
Moving Ideas Into Research 

Projects 



Introduction 

• Interactive discussion 

• Feel free to offer ideas or thoughts about a 

research project that you are thinking about 

• Specific time for discussion after each 

section 
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Outline 

Troubleshooting 

Data Management and Statistics 

Research Participants 

Study Design 

Data Sources and Operationalization 

Overall question 

SP 



Overall Research Question 

SP 



• Where do ideas come from? 

– Own experience 

– Previous research 

– Current literature 

– Mentor’s experience 

– Scientific meetings 

• Explore your idea 

– Literature review and NIH RePORTER 

• Relevance 

• Feasibility 

• Novelty 

 

Developing a research 

question 
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• Keep your research questions as simple as 

possible 

• Possible pitfalls 

– Not significant 

– Too complicated 

– Too broad 

• State your idea in terms of a hypothesis  

– Example: Vitamin D supplementation in infancy 

reduces the incidence of type I diabetes 

 

Specifying the research 

question 
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Assess the literature 

Literature Review 

Summary 

Explanation of  
current and key 

knowledge 

Discussion of 
limitations in 
subject area 

Synthesis 

Combines current 
knowledge with 
future directions 

Informs future 
directions in 
subject area 

http://writingcenter.unc.edu/handouts/literature-reviews/ 
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Why do we write literature 

reviews? 

Reasons for 
Conducting 

a Lit 
Review 

Understand 
the topic 

Identify 
work 

already 
performed  

Compare 
and critique 

existing 
findings 

Identify 
areas for 

future 
research 

http://www.engageinresearch.ac.uk/section_2/why_do_we_review_literature.shtml 

• Why study the topic? 
• What is so important about the topic? 
• What are the functions or 

mechanisms of the topic? 

• What is already known? 
• What are key findings on this topic? 
• What have other researchers done to 

investigate the topic? 

• What types of studies have been 
done? 

• What were the limitations? 
• What were the strengths? 

• Where are gaps in the knowledge? 
• How can future studies contribute to 

current knowledge? 
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Methods to conducting a 

literature review: 

Synthesize the literature 

Summarize the literature 

Analyze the literature 

Identify the literature you will review 

Define your research question 

SP 



Define your research question 

• Broad:  
– What is the prevalence of 

pneumonia? 

• Narrow: 
– What costs are 

associated with 
hospitalizations for 
pneumonia? 

• Very Narrow: 
– What strategies have 

been utilized in the 
United States to reduce 
hospital length of stay for 
patients with pneumonia? 

http://www.slideshare.net/featherr/how-to-conduct-a-literature-review 
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Identify the literature that you 

will review: 

• Published Articles 

– PubMed 

– Web of Science 

– Google Scholar 

– Cochrane Reviews 

• Unpublished ‘Grey Literature’ 

– Government websites 

– Conference abstracts 

– Government agency reports 

 

Important to check the relevance of your 
published references: 
• Check the journal impact factor 
• Check the # of times cited and by whom 
• Peer-reviewed 
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Analyze the literature  

• Perform search and review of articles 

• Group articles into categories or themes  

• Take notes: 
– Define key terms 

– Note key statistics 

– Note strengths and limitations 

– Identify major trends or patterns 

– Identify gaps 

– Maintain relevancy to your topic 

– Evaluate references for currency and coverage 
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Summarize the literature 

Tables 

Theme Author Year Design Sample Results 

Theme 
1 

Theme 
2 

Theme 
3 

Concept Maps 

Research 
Question 

Theme 
1 A 

B 

C 

Theme 
2 

D 

E 

Theme 
3 

F 

G 
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Synthesize the literature 

• Develop an outline from your summary notes 

• Consider your purpose 

• Create a topic outline that traces your topic or argument 

• Reorganize your notes to follow the path of your outline 

• Within each topic or theme: 
– Note differences among studies 

– Look for obvious gaps or areas needing more research 

– Describe relevant findings 

– Discuss how individual studies relate to and advance your 
topic area 

• Present conclusions and implications for future research 

• Add in details from your literature review 

Galvan, J. (2006). Writing literature reviews: a guide for students of the behavioral sciences ( 3rd ed.). Glendale, CA: Pyrczak Publishing.  
http://www.duluth.umn.edu/~hrallis/guides/researching/litreview.html 

SP 



DISCUSSION:  

OVERALL RESEARCH QUESTION AND 

LITERATURE REVIEW 



Data Sources and 

Operationalization 

TW 



Where to get data 

• Existing data 

– Records 

• Medical, School, Government 

• Not usually publically available 

– Publically available datasets 

• National Health and Nutrition Examination Survey 

(NHANES), Behavioral Risk Factor Surveillance 

System (BRFSS) 

• May need approval from coordinating center 
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Where to get data 

• New data 

– Measuring in field 

• Measuring vital signs at an in-person appointment 

• Counting how many people attend your event 

– Survey 

• Community assessments  

• Online survey to college students about drug use 

– May need IRB approval to gather new data for 

research purposes 
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Operationalization 

• Defining variables into measureable factors 

– Concepts  Variables  

• Defines fuzzy or abstract concepts and allows them 

to be observed and measured 

– Variables  Measures 

• Specifying exactly how a variable will be measured 

– Measures  Instruments 

• Defines what will be measured and how 

TW 



Operationalization cont’d 
 Concepts  Variables  Measures Instruments 

– Concepts:  
• Cancer risk  

– Variables:  
• Demographic characteristics 

• Tobacco Use 

– Measures:  
• What kind of tobacco?  

