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Introduction to Research and Statistics
• Day 1 - Characteristics of High Quality Research

• Literature Review
• Formulating Research Questions
• Testable Hypotheses
• Proper Study Design
• Operationalizing Variables

• Day 2 – Developing a Statistical Analysis Plan 
• Development
• Power Analysis
• Basic Descriptive and Inferential Statistics
• Measures of Association
• Complex issues requiring Specialize techniques
• Resources



What are the characteristics of 
High Quality Research? 



What are the characteristics of High quality 
Research? 
• Good rationale
• Well-defined, clearly articulated research questions and aims
• Clear and testable Hypotheses
• Consider sampling issues a priori
• Adequately operationalize variables in the study
• Properly design study

• Adequately address potential biases



Common Mistakes When 
Conducting Research
1. Failure to Perform a literature review (Linked to rationale)
2. Failure to Create well-defined, clearly articulated research questions
3. Failure to Develop testable hypotheses
4. Failure to Consider sampling issues a priori
5. Failure to Adequately operationalize variables in the study
6. Failure to Properly design you study



Why are Literature Reviews important?

Study Design 
• Reveal any gaps that exist in the 

literature.
• What have people done before?

• Resolve conflicts amongst 
seemingly contradictory 
previous studies.

• Avoid biases
• Is this common in this area of 

research?

Power Analysis
• How large were previous 

studies?
• Are there effect estimates we 

can use?



What makes a good research question?

1. Feasible
2. Interesting
3. Novel
4. Ethical 
5. Relevant
• Most of this can be determine from a good literature review



Why is a clear research questions important 

• There is a difference between an idea for exploration and a 
answerable research question 

• The idea may be a general topic like obesity in children or traumatic 
injuries in adult

• A good research question has specific qualities that a study can be 
designed around



How to create a well-defined, clearly 
articulated research questions

PICO Method:

A well-defined research questions has specific properties:
• Patient/Population/Problem (among whom?)
• Intervention/Exposure/Main Predictor (does what?)
• Comparison (versus who)
• Outcome (affect)



P= Patient/Population of Interest

What? 
• What is the population of 

interest?
• Is there a particular age, sex, 

racial-ethnic or susceptible 
population that is of interest?

Why?
• Sample size

• Are there enough people with the 
condition 

• Feasibility
• Can I access the population or data?

• Confounding factors
• What biases may be present from the 

sample I have access to?



I= Intervention/Exposure/Main Predictor

What 
• What is main intervention, 

prognostic factor or exposure of 
interest?

• What are you interest in the 
effect of? 

Why? 
• Power 

• What is the effect of interest?
• Large or small? 

• How is it measured
• Gold Standard?
• Vary , Scale

• Categorizing or Transformations
• Measured once or >1



C=Comparison Of Interest 

What
• Is there a comparison to be 

evaluate against?
• Gold Standard
• Control population

Why?
• Is it appropriate?
• Bias?

• Special technique

• Selection of controls
• Generalizability or Conclusions?



O=Outcome of Interest

What?
• Outcome or Dependent Variable
• What is the desired outcome to 

be measured?
• What change is desired?
• What am I affecting?

Why? 
• Power – Effect Size
• How is it measured

• Gold Standard
• Scale?
• Single or multiple values (ex. HBP)

• Categorizing or Transformations
• Dictates types of the analysis
• Distributional concernce

• Measured once or >1



Types of research questions

• Descriptive
• Relational (Association)
• Causal (Direct cause and effect)





Descriptive 

• One of the most basic types of questions
• Designed to ask systematically whether a phenomenon 

exists.
• The answers to these types of questions involve: 

• Describing the characteristics of the phenomenon
• Questions about composition or how something works

• Ex. Physician Opioid subscription behavior (What is the 
process?)

• Often times they are sometimes shied away from b/c the 
focus isn’t “significance”



Relational

• Don’t confuse this with causal association 
• Explore whether a relationship(s) exist

• Association or Correlation 

• Is Physician Opioid subscription behavior associated with opioid 
dependence among patients?

• Published example:
• What Factors Affect Physicians' Decisions to Prescribe Opioids for Chronic 

Noncancer Pain Patients?



Causal

• Investigating a direct action or result of a manipulation
• Often tests using experiments, RCT’s or well-designed longitudinal 

observational studies
• Once a phenomenon has been identifies and a relationship 

stablished, you could ask about the causes of that relationship.
• What is the effect of monitoring physician prescription behavior on 

reported opioid dependence among chronic non-cancer patients?



Can have more then one type!

• Don’t be afraid to mix types in a proposal



What makes a good research question?

Good
• Example

• In children with acute otitis media, is 
cefuroxime effective in reducing the 
duration of symptoms as compared to 
amoxicillin?

