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The Necessity of Post-Hoc Testing After ANOVA

The Analysis of Variance (ANOVA) is a cornerstone of statistical methodology, particularly in

experimental design. It provides researchers with a powerful tool to determine whether statistically

significant differences exist among the means of three or more independent groups. This initial test

is fundamental for establishing a broad conclusion regarding the overall efficacy of treatments or

conditions under investigation.

If the F-statistic generated by the ANOVA is sufficiently large, we proceed to examine the p-value.

When the resulting p-value falls below the predefined significance level (commonly α = 0.05), the

researcher is justified in rejecting the null hypothesis. This rejection signifies compelling evidence

that the group means are not homogenous; that is, at least one group mean is statistically distinct

from the others.

However, the ANOVA is inherently a global test. While it alerts us to the presence of a difference

somewhere within the comparison set, it remains frustratingly non-specific regarding the exact

locations of these discrepancies. To move beyond this general conclusion and identify precisely

which specific pairs of groups are statistically different, a secondary, highly targeted procedure

must be employed. This procedure is universally known as a post-hoc test. The choice of the

correct post-hoc test is critical, as selecting the wrong method can inflate the probability of making

a Type I error (false positive) and lead to unreliable scientific conclusions.

When to Choose Dunnett's Test

The selection of the most appropriate post-hoc test is dictated entirely by the structure and

objective of the experimental design. Many post-hoc tests, such as Tukey's HSD or Scheffé's

method, are designed for "all-pairs" comparisons, meaning they systematically compare every

single group mean to every other group mean in the dataset. While robust, this approach is often

statistically inefficient when the research question is narrowly focused.

If the study design includes one specific group designated as the baseline, placebo, or control

group, and the researcher's sole analytical interest lies in comparing all other treatment groups

exclusively against this baseline, then a specialized approach is required. In this specific scenario,

Dunnett's test stands out as the statistically optimal and most powerful procedure to follow the

initial ANOVA.

Developed by statistical pioneer Charles W. Dunnett, this procedure is a specialized multiple

comparison method explicitly tailored for comparing multiple treatment means only to a single

control mean. Crucially, Dunnett's test achieves this comparison while maintaining strict control

over the family-wise error rate (the probability of making at least one Type I error across all

comparisons). This makes it significantly more powerful than general "all-pairs" tests when the

https://en.wikipedia.org/wiki/Analysis_of_variance
https://en.wikipedia.org/wiki/P-value
https://en.wikipedia.org/wiki/Post_hoc_analysis
https://en.wikipedia.org/wiki/Scientific_control
https://en.wikipedia.org/wiki/Scientific_control
https://en.wikipedia.org/wiki/Dunnett%27s_test
https://en.wikipedia.org/wiki/Family-wise_error_rate
https://statistics.arabpsychology.com/?p=12189
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Understanding Dunnett’s Test: A Guide to Multiple Comparisons After ANOVA 3

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

research focus is strictly comparative against a standard baseline.

Phase 1: Calculating Dunnett's Critical Value

Executing Dunnett's