analysis of variance with repeated
measures

Understanding Analysis of Variance with
Repeated Measures

Analysis of Variance with Repeated Measures (ANOVA RM) is a statistical technique
used to analyze data where multiple measurements are taken from the same subjects. It is
particularly useful in experimental designs where researchers want to assess the effects of
one or more independent variables on a dependent variable while controlling for inter-
subject variability. This method allows researchers to make inferences about the
population based on sample data, ultimately enhancing our understanding of how different
factors influence outcomes over time.

What is Repeated Measures ANOVA?

Repeated measures ANOVA is an extension of the traditional ANOVA that accounts for the
correlation between repeated observations. In many experiments, the same subjects are
tested under different conditions or at multiple time points. By using ANOVA RM,
researchers can effectively analyze these data while considering the inherent dependency
among repeated measures.

Key Features of Repeated Measures ANOVA

1. Within-Subjects Design: In this design, each subject receives all levels of the treatment,
allowing for the comparison of conditions within the same individuals. This design reduces
variability due to individual differences, making it more sensitive to detect treatment
effects.

2. Control of Individual Differences: Since the same subjects are tested under different
conditions, individual differences are controlled. This leads to a more powerful statistical
test because the error variance is reduced.

3. Multiple Measurements: ANOVA RM accommodates designs where subjects are

measured more than once. This can include time series data, longitudinal studies, or
experiments where subjects are subjected to different treatments at various points.

When to Use Repeated Measures ANOVA



ANOVA RM is appropriate in various scenarios, particularly when:

- The same subjects are tested under different conditions (e.g., before and after
treatment).

- There are multiple time points in a longitudinal study.

- Researchers are interested in the effects of different treatments on the same subjects.

Examples of Applications

- Clinical Trials: Evaluating the effectiveness of a drug over time on the same group of
patients.

- Psychological Studies: Measuring the impact of different stimuli on the same subjects in
cognitive experiments.

- Educational Research: Assessing students' performance across multiple assessments
throughout a semester.

Assumptions of Repeated Measures ANOVA

Before applying ANOVA RV, it is essential to ensure that certain assumptions are met:

1. Normality: The differences between the treatment groups should be approximately
normally distributed. This can be assessed through Shapiro-Wilk tests or normal
probability plots.

2. Sphericity: The variances of the differences between all combinations of related groups
should be equal. Mauchly’s test of sphericity can be used to test this assumption. If

violated, corrections such as Greenhouse-Geisser or Huynh-Feldt can be applied.

3. Independence of Observations: While repeated measures are correlated within subjects,
the observations across different subjects should be independent.

How to Conduct Repeated Measures ANOVA

Conducting ANOVA RM involves several steps:

Step 1: Formulate Hypotheses

- Null Hypothesis (HO): There are no differences in the means of the dependent variable
across the different treatment conditions.
- Alternative Hypothesis (H1): At least one treatment condition differs from the others.



Step 2: Collect Data

Gather data from subjects under each treatment condition. Ensure that the data collection
method is consistent across all measurements.

Step 3: Check Assumptions

Before proceeding with the ANOVA RM, check for normality and sphericity. If assumptions
are violated, consider applying the appropriate corrections.

Step 4: Perform ANOVA RM

Using statistical software (such as R, SPSS, or Python), conduct the repeated measures
ANOVA. The software will produce an F-statistic and a corresponding p-value.

Step 5: Post-Hoc Tests (if necessary)

If the ANOVA RM indicates significant differences, post-hoc tests (like Tukey’s HSD or
Bonferroni correction) can be conducted to determine which specific groups differ from
each other.

Step 6: Interpret Results

Evaluate the F-statistic and p-value to determine if the null hypothesis can be rejected. A
significant result indicates that the treatment conditions have a differential effect on the
dependent variable.

Limitations of Repeated Measures ANOVA

While ANOVA RM is a powerful statistical tool, it has limitations that researchers need to
consider:

1. Sphericity Violation: If the sphericity assumption is violated and not corrected, it can
lead to inaccurate conclusions. This is especially pertinent in designs with more than two

levels of the repeated measure.

2. Carryover Effects: In some cases, the effect of a treatment may carry over to
subsequent measurements, biasing the results.

3. Complexity of Design: As the number of repeated measures increases, the complexity of



data analysis also increases. This can lead to challenges in interpretation and reporting.

Conclusion

Analysis of Variance with Repeated Measures is a crucial statistical method that
allows researchers to analyze data from experiments involving repeated observations. Its
ability to control for individual differences while assessing treatment effects enhances its
utility across various fields such as psychology, medicine, and education. By
understanding its assumptions, applications, and limitations, researchers can effectively
implement ANOVA RM to derive meaningful insights from their data. As the field of
statistics continues to evolve, mastering techniques like ANOVA RM will remain vital for
drawing accurate and reliable conclusions from experimental data.

Frequently Asked Questions

What is analysis of variance with repeated measures
(ANOVA-RM)?

ANOVA-RM is a statistical technique used to analyze data where the same subjects are
measured multiple times under different conditions. It helps to determine if there are any
statistically significant differences in the means across these conditions.

When should I use ANOVA-RM instead of a standard
ANOVA?

ANOVA-RM should be used when the same subjects are tested repeatedly under different
conditions, which allows for the control of inter-subject variability, unlike standard
ANOVA, which assumes independent samples.

What are the main assumptions of ANOVA-RM?

The main assumptions include normality of the residuals, sphericity (the variances of the
differences between all combinations of related groups are equal), and that the
observations are independent.

How do I test for sphericity in ANOVA-RM?

Sphericity can be tested using Mauchly's test. If sphericity is violated, adjustments like
Greenhouse-Geisser or Huynh-Feldt corrections can be applied to the degrees of freedom
in the ANOVA-RM.

What does a significant result in ANOVA-RM tell us?

A significant result indicates that there is a statistically significant difference in the means



of the conditions being compared. However, it does not specify which conditions are
different; post-hoc tests are needed for that.

What are some common post-hoc tests used after
ANOVA-RM?

Common post-hoc tests include the Bonferroni correction, Tukey's HSD, and the paired t-
test, which can be used to identify specific group differences following a significant
ANOVA-RM result.

Can ANOVA-RM handle missing data?

ANOVA-RM can handle missing data using methods like last observation carried forward
(LOCF) or maximum likelihood estimation, but the approach should be carefully
considered to avoid bias.

What software can I use to perform ANOVA-RM?

ANOVA-RM can be performed using statistical software such as R, SPSS, SAS, and Python
(with libraries like statsmodels and scipy). Each provides functions specific for repeated
measures analysis.

What is the difference between within-subjects and
between-subjects designs in the context of ANOVA?

In within-subjects designs, the same subjects are tested across all conditions, allowing for
direct comparison within individuals. In between-subjects designs, different subjects are
used for each condition, which does not control for individual variability as effectively.
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