• Why?
• Identifies a population 
• Identifies the intervention or 

treatment of interest
• Identifies a comparator or control
• Identifies the effect of the 

intervention/treatment
• Outcome should be measurable and 

reasonable for the question

Not so good
• Example

• What is the effect of antibiotic 
treatment for acute otitis media on 
the health of children?

• Why?
• Uses vague terms
• Appears unfocused 
• No clearly defined effect of interest 
• No clear outcome/DV to be measured

• Is “health” measureable?



Applying the PICO Approach 

• Using the PICO approach, the above research question could be 
written as 

“Does captopril [intervention] decrease rates of cardiovascular
events [outcome] in patients with essential hypertension
[population] compared with patients receiving no treatment
[comparison]?”



Writing Testable Hypotheses

• What is a hypothesis?
• Tentative prediction of the nature and direction of relationships between 

sets of data, phrased as a declarative statement. 
• Required for studies that address relational or causal research 

questions
• Studies that seek to answer descriptive research questions don’t 

test formal hypotheses, but they can be used for hypothesis 
generation.

• Those hypotheses would then be tested in subsequent studies.



Two forms: null and alternative

• Null
• Prediction that in the general population, no relationship or no 

significant difference exists between groups on a variable. 
• The wording is, “There is no difference (or relationship)” between 

the groups
• Alternative 

• Prediction that in the general population, a relationship or 
significant difference exists between groups on a variable. 

• The wording is, “There is a difference (or relationship)” between 
the groups” or can specify a specific expected difference 



Clear Hypotheses the can be operationalized?
Question: In children with acute otitis media, is cefuroxime effective in reducing the 
duration of symptoms as compared to amoxicillin?

Clear
• Example

• Children given cefuroxime will have 
20% reduction in symptom duration as 
compared to children given amoxicillin

• Why?
• Clear indication of what is to be tested

• Effect of antibiotic type on symptom 
duration

• Mentions the treatment
• Mentions the DV/Outcome

Unclear 
• Example

• Cefuroxime will be shown to be a 
better treatment for acute otitis 
media

• Why?
• Whether or not something is a 

“better” is too vague. 
• No clear indication of what will be 

measured to evaluate the prediction
• How do you define “better”?

• What is my comparator or treatment? 
• “Better” treatment then what?



Activity #1  

Question 
• What is the effect of monitoring 

physician prescription behavior 
on reported opioid dependence 
among chronic non-cancer 
patients?

Null Hypothesis



Activity # 2 

Question 
• In patients with essential 

hypertension, does treatment 
with captopril effect the rate of 
reported cardiovascular events? 

Directional Hypothesis



Resources for writing good questions and 
hypotheses
• Formulating a researchable question: A critical step 

for facilitating good clinical research (2010) by Aslam 
and Emmanuel

• Writing a Good Research Question
• https://cirt.gcu.edu/research/developmentresources/tuto

rials/question

https://cirt.gcu.edu/research/developmentresources/tutorials/question


Proper Study Design 



Study Design: Right and Wrong

• Dictated by research question
• There are no inherently bad study design
• Properly match your research question to the most appropriate study 

design





Common Biases due to Study Design 

• Health User Bias
• Volunteer Selection bias
• Bias Due to Confounding by Indication
• Social Desirability Bias



• “Evidence is mounting that publication in a peer-reviewed medical 
journal does not guarantee a study’s validity”

• “You can’t fix by analysis what you bungled by design”
https://www.cdc.gov/pcd/issues/2015/15_0187.htm



Healthy User Bias

• Healthy user bias is a type of selection bias 
• Occurs when investigators fail to account for the fact that 

individuals who are more health conscious and actively seek 
treatment are generally destined to be healthier than those 
who do not. 

• This difference can make it falsely appear that a drug or 
policy improves health when it is simply the healthy user 
who deserves the credit



Example of Healthy User Bias

• National campaign in the United States to universally 
vaccinate all elderly people against the flu as a way to reduce 
the number of pneumonia-related hospital admissions and 
deaths

• This campaign was based on Cohort studies that compared 
older patients who chose to get a flu vaccination with what 
happened to older patients who did not or could not



Problem: Did not account for healthy user bias 
when comparing Vaccinated vs Unvaccinated
• Elderly people who received a flu vaccine were :

• 7X more likely to receive the pneumococcal vaccine 
• More likely to be physically independent
• More likely to have quit smoking, 
• More likely to be taking statins

• Elderly people who got the flu vaccine already were:
• healthier, 
• more active, 
• received more treatment than those who did not 

• During the study had lower rates of flu-related hospitalization 
and death



How can I fix this?