• How many cigarettes?  

• For how long?  

– Instruments:  
• Medical records 

• Survey  

• Publicly available data  
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DISCUSSION:  

OPERATIONALIZATION 



Survey Development 
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Steps in survey development 

Developing a research survey 

Deciding what to ask 

Figuring out how to ask your 
questions 

Preliminary testing 
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Developing a research survey 

• Identify the objectives of your survey 

– What are you trying to learn from the results?  

– Who is the target population?  

– Who is your audience?  

– How will the information be used?  
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Developing a research survey 

• Make sure the survey meets the needs of 

the project 

• Good question design 

– Limited bias 

– Expected answers 

– Valid and reliable 
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What to ask 

• What is the purpose of your study? 

• What do you need to know? 

• Who will be answering your survey? 

• How will you use the data? 
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What is the purpose of your 

study? 
• Overall purpose 

– Individual specific research questions 

– Make sure that you have a good idea of how you are going to 
measure your research questions 

– Example: The overall purpose of this study is to examine the effect 
of telling stories on nursery children's literacy skills. 

• Specific purpose 
– What are the specific questions or information to be gained? 

• Identify how often nursery teachers tell stories in the classroom. 

• Determine the effect of telling stories on nursery children's reading fluency. 

• Determine the effect of telling stories on nursery children's reading 
comprehension. 

• Determine the effect of telling stories on nursery children's vocabulary. 

• Determine the effect of telling stories on nursery children's interest in 
reading. 

 

 
Example from: http://korbedpsych.com/R03Purpose.html 
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What do you need to know? 

• Facts 

– Frequency 

– Demographics 

– Behaviors and practices  

– Knowledge 

– Skills  

• Beliefs 

– Attitudes 

– Perceptions of knowledge, skills, or behavior 

– Goals, intentions, aspirations  
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Who will be answering your 

survey? 
• Age  

– Age of child if parents are the population 

• Education level  

• Familiarity with tests & questionnaires  

• Cultural bias/language barrier 

– Reading level 

– Understandability 

– How will your questions be interpreted? 

• Local norms/customs 
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How will you use the data? 

• Describe a group 

• Compare different groups 

• Explore changes over time 

• Gain preliminary data for another study 
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How to ask 

• Survey type (e.g. mail, telephone, in person) 

• Question design 

• Order of questions 

• Length of survey 

• Starting and wrapping up 
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Survey type 

• Mail 

• Phone 

• E-mail 

• Mobile app/web-based 

• In person 
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Survey type: in person 
Advantages Disadvantages Factors to consider 

Highest cooperation 
and lowest refusal 

Most costly and time-
consuming 

Need space and privacy 

High quality detailed 
responses 

May be interviewer bias May be dangerous to go 
to homes 

Can explore answers 
and ask follow-ups 

Respondents may not be 
fully honest – lack of 
anonymity 

May be extra travel and 
training costs 

Can assist with 
understanding 

All possible respondents 
may not be equally 
available 

Requires well-trained 
interviewers 

Respondents need 
not be literate 

There may be geographic 
limitations 

Can use open-ended 
questions to more fully 
explore a topic 

From: https://cirt.gcu.edu/research/developmentresources/research_ready/designing_surveys/delivery_modes 
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Survey type: telephone 
Advantages Disadvantages Factors to consider 

May have good 
response 

Not all respondents are 
reachable by phone 

Need up to date phone 
numbers 

Shorter data 
collection time/less 
expensive than in 
person 

Need trained 
interviewers 

Need to decide what 
time to call 

Can assist with 
understanding 

Higher non-response 
(telemarker) 

Need computer or 
technical knowledge  

Protects anonymity Must be short Possible phone charges 

Respondents need 
not be literate 

Bias based on type of 
phone 
 

Incentives without extra 
postage 

Geography is not an 
issue 

May be language barriers 

From: https://cirt.gcu.edu/research/developmentresources/research_ready/designing_surveys/delivery_modes 
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Survey type: mail 
Advantages Disadvantages Factors to consider 

Lower cost Lower response rate Must have current 
address 

Respondents can 
respond on their own 
time 

Population must be 
literate and motivated 
 

Costs for postage, follow-
up, paper, envelopes 

Access to more 
respondents 

Slower to obtain 
responses 

Anonymity No clarification for 
questions 

Smaller team Need incentive 

Need not be 
computer literate 

Must have current 
address 

From: https://cirt.gcu.edu/research/developmentresources/research_ready/designing_surveys/delivery_modes 
SP 



