post hoc power analysis

post hoc power analysis is a statistical technique used to determine the power of a test after data
collection and analysis have been completed. It evaluates the probability that a study correctly rejects
a false null hypothesis, based on the observed effect size, sample size, and significance level. This
method is often utilized in research fields to assess the reliability and validity of study conclusions.
Understanding post hoc power analysis is crucial for interpreting negative or inconclusive results and
for planning future studies. This article explores the definition, applications, limitations, and
interpretations of post hoc power analysis, providing a comprehensive guide for researchers and
statisticians. Additionally, the article discusses common misconceptions and best practices associated
with this statistical method. The following sections outline the key aspects of post hoc power analysis
in detail.
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Understanding Post Hoc Power Analysis

Post hoc power analysis is a retrospective evaluation of the statistical power of a hypothesis test after
the data have been collected and analyzed. Power, in statistical terms, refers to the probability of
correctly rejecting the null hypothesis when it is false, thus avoiding a Type Il error. The concept of
power is integral to study design, typically assessed before data collection as a priori power analysis.
However, post hoc power analysis uses observed data to estimate the likelihood that the test
detected an existing effect.

Definition and Key Concepts

Power analysis measures the sensitivity of a statistical test. In the context of post hoc analysis, it
examines the observed effect size, sample size, and significance level (alpha) to estimate the
achieved power. The effect size reflects the magnitude of the difference or association detected in the
study. The significance level defines the threshold for Type | error, or false positive rate. Sample size
impacts the precision and reliability of the test outcomes. Post hoc power analysis integrates these
factors, providing insight into whether a non-significant result was due to insufficient power or the
true absence of effect.



Difference Between A Priori and Post Hoc Power

While a priori power analysis is conducted before data collection to determine the sample size
necessary for detecting a meaningful effect, post hoc power analysis is performed after the study's
completion. A priori analysis helps design studies with adequate power, whereas post hoc analysis
evaluates how well the study achieved this goal. However, post hoc power is often controversial
because it depends heavily on the observed effect size, which can vary due to sampling variability.

Applications of Post Hoc Power Analysis in Research

Post hoc power analysis is commonly applied in various research disciplines to interpret study findings
and guide subsequent investigations. It assists researchers in understanding the implications of
statistically non-significant results and in assessing the robustness of their studies.

Evaluating Non-Significant Results

When a study fails to reject the null hypothesis, researchers may use post hoc power analysis to
determine whether the lack of significance is due to a true absence of effect or inadequate statistical
power. Low post hoc power suggests that the study may not have been sensitive enough to detect an
existing effect, whereas high power with non-significant results indicates that the effect is likely
negligible or absent.

Informing Future Research Design

Results from post hoc power analysis can inform the planning of future studies by highlighting
whether larger sample sizes or different study designs are necessary. Researchers can use this
information to optimize resource allocation and improve study validity.

Supplementing Meta-Analyses and Systematic Reviews

In meta-analytical contexts, post hoc power calculations help evaluate the aggregated evidence from
multiple studies. They provide additional context to the strength of findings across studies with
varying power levels.

Methodology and Calculation of Post Hoc Power

Calculating post hoc power involves specific statistical formulas and software tools that incorporate
the observed effect size, sample size, and significance level. Understanding the methodology is
critical for accurate and meaningful estimation.



Step-by-Step Calculation Process

The typical procedure for calculating post hoc power includes the following steps:

Determine the observed effect size from the study data (e.g., Cohen's d, odds ratio, correlation
coefficient).

Identify the sample size used in the test.

Specify the significance level (alpha), commonly set at 0.05.

Use statistical software or power analysis formulas to compute the achieved power.

Common Statistical Software and Tools

Several software packages facilitate post hoc power analysis, including:

e G*Power
e SPSS Power Analysis Modules
¢ R packages such as pwr

« Stata power commands

These tools allow researchers to input observed statistics and obtain power estimates efficiently.

Limitations and Criticisms of Post Hoc Power Analysis

Despite its widespread use, post hoc power analysis faces significant criticism regarding its
interpretability and reliability. Researchers must be aware of these limitations when applying and
reporting post hoc power results.

Dependence on Observed Effect Size

One major criticism is that post hoc power is calculated based on the observed effect size, which is a
random variable subject to sampling variability. This dependence may lead to misleadingly high or
low power estimates that do not reflect the true power of the study.

Redundancy with P-Values

Some statisticians argue that post hoc power analysis offers no additional information beyond the p-
value obtained in hypothesis testing. Because power is inversely related to the p-value, reporting both



may be redundant and potentially confusing.

Misinterpretation Risks

There is a risk that researchers misinterpret low post hoc power as proof that the study was
inadequate, or that high power confirms the absence of effect, which may lead to erroneous
conclusions. Proper understanding of the statistical context is essential to avoid these pitfalls.

Interpreting Results and Best Practices

Accurate interpretation of post hoc power analysis results requires a nuanced understanding of
statistical principles and study context. Adherence to best practices enhances the utility and
credibility of this method.

Guidelines for Interpretation

When interpreting post hoc power, consider the following:

e Recognize that power estimates are conditional on the observed effect size and sample size.

» Use post hoc power as one component of a broader statistical assessment, not as the sole
criterion.