Study Design
• You need a study where people 

can not “self-select” into the 
exposed or unexposed group

• RCT

• Demonstrate the difference 
associated with something else

Statistical 
• We try to statistically balance 

the groups on factors that 
influence why someone would 
or would not get  flu shot

• Regression Adjustment
• Propensity Score



Same Epidemiological design 
as initial study 
• Demonstrated the perceived 

benefits of the flu vaccine were 
statistically equivalent before, 
during, and after flu season).

• We observe the vaccine 
“protecting” the elderly all year 

• Not plausible that the vaccine 
reduced the flu-related death 
rate in the spring or summer in 
the absence of the flu 



Bias Due to Confounding by Indication

• They occur because physicians 
choose to preferentially treat or 
avoid patients who are sicker, 
older, or have had an illness 
longer. 

• In these scenarios, it is the trait 
(eg, dementia) that causes the 
adverse event (eg, a hip 
fracture), not the treatment 
itself (eg, benzodiazepine 
sedatives).



Landmark study used Medicaid insurance claims data to show 
a relationship between benzodiazepine (Valium and Xanax) use 
and hip fractures in the elderly

• Case-Control comparing people who had already fractured their hip 
with people who had not

• Used insurance data 
• Adverse effect seems plausible because the drugs’ sedating effects 

might cause falls and fractures



Problem: Did not account for baseline risk of 
benzodiazepines users
• Sickness and frailty are often unmeasured, their biasing effects are 

hidden (insurance claim data)
• Compared with elderly people who do not use benzodiazepines, 

elderly people who start benzodiazepine therapy have a
• 29% increased risk for hypertension, 
• a 45% increased risk for pain-related joint complaints 
• a 50% increased risk for self-reporting health as worse than that of peers, 
• a 36% increased risk for being a current smoker (Figure 9) 
• more likely to have dementia

• Thus benzodiazepine users are more likely to fracture their hip even 
without taking any medication.



How can I fix this?

Study Design 
• RCT (rare outcome)
• Cohort or some other 

longitudinal study (rare 
outcome)

• Follow patient groups over time, 
to see if a change in medication 
is accompanied by a change in 
health. 

Statistics 
• Attempt to adjust (statistically) 

for other differences between 
the 2 groups of people that 
might also be responsible for the 
hip fractures.

• Regression Adjustment
• Propensity Score



• In 1989 New York State began 
to require every prescription of 
benzodiazepine to be 
accompanied by a triplicate 
prescription form, a copy of 
which went to the New York 
State Department of Health.

• State policy makers thought 
this would limit 
benzodiazepine use, and the 
risk of hip fracture. 

• In 2007 researchers examined 
the effects of the policy with a 
longitudinal study.

Natural Experiment – Interrupted Time Series 
with comparator



Social Desirability Bias in Studies of Programs 
to Reduce Childhood Weight
• Type of response bias
• Tendency of participants to self-report in a manner that will be viewed 

favorably by others. 
• It can take the form of over-reporting "good behavior" or under-reporting "bad," 

or undesirable behavior.

• Researchers often use self-reports of health behaviors by study 
participants. 

• But if the participants believe that one outcome is more socially desirable then 
another (such as avoiding fatty foods or exercising regularly), they will be more 
likely to state the socially desirable response — basically telling researchers what 
they want to hear.



Example: Randomized controlled trial to improve 
primary care to prevent and manage childhood 
obesity: the High Five for Kids study (2011)
• 1-year primary care education program which attempted to motivate 

mothers to influence their children to watch less television and follow 
more healthful diets to lose weight

• After receiving extensive, repetitive training in various ways to reduce 
television time, mothers in the intervention group were asked to estimate 
how much less television their children were watching each day. (Control 
group received no training)

• After the intervention the mothers trained to reduce their children’s 
television watching reported significantly fewer hours of television 
watching than mothers in the control group

• HOWEVER it did not significantly reduce BMI.



Problem: Contamination 

• Study researchers  contaminated the intervention group by 
unwittingly tipping parents off to the socially desired outcome: fewer 
hours of television time per day for children.

• “Motivational interviews is a communication technique that enhances self-
efficacy, increases recognition of inconsistencies between actual and desired 
behaviors, teaches skills for reduction of this dissonance, and enhances 
motivation for change. Components include de-emphasis on labeling, giving 
the parent responsibility for identifying which behaviors are problematic

• We trained the primary care pediatricians in the intervention practices to use 
brief focused negotiation skills 29 at all routine well child care visits to endorse 
family behavior change.”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3881272/#R29


How can I fix this?

