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Leaning objectives 

• Understanding what constitutes basic medical 

research 

• Appreciating the concept of experimental 

design 

• Inculcating the key place  of controls 

• Concept of randomization 

• Impressing the role of statistics in 

experimental designs 
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Outline  

 

• Basic medical research 

• Experimental design 

• Experimental manipulations 

• Use of controls 

• Randomization 

• Blinding  

• Statistics 
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Basic Medical Research 

• Basic medical research (Experimental 

research) embraces the following: 

I. Animal experiment 

II. Biochemical, genomic and physiological 

studies 

III. Investigations on the properties and effects of 

chemicals, drugs and other materials etc 

• Nearly all experiments have the key features; 

at least one independent variable is varied and 

the effects studied 
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Basic Medical Research Cont’d 

• In experiments, specific hypotheses are 

investigated and causal statements made 

 

• High internal validity is achieved by setting up 

controlled experimental conditions with 

minimal variations in units of observation 
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Basic Medical Research Cont’d 

• Basic research also includes the development 

and improvement of analytical procedures, 

imaging procedures and gene sequencing all 

built into experimental designs 

• Basic research also investigates the 

development of biometric procedures- such as 

statistical analytical techniques so pivotal to 

experimental designs.. 
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Experimental Designs  

• Experiments are usually designed to answer 
questions 

• Appropriate designs are important or provide 
answers will be misleading  

- the most rigorous form of scientific   
investigation for hypotheses testing 

• Experiments are based on a logical structure 
(design) to which the investigator introduces 
changes to natural events and observes    the 
consequences of such changes 
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Characteristics of Experiments 

• A true experiment must have 3 essential 

characteristics: 

I. Independent variable manipulated by the 

investigator 

II. Participants or subjects must be randomly 

assigned to groups 

III.  control or comparison group 
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Four principles of experimental 

design…goals 

• The goal of the four principles of experimental 
design: 

I. Replication 

II. Randomization 

III. Concurrent control 

IV. Balance 

- allowing for statistical efficiency  

• The single most important initial step in achieving 
statistical efficiency is to clearly define the 
objective of the study and have a clear statement 
of what questions are being asked. 
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Purpose of an experiment  

• Essentially to support a cause-and- effect 

relationship 

• Independent variable and an observed response 

(dependent variable) 

• Rule out confounding factors; experiments are 

designed to control for confounders 

- may not be completely eliminated in clinical 

studies 
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Experimental group/ Controls 

 

 

•  Most experiments have : 

 -  an experimental (test) group 

- Control groups - no treatment or exposure 

•  groups similar in all other respects…  
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Elimination of confounders  

• Confounders should be eliminated in all 

experiments to yield clear and unequivocal 

answers 

• Important that every experiment & study yields 

adequate information; that the results of each 

study yields as much information as possible 

• That the data from each study have a great chance 

of answering the questions it was conducted to 

answer 

12 
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Experimental Design & statistics 

 

 

• Statistical aspects of a study aimed at 

structuring experiments to enhance the chances 

or possibilities of success – experimental 

design 
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Factors affecting experimental design 

 

 

• Choice of experimental models 

- Figure 1.5 below illustrates the classic experiment 
that resolved a most disturbing thalidomide- 
induced  embroypathy (Wilson, 1972) 

 

•  Expected outcome unlikely in untreated control  
 models or animals 
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 Thalidomide story; hyperemesis gravidorum - 

reproductive toxicology explanation 
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Factors affecting designs: Sample size 

• An important determinant in any experiment is 

sample size; the larger the better (to be covered 

in the statistics lecture) 

   

 

- Minimizes  types I & II errors 
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Duration  

• Duration of the study should be just apt 

 

- Costly; if too long 
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Factors II :Good scientific practice 

• Accuracy of determinations is very important 

in experimental studies. 