Survey type: internet/web 
Advantages Disadvantages Factors to consider 

Lower cost Not all respondents have 
online access 

May need technical 
expertise 

Ease may increase 
response rate 

Difference in computers 
and web browsers 

Confidentiality 

Access to more 
respondents 

Representativeness may 
be an issues 

Costs associated with 
hosting and software 

Anonymity Respondent must be 
computer literate 

Structure of stored data 

Reduced time/larger 
sample size 

No clarification for 
questions 

Can be done on their 
own time 

From: https://cirt.gcu.edu/research/developmentresources/research_ready/designing_surveys/delivery_modes 
SP 



Question design 

• Write high quality questions based on objectives 
– Clear and unambiguous  

• Use simple language 

• Be specific 

• Avoid double-barreled questions 

• Avoid double negatives 

– Concise and to the point 
• Be direct 

• Use simplest language necessary 

• Avoid jargon and acronyms 

• Include definitions if needed 

– Free of bias or leading statements 

– Avoid or minimize sensitive topics 
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Question design 

• Determine the format of response options 
– Yes/no or true/false options 

– Multiple choice options 

– Likert scales  

– Free text 
• Numerical response 

• Open-ended responses (narrative)  

– Alternative Responses  
• i.e. Don’t know, Not Applicable, Refuse, Other 

– Think about what you will do with missing or 
incomplete data 
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Yes/no or true/false 

• Not a lot of information in the response 

• Best used to classify individuals for follow-

up questions 

– E.g. Did you receive a mammogram in the past 5 

years? Then follow-up on questions about 

mammogram experience if yes. 
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Multiple choice 

• Should be mutually exclusive if asking for 

only one response 

– Could also have select all that apply 

• Should capture all possible responses 

• Arrange the options logically 
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Likert type scales 

• Generally use a 5-6 point scale 

• Describe each point 

• Consider a neutral category 

• Arrange the options logically 

• If asking about a continuum, use anchors 

• Include a balance of positive and negative 

options 
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Free text 

• Numerical responses 

– E.g. current age, number of children 

– Should have limits if an online survey to ensure 

accuracy and reduce errors 

• Open-ended 

– Text responses 

– Need a plan on how they will be used 

• Examples 

• Formal qualitative analysis 
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Question design 

• If asking about a continuum, use anchors 

• Include a balance of positive and negative 

options 

• Think about middle/neutral option for Likert 

like scale 
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Question design 

• Consistency between questions and answers  
– Grammar 

– Wording 

• Consistency in answer order 
– Low to high or high to low 

– Yes No or No Yes 

• Add in numbers if possible for frequency instead of 
frequently, often 

• Use exact time frames 
– Last month instead of recently 

• Make sure answer categories do not overlap if only one 
selected 
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Examples: Clear and unambiguous 

 • Use simple language. Not all respondents 

will be familiar with complex terminology. If 

you need to use a more complex term, 

define it  

– Poor: What is the frequency of your use of the 

computers in the William H. Hannon Library in 

the past 7 days?  

– Better: How many times did you use the 

computers in the William H. Hannon Library in 

the past 7 days?  
http://www.lmu.edu/Assets/Academic+Affairs+Division/Assessment+and+Data+Analy
sis/Christine$!27s+Folder/Surveys+Website/Survey+Design+Resource.pdf  
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Examples: Clear and 

unambiguous 
 

• Be specific. Your questions should be 

precise enough that the respondent is able 

to identify what the question is referring to 

without being overly wordy.  

– Poor: Did you vote in the last election?  

– Better: Did you vote in the November 2008 

presidential election?  

http://www.lmu.edu/Assets/Academic+Affairs+Division/Assessment+and+Data+Analy
sis/Christine$!27s+Folder/Surveys+Website/Survey+Design+Resource.pdf  
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Examples: Clear and 

unambiguous 
 

• Avoid double-barreled questions. Double-

barreled questions include multiple parts, 

but ask for a single answer.  

– Poor: To what extent did your instructor 

address your concerns and questions in class?  

– Better: To what extent did your instructor 

address your concerns in class? To what extent 

did your instructor answer your questions in 

class?  

http://www.lmu.edu/Assets/Academic+Affairs+Division/Assessment+and+Data+Analy
sis/Christine$!27s+Folder/Surveys+Website/Survey+Design+Resource.pdf  

SP 



Examples: Concise and to the 

point 
 • A respondent’s time is precious. Write 

questions that get to the point as quickly as 

possible in as few words as possible.  

– Poor Example: During an average week of the 

semester, what amount of time, in hours, do you 

devote to preparation for the next class, whether in 

reviewing notes, reading course material, or 

discussion with other students?  

– Better Example: In a typical week this semester, 

how many hours did you spend preparing for class?  

http://www.lmu.edu/Assets/Academic+Affairs+Division/Assessment+and+Data+Analy
sis/Christine$!27s+Folder/Surveys+Website/Survey+Design+Resource.pdf  
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Examples: Free of bias and 

leading statements 
 • If questions are biased or leading in any way, 

they will steer a respondent toward a response. 

This can occur either in the question itself or 

by limiting the types of response options.  