Study Design 
• Independent way(s) to 

corroborate self-reports

Statistics
• No adjustment
• Sensitivity Analysis

• Try to quantify amount of bias
• Re-analyze data under different 

scenarios



What to consider?
• Generally the further you get from 

an RCT the more statistical and 
methodological adjustments you 
need to make for biases and 
confounding

• Event strong designs can still fall prey 
to certain biases

• Way  the rigor of study against 
feasibility and ethical concerns

• Consider collecting information on 
potential confounding factors in 
anticipation of analysis



Activity # 3 – Would a 
Pre-Post work to 
determine effect of 
Intervention 
A - Intervention had no effect on the 
pre-existing downward trend. Pre-Post 
would erroneously show an effect

B - Clear downward change from a pre-
existing upward trend. Pre-Post would 
erroneous show NO effect

C- Shows a sudden change in level (2 
flat lines with a drop caused by an 
intervention) 

D - Shows a pre-intervention downward 
trend followed by a reduced level and 
sharper downward trend after the 
intervention.



Study Design Tips
• Research question is paramount in deciding what research design and 

methods you are going to use
• Start with the P In PICO
• Identify the participants,

• Where they are located and how the can be identified
• What the inclusion and exclusion criteria?

• What data do I want to collect?
• Affects the type of analysis we can conduct at the end.

• If you fail to collect certain information then maybe we can’t control for a bias



…Study Design Tips Continued

• How long will data collection be?
• Is the follow-up time important?
• Do I expect the effect to be fairly constant across time?
• How many data collection points will I need?
• Don’t fall into the trap of not having a long enough follow-up to 

capture the sample size you need or to observe the outcome of 
interest



…Study Design Tips Continued

• We see a lot of copy and past protocols
• I am sure your colleague is very smart. 
• They conducted a different study then you did…AND we have had instances 

when the original study design was not done properly.

• Just because it got published doesn’t actually make it correct or best
• YOU should be the subject matter expert/the CEO of your own  study. 
• If I have questions about why something was done b/c it affects the 

data analysis, I am going to ask YOU. 



Variables



What is a 
Variable?

• It can be information collected 
directly 

• Height, Weight, Income, Education 
• Created from other pieces of 

information
• BMI
• Socioeconomic Status

• Specific item of information 
collected in a study

• It will take on a specify set 
of measurable values

• Characteristics, number, or 
quantity



Operationalize variables in the study

• Operationalize refers to the act of “translating a construct into a 
manifestation”

• Steps
1. Identifying and defining the study variables

1. Measuring lab value will clear normal and abnormal ranger versus depression which is 
more subjective

2. Literature Review to determine how other studies have operationalize the 
same variable (important for comparability)

3. Create codebook or research manual that includes a glossary of the 
variables to be used, how they will be measured and relevant studies to 
support the chose definitions



2 main ways of categorizing variables 

1. variables can be defined according to the level of measurement
2. consider them as either dependent or independent.



Level of Measurement



Independent versus Dependent

• Intervention – Exposure –Predictor – Independent variables
• an investigator can influence the value of an independent variable, 

• Ex. treatment-group assignment. 
• Referred to as predictors because we can use information from these 

variables to predict the value of a dependent variable

• Outcome – Dependent Variable
• Variable depends on the value of other variables
• Its the variable that is being Predicted



How will you measure your variables of 
interest?
• If you plan on using information contained in a dataset for diagnosis
• What variable or pieces of information will you use?
• Is it single variable or multiple?
• If you are using a diagnostic scale, have ou define or cutoff or is there 

a clinically meaningful cutoff?



Please be very specific and use exact variable 
names and specific variable codes in your 
definitions

• Codebook
• Variables names (As they appear in YOUR data)

• unique, unambiguous
• Variable Labels – Variable Description

• Help me understand the variable and helps with output interpretation 
• Variable Codes

• Each categorical variable should have a set of exhaustive, mutually exclusive codes
• standard data codes should be used (e.g. 0=no, 1=yes for yes/no variables)

• Missing data and N/A data codes





Example Codebook Entry and Use Questions

• How will the scale be used?
• Sum Score 
• Mean Score 

• Do we need to rescale to start at “0”? Is Zero meaningful?
• What happens if a respondent is missing on one item?

• Is the scale still valid?
• Do we need impute for missing?

Variable Label Variable Value Value Label
K6 -Feel Nervous in last 30 days Nervous6 1 All of the Time
K6 -Feel Hopeless in last 30 days Hopeless6 2 Most of the Time
K6 -Feel Restless or Fidgety in last 30 days Restless6 3 Some of the Time
K6 -Feel Depressed in last 30 days Cheer6 4 A little of the Time
K6 -Everything an effort in last 30 days Effort6 5 None of the time
K6 -Feel Worthless in last 30 days Worthless6 -8 Missing



Typically not  a good idea to create measures

Validated
• Known 

• reliability (the ability of the 
instrument to produce consistent 
results)

• validity (the ability of 
the instrument to produce true 
results),

• sensitivity (the probability of 
correctly identifying a patient with 
the condition) ...

