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A statistician is someone who, with his head in an oven and his feet in

a bucket of ice water, when asked how he feels, responds: “On the

average, I feel fine.”



Why measurement 

Measurements supply us with numbers used in data 

analysis.

No matter how profound are the theoretical 

formulation, how sophisticated the experimental 

designs are, or how elegant the analytical 

techniques, you cannot compensate for poor 

measures.  

Units of measurement are equally important 







Types of Measurements (Variables) 

Categorical (Nominal)
Mutually exclusive and exhaustive

No particular order

E.g. profession, Disease condition, Sex
Binary (dichotomous): two outcomes 
 E.g. Sex; male and female, HIV status; Positive and negative

Ordinal
Categorical measurements (variables) that can be ordered

E.g. severity of symptoms, age ranges 

Continuous (interval)
Numerical variable with many possible values, no upper limit

Has the most statistical information 
Egg age, blood pressure, blood glucose levels, CD4, viral load etc

Discrete: 
Order and magnitude matter, but possible values can be listed (Number of Seizures)



Types of Measurements (Variables) 

Dependent variable (Experimental or 
Response variable)

The variable that you measure 
The dependent variable responds to the 
independent variable. It is called dependent
because it "depends" on the independent 
variable.

E.g. outcomes; death, CD4, viral load, blood 
glucose 

Independent variable (predictor or 
descriptor variable)

Not controlled by experimenter 

E.g. race, sex, HIV status 

Adjustment variable (cofounder)
A variable that can affect both the 
dependent and independent variable 



Goals of Data Analysis

1. To describe (summarizes) the population of interest 
Description of what was observed (measured) in the study/sample 
population

Known as Descriptive Statistics
Summarizes continuous variables using
 Means, standard deviations, percentiles, medians, ranges, mode etc

Summarizes categorical variables using
 Raw or relative frequencies, percentages etc

2. To use patterns in the study (sample) to make inferences 
about a population being represented 

Uses Inferential Statistics which involves
Hypothesis tests and p values

Determining associations and correlations

Determining relationships, estimating effects, making predictions using 
regression analysis

Confidence intervals 



Data Analysis 

Start with the specific aim

What is your research question or what hypothesis are you testing? 

The wording in specific aims convey what statistical test to be used

To determine……the relationship (association)…..

To compare…

To predict…the probability of survival with the first year of…..

To evaluate…

To describe….

To determine whether there is a statistical difference/change between

E.g. 1.  To compare at baseline, and months 2, 4, and 6 of intervention, 
parameters of menstrual cycle regularity for 6-months, between women taking 
Gymnema s. vs. placebo.

E.g. 2.  To determine the relationship between hirsutism, free testosterone, FSH/LH 
ratio, fasting glucose, insulin, SHBG, HgA1c, estradiol, progesterone, and cortisol, in 
women taking Gymnema s. vs. placebo for 6-months.

Specific

Measurable

Achievable

Realistic

Time bound



Data Analysis Methods 

Tests for association
To determine of two variables are independent (two continuous 
or one continuous and the other categorical)

Two variables are associated if one affects the value/distribution of 
the other
 E.g. association between race (categorical predictor) and disease 

(categorical outcome) or Age (continuous predictor) and HDL cholesterol 
(continuous outcome) 

To determine a difference in the distribution of a variable 
between (two) or across groups (more than 2) or testing for an 
association between group (predictor) variable and an outcome 
variable 

E.g. to determine the difference in the distribution of cholesterol 
(continuous variable) between genders (categorical predictors)

Includes paired observations e.g.  To determine differences in test 
scores before and after a didactic class 



Data Analysis Methods 

Tests for association
Hypothesis testing

Null hypothesis: proposes that two variables are independent 
 E.g.  There is no difference in the frequency of drinking well water and between patients 

who develop peptic ulcers and those who do not

Alternate hypothesis: proposes that there is an association between variables 
 Can be one sided e.g. Drinking well water is more common in people who develop peptic 

ulcer disease.

 Can be two sided e.g. The frequency of drinking well water is different between those who 
develop peptic ulcers and those who do not. 

If tests p value is less than 0.05 we conclude that the variables are significantly 
associated and we fail to reject the null hypothesis. 
 But note that statistical significance does not always mean clinical significance or 

association does not always equal to causation. 

If tests p value is greater than 0.05 we reject the null hypothesis.  However, 
rejecting the null hypothesis does not mean that there is no association between 
the two variables in the population;  you just failed to find this association in your 
sample. 