– Poor Example: Tutoring services have been shown 

to improve college GPA. Do you plan on 

participating in LMU’s new tutoring program this 

semester? 

– Better Example: Do you plan on participating in 

LMU’s new tutoring program this semester?  

http://www.lmu.edu/Assets/Academic+Affairs+Division/Assessment+and+Data+Analy
sis/Christine$!27s+Folder/Surveys+Website/Survey+Design+Resource.pdf  
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Ordering questions 

• Logically order & group the questions 

• Start with non-threating questions 

• Most important questions near the 

beginning 

• Put similar questions together 
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Starting and wrapping up 

• Introduce you survey in some way 

– Separate letter 

– Intro paragraph 

• Provide simple instructions overall and for 
individual questions if needed 

• Ending the survey 

– Thank the participant 

– Provide contact information 

– Final instructions (e.g. how to mail, to whom to 
return) 
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Preliminary testing 

• Pilot test the survey and make any necessary 
changes 

– Keep it manageable by testing on a small group of 
people 

– Test the survey on individuals similar to your target 
population 

– Ask participants to provide feedback 

– Review responses, look for inconsistencies or 
unexpected answers 

– Make any necessary changes, consider conducting 
a second pilot test 
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DESIGNING SURVEYS: 

DISCUSSION 



Validity and Reliability 

JZ 



Validation 

• How well does your question (or set of 

question) measure what you want? 

• Difficult to know and measure 

• Types of validity 

– Face validity 

– Content validity 

– Convergent and discriminant validity 

– Concurrent and predictive validity 

JZ 



Face validity 

• Does the question seem to measure what it 

should? 

• Will the respondents understand what they 

are being asked? 

I don’t like Japanese 

Strongly Disagree 1 2 3 4 5 6 7 8 Strongly Agree 

Measured 

Variable 

Conceptual 

Variable 

  Discrimination  

towards Japanese 

X 

JZ 



Content validity 

• Does the content make sense and seem to 

get at what you would like to know? 

Intelligence Math Aptitude 

Verbal Aptitude 
Sympathy 

JZ 



Convergent/divergent validity 

 

• Correlates with similar concepts 

 
 

 

 

• Low correlation with dissimilar 

concepts 

Interdependence Scale Collectivism Scale 

Interdependence Scale Individualism Scale 

JZ 



Concurrent and predictive 

validity 
• Predictive: The extent to which the scores 

can predict the participants’ future 

performance. 

– e.g. SAT, GRE 

• Concurrent: The extent to which the self-

report measure correlates with the 

behavioral measure that is assessed at the 

same time. 
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Face Validity 

Content Validity 

Convergent Validity Discriminant Validity 

Predictive Validity 

Concurrent Validity 

Measured 

Variables 

(Self-Report) 

Conceptual 

Variables 

Other  

Domain of the 

CVs 

Future 

behaviors 

time 

Measured 

Variables 

(Behavioral) 

Items-Scales Other Items-Scales Similar Items-Scales 
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Reliability 

• Test-retest 

– Consistency over time 

• Equivalent forms 

– Consistency of similar questions over time 

• Internal consistency 

– Consistency over questions 

JZ 



Test-Retest Reliability 

The extent to which scores on the same 

measured variable correlate with each 

other on two different measurements 

given at two different time. 

Questionnaire 9/20 

___  I feel I do not have much proud of 

___  On the whole, I am satisfied with myself 

___  I certainly feel useless at times 

___  At times I think I am no good at all 

___  I have a number of good qualities 

___  I am able to do things as well as others 

Questionnaire 9/27 

___  I feel I do not have much proud of 

___  On the whole, I am satisfied with myself 

___  I certainly feel useless at times 

___  At times I think I am no good at all 

___  I have a number of good qualities 

___  I am able to do things as well as others 

4 

3 
2 
1 

4 

3 

4 

4 
1 

1 

4 

4 
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Equivalent-Forms Reliability 

The extent to which two equivalent  

variables given at different time  

correlate each other. 

Example. GRE, SAT, GMAT, TOEFL 

22 X 45 = 

 

 

85 X (23-11) = 

 

 

72-14 X 12 X (7-1) =       

32 X 45 = 

 

85 X (41-11) = 

 

72-14 X 25 X (6-1) =       

JZ 



Reliability as Internal Consistency 

The extent to which the scores on  

the items correlate with each other 

and thus are all measuring the true 

score rather than reflecting random  

error. 
Questionnaire 9/20 

___  I feel I do not have much proud of. 

___  On the whole, I am satisfied with myself 

___  I certainly feel useless at times 

___  At times I think I am no good at all 

___  I have a number of good qualities 

___  I am able to do things as well as others 

How Do You Measure  

Internal Consistency? 