• Comparable 

Non-validated
• No way to know if you are 

measuring what you intent to 
measure

• You cannot bench mark you 
study against other similar 
studies



Or remove or reorder items from scales

• Internal consistency is a measure of reliability of different survey 
items intended to measure the same characteristic. 

• It is used to determine whether all items in a multi-item scale measures the 
same concept.

• Many scales have questions ordered in specific way 
• Changing the order can affect it’s reliability



Decision - Categorizing a Continuous Variable 

• As we progress through the levels of measurement from nominal to 
ratio variables, we gather more information about the study 
participant.

• The amount of information that a variable provides will become 
important in the analysis stage, because we lose information when 
variables are reduced or categories are aggregated

• For example, if age is reduced from a continuous variable (measured 
in years) to an  ordinal variable (categories of < 65 and ≥ 65 years) we 
lose the ability to make comparisons across the entire age range and 
introduce error into the data analysis
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Introduction to Research and Statistics
• Day 1 - Characteristics of High Quality Research

• Literature Review
• Formulating Research Questions
• Testable Hypotheses
• Proper Study Design
• Operationalizing Variables

• Day 2 – Developing a Statistical Analysis Plan 
• Development
• Power Analysis
• Basic Descriptive and Inferential Statistics
• Measures of Association
• Complex issues requiring Specialize techniques
• Resources



Developing a Statistical Analysis 
Plan 



Why is plan important?

• Provides an opportunity for input from collaborators
• Visualize the outcomes of your study
• What is the main picture you are trying to convey? 
• What are the main figures/tables that illustrate your outcome?
• What is the story I want to tell?



Elements

• Background – Literature Review
• Aims – Research Questions and Hypotheses
• Methods

• Variables 
• Statistical methods
• Sampling/Sample Size
• Data Collection 

• Planned tables and figures



Methods

• Data sources
• Study population: include a definition and 

outline the inclusion/exclusion criteria
• Study measures
• Sub-groups: you may wish to examine if 

the main effect varies by sub-groups of 
participants.

• Missing data: Include details about 
methods used for dealing with missing 
data

• (complete case analysis, coding missing 
values as separate categories, imputation 
methods, sensitivity analyses)

• Sensitivity analyses: detail any sensitivity 
analyses to be undertaken.

• Sequence of planned analyses including:. 
• The sequence often includes:
1. Outline of main comparisons or effect 

of interest
2. Descriptive Analyses:

• Frequency and cross-tabulations of main 
variables

3. Inferential Statistics
• Basic analysis model (usually age- and sex-

adjusted)
• Final analysis model (including adjustment 

for other covariates)



Descriptive Statistics

• Describe the data collected in the study
• 2 purpose

1. Opportunity to orient your audience to the population you wish to 
characterize
• Generalizability

2. Helps you understand your data and anticipate challenges with the analysis

• Tabular format
• Visuals



Descriptive Statistics

Tabular format
• Means, Medians, Std Dev, Std

Err
• Frequencies and Percentages
• Cross-Tabulations

• Sparse Data

Visuals
• Categorical Variables

• Bar Charts, Pie Charts 

• Continuous
• Scatterplot
• box plots (good skewed variables)
• Histograms 



Pre-Plan Table 1 
• What variables should be included?

• What is important to highlight to 
whomever is conducting he analysis and 
to you intended audience?

• Can I address a potential bias by 
collecting information on particular 
factor?

• Ex. Poverty

• Is there a certain proportion of expected 
participants?

• If you are planning a subgroup analysis, 
you and your audience can see the 
number and proportion of sample that 
fall into that group



Histograms!
• Visual representation of data 

distribution
• Great for initial exploration of 

your continuous variable 
• Distribution- Is it normal?
• Do I have Outliers?
• Do I have any other unexpected 

values?
• Am I missing values that I 

should have?

• Decisions on statistical tests 
are based on distributions



Inferential Statistics
• There are 3 key questions to consider when selecting an 

appropriate inferential statistic for a study: 
1. What is the research question? 

1. Difference
2. Association

2. What is the study design?
1. Experiment/Trials
2. Pre-post

3. What is the level of measurement?
1. Continuous
2. Binary
3. >2 categories



Comparing Two Means

Parametric
• T-test

• Unpaired – 2 independent groups
• Difference in BMI between males and 

females
• Paired – Dependent groups. 

• Difference in BMI before intervention and 
after intervention 

• The null hypothesis (H0) assumes that 
the true mean difference is equal to 
zero.

• The alternative hypothesis (H1) 
assumes that true mean difference is 
not equal to zero.

