
repeated measures multivariate analysis of
variance
repeated measures multivariate analysis of variance is a statistical technique used to analyze
data where multiple dependent variables are measured repeatedly on the same subjects. This
method extends the traditional repeated measures ANOVA by simultaneously examining several
outcome variables, which allows researchers to understand the interaction effects and main effects
across multiple dependent measures while accounting for the correlations between these variables. It
is particularly useful in experimental and clinical research designs where measurements are taken at
different times or under different conditions from the same participants. This article provides an in-
depth exploration of repeated measures multivariate analysis of variance, covering its definition,
assumptions, procedures, applications, and interpretation of results. Additionally, it discusses the
benefits and limitations of this approach and compares it with related statistical methods. The
comprehensive overview serves as a guide for researchers and analysts seeking to employ this
sophisticated statistical tool effectively.
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Understanding Repeated Measures Multivariate
Analysis of Variance
Repeated measures multivariate analysis of variance (repeated measures MANOVA) is a multivariate
extension of the repeated measures ANOVA. It is designed to analyze datasets where multiple
dependent variables are measured across multiple time points or conditions within the same subjects.
Unlike univariate repeated measures ANOVA, which examines one dependent variable at a time,
repeated measures MANOVA allows simultaneous testing of several dependent variables, taking into
account the correlations among them.

This method is particularly valuable when dependent variables are conceptually or statistically
related, as it reduces the risk of Type I errors that may occur if multiple univariate analyses are
conducted independently. The repeated measures component addresses the within-subject
correlations over time or conditions, improving the accuracy and power of statistical inference.



Definition and Conceptual Framework
Repeated measures multivariate analysis of variance evaluates whether mean differences exist
between groups or conditions across multiple dependent variables measured repeatedly on the same
subjects. It partitions variance into components attributable to within-subject effects (such as time or
treatment), between-subject effects (such as group membership), and error. The multivariate aspect
models the covariance structure among the dependent variables, allowing for a comprehensive
assessment of interaction effects and main effects.

When to Use Repeated Measures MANOVA
This technique is appropriate when:

Multiple dependent variables are collected from the same participants across two or more time
points or conditions.

Dependent variables are correlated or expected to be related conceptually.

Researchers seek to understand how groups differ over time or across conditions on a set of
related outcomes.

There is interest in examining interaction effects between time/condition and group
membership.

Key Assumptions of the Analysis
Repeated measures multivariate analysis of variance relies on several important assumptions to
ensure valid and reliable results. Violations of these assumptions can lead to inaccurate conclusions
and reduced statistical power.

Multivariate Normality
The dependent variables should follow a multivariate normal distribution within each group or
condition. This assumption generalizes the univariate normality assumption to multiple dependent
variables simultaneously.

Sphericity and Covariance Structure
While sphericity is a key assumption in univariate repeated measures ANOVA, repeated measures
MANOVA does not require sphericity but assumes homogeneity of covariance matrices across groups.
This means the covariance among dependent variables should be similar between groups.



Independence of Observations
Observations across subjects should be independent. However, measurements within subjects are
expected to be correlated due to the repeated measures design.

Absence of Multicollinearity
The dependent variables should not be excessively correlated to the point of redundancy. Moderate
correlations are acceptable, but very high correlations may affect the stability of the multivariate
tests.

Steps to Conduct Repeated Measures Multivariate
Analysis of Variance
Conducting repeated measures MANOVA involves several systematic steps to ensure the integrity and
interpretability of the analysis.

Data Preparation
Before analysis, organize data in a format suitable for repeated measures MANOVA, typically with
each row representing a subject and columns representing repeated measures of each dependent
variable.

Checking Assumptions
Perform diagnostic tests for multivariate normality, homogeneity of covariance matrices, and detect
multicollinearity using measures such as Box’s M test and correlation matrices.

Model Specification
Define the within-subject factors (e.g., time points or conditions) and between-subject factors (e.g.,
treatment groups). Specify the dependent variables to be included in the multivariate analysis.

Running the Analysis
Use statistical software capable of performing repeated measures MANOVA, such as SPSS, SAS, or R.
Execute the analysis and obtain multivariate test statistics such as Wilks’ Lambda, Pillai’s Trace,
Hotelling’s Trace, and Roy’s Largest Root.



Post Hoc and Follow-Up Tests
If significant multivariate effects are detected, conduct univariate repeated measures ANOVAs or
pairwise comparisons to explore specific dependent variables or time points contributing to the
overall effect.