¢ Be cautious about drawing definitive conclusions solely from post hoc power results.

Recommendations for Researchers

To maximize the effectiveness of post hoc power analysis, researchers should:

1. Conduct a priori power analysis during study design to ensure adequate sample size.
2. Report post hoc power transparently alongside other statistical measures.
3. Use post hoc power as a diagnostic tool for understanding study limitations.

4. Supplement post hoc power with confidence intervals and effect size estimates for
comprehensive interpretation.



Frequently Asked Questions

What is post hoc power analysis?

Post hoc power analysis is a statistical technique used to determine the power of a study after the
data has been collected and analyzed, typically to assess the likelihood that the study could detect an
effect of a certain size.

Why is post hoc power analysis considered controversial?

Post hoc power analysis is controversial because it often provides limited or misleading information;
since it is calculated using the observed effect size, it can be biased and does not add value beyond
the p-value and confidence intervals already reported.

When should post hoc power analysis be used?

Post hoc power analysis should be used cautiously, primarily for exploratory purposes or to
understand the limitations of a study, but it is generally recommended to perform power analysis
prior to data collection (a priori) for study planning.

How does post hoc power analysis differ from a priori power
analysis?
A priori power analysis is conducted before data collection to determine the necessary sample size to

detect an expected effect size, while post hoc power analysis is performed after data collection, using
observed effect sizes to estimate the achieved power.

Can post hoc power analysis help interpret non-significant
results?

While some researchers use post hoc power analysis to interpret non-significant results, it is often not
helpful because low observed power may simply reflect the non-significant findings, making it a
circular and uninformative approach.

What are better alternatives to post hoc power analysis?

Better alternatives include reporting confidence intervals, effect sizes, and conducting meta-analyses,
which provide more meaningful insights into the precision and relevance of study findings than post
hoc power calculations.

Is post hoc power analysis recommended in published
research?

Most statistical guidelines and experts discourage the routine use of post hoc power analysis in
published research due to its limitations and potential for misinterpretation.



How is post hoc power calculated?

Post hoc power is calculated by plugging the observed effect size, sample size, and significance level
into power calculation formulas or software, but this calculation can be misleading because the
observed effect size is a random variable.

Does a high post hoc power guarantee that study results are
reliable?

No, a high post hoc power does not guarantee reliability of study results because it depends on
observed data, which can be biased; reliability should be assessed through study design quality,
replication, and other statistical measures.

Additional Resources

1. Post Hoc Power Analysis in Behavioral Research

This book offers a comprehensive overview of post hoc power analysis techniques specifically tailored
for behavioral scientists. It explains the theoretical foundations and practical applications of power
analysis after data collection. Readers will find detailed examples and step-by-step guides to correctly
interpret post hoc power results and avoid common pitfalls.

2. Statistical Power Analysis: Concepts and Applications

Focusing on the concept of statistical power, this book covers both a priori and post hoc power
analyses. It provides a thorough explanation of how power affects hypothesis testing and the
interpretation of nonsignificant results. The text includes numerous examples from psychology and
social sciences, emphasizing best practices for researchers.

3. Applied Power Analysis for the Behavioral Sciences

This practical guide introduces researchers to power analysis methods used in behavioral science
studies, including post hoc analysis. It discusses when and how to perform power analyses after data
collection to assess the likelihood of detecting true effects. The book is rich with software tutorials and
real-world case studies.

4. Understanding Post Hoc Power: Theory and Practice

Dedicated entirely to post hoc power analysis, this book explores its theoretical underpinnings and
practical limitations. It critically evaluates common misconceptions and advises on appropriate use in
research reporting. The text also compares post hoc power analyses to alternative approaches such
as confidence intervals and Bayesian methods.

5. Power and Sample Size Calculations in Clinical Research

While primarily focused on clinical trials, this book includes a significant section on post hoc power
analysis to interpret study findings. It guides researchers through calculations that can clarify
nonsignificant outcomes and inform future research design. The book combines statistical theory with
practical examples from medical research.

6. Post Hoc Power Analysis: Methods and Misconceptions

This book addresses the methodological challenges and common misunderstandings surrounding post
hoc power analysis. It provides clear explanations of when post hoc power is informative and when it
is misleading. The author offers alternative strategies to complement or replace post hoc power



assessment in scientific studies.

7. Advanced Topics in Statistical Power Analysis

Targeted at advanced researchers and statisticians, this book delves into complex aspects of power
analysis, including post hoc techniques. It covers recent developments, such as simulation-based
power estimation and the use of effect size uncertainty. The book is ideal for those seeking a deep
understanding of power analysis nuances.

8. Power Analysis in Research Design: A Guide for Social Scientists

This accessible guide helps social scientists integrate power analysis into all stages of research, with a
component on post hoc analysis. It explains how to interpret power after data collection and use it to
refine hypotheses and study designs. The book includes practical tips and examples from sociology,
education, and psychology.

9. Interpreting Statistical Results: The Role of Post Hoc Power

This volume explores how post hoc power analysis fits into the broader context of statistical
interpretation. It discusses the relationship between power, p-values, and confidence intervals,
emphasizing careful communication of results. The book offers guidance on avoiding overreliance on
post hoc power and using it judiciously in research reports.
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