Assumptions and Non-Parametric
• Assumes both groups are 

approximately normally 
distributed

• Transformation (ex. Log) 
• Mann-Whitney

• Assumes Equality of Variances
• Levene’s test
• Affects conclusions



Mann-Whitney

• Assumption #1: Your dependent variable should be measured at the 
ordinal or continuous level. 

• Assumption #2: Your independent variable should consist of two 
categorical, independent groups. 

• Assumption #3: You should have independence of observations, which 
means that there is no relationship between the observations in each 
group or between the groups themselves.



Mann-Whitney

• Assumption #4: A Mann-Whitney U test can be used when your two 
variables are not normally distributed. 

• To interpret the results from a Mann-Whitney U test, you have to determine 
whether your two distributions have the same shape. 

• Same shape = Compare Medians
• Difference Shape = Compare ranks



Comparing more than 2 means

Parametric
• Anova

• Compares the difference in means 
between >2 groups

• Omnibus or Overall test statistic 
• Cannot tell you which specific 

groups were different 
• At least two groups differ

• Post-Hoc (After the Anova) tests

Assumptions and Non-Parametric
• Assumes groups are 

approximately normally 
distributed

• Assumes Equality of Variances
• Welch F test

• Independent Observations
• Kruskal-Wallis H test

• Nonparametric test



Post-Hoc Test versus Individual T-tests

Post-Hoc test/Multiple Comparisons 
analysis 
• Can adjusted for multiple 

comparisons
• Tukey, Bonferroni, Scheffee

• Can do simple and complex 
contrasts

Pairwise T-tests
• Significance levels can be 

misleading
• Does not use all the group 

means and this can arterially 
raise the number of pairwise 
comparisons that are significant 
(Type 1 error or Alpha Inflation)

• Can only do basic contrasts

Multiple comparison analysis testing in ANOVA Mary L. McHugh (2011)



Association between 2 categorical Variables

Chi-Square Test of Independence
• Non-parametric (distribution free) 
• Nominal or Ordinal
• Test whether two variables are 

independent (no association) or 
dependent (association) in sample

• 80% of the cells have expected 
values of 5 or more*

• In practice- cells >5 *Non-Parametric - Fishers Exact Test



Association between 2 continuous Variables

Parametric
• Pearson Correlation 
• Measures the strength of 

association between two 
variables and the direction of 
the relationship

• Between +1 and -1, closer to 
zero the weaker the association

• Both variables should be 
normally distributed

Linear

Homoscedasticity



• Non-Parametric Alternative
• Spearman Rank (rho) 
• Kendal Rank (tau)

• But they also have limitations
• Always graph!



Equivalence or Non-Inferiority

Understanding Equivalence and Noninferiority Testing by Esteban Walker, PhD and Amy S. Nowacki, PhD



Two one-sided test (TOST)

• Most common test
• The determination of the equivalence margin, δ, is the most critical 

step in equivalence/non-inferiority testing
• A small δ is harder to show then a larger one 
• Value and impact of a study depend on how well the δ is justified
• δ size dictates the sample size



Understanding Equivalence and Noninferiority Testing by Esteban Walker, PhD and Amy S. Nowacki, PhD



How can I know what the best test is?

• IDRE – CHOOSING THE CORRECT STATISTICAL TEST IN SAS, STATA, SPSS 
AND R

• https://stats.idre.ucla.edu/other/mult-pkg/whatstat/

• “Creating a Data Analysis Plan: What to Consider When Choosing 
Statistics for a Study” by Scot H Simpson (2015)

• Nice flow chart

• Talk to your collaborators and mentors
• Consult an Statistician (That’s is why we are here)

https://stats.idre.ucla.edu/other/mult-pkg/whatstat/


Frequently Asked Questions 
• Q: My analysis is standard. It’s obvious what should be done so why 

should I do a SAP?
• Some analyses are more straightforward than others 
• Be aware of assumptions 
• Collaborators may differ on even simple ideas. 
• People forget what they don’t write down…

• Q: A plan is boring. Why can’t I just get on with my analysis?
• SAP is actually time efficient. By planning out your analysis you can more quickly 

undertake the actual data cleaning and analysis and clearly answer your research 
questions. 

• A SAP also helps to sustain collaborator/supervisor relationships by avoiding 
mistakes and disagreements.