Coefficient Alpha 

Split-half Reliability 
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VALIDITY AND RELIABILITY 

DISCUSSION 



Review 

• Research study questions 

• Ideas into variables 

– Where to get data 

– How to operationalize data 

– Survey tool development 

• Validity  

• Reliability 
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Outline 

Troubleshooting 

Statistics 

Research Participants 

Study Design 

Operationalization 

Data Sources 

Overall question 

SP 



Study Design 

SP 



Study design 

• Helpful to have a guide in specific design 

elements of your study  

– Want the best design for your study 

– Understand the best way to go about the study 

• Easier to recognize pitfalls and biases based 

on study design 
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Study types 

• Experimental studies 

– Clinical trials 

– Field trials 

– Community intervention trials 

• Observational studies 

– Cohort studies 

– Case-control studies 

– Cross-sectional studies 

– Case studies 

– Ecological studies 
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Experimental Studies 



Choices in experimental design 

Blinded Not blinded

Randomized Not randomized

Controlled Not controlled

Trial

SP 



Choices in experimental design 

Blinded Not blinded

Randomized Not randomized

Controlled Not controlled

Trial
Trials are usually 

randomized and often 
blinded (if feasible) 
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• Recruited many ways- usually through 

clinics 

• Types 

– Curative 

– Prevention of complications 

– Comparative 

  

 

 

Clinical trials 

Defined 

Population 

New 
Treatment 

Improved 
Not 

Improved 

Current 
Treatment  

Improved 
Not 

Improved 

RANDOMIZATION 
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• Secondary stroke prevention by Uniting 

Community and Chronic care model teams 

Early to End Disparities (SUCCEED) 

• Treatment: Intervention program or usual 

care 

• Outcome: Blood pressure control at one 

year 

• Single blind (research assistants), PI, other 

study team members, and participants are 

not blinded 

 

Clinical trial example 

SP 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5294765/ 

Towfighi, Amytis et al.  BMC Neurology 17 (2017): 24.  



• Similar to clinical trials 

• For primary prevention 

• Recruitment in general population 

  

 

 

Field trials 

Defined 

Population 

Preventive 

Treatment 

Disease 
No 

Disease 

No 

Treatment  

Disease 
No 

 Disease 

RANDOMIZATION 
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• Zinc and the common cold in children 

• 200 healthy children randomly assigned to zinc or 

placebo once daily 

• Studied over 7 months 

• Outcome: number of colds 

– Significantly less in the zinc group 

– Shorter mean duration of cold symptoms 

 

Field trial example 

Kurugöl Z, Akilli M, Bayram N, Koturoglu G.. Acta Paediatr. 2006 Oct;95(10):1175-81. 
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• Study on communities 

• Recruitment by community 

  

 

 

Community intervention trials 

Defined 
Population of 
Communities 

Preventive 
Treatment 

Disease 
No 

Disease 

No 
Treatment  

Disease 
No 

Disease 

RANDOMIZATION 
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• Tobacco reduction on college campuses 

• 30 colleges randomized to intervention or 

control 

– Created an advisory board to develop site 

specific tobacco control activities 

• Data from cohort of students at each 

college 

• No significant differences between 

intervention and control schools. 

Community intervention trials 

Thompson B, McLerran D, Livaudais JC, Coronado GD. Nicotine Tob Res. 2010 Jun;12(6):635-46.  
SP 



Observational Studies 



• Start with a group of subjects without the 

outcome of interest 

• Collect information on exposure of interest 

• Follow-up over time to see who develops the 

outcome 

• Can be prospective or retrospective (through 

records) 

Cohort studies 
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Defined 

Population 

Exposed 

Disease 

No Disease 

Non-exposed 

Disease 

No Disease 

Cohort studies 

NOT RANDOMIZED OR 
CONTROLLED 

Time 

Present Future 

Study 
begins 
here 
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• 41,836 postmenopausal women aged 55-69 at 

baseline 

• Antioxidant intake and non-Hodgkin’s 

lymphoma 

• Diet was assessed on the 1986 baseline survey 

• Cancer outcomes through the Iowa Cancer 

Registry 

• Some protective associations found including 

with dietary vitamin C 

Cohort study example: The Iowa 

Women’s Health Study (IWHS) 

Thompson CA, Habermann TM, Wang AH, et.al. Int J Cancer. 2010 Feb 15;126(4):992-1003. 
SP 



• Start with a group of subjects selected by 

outcome/disease 

– Cases are those with disease 

– Controls are those without disease 

• Collect data on exposures prior to disease 

development 

• Always has retrospective exposure 

assessment 

Case-control studies 

SP 



Case-control studies 
Start with Diseased and  

Non-disease groups 

SP 



Case-control studies 
Start with Diseased and  

Non-disease groups 
Assess exposure prior to disease 

SP 



Case-control studies 

Compare exposure history Draw conclusions 

Start with Diseased and  
Non-disease groups 

Assess exposure prior to disease 

Time 

Present Past 

SP 



Case-control studies 

Compare exposure history Draw conclusions 

Start with Diseased and  
Non-disease groups 

Assess exposure prior to disease 

Time 

Present Past 

Study starts here 

SP 



• Case subjects from the Minnesota Cancer 

Surveillance System(n = 420 acute myeloid 

leukemia) 

• Control subjects from Minnesota driver’s 

license/id card list (n = 701) 