 

 

• Sampling - an essential step on which validity 

of any study depends. This should be taken 

seriously in experimental designs. 
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Experimental Manipulation  

• Deliberate steps taken by the investigator – 
predetermined experimental conditions ( 
mainly on independent variables) 

• An intervention may be administered to one 
group & withholding from the other 

e.g. that over dose of  Paracetamol can damage 
the liver… 

- Treatment 

- Control – measure changes post treatment & 
without 
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Active & Attribute variable 

- Treatment; active variable 

- Placebo  

• Attribute variable - investigator does not assign 
participants to groups but observes them in a natural 
habitat e.g. according to : 

Age group 

Gender 

Occupation 

• Attribute variables cannot be manipulated by the 
investigator 

• Active variables & attribute variables could be 
combined e.g. Paracetamol overdose and gender 

• Subdividing into groups…male / female toxic response 
20 

Random selection 

• Random selection allows for true representation 

of the parent population, excludes bias 

• Random assignment implies that each member of 

the group has equal chance of being selected, 

independent of individual judgment or bias  

- ensures that groups are equivalent before treatment 

• Concept of random assignment implies that 

groups under investigation were 

equivalent…..minor variations acceptable  
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Experimental units 

 

 

• The experimental unit is the unit that receives 

treatments and yields a response that is 

measured translating to datum 

22 

Sampling  

• Sampling is an essential step upon which any 

meaningful experimental study depends. 

 

• Sampling may involve selection of individual 

data points that will be collected,  determining 

which animal tissue samples will be collected  
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Statistics in experimental design 

 

• Statistics are used to compare variables after 

ensuring matching of treated & control groups 

(e.g. age, sex) 

• Selection table of random numbers available 
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Controls  
• Most effective design approach to exclude 

extraneous effects- inclusion of a control group is 
important. 

• Essential difference from experimental group is 
independent variable 

• Control group may be unfeasible in certain 
clinical situations for ethical reasons; evaluate 
against a conventional condition 

- Unreasonable to leave patients untreated 

- Question asked is different; comparative effect of 
two treatments (Quasi- experimental study may 
become handy) 
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Controls cont’d  

• To control for confounders within an experiment the 
investigator must either eliminate them or provide 
assurance that they will affect all groups equally 

 

• Clinical situations cannot always be altered to meet 
experimental requirements, most times it  may be 
undesirable to do so.  

• For the investigation to be a true experiment, the 
investigator must be able to exercise sufficient control 
over the experimental situation to rule out effect of 
confounding variables  with confidence  

- Circadian rhythms may be important 
26 

Concurrent Control  

• A true concurrent control is one that is 

identical in every manner with the treatment 

groups except the treatment being examined 

 

- All manipulations including , equivalent 

volumes of vehicle of exposing the model and 

other equivalent rates, replicate all  steps in 

control groups just as they occur in the  

treatment the groups  
27 
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Lost data 

• Lost data decrease power of study 

 

 

• Statistically controlled for lost data 

appropriately; seek advice of a Statistician. 

•  Do not assume or you may distort  your study. 
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Stratification 

 

 

• To detect a treatment difference with accuracy, 

it is important that the groups being compared 

are as homogenous as possible with reference 

to the other known causes of response or 

outcome 

• There may be need to stratify. 
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Balance  

• If  the effect of several different factors is 

being evaluated simultaneously, the 

experiment should be laid out in such a away 

that the contributions of the different factors 

can be separately distinguished and estimated 

 

• Comparisons are best when group sizes are 

similar (if not possible quasi- experimental 

design may be considered) 
30 
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Randomization in Experimental 

Design  

• Random allocation of experimental models or 

participants to treatment groups is a 

prerequisite of good experimental design 

• If not complied with the certainty of observed 

changes/ differences  are in doubt- attributed 

confounders? 

• Randomization eliminates bias 

31 

 Matching Control   

• A properly designed study demands that a 
relevant concurrent control group be included 
with which result for the test group can be 
compared 

• In employing controls, like should be compared 
with like, aside from treatment, they should be the 
same with test group aside from the treatment; 
randomization as for tests and from the same 
population 

- Differences observed should only be attributed to 
the treatment 
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Methodology in Basic Research 
• Robust, modern, sensitive or classical methods: 

- HPLC- High performance liquid chromatography 

- COMET- Comet assay (single cell gel electrophoresis) 

- MS- mass spectrometry 

- ELISA 

- AAS 

- ASV 

- NAA- Neutron activation analysis 

- ICP- AES 

- ICP- MS 

- NAA 

- Double beam spectrophotometer 

- Flow cytometry etc.  

33 
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Blinding 

• The potential for observation bias is an 

important concern in experimental studies. 