Online Resources

• Online platforms for data analysis
• http://vassarstats.net/
• https://www.graphpad.com/quickcalcs/
• http://www.socscistatistics.com/tests/

• IDRE/Stat Website - https://stats.idre.ucla.edu/
• Stata, SAS, R, SPSS, Mplus

• University of Wisconsin -
https://www.ssc.wisc.edu/sscc/pubs/stat.htm

• Stata, R, SPSS, Mplus



Determining Significance?
P-Values and Confidence Intervals



P-value – A measure of the compatibility between hypothesis 
(H0) and data

What it is?
• Does not, in itself, support 

reasoning about the probabilities 
of hypotheses

• Measure of the strength of 
evidence against H0

• Contextual factors must also be 
considered, 

• the design of a study, 
• the quality of the measurements, 
• the external evidence for the 

phenomenon under study,
• the validity of assumptions that 

underlie the data analysis

What it isn’t?
• Probability that the null hypothesis 

is true
• Probability that any observed 

difference is simply attributable to 
the chance 

• A tool that allow you to accept the 
Ha for any p-value < .05 w/out 
other supporting evidence.

• The .05 cutoff is arbitrary
• P=.049 versus p=.051

In Brief: The P Value: What Is It and What Does It Tell You? By Frederick Dorey, PhD (2010)



Confidence Interval = If the underlying model is correct and there is no 
bias, over unlimited repetitions of the study, the CI will contain the true 
parameter with a frequency of no les then its confidence level 

What it is?
• If multiple samples were drawn 

from the same population and a 
95% CI calculated for each, we 
would expect the population 
mean to be found within 95% of 
these CIs.

What it isn’t?
• “95% confident” that the true 

mean lies within the interval

How do I interpret a confidence interval? By O'Brien and Yi (2016)



Relationship between 
P-Values and 
Confidence Intervals 
• Cis provide information about statistical 

significance AND direction and strength of 
the effect

• 95% CIs can also be used as a quick way of 
checking for statistical significance (if using 
alpha=.05)

• CI’s don’t allow you to say something “very 
significant”

• CI gives more information than a p value

• Compare the magnitude of a difference

• CI also gives an indication as to whether 
statistical significance or nonsignificance
may be simply a function of choice of 
sample size

• CI is sensitive to sample size 
• Based on Standard Errors – SD/√ N



Determining Significance?
Statistical Significance versus 
Clinically Meaningful



Statistical Significance 
versus Clinically 
Meaningful
• Statistical significance ≠ Clinical relevance.

• Difference between two populations or two 
treatment groups can be statistically 
significant but not clinically significant (not 
clinically relevant)

• The same numerical value for the difference 
may be "statistically significant" if a large 
sample is taken and "not significant" if the 
sample is smaller. 

• I like to see CI reported in addition to or in 
place of p-value

• Publication Bias - scientific journals of 
preferably publishing significant results



Sample Size and Power



What information is needed for Sample Size 
calculations?
• Power needed – Standard 80%
• Significance level – Standard is p-value of 0.05
• Effect size

• Small, Medium, Large
• Different measures

• Odds ratio
• Cohen’s D

• The larger the effect the smaller the sample size needed to detect it

• Measure of Variance
• High Variance decreases power



What is Power?

• Power is the probability of detecting an effect, given that the effect is 
really there.

• If the test hypothesis (H0) is false but it is not rejected, this is called a 
Type II error or β error. 

• Power = 1 - Pr (Type II error) = 1- β
• False Negative 

• The probability (over repetitions of the study) that the these 
hypothesis is rejected is called the POWER of the test. 



How do I choose a Alpha level?

Tradeoff between Type 1 and Type 2 
error
• Inverse relationship
• Reducing the type 1 error when 

there is no effect requires a 
lower alpha

• A lower alpha increases the 
probability of a Type II error (H0 
is false but not rejected)

What is it?
• Type 1 or alpha error = An incorrect 

rejection of a hypothesis (H0) 
• False positive
• A valid test with a 5% alpha level 

will lead to a Type 1 error with no 
more then 5% probability, provided 
no bias or incorrect assumption 

• Standard is .05
• Why? 

• Honestly – No real reason. IT IS 
ARBITRAY.

Modern Epidemiology. 3rd Edition. Greenland, Rothman and Lash



When might you want to choose something more 
lenient (p<0.08) or more stringent (p<0.01)?



What is an effect size?



Variance or Variability
You will need some measure of variance 
around you effect size

As the Variance gets larger it is more difficult 
to detect differnces

Thus you wll need alar



Power Curve



How or Where do I get this information?

• Pilot Data
• Previous research – comparable/similar studies
• Reasonable guess

• Vary parameters to provide a range of scenarios



Data Collection and Storage



Data Input and Storage

• Important if collecting your on data
• Reduce data errors



Proper data structure

• Rectangular structure
• Each column is a variable 

• A variable is any characteristics, number, or quantity that can be 
measured or counted (e.g. age, bmi, sex)

• These can be a number of word (0 and 1, or male or female)
• Each row is an observation or the set of measurements collected 

for a particular element.
• Typically always want the first column to be some sort of identification 

variable 
• NO PII!



Create a Mock datasets

• What structure are we expecting? What are the 
properties of the data?