• Exposures measured through a self-administered 

questionnaire 

• Significant association between five or more 

years of benzene exposures and AML 

 

Case-control study example: 

Benzene and leukemia 

Poynter JN, Richardson M, Roesler M, et.al. Int J Cancer. 2017 Jan 1;140(1):23-33.  SP 



• Examines exposure and disease simultaneously 

• Not able to establish temporal trends 

• Hypothesis generating 

Cross-sectional studies 

Group of persons with  
and without disease 

Measure  
exposure 

Draw 
conclusions 

Present (no time component) 
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• Sedentary behavior and cardio-metabolic risk 

• NHANES consisted of a home interview and a 
physical exam conducted in a mobile examination 
center 

• 2527 NHANES participants aged 6-19 

• Combination of clinical measures for cardio-
metabolic risk score (CRS) 

• Sedentary  behaviors measured by questionnaire 

• No association  overall  

• 4 or more hours per day of TV associated with 
higher CRS 

 

Cross-sectional example: The National Health 

and Nutrition Examination Survey 

Carson V, Janssen I. BMC Public Health. 2011 May 4;11(1):274.  
SP 



• Sequence of case reports  

• Same disease and suspected common cause 

• Like cases from a case-control study 

• Used for hypothesis generation 

• Can be very a important first observation 

– Lyme Disease   

– Legionellosis    

– AIDS    

– Diethylstilbestrol (DES) exposure 

– Toxic shock syndrome (TSS) 

 

Case series 
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• Used grouped data to make inference about 

exposure and disease 

 

Ecologic studies 

Cervical cancer incidence by HPV prevalence 

Maucort-Boulch D, Franceschi S, Plummer M; IARC HPV Prevalence Surveys Study Group. Cancer Epidemiol Biomarkers 
Prev. 2008 Mar;17(3):717-20. SP 



• Outcome and exposures aggregated over 

some group/area 

– Disease could be a result of individual 

exposures (i.e. smoking) rather than aggregated 

exposures 

– Exposure could be limited to a specific portion 

of the group/area rather than the whole 

– All diseased cases in group/area could be 

unexposed 

 

Ecologic fallacy 
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• A randomized controlled trial provide the most 
evidence for a particular hypothesis 

• But, some exposures cannot be randomized in 
humans (e.g. smoking, toxic chemicals) 

– For rare outcomes, case-control studies may used 
since other designs could be cost prohibitive 

– Biases inherent in observational design must be 
addressed 

– Statistical methods were developed for randomized 
designs 

 

 

Study design considerations 
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A note on causality 

• Causality: difficult to assess in 
observational studies 

– Association does not imply causation 

– Association is necessary for causation 

– Other factors could contribute to the 
relationship 

• Causal attribution 

– Time precedence 

– Biological/theoretical plausibility  

– Alternative explanations have been ruled out 
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DISCUSSION: 

STUDY DESIGN 



Study planning 

• Where will I get the people for my study? 

– Determine what population should be included  

– Plan how to enroll persons from that population 

• How many people do I need? 

– Need to use statistical methods to calculate sample 
size based on a number of considerations 

• How will I assess results? 

– A statistical analysis plan is necessary up front to 
determine sample size and to inform the type of 
data you need to collect 
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Research Participants 
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• First need to think about the 
population 
– Children 

– Women of reproductive age 

– Pancreatic cancer patients 

• Ideally, would recruit a 
random sample from the 
population 
– Usually not possible since 

• Enumeration is difficult 

• Not everyone is able to be found 
or willing to participate 

– Generally recruit based on 
practical issues 

 

Subject selection 
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Subject selection 

• Is there existing data about the subjects you 
are interested in? 

• What brings your subjects together? 

– Medical facility 

– State of residence 

• Are there places/ways to connect with your 
subjects? 

– E-mail listserv 

– Social media 

– Community events 
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• Case-control study: Infant leukemia 
– Cases: from national childhood cancer consortium 

– Controls: from birth certificate in states able and willing 
to release them 

• Cohort study: Iowa Women’s Health Study 
– Women in a particular age group recruited from driver’s 

license lists in the state of Iowa 

• Clinical trial: REPAIR T1D  
– T1D patients at  

• Sanford Health (Sioux Falls, Fargo) 

• Minnesota Children’s Hospital and Clinics 

• Rady Children’s in San Diego 

– Also advertised on national database (clinicaltrials.gov) 

 

Examples of subject selection 
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Biases in subject selection 

• Each method for selecting subjects could 

introduce bias 

– Using only cell phone numbers – may limit 

generalizability 

– Using registry data – miss outcome in those 

moving out of state 

– Specific clinics – may limit generalizability  
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Regulations for human subject 

research 
• Need to consider regulations and approvals 

for a research study 

– Identify which regulations apply 

– Who needs to review the study 

• Formal boards 

• Informal groups 

• Community 

• Other relevant individuals/groups 

SP 



DISCUSSION: SAMPLE 

SELECTION AND REGULATORY 

ISSUES 



Data Management and Statistical 

Considerations 

MN 



Keeping data 

• Establish method of keeping data early in 
the study and keep it organized  

• Create a database 

– Excel, Access, RedCap, etc 

– Depends on size and complexity of data you’ll 
collect 

• Create a codebook and stick to the formats 

– Consistency lowers the need for a lot of 
cleaning later 

MN 



Statistical Background 

 



