (effect of intervention on the dependent 
variable/ problem) is obtained by comparing the two groups. 

•  Must have three elements: 

• Manipulation: manipulation of the independent variable 

• Control: Introduce controls over the experimental situation, 
including the use of a control group 

• Randomization: assignment to control and experimental groups 
randomly 

 



Experimental Studies  
Randomised Control Trials 

• An experimental study in which subjects are 
allocated to groups which do or do not receive 
intervention. Groups are compared for 
outcome. 

• Considered gold standard design 

• Thus subjects are enrolled on the basis of 
exposure 

• Control group can be given placebo or standard 
treatment 



Experimental Research Designs 

A.True experimental designs 

 

A.Quasi experimental designs 

 

A.Pre-experimental designs 



True Experimental Designs 

• Studies in which the researcher has a 
great deal of control over the research 
situation. 

• Minimal internal validity threat (The 
degree to which changes in the 
dependent variable (effect) can be 
attributed to the independent variable 
(cause) 
 



True Experimental Designs 

• Pretest-posttest control group 

    O1   X  O2 (experimental group) 
R 
    O1       O2 (comparison group) 

• Post-test Only Control Group 

              O1 (experimental group) 
R 
               O1 (comparison group) 

• Solomon four-group 
   O1  X   O 2 (experimental group1) 
   O1        O 2 (comparison group1) 
R 
                        X  O 2 (experimental group2) 
                        O 2 (comparison group2) 

 



Pretest-Posttest Control Group 
Design 

• Characteristics: 
•  Most frequently used experimental 
design 

• Controls for all threats to internal 
validity 

• Disadvantages: The external threat of 
the reactive effects of the pretest. 
Results can be generalized only to 
situations with pretest administration 
before treatment 

 



Posttest-Only Control Group 
Design 

• Features of Posttest-Only Control Group 

   X  O (experimental group) 

R 

       O  ( comparison group) 
• Easier and superior to pretest-posttest design 

• Random assignment of subjects into groups in the 
posttest-only group ensures equality 

 



Solomon Four Group Design 
• Subjects are randomly assigned to one of four 

groups: two experimental and two comparison 
groups. 

• Most powerful experimental design because it 
minimizes threats to internal and external validity 

•  It controls for all threats to internal validity and 
for reactive effects of the pretest. Any differences 
between the experimental and the comparison 
groups can be more confidently associated with 
experimental treatment. 

• Disadvantage of Solomon Four-Group Design 

• Requires a large sample. 

• Complicated analysis. 

 



Experimental Studies  
Advantages 

• Randomisation distributes confounders 
equally between the groups to be 
compared for the outcome. Hence any 
difference can be confidently attributed 
to intervention.  

• Provides evidence for cause and effect. 

• Allows standardisation of eligibility 
criteria, treatment and outcome 
assessment. 

• Allows use of statistical tests with few in 
built assumptions. 



Experimental Studies  
Disadvantages 

• Expensive in terms of time, personnel and resources. 

• Ethical issues for certain interventions or 
circumstances. 

• May be unsuitable because of problems of likely co-
operation or rarity of outcome. 

• Tend to induce artificial situation because of 

• Volunteerism 

• Strict eligibility criteria 

• Highly standardised interventions that may be 
different from occurs in common practice 
(difference between efficacy and effectiveness) 



Quasi - Experimental studies 

• In a quasi-experimental study, 
one characteristic of a true 
experiment is missing, either 
randomisation or the use of 
separate control group. 

•Always includes the manipulation 
of an independent variable which 
serves as the intervention 



Quasi Experimental Designs 

• Nonequivalent Control Group Design: 

O1 X O2 (experimental group) 

O1     O2 (comparison group) 

• Time Series Design 
O1  O2  O3  X  O4  O5  O6 



Non-equivalent Control Group 

1. It is similar to pretest-posttest control group 
design but with no random assignment of 
subjects to experimental and comparison groups 

   O1   X    O2 (experimental group) 
   O1     O2 (comparison group) 
2. Problems of this design: 

1. Threats to internal validity are history, 
testing, maturation, and instrumentation 
change. 

2. Biggest threat is selection bias (no one can tell 
if the two groups were similar to start with) 

 



Time-Series  Design 

1. The researcher periodically observes 
or measures the subjects 

  O1 O2 O3 X O4 O5 O6 
2. Assessing pain level  of a group of 

people with low back ache over three 
weeks then give a specific exercise to 
reduce the pain. Pain level is measured 
again  to determine if low backache 
still persists 

3. Problems with this design: Threats to 
validity are history and testing 
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Preexperimental designs 
• Types: 

• One-Group Pretest-Posttest Design 
• O1  X  O2 
•  Threats to internal validity: history, 

maturation, testing, and instrumentation 
change.  