• One row per subject
• Repeated measures (multiple visits)
• Missing data
• Within and Between 
• Long versus wide



Long Versus Wide – Between Versus Within 



1. Put variable names in the first row of the Excel file.
2. Avoid special characters when naming variables.
3. Avoid mixing numeric and string information in the same data column.
4. Be consistent with your data entry.



Common Pitfalls – Sorry we are not magicians
• Fifteen common mistakes 

encountered in clinical research 
(2011) by Clark and Mulligan

• Statistical errors in medical research -
A review of common pitfalls (2007) by 
Strasak et al.

• Problems we can’t fix:
• Failure to perform sample size analysis 

before the study begins
• Failure to have a detailed, written and 

vetted protocol
• Lack of defined study aims, primary and 

secondary outcome measures 
• Failure to perform power calculations

• Problem we can fix:
• Failure to specify the exact statistical 

assumptions made in the analysis
• Failure to point out the weaknesses of your 

own study
• Ensuring that the statistical methods 

applied are described clearly, correctly and 
with enough detail



Common Pitfalls – Sorry we are not magicians

• Analysis of data errors in clinical 
research databases (2008) by 
Goldberg et al. 

• Note – Make sure to consider 
data collection procedures and 
storage prior to study initiation

• Study evaluated the rate of 
“Impossible / Internally 
Inconsistent Data”

• Analysis of several clinical 
research databases 

• Found that errors in the data were 
common, 

• Incorrect and missing information.

• Rates of discrepancies between 
data fields entered in duplicate in 
two different databases were as 
high as 27%



I am out of my league – When 
to call in the Calvary? 

Study design and data quality issues requiring 
advance statistical techniques



Common Data Analysis Issues requiring 
consultation 
• Observational Data (e.g. not randomized)

• Address Biases

• Missing Data
• Repeated Measures/Longitudinal Data
• Power analysis
• Complex Survey Data



Missing Data Tips and Tricks

• Label missing value clearly in data and be consistent
• Depending on % missing , Case-wise deletion can be ok
• NEVER do Mean imputation or any Single imputation method

• This is GUARANTEED to BIAS your effect estimates and variances

• Think about WHY your data are missing
• Skip patterns
• Missing By design
• Sensitive Questions 
• Can you characterize your missing



Repeated Measures/Longitudinal Data

• Basic Statistical methods assume independence
• Violation of the Independence assumption requires other methods

• Repeated Measures Anova
• Multilevel or Mixed models
• Clustering or other adjustments to Standard errors

• Why Standard errors  (and sometimes effects estimates) are 
calculated wrong

• SE will be too small leading to a Type ??? error



Complex Survey or complex Sample Data

• Non-random sampling or Probability 
samples

• Probability of being sampled is not 
equal across the sample

• Examples
• NHANES - National Health and Nutrition 

Examination Survey
• BRFSS - Behavioral Risk Factor 

Surveillance System 
• Data contains complex survey 

elements that need to be incorporate 
into an analysis in order to obtain 
generalizable results

• survey weights

• If you’ve got one or more of these, you 
can consider your sample complex:

1. Stratification
2. Clustering
3. Oversampling
4. Sampling Without replacement
5. Finite populations
6. Multistage sampling
• Requires special methods and software 

that adjusts SE’s and Effects estimates so 
we can make inferences based on the 
larger population 



UCI Resources 
Biostatistics, Epidemiology and 
Research Design (BERD)

• Website -
http://www.icts.uci.edu/services/berd1.php

• Drop-in (UCI and UCI Affiliates)
• Informal drop-in session
• UCI Medical Center in Orange (2nd &4th week)
• UCI campus/Hewitt Hall (1st, 3rd, & 5th week)

• Long term (internal and external)
• Designed for grant proposals, data analysis, and 

manuscripts
• 1st hour of consultation is free

• Go online to make an appointment -
http://www.icts.uci.edu/services/berd%20re
quest.php

Center for Statistical Consulting (CSC)
• Website -

http://statconsulting.uci.edu/
• Long term (internal and external)

• Designed for grant proposals, data 
analysis, and manuscripts

• 1st hour of projects assessment is free

• Go online to make an appointment
• http://statconsulting.uci.edu/initial-

meeting-request



How to prepare for consultation? What type 
of information will you be asked to describe?

Before data collection
• Research question
• Specific Aims/Hypotheses
• Population of interest
• Data collection process and 

storage
• What information (variables) do 

you need to collect?
• How will the variables be 

measured?

After data collection
• Bring data 
• Bring codebook
• Be able to name (in dataset) and 

explain
• Main predictor(s) of interest
• Main outcome(s) of interest

• Explain what you hope to show 
(hypotheses!)
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