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What is science?
the systematic observation of natural events and conditions in order 

to discover facts about them and to formulate laws and principles
based on these facts

-- Academic Press Dictionary of Science and Technology

Systematic 
observation

Formulate 
laws and 
principles



How to do science?
Make an

observation

Ask a 
question

Construct a 
hypothesis

Test the 
hypothesis 

Interpret 
results

Report 
findings

Systematic 
observation

Formulate 
laws and 
principles



How to do science?
Make an

observation

Ask a 
question

Construct a 
hypothesis

Study 
design

Interpret 
results

Report 
findings

Systematic 
observation

Formulate 
laws and 
principles

Conduct 
study

Test the 
hypothesis 

Study designs provide a guide



Goals for this lecture
• Outline the study design process
• Understand why study design helps us “do” science
• R tutorial: sample and data organization with Ekipa Fanihy
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Systematic observation w/o a question = 
searching for mystery treasure
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Every component of study design hinges on the 
research question
• Research question = the target
• Study design = an effective and efficient 

route to answering the question

1. Define the research question: What are we trying to answer?

Good research questions are:
• Clear
• Focused and testable
• Original
• Based on previous observations

Ø Formulate a hypothesis
Ø Develop a model to demonstrate your hypothesis
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How do bat populations maintain 
virulent human-infection viruses?

Photo by Cara Brook



1. Define the research question: What are we trying to answer?

How do bat populations maintain 
virulent human-infection viruses?

What is the force of infection of 
henipaviruses in Madagascar 

Eidolon dupreanum populations?

broad

Focused/ 
testable

Photo by Cara Brook



2. Define the sample type: What data do we need to answer our 
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Target population: 
Want to make inferences about

Source population:
Choosing study population

Study population:
Sampled individuals

Well designed studies allow us to make 
inference about the target population

Choosing a study population that allows you to answer your research question:
Ø effectively
Ø tractably—time, money, and effort are limited resources

3. Identify a system: Where can we collect our data?

Target population = 
Madagascar bats

Source population = 
Ankarana bats

Study population = 
Ankarana bats we 

actually catch



Choosing a study population that allows you to answer your research question:
Ø effectively
Ø tractably—time, money, and effort are limited resources

3. Identify a system: Where can we collect our data?



4. Choose a sampling scheme: How should we collect our data?

The study population should be randomly selected from the source population
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but not all types will be able to answer your question
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• Randomized Control 
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Observational
• Descriptive
• Cross-sectional
• Longitudinal
• Ecological

Experimental
• Randomized Control 

Trial (RCT)

Descriptive studies = observational research that describes the 
characteristics of a population
Ø focus on the what instead of the why

Good for generating hypotheses, especially when data is limited
Ø Bat survey: we need to find the bats before we can study 

their viruses

Not all studies are hypothesis-driven… 
but research really does always start with 
a question



4. Choose a sampling scheme: How should we collect our data?

Observational
• Descriptive
• Cross-sectional
• Longitudinal
• Ecological

Experimental

Cross-sectional studies = snapshot of the population at a particular
point in time
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4. Choose a sampling scheme: How should we collect our data?

Observational
• Descriptive
• Cross-sectional
• Longitudinal
• Ecological

Experimental

Longitudinal studies = follow a population over a period of time

Source
population time

Ø Cohort studies = follow a group of individuals over a period
of time

Individual A

Individual B

Individual C
time

• Experimental Ecology
• Randomized Control 

Trial (RCT)



4. Choose a sampling scheme: How should we collect our data?

Observational
• Descriptive
• Cross-sectional
• Longitudinal
• Ecological

Experimental

Unit of comparison = 
populations instead of 
individuals

Northern 
climate: 
Ankarana

Temperate: 
Moramanga

★

★
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5. Acknowledge limitations: What can we actually infer from 
our data?

Systematic 
observation

Formulate 
laws and 
principles

Data:
• Age data
• Serology

Force of infection = 
Rate at which bats 
become infected

Sample:
• Teeth
• Serum
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Designing your 1) field datasheet



Designing your 1) field datasheet
2) database structure

Compiling data the “long way”
Ø identifying information stored 

in columns

6. Outline a data organization plan



Designing your 1) field datasheet
2) database structure
3) sample storage system

6. Outline a data organization plan
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Study Design: Examples from E2M2?
1. Define the research question: What are we trying to answer?
2. Define the sample type: What data do we need to answer our question? 
3. Identify a system: Where can we collect our data?
4. Choose a sampling scheme: How should we collect our data?
5. Acknowledge limitations: What can we actually infer from our data?
6. Outline a data organization plan: How should we organize our data?
7. Be flexible: How can we prepare for potential/unanticipated challenges?