• Goal of research studies:  To describe factors 

associated with particular outcomes in the 

population 

• Can’t study entire population 

• Need to select a sample from population 

• Inference about population from sample 

Populations and samples 
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• Null hypothesis: H0 

– Defines what it means to have no effect 

– Assumed true unless evidence against it 

• Alternative hypothesis: HA 

– Reject the null in favor of the alternative 

– This is what we are really interested in 

Statistical hypothesis testing 
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• Null hypothesis 
– No difference in incidence of type 1 diabetes based on 

infant vitamin D supplementation 

• Alternative hypothesis 
– One-sided: Incidence of type 1 diabetes is reduced in 

children with vitamin D supplementation during infancy 

– Two-sided: Incidence of type 1 diabetes is different 

depending on infant vitamin D supplementation 

 

 

Hypotheses example 
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The Truth 

Association No Association 

The 
Study 

 

Reject the Null Correct Type I Error 

Fail to reject the Null Type II Error Correct 

Errors associated with 

hypothesis testing 

MN 



• Called the significance level (α) 

• Probability of rejecting the null when there is 

really no association 

• How likely is it that we will find an effect of the 

treatment or exposure purely by chance? 

• Typically chosen to be 5% or 0.05 

Type I error 
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• Called β 

– Probability of failing to reject the null when 

there is an association 

• A related value is Power (1- β) 

– Probability of finding an association (rejecting 

the null) when an association actually exists 

(correct decision) 

– Power is typically chosen to be 80% or higher 

 

Type II error 

MN 



p-values 

• Definition: 

P(observation|Ho is True)  

 

• The probability of obtaining a value as 

extreme as or more extreme than the 

observed value, given that the null 

hypothesis, Ho, is true. 
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p-values 

Image from: https://en.wikipedia.org/wiki/File:P-value_Graph.png 
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p-values 

P(observation|Ho is True) ≠ P(Ho|observation) 

 

• REMEMBER: p-value is NOT the probability 

of making a mistake (ie: probability of 

rejecting a true Ho) 
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p-values 

• Correct interpretation: 

 

p=0.04: Assuming a treatment has no effect, you 

obtain the observed difference or more in 4% of 

studies due to random sampling error. 
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p-values 

• The p-value is compared to the 

predetermined significance level, α, to decide 
if Ho should be rejected or not. 

 

α = P(reject Ho|Ho is true) 
 

• Typically α = 0.05, or there’s a 5% risk of 
concluding a difference exists, when it really 
does not. 
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p-values 

Image from: http://www.sigmapedia.com/term.cfm?word_id=393 

Reject Ho 
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Sample Size 

 



• Need to know how many people to include 

• Calculation is based on detection of clinically 
meaningful differences 

• Helps to assure ethical use of resources 

– Facilitates development of appropriate timelines 
and budget 

– Guards against studies which will be too small to 
provide conclusive results 

• Requires that investigators have a well 
specified outcome and planned statistical 
analysis 

 

Sample size 

MN 



• Variability: How much do people differ? 

• Dependence: How much change will you see? 

• How will you analyze the data? 

– Sample size should be based on analysis plan 

– Most medical experiments involve multiple 

observations per person to control variability 

(within-subject design) 

• These require special techniques for analysis and 

sample size 

Considerations in sample size 

calculations 
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• What is needed to calculate the sample 

size? 

– Statistical analysis plan 

– Significance level 

– Power 

– Expected differences 

– Expected variability 

Sample size 

MN 



• What is needed to calculate the sample 

size? 

– Statistical analysis plan 

– Significance level 

– Power 

– Expected differences 

– Expected variability 

Sample size 

Set by the question 

MN 



• What is needed to calculate the sample 

size? 

– Statistical analysis plan 

– Significance level 

– Power 

– Expected differences 

– Expected variability 

Sample size 

Set by the 
researcher 

MN 



• What is needed to calculate the sample 

size? 

– Statistical analysis plan 

– Significance level 

– Power 

– Expected differences 

– Expected variability 

Sample size 

Estimated using 
data from the 
literature or 
preliminary data 

MN 



True proportions 
Type I Diabetes 

One-sided 
α = 0.05 

Two-sided 
α = 0.05 

Pc  
No Vitamin D 

Pe  
Vitamin D 

1-β = 0.8 1-β = 0.8 

0.10 
0.05 

0.03 

0.05 
0.03 

0.01 

0.03 
0.02 

0.01 

Simple example   

Sample size needed for each exposure/treatment group 
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True proportions 
Type I Diabetes 