• One-Shot Case Study: 
• X  O 
• exposure of one group to an experimental 

treatment and observed after the treatment. 
• No comparisons made  
• No one can tell whether they had the 
knowledge before the intervention 

• Threats to internal validity are history, 
maturation and selection bias 



Validity and Reliability 

• Validity means the findings and 
conclusions are TRUE. 

• Reliability means that someone else 
using the same method in the same 
circumstances should be able to 
obtain the same findings. 



Validity and Reliability, Possible Combinations 

Neither valid nor reliable Reliable but not Valid 

Fairly valid but not very 

reliable 
Valid and reliable 



29 

Refers to the extent of researcher’s ability to draw 
accurate conclusions from the research.  That is, the 
degree of a study’s:  

a) Internal Validity—correctness of conclusions 
regarding the relationships among variables 
examined  
•Whether the research findings accurately 
reflect how the research variables are really 
connected to each other. 

b) External Validity –Generalizability of the 
findings to the intended/appropriate 
population/setting 
•Whether appropriate subjects were selected for 
conducting the study 

 Conclusion Validity 



Validity 
Internal validity is the degree to which 
the results of a study are correct for the 
sample of participants being studied  

• Determined by how well the design, 
data collection and analyses are 
carried out  

• Threatened by all of the biases 

External validity is the degree to which 
the results of an observation hold true in 
other settings i.e. Generalisability 



Validity 
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Internal Validity 
• The degree to which changes in the 
dependent variable (effect) can be 
attributed to the independent 
variable (cause).  

• Threats to internal validity are factors 
other than the independent variable 
that influence the dependent 
variable. These factors constitute 
rival explanations or competing 
hypotheses that might explain the 
study results. 



External Validity 
• External validity: is the degree to which study 
results can be generalized to other people or 
other settings.   

• Questions to be asked in external 
validity are:  

• With what degree of confidence can 
the study findings be transferred 
from the sample to the entire 
population? 

• Will these study findings hold true 
with other groups in other times and 
places? 

 



Threats to Internal Validity 

• Selection bias: subject differences to begin 
with rather than the manipulation of the 
independent variable. (selection of a group 
who is different ‘in motivation’ more than 
in the control group to change 

• History: When some event other than the 
experimental treatment occurs during the 
course of the study (Introducing a teaching 
program and a newspaper article is 
published  in the same topic area of the 
independent variable) 



Threats to Internal Validity 
• Maturation: Changes that occur within 
the subjects during the experimental 
study influence the study results. 
(people may become older, taller, or 
sleepier from the time of pretest to 
the posttest. (studies of growth  
among children with the introduction 
of an independent variable as the 
cause and at the same time changes 
may occur in these children during 
the course of the study) 

 



Threats to Internal Validity 
• Testing: 

• It refers to the influence of the pretest or 
knowledge of baseline data on the posttest  

• Subjects may remember the answers they 
put on the pretest and put the same on the 
posttest e.g., in a study of weight 
reduction program, knowledge of your 
pretest result (weight) may make you more 
effort in reducing weight  regardless 
whether you take the program or not 



Threats to Internal Validity 

• Instrumentation change: 

• When mechanical instruments or 
judges (in observational studies) are 
used in the pretest and posttest 
phases of the study. 

• A change of the instrument itself or 
the difference in the ratings of the 
judges as they became more tired or 
make less or more observations 



Threats to Internal Validity 

• Mortality: 

• Subject dropout: dropouts are of a 
particular characteristics different 
from those who remained in the 
study 

• The longer the study lasts the more 
subjects drop out will occur 

• Subjects mortality is another factor. 
  



Threats to External Validity 

•Hawthorne effect: when the study 
participants respond in a certain manner 
because they are aware that they are being 
observed (also a threat to internal validity) 

 



Threats to External Validity 

• Experimental effect: A threat that occurs when the 
researcher characteristics or behaviors influence the 
subjects behaviors (e.g., facial expressions, age, 
gender etc.). 

• Used in experimental design research 

• Rosenthal effect: the influence of the interviewer 
on respondents answers, e.g.., the way the 
researcher dresses might influence the study 
participants  



Threats to External Validity 

•Reactive effects of the pretest: 

•Also called measurement 
effect: the subjects are 
sensitized to the treatment 
through taking the pretest  



Continuum of Research Designs with Respect to 
Power to Elucidate Causal Relationships 
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How to Deal with Threats to Validity 

• Careful design and pretesting 

• Knowledge of environmental events 

• Control group 

• Random assignment of subjects 

• Well defined diagnostic criteria 

• Well trained research assistants 

• Appropriate data collection methods 

• Ensuring adequate follow up 
 



I Welcome your Comments & Questions 


