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Introduction

› The research question
- Are we comparing means, medians, proportions, survival times?
- Are we simply looking for associations between variables?

› The study design
- The number of groups being compared
- Adjustment for covariates
- Correlation of the data (longitudinal and clustered designs)

› The distribution of the outcome 
- Continuous and Normally Distributed
- Continuous and Non-Normal
- Binary
- Count Data
- Time to Event (Censored Data)
- Other Distributions
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The choice of statistical test depends on:



Continuous Outcomes – Normally Distributed Data

› Single Sample t-test
- Use when there is a single variable in a single sample (group)
- Tests whether the mean of the sample is different from a constant (typically zero)

› Paired t-test
- Use when there is a single variable in a single sample (group) at two different 

time points (such as in a pre-post design)
- Data are not independent (measurements observed on a study participant are 

correlated)
- Tests whether the mean pre-intervention is different from the mean post-

intervention
- Equivalent to a single sample t-test of the difference in pre- to post-intervention 

scores.
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Single Outcome and Single Sample



Continuous Outcomes – Normally Distributed Data

› Two sample independent t-test
- Use when there is a single variable and two independent samples (groups) such 

as Intervention and Control in a two arm parallel study

- Tests whether the mean of one sample is different from the mean of the other 
sample.  Is the mean of the control group different than the mean of the 
intervention group?

- Must test for equality of variance in the two groups (e.g. Levine’s test).  If the 
variance is different between the groups, and adjustment to the degrees of 
freedom and thus the p-value must be made.
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Single Outcome and Two Samples



Continuous Outcomes – Normally Distributed Data

› Analysis of Variance (ANOVA)
- Use when there is a single variable and more than two independent samples 

(groups) such as Intervention A, Intervention B and Control.

- Tests whether the means of the groups are different using an F-test.  To 
determine which means are different, pairwise comparisons must be made.  

- It is possible to have an significant overall result without any of the pairwise 
comparisons reaching statistical significance.

- It is possible to have pairwise comparisons reach statistical significance without 
the overall test reaching statistical significance.

- It is common practice not to test the pairwise comparisons if the overall test of 
group differences in non-significant – unless there is a specific hypothesis of the 
pairs a priori.
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Single Outcome and More than Two Samples



Continuous Outcomes – Normally Distributed Data

› Analysis of Covariance (ANCOVA)
- Use when there is a single outcome and two or more independent samples 

(groups). 

- Covariates can be categorical (e.g. gender) or continuous (e.g. age).

- Tests whether the means of the groups are different using an F-test adjusting for 
covariates in the model.

›
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Adjustment for covariates



Continuous Outcomes – Normally Distributed Data

› Repeated Measures Analysis of Covariance (ANCOVA)
- Use when there is a single outcome and two or more independent samples 

(groups) taken at multiple time points (longitudinal data analysis). 

- Covariates can be categorical (e.g. gender) or continuous (e.g. age).

- Tests whether the means of the groups are different using an F-test adjusting for 
covariates in the model and accounting for the correlation of observations taken 
on an individual over time.

- Contrasts can test differences in groups within a time point and can compare 
differences in means over time.

- There are many choices to model the correlation of observations taken on an 
individual over time (independence, compound symmetry, AR(1), etc.), so it’s 
best to consult with a statistician before undertaking a longitudinal data analysis.
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Multiple Time Points



Continuous Outcomes – Normally Distributed Data

› Pearson Correlation
- Use to evaluate the relationship of two normally distributed continuous outcomes. 

- Data are paired.  Each individual has data for both variables.

- The relationship is assumed to be linear.

- The correlation coefficient can range between -1 and 1.  A correlation of zero 
indicates that the variables are not related.  

- Test whether the correlation coefficient is different from zero.  

- The square of the correlation coefficient (R2) quantifies the amount of variance in 
one variable explained by the other.
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Association of two continuous outcomes



Continuous Outcomes – Normally Distributed Data

› Tests for normality are highly sensitive to small deviations from normal.
› Best to plot data (histogram) and visually inspect whether data appear 

normal or are at least follow a symmetric distribution.

› In most cases, skewed data can be transformed to approximate a normal 
distribution (e.g. log transformations, square root transformation).

› If the analysis adjusts for covariates, the outcome does not necessarily 
need to be normal.  Plot the residuals and visually inspect for normality 
(and symmetry).

› Sums and differences of random variables tend to follow a normal 
distribution regardless of the underlying distribution (Central Limit 
Theorem).  So in a change from baseline analysis, normal theory will often 
hold.  
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How do I know if my data are normal?



Continuous Outcome – Non-Normally Distributed Data

› There are non-parametric tests for each of the normal cases.
› Use the Wilcoxon signed-rank test instead of the paired t-test for non-

normal data.  The sign test will evaluate whether the median difference 
(rather than the mean difference) is zero.

› Use the Wilcoxon Rank Sum test instead of the two sample t-test for non-
normal data.  The Wilcoxon Rank Sum test will evaluate whether the 
median is different between the two groups.  The Wilcoxon Rank Sum and 
Mann-Whitney U are identical tests.