Participants’ knowledge of their treatment status 

or the investigator’s expectations can 

consciously or unconsciously influence events- 

corrected or minimized by blinding. 

- Single blind study 

- Double blind study 
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Quasi -Experimental Designs 
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Figure 2 

Experimental vs. Quasi- Experimental 

• Though randomized trial is considered the optimal design for testing cause 
and effect hypotheses, the necessary restrictions of a randomized trial are 
not easily attained in clinical settings (D’Agostino & Kwan, 1995) 

 

• Nature of the treatment under study & population of interest may limit use 
of randomization. 

 

• Specification of inclusion and exclusion criteria reduce generalizability and 
limit range of participants that can involved in the study 

 

Quasi- Experimental design – a bridge 

 

 

 
[ D, Agostino, R.B. & Kwan, H, (1995). Measuring effectiveness. What to expect without a randomized control group. 
Med. Care . 33: AS95-105) 
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Quasi –Experimental Designs (Q-ED) 

• Q-Eds utilize structures similar to 

Experimental Designs but lack randomizations 

and comparison groups or both. 

- Often involve nonequivalent groups that may 

differ from each other  in many ways in 

addition to differences  treatment conditions. 

- the degree of control is limited (reduced) 

• Many investigators embrace Q-Eds or 

elements of them because of the limitations of 

clinical conditions. 
37 

Quasi- Experimental Designs Cont’d 

• Q-Eds present reasonable alternatives to  
randomization but  investigator must have  the 
following in place: 

I. Documentation of participants’ 
characteristics 

II. Control of research protocol 

III. Include blinding 

• Inferences from Q-Eds must take cognizant of 
potential biases of the samples; nonetheless 
they provide important information 
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Types of Q-EDs 

• Many types of Q-EDs have been described. 

They include: 

I. One-group designs; one group-pretest-

posttest design 

II. One-way repeated designs overtime 

III. Time series designs 

IV.Multigroup Designs (To be discussed in 

statistics lecture) 
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Application Statistics II  

• Use of appropriate or relevant statistical tools 
important 

- Student’s t test 

- Cochran t-test 

- ANOVA  

- Fisher ‘s exact test 

- Wilcoxon rank- sum test 

- Kruskal- Wallis non parametric ANOVA 

- Duncan’s multiple range test 
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Using all data 

• Information available about relationship 

between treatment and the condition of interest 

for participants differ systematically in certain 

respects e.g. gender (male/female) 

 

• Using all the data in one analysis allows a 

more powerful test of the relationship under 

investigation 
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Method for Data Examination & 

Analysis in Basic Research 
• Like in all fields of study data from basic research 

should always be examined before any formal 
analysis 

 - such examinations should be directed at 
determining if the data are suitable for analysis and 
if so what for the analysis should take. 

• If data as collected are not suitable for analysis or 
if they are suitable only for low powered 
analytical techniques this should be determined  

• Need for transformation of data before analysis 
may also be considered.  

42 
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Conclusion 
• One of the most creative activities is to conduct 

research which can be in any field. One field of 
research that has transformed the world is biomedical 
research. The ultimate aim of biomedical research is to 
advance knowledge and provide useful innovations to 
society.  

• Determining the best and most efficient method for 
accomplishing this goal is a continuing and evolving 
challenge. This is highly contingent upon  soundly 
designed and executed experiments.   Experimental 
design in basic medical should therefore be  guided 
these thoughts. 

• Designs should be robust, involve randomization, 
include matching controls, use dependable modern 
analytical techniques and appropriate statistical tools. 
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Critical  Questions & Quality Checklist 

 

• Ensure the design is scientifically sound and 

interesting 

• Ensure the study design is innovative 

• In execution ensure the study investigate the 

predefined study goal 
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Critical Questions…checklist II 

• Confirm that the study design is  apt to address 

the aim / hypothesis of the study 

• Have plans to handle major problems 

• How will missing values be handled to permit 

meaningful analysis 

45 
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Critical Questions Checklist…III 

 

 

• Put in place mechanisms to ensure proper 

monitoring of the study 

• Be mindful of conflict of interest (financial 

involvement) 

• Be  cognizant of limitation in your design 
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QUESTIONS? 

 

             ? 
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Appreciation  

THANK YOU FOR YOUR ATTENTION 
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