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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
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Goals for this lecture

* Outline the study design process
e Understand why study design helps us “do” science
* R tutorial: sample and data organization with Ekipa Fanihy
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Be flexible: How can we prepare for potential/unanticipated challenges?



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

IT ALWAYS STARTS WITH A QUESTION
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Systematic observation w/o a question =
searching for mystery treasure
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1. Define the research question: What are we trying to answer?

» Formulate a hypothesis
» Develop a model to demonstrate your hypothesis

Every component of study design hinges on the

research question

* Research question = the target

e Study design = an effective and efficient
route to answering the question

Good research questions are:

* (Clear

* Focused and testable

e Original

* Based on previous observations
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1. Define the research question: What are we trying to answer?

How do bat populations maintain
virulent human-infection viruses?

broad

Focused/
testable

What is the force of infection of
henipaviruses in Madagascar
Eidolon dupreanum populations?
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2. Define the sample type: What data do we need to answer our
guestion?

What is data?
= evidence to support a claim

Sample: Data: , ,
Force of infection =
e Teeth  Age data )
> > Rate at which bats
e Serum * Serology

become infected
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Source population =
Ankarana bats

Study population =
Ankarana bats we

actually catch

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



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

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




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

The study population should be randomly selected from the source population




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

Observational
* Descriptive
* Cross-sectional
* Longitudinal
* Ecological

There are several study types to choose from...
but not all types will be able to answer your question

Experimental

 Experimental Ecology
 Randomized Control
Trial (RCT)
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* Descriptive
* Cross-sectional
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Observational vs. Experimental?
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 Experimental Ecology
 Randomized Control
Trial (RCT)




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

Observational

Descriptive |

Cross-sectional
Longitudinal
Ecological

Experimental

Randomized Control
Trial (RCT)

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

Good for generating hypotheses, especially when data is limited
» 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
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Observational
Descriptive

Cross-sectionall

Longitudinal
Ecological

Experimental

Experimental Ecology
Randomized Control
Trial (RCT)

seroprevalence

Cross-sectional studies = snapshot of the population at a particula
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

Experimental Ecology
Randomized Control
Trial (RCT)

Longitudinal studies = follow a population over a period of time

Source
population time

v

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

v

Individual A

v

Individual B

v

Individual C _
time



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

Observational
* Descriptive
* Cross-sectional
* Longitudinal
| © Ecological |

Experimental

 Experimental Ecology
 Randomized Control
Trial (RCT)

Unit of comparison =
populations instead of
individuals
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4. Choose a sampling scheme: How should we collect our data®?

Observational
* Descriptive
* Cross-sectional
* Longitudinal
* Ecological

Experimental

* Experimental Ecology
 Randomized Control

Trial (RCT)

Randomized Control Trial = subjects are randomly
allocated into groups (test and control) to receive or not
receive a treatment

Treatment -
/ Outcome:

Negative
e | VWhat is the effectiveness of a Zika

Containing Vaccine? _

A NO
Treatment
. Outcome:
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Time



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

Randomized Control Trial = subjects are randomly
Observational allocated into groups (test and control) to receive or not
* Descriptive receive a treatment
* Cross-sectional
* Longitudinal
* Ecological Vaccine
28 health No
volunteers - antibodies
W.ithOUt a Randomize
history of
Experimental flavivirus -
infection .
« Experimental Ecology Nl .
. )
* Randomized Control Durban and Whitehead antibodies
Trial (RCT) First in-human trial
live attenuated Zika
vaccine Time
rZIKV/D4A30-713
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5. Acknowledge limitations: What can we actually infer from
our data?

: Formulate
Systematic

) laws and

rvation inci
observatio principles

Sample: Data: . finfoction =
oot - Age data Force of infection -
. Serum . Serology ate at which bats

become infected



6. Outline a data organization plan




6. Outline a data organization plan
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6. Outline a data organization plan

Designing your 1) field datasheet
2) database structure

Compiling data the “long way”
» identifying information stored
in columns

SITE DATA

Roost Site
Lakato
Lakato
Lakato
Lakato
Lakato

|Marovitsika

Marovitsika
Marovitsika
Marovitsika
Marovitsika
Marovitsika
Marovitsika
Marovitsika
Marovitsika
Marovitsika
Marovitsika
Marovitsika
Marovitsika
Ambakoana
Ambakoana
Ambakoana
Ambakoana
Ambakoana
Ambakoana

Researchers Date

CB, CR, LA
CB, CR, LA
CB, CR, LA
CB, CR, LA
CB, CR, LA
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB, CR, AR
CB,CR, AR, R
CB,CR, AR, R
CB,CR, AR, R
CB,CR, AR, R
CB,CR, AR, R
CB,CR, AR, R

8/22/13
8/22/13
8/22/13
8/22/13
8/22/13
11/4/13
11/4/13
11/4/13
11/4/13
11/4/13
11/6/13
11/7/13
11/7/13
11/7/13
11/8/13
11/8/13
11/8/13
11/8/13
11/15/13
11/15/13
11/15/13
11/15/13
11/15/13
11/15/13
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Identification

Bat Species Sample ID
Eidolon dupr LKT-001
Eidolon dupr LKT-002
Eidolon dupr LKT-003
Eidolon dupr LKT-004
Eidolon dupr LKT-005
Pteropus rufi MARO1
Pteropus rufi MARO2
Pteropus rufi MARO3
Pteropus rufi MARO4
Pteropus rufi MAROS
Pteropus rufi MAROG6
Pteropus rufi MARO?7
Pteropus rufi MAROS
Pteropus rufi MAROS
Pteropus rufi MARO10
Pteropus rufi MARO11
Pteropus rufi MARO12
Pteropus rufi MARO13
Pteropus rufi AMB1
Pteropus rufi AMB2
Pteropus rufi AMB3
Pteropus rufi AMB4
Pteropus rufi AMBS
Pteropus rufi AMB6



6. Outline a data organization plan

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

Box Number Sample Type Species ~ Reagent  SamplelD  Date Stockaj Notes
PR-FEC-1 Feces Asio madagz UTM AMAK_001 4/25/18
PR-RNA-BLD Whole Blood Asio madagz RNA-protect AMAK_001 4/25/18
PR-THR-1  Throat Asio madaga UTM AMAK_001 4/25/18
PR-SER-A-1 Serum A Asio madaga raw AMAK_001 4/25/18
~ (\P_L( 51 & PR-SER-B-1 Serum B Asio madaga raw AMAK 001  4/25/18
{ (°LWWU _ = mﬁb PR-PEL-A-1 Blood Pellet Asio madaga raw AMAK_001 4/25/18
n po C.a fal .\L f\ml. s«w\c.,, PR-PEL-B-1 Blood Pellet Asio madaga raw AMAK_001 4/25/18
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Study Design: Examples from E2M27?

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

Define the sample type: What data do we need to answer our question?
Identify a system: Where can we collect our data?

Choose a sampling scheme: How should we collect our data?
Acknowledge limitations: What can we actually infer from our data?

Outline a data organization plan: How should we organize our data?
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Be flexible: How can we prepare for potential/unanticipated challenges?