› Use Spearman correlation instead of Pearson correlation on the ranked 
data.

› For covariate adjustment, more than two groups and/or multiple time 
points, rank statistics must be used.  These are not all that common in 
practice and a statistician should be consulted.

›
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What if the data are non-normal (non-symmetric)?



Binary Data

› Exact Statistics
- Use when there is a single variable in a single sample (group)

- Tests whether the mean proportion of the sample is different from a constant 

- Usually reported as mean proportion with exact confidence limits.

- May require specialised software.
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Single Outcome and Single Sample



Binary Data

› Chi-square Test
- Use when there is a single outcome and two or more groups 

- Tests whether the distribution of the outcome (proportions) is different among the 
groups (e.g. intervention versus control)

› Fisher’s Exact Test
- Similar to Chi-square test and used when cell sizes are small (cells with 

expected values < 5). 

- Tests whether the distribution of the outcome (proportions) is different among the 
groups (e.g. intervention versus control)

- Downside is that results apply only to the sample analysed and not to other 
populations.  Cannot make inference to other populations.
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Single Outcome and Multiple Groups



Binary Data

› McNemar’s Test
- Use when there is a single outcome and a single group and data are collected at 

two time points (e.g. pre-post studies).

- Data are correlated.  Each individual has a pre- and post-intervention binary 
measurement.

- Tests whether the distribution of the outcome (proportions) is different pre-
intervention to post-intervention.

- Can also be used with other types of paired binary data (e.g diabetes Y/N and 
heart disease Y/N).

- Statistic is based on the direction of the off-diagonal proportions (where response 
went from Yes to No or No to Yes).
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Paired Data



Binary Data

› Mantel-Haenszel Test
- Use when there is a single outcome, two or more groups and a single categorical 

covariate (e.g. gender, age group).
- Tests whether the distribution of the outcome (proportions) is different among groups 

across the stratum of the categorical covariate. 

› Logistic Regression
- Use when there is a single outcome and adjustment must be made for a continuous 

covariate and/or multiple categorical covariates. 
- In the single group case with no covariates, the logistic regression is equivalent to the 

Chi-square test.  
- In the single group case with covariates, tests whether the covariate is associated 

with the outcome and is reported as an odds ratio (i.e. the odds of having a “yes” 
response).  

- For two or more groups, tests whether the odds ratio is different among the groups 
controlling for the covariates.  
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Adjustment for covariates



Binary Data

› Non-Linear Generalised Mixed Models
- Similar to a repeated measures ANCOVA except with a binary outcome.

- A binomial distribution with a logit link function is specified such that the data are 
linear on the logit scale.

- The correlation of binary responses observed on an individual over time must be 
accommodated.

- These models can become complicated, so best to consult a statistician if 
performing longitudinal analysis on a binary outcome.
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Multiple Time Points



Count Data

› Generalised Linear Models
- Use for count data in one or more groups with or without covariates.
- A Poisson distribution with a log link function is specified such that the data are linear 

on the log scale.
- Tests whether the mean count is different by group (or covariate).

› Non-Linear Generalised Mixed Models
- Use for repeated-measures count data.  Similar to a repeated measures ANCOVA 

except with count data (Poisson distribution).
- A Poisson distribution with a log link function is specified such that the data are linear 

on the log scale.
- The correlation of counts observed on an individual over time must be 

accommodated.
- These models can become complicated, so best to consult a statistician if performing 

longitudinal analysis on count data.
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Poisson Regression



Censored Data

› Outcome variable is time to occurrence of some event (e.g. time of diagnosis until 
symptoms occur, time from start of treatment until death).

› Not all participants will experience the event.  Those that do not experience the event at 
the end of follow-up (typically the end of the study) are said to be “censored”.

› Participants that are lost to follow-up can also be included in the analysis and are 
censored at the time of their last known data collection.

› We are interested in comparing the survival times between groups and/or how the 
covariates affect survival times.

› To compare two or more groups without adjustment for covariates, a Kaplan-Meier 
analysis is performed using the log-rank test statistics.  Kaplan-Meier analysis is also 
used when evaluating a single categorical covariate in a single group.

› For continuous and/or multiple categorical covariates, Cox Proportional Hazards 
regression is employed.  In a Cox regression, hazard ratios are estimated and 
differences in hazards are tested.  The required assumption of proportional hazards 
may not always apply, so it’s best to consult a statistician when performing a Cox 
Proportional Hazards regression.
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Time to Event  / Survival Models



Concluding Remarks

› The choice of statistical test is dependent on:
- The research question

- The study design

- The distribution of the outcome data

› Consult a statistician for longitudinal designs and time to event analysis as 
these models have certain assumptions and can be complicated

› More complicated designs are beyond the scope of this presentation.  
Cluster randomised trials, cross-over trials, stepped-wedge designs, etc
require additional consideration.  Consult a statistician.
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