Tests for Association

Purpose Dependent

variable 

Independent

variable 

Test to use

Compare means of two 

independent groups

Continuous Categorical/

nominal 

Students T test

[Mann-Whitney U test 

or Wilcoxon  Rank-

sum Test]

Compare means of more 

than two independent 

groups

Continuous Categorical/

nominal

1-Way Analysis of 

Variance (ANOVA)

[Kruskal-Wallis Test]

Compared means of 

paired responses

Continuous Categorical/

nominal

Paired T test 

[Wilcoxon Signed-

Rank Test]

Compare means of more 

than 3 measurements of 

the same subject 

Continuous Time variable Repeated measures

ANOVA 

[Friedman Test] 

Non-parametric equivalents are given in parentheses [ ]



Tests for Association

Purpose Dependent

variable 

Independent

variable 

Test to use

Determine association 

between two 

independent groups 

Categorical/

nominal 

Categorical/

nominal 

Chi-square test

Fisher’s Exact Test (when 

counts are <5)

Determine an 

association between 

two continuous

variables 

Continuous Continuous Pearson’s Correlation

[Spearman’s Correlation] 

also used for ordinal data 

Predicting a value from 

another measured 

variable (predictor) 

Continuous any Simple linear regression 

(multiple linear regression) 

if from several measured 

variables

Predicting a value from 

another measured 

variable (predictor) 

Continuous Categorical 

(binomial) two 

outcomes

Simple logistic regression 

(multiple logistic

regression), proportional 

odds (ordinal), Cox 

proportional hazards (time 

to event) 



Student’s T-Test

Used to compare means of two group

Assumptions

Data is continuous

Groups are independent

Data is normally distributed 

Hypothesis being tested: 

The difference between the means is not due to sampling 

error (randomness)

Formula

Difference in means

Variance 

(variability)



T-Distribution 

95% of the data are bound 

within 1.96 standard 

deviations and 

99% of data are within 2.58 

standard deviations

Example:

Group A: n=20, mean=75, 

squared variance =16.25

Group B: n=20, mean=71, 

squared variance =18.5









ANOVA

Used to assess differences between more than two sample 
means

Uses the F statistic

Assumptions:

Populations are normally distributed

Populations have equal variances (similar variability)

Samples are independent and are selected randomly

F= Vb/Vw  where Vb=total group variance – within group 
variance

Or F=Msb/Msw where Msb=mean squared, between group 
variance and Msw=mean squared within group variance 



Chi-square Test

A statistical test applied to sets of categorical data to 

evaluate how likely it is that any observed difference 

between the sets arose by chance

Also used to compare proportions in two groups

Data often presented in a 2 x 2 table 



Chi-square calculation 



Chi-square example 



Chi-square example 

E = row total x column total / N 



Calculate the chi square statistic x2 by completing 

the following steps:

For each observed number in the table subtract the 

corresponding expected number (O — E). 

Square the difference [ (O —E)2 ]. 

Divide the squares obtained for each cell in the table by 

the expected number for that cell [ (O - E)2 / E ]. 

Sum all the values for (O - E)2 / E. This is the chi square 

statistic. 

Chi-square example 

Observed Expected O - E (O-E)2 (O-E)2 /E

Category 1

Category 2

Totals



Chi-Square Table  



Correlation Analysis

A quantitative measure of association between two continuous 
variables

The degree to which they change together

Pearson correlation describes the strength (p value) and direction (r 
value) of a linear relationship 

Usual between -1 to +1

Uses interval and ratio scale data for computation (Parametric) 

Spearman rank correlation does not assume a linear relationship
Uses ordinal or ranked data (Non-parametric)

Note:
Correlation ≠ estimate of slope 

Correlation ≠ causation

Correlation ≠ agreement 



Calculation of correlation coefficient 





Regression Analysis 

Determining relationships and making predictions
An extension of associations; use assumptions

Allows to estimate significance, direction/shape and magnitude of 
the effect

Determine if outcome is significantly affected by the predictors

Allows you to incorporate confounders (confounder-outcome relationships)

You can adjust predictor-outcome association for predictor-confounder and 
confounder-outcome relationships

Results may be used to predict the outcome of subjects that were 
not sampled but are from the same population

Specific regressions used based on outcome:
Simple/Multiple linear (continuous)

Logistic regression-categorical variables or binary logistic regression-two 
outcomes

Proportional odds (ordinal)

Cox/Proportional Hazards (time to event)



Things to avoid and pitfalls

Having missing data

Categorizing continuous variables

Not using clinical knowledge to specify model

Statistical significance but no clinical significance

Clinical significance but no statistical significance 

Inappropriate linear assumptions

Lack of model validation

Report only favorable results

Delete outliers based on observed responses

Non-reproducible analyses/results
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