One-sided 
α = 0.05 

Two-sided 
α = 0.05 

Pc  
No Vitamin D 

Pe  
Vitamin D 

1-β = 0.8 1-β = 0.8 

0.10 
0.05 334 

0.03 142 

0.05 
0.03 1169 

0.01 197 

0.03 
0.02 2984 

0.01 566 

Simple example   

Sample size needed for each exposure/treatment group 
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True proportions 
Type I Diabetes 

One-sided 
α = 0.05 

Two-sided 
α = 0.05 

Pc  
No Vitamin D 

Pe  
Vitamin D 

1-β = 0.8 1-β = 0.8 

0.10 
0.05 334 424 

0.03 142 180 

0.05 
0.03 1169 1484 

0.01 197 250 

0.03 
0.02 2984 3788 

0.01 566 718 

Simple example   

Sample size needed for each exposure/treatment group 

MN 



SAMPLE SIZE DISCUSSIONS 



Statistical Analysis Plan   

 



• Types of variables 

– Continuous  

• Symmetric: Weight, blood pressure 

• Long-tailed: Income, time 

• Censored: Time-to-event, time-from-event 

– Categorical 

• Binary (Yes/No): Occurrence of MI, cancer 

• Multicotomous: Preference data (beverage) 

• Count : # AEs, # falls 

• Ordered discrete (opinion): Good, Better, Best 

 

Testing and evaluation results 
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• Types of variables 

– Continuous  

• Symmetric: t-test, ANOVA 

• Long-tailed: t-test, ANOVA after transform (root) 

• Censored: Survival methods, Kaplan-Meier curves, log-rank 

test, Cox regression  

– Categorical 

• Binary (Yes/No): Frequency/Proportion tests 

• Multicotomous: Frequency/Proportion tests 

• Count : Frequency/Poisson tests 

• Ordered discrete (opinion): Frequency/Non-parametric 

 

Testing at one time point 
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• Types of variables 
– Continuous  

• Symmetric: RM ANOVA, MANOVA, Mixed-effects Regression 

• Long-tailed: RM ANOVA, MANOVA, Mixed-effects Regression 
(with transform) 

• Censored: Survival methods, Kaplan-Meier curves, log-rank 
test, Cox regression  

– Categorical 
• Binary (Yes/No): Generalized LM, GEE 

• Multicotomous: Generalized LM, GEE 

• Count: Generalized LM, GEE 

• Ordered discrete (opinion): Generalized LM, GEE 

 

Testing at multiple time points 

MN 



• Types of variables 

– Continuous  

• Symmetric: Single obs – DIY; 3 or more, call pro 

• Long-tailed: Call pro 

• Censored: Call pro 

– Categorical 

• Binary (Yes/No): Single obs – DIY; 3 or more, call pro 

• Multicotomous: Call pro 

• Count: Call pro 

• Ordered discrete (opinion): Call pro 

 

When to call the stat pro? 
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T1D No T1D 

Vitamin D 7 (1.0) 713 (99.0) 

No Vitamin D 22 (3.1) 689 (97.9) 

Simple example 

 Using a Chi-squared test 
o p-value = 0.004 

o Reject the null 

o Conclude that there is a difference in T1D 
incidence 
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DISCUSSION: 

ANALYSIS 



Dropouts and Missing Data 



Dropouts 

• Relevant for longitudinal studies 

• Indicates when a subject leaves before the 

study is over and does not come back  

– Not including subjects who leave and come back 

after missing one or more visits 

• Missing part or all of follow-up data 
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Dropouts 

• Dropouts should be accounted for in 

analysis 

– Exclusion likely to bias results 

– Tx too effective or not effective enough 

– Tx affecting death rates 

– Controls want Tx  
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Intent to treat 

• Requires all subjects are analyzed by their 

original group or Tx  

• Common method for handling dropout 

subjects 

• Use an imputation method for missing data 

MN 



Imputation methods 

• Use an imputation method for missing data 

– Last Observation Carried Forward (LOCF) 

– Imputed failure 

– Multiple Imputation 

– Longitudinal analysis methods 
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Imputation methods 

• Last Observation Carried Forward (LOCF) 

– Imputing the previous value for the missing 

value 

– Used to be standard practice. Doesn’t allow for 

additional change when measurements usually 

change over time. Rarely considered acceptable 

anymore 
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Imputation methods 

• Imputed Failure 

– Most conservative method 

– Missing value imputed as the worst outcome 

since they left study early 
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Imputation methods 

• Multiple Imputation 

– Uses estimation techniques (such as mean 

values, regression, etc) to approximate missing 

values multiple times 

– Most software can handle this 
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Imputation methods 

• Longitudinal analysis methods 

– Pattern mixture models 

• Controls for dropout patterns 

– Mixed-effects selection models 

• Finds if any collected variable can predict dropout 
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DISCUSSION DROPOUTS AND 

MISSING DATA 



Troubleshooting 

SP 



Planning for problems 

• Think about what might go wrong? 

– Are there many groups that are involved? 

– Are there details that might change over the 

course of the project? 

– How will you adapt if things do go astray? 

• What are some alternatives that you might 

be able to use if one approach doesn’t 

work? 
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DISCUSSION 

TROUBLESHOOTING 