Applications of Repeated Measures MANOVA in
Research
Repeated measures multivariate analysis of variance is widely used across various disciplines due to
its ability to handle complex data structures involving multiple outcomes over time or conditions.

Psychology and Behavioral Sciences
In experimental psychology, repeated measures MANOVA is employed to assess the effects of
interventions on multiple cognitive or behavioral outcomes measured repeatedly, such as memory,
attention, and reaction time.

Medical and Clinical Research
Clinical trials often utilize repeated measures MANOVA to evaluate treatment effects on various
health indicators monitored over several visits or stages, such as blood pressure, cholesterol levels,
and quality of life scores.

Education and Social Sciences
Researchers use this method to analyze the impact of educational programs on multiple performance
measures like test scores, motivation, and engagement across different semesters or conditions.

Interpretation of Results
Interpreting the output of repeated measures multivariate analysis of variance involves
understanding various multivariate test statistics and their implications for the research hypotheses.

Multivariate Test Statistics
Key statistics include Wilks’ Lambda, Pillai’s Trace, Hotelling’s Trace, and Roy’s Largest Root. Each
evaluates whether there are significant differences in the multivariate means across groups or
conditions. A significant test indicates that the groups differ on a combination of dependent variables.



Examining Main Effects and Interactions
Researchers interpret the significance of within-subject effects (e.g., time), between-subject effects
(e.g., group), and their interaction. Interaction effects suggest that changes over time differ between
groups on the combined dependent variables.

Follow-Up Analyses
Significant multivariate results often lead to univariate analyses or profile plots to identify which
specific dependent variables or time points contribute to the observed effects. This helps in drawing
detailed conclusions relevant to the research questions.

Advantages and Limitations
Repeated measures multivariate analysis of variance offers several benefits but also has certain
limitations that researchers must consider.

Advantages

Controls for Type I Error: By analyzing multiple dependent variables simultaneously, it
reduces the risk of false positives compared to multiple univariate tests.

Accounts for Correlations: It models the intercorrelations among dependent variables and
repeated measures, providing a more accurate analysis.

Enhanced Power: Increased statistical power due to the use of multivariate information and
within-subject designs.

Flexibility: Can handle complex designs with multiple within- and between-subject factors.

Limitations

Assumption Sensitivity: Requires multivariate normality and homogeneity of covariance
matrices, which may be challenging to meet with small samples.

Complexity: Interpretation can be complicated due to multiple dependent variables and
interaction effects.

Sample Size Requirements: Generally requires larger sample sizes to achieve reliable
estimates and sufficient power.

Software Requirements: Not all statistical packages provide straightforward implementation,
requiring advanced knowledge for correct application.



Comparison with Other Statistical Methods
Repeated measures multivariate analysis of variance differs from and relates to several other
analytical approaches used for repeated measures data.

Univariate Repeated Measures ANOVA
Univariate repeated measures ANOVA analyzes one dependent variable at a time and requires the
sphericity assumption. In contrast, repeated measures MANOVA analyzes multiple dependent
variables simultaneously and does not require sphericity but assumes homogeneity of covariance
matrices.

Multilevel Modeling
Multilevel or mixed-effects models can also accommodate repeated measures data by modeling
random effects and complex covariance structures. These models are more flexible regarding missing
data and time intervals but may not explicitly test multivariate dependent variables together as
MANOVA does.

Canonical Correlation Analysis
While repeated measures MANOVA examines mean differences across groups on multiple dependent
variables, canonical correlation analysis explores relationships between two sets of variables. They
serve different research purposes but both utilize multivariate data structures.

Frequently Asked Questions

What is repeated measures multivariate analysis of variance
(RM-MANOVA)?
Repeated measures multivariate analysis of variance (RM-MANOVA) is a statistical technique used to
analyze data where multiple dependent variables are measured repeatedly on the same subjects. It
accounts for the correlation between repeated measurements and tests for differences across time or
conditions.

When should I use repeated measures MANOVA instead of
repeated measures ANOVA?
Use repeated measures MANOVA when you have multiple dependent variables measured repeatedly
on the same subjects and want to analyze them simultaneously. Repeated measures ANOVA is used
when analyzing a single dependent variable over time or conditions.



What are the key assumptions of repeated measures
MANOVA?
The key assumptions include multivariate normality of the dependent variables, sphericity or equality
of covariance matrices, absence of multicollinearity among dependent variables, and that the
observations are related (repeated measures on the same subjects).

How does repeated measures MANOVA handle the correlation
between repeated measurements?
Repeated measures MANOVA accounts for the correlation between repeated measurements by
modeling the covariance structure of the dependent variables across time or conditions, allowing for
more accurate estimation of effects and controlling for within-subject variability.

What are common tests used in repeated measures MANOVA
to assess significance?
Common tests include Wilks' Lambda, Pillai's Trace, Hotelling's Trace, and Roy's Largest Root, which
evaluate the multivariate effect of independent variables on the combined dependent variables over
time or conditions.

How can I interpret the results of a repeated measures
MANOVA?
Interpretation involves examining multivariate test statistics to determine if there are significant
effects of the independent variables on the combined dependent variables over time. Follow-up
univariate analyses or post-hoc tests can identify which variables or time points contribute to the
effects.

What software packages support repeated measures MANOVA
analysis?
Many statistical software packages support repeated measures MANOVA, including SPSS, SAS, R
(packages like 'car' and 'heplots'), MATLAB, and Stata, providing functions to conduct the analysis and
assess assumptions.

How do I handle violations of assumptions in repeated
measures MANOVA?
If assumptions like sphericity or multivariate normality are violated, consider using corrections such
as Greenhouse-Geisser or Huynh-Feldt adjustments, applying data transformations, or using
alternative methods like generalized estimating equations (GEE) or linear mixed-effects models.



Additional Resources
1. Applied Multivariate Statistical Analysis
This comprehensive book by Richard A. Johnson and Dean W. Wichern covers a wide range of
multivariate techniques, including repeated measures MANOVA. It provides theoretical foundations
alongside practical examples using real data sets. The text is well-suited for graduate students and
researchers looking to understand the complexities of multivariate data analysis.

2. Design and Analysis of Experiments
Authored by Douglas C. Montgomery, this classic text includes detailed sections on repeated
measures designs and corresponding multivariate analyses. It focuses on experimental design
principles and statistical methods for analyzing data with multiple dependent variables measured
over time or conditions. The book balances theory and application for scientists and engineers.

3. Multivariate Data Analysis
Joseph F. Hair Jr. and colleagues present an accessible but thorough treatment of multivariate
methods, including repeated measures MANOVA. The book emphasizes practical implementation with
software and interpretation of results, making it useful for applied researchers in social sciences,
marketing, and health sciences.

4. Applied Longitudinal Analysis
By Garrett M. Fitzmaurice, Nan M. Laird, and James H. Ware, this book focuses on the analysis of
repeated measures data, including multivariate approaches. It covers both linear and nonlinear
models, with attention to correlated observations and time-dependent covariates. The text is valuable
for statisticians and researchers working with longitudinal data.

5. Multivariate Analysis of Variance and Repeated Measures: A Practical Approach for Behavioural
Scientists
This book by Christopher L. Aberson offers a clear, practical introduction to MANOVA and repeated
measures designs tailored for behavioral and social scientists. It includes step-by-step procedures,
interpretation guidelines, and examples using popular statistical software. The focus is on applying
the methods to real experimental data.

6. Statistical Methods for Psychology
Authored by David C. Howell, this widely used textbook covers a broad array of statistical techniques,
including repeated measures MANOVA. It explains the conceptual framework and assumptions behind
the methods and provides numerous examples and exercises. This book is ideal for psychology
students and researchers.

7. Handbook of Multivariate Experimental Psychology
Edited by John R. Nesselroade and Raymond B. Cattell, this handbook includes chapters on repeated
measures and multivariate analysis techniques. It offers both theoretical insights and practical advice
for designing and analyzing complex psychological experiments. The work is a valuable resource for
advanced students and professionals.

8. Linear Models for Multivariate and Longitudinal Data
By Ronald Christensen, this book delves into linear modeling approaches for analyzing multivariate
repeated measures data. It covers both fixed and random effects models and discusses estimation
and inference techniques. The book is technical and suited for statisticians and methodologists.

9. Repeated Measures Design for Empirical Researchers



Developed by Judith D. Singer and John B. Willett, this book focuses on the design and analysis of
repeated measures studies, including multivariate methods. It emphasizes practical data analysis
strategies with examples from social science research. The text is accessible to researchers seeking
to improve their understanding of longitudinal and repeated measures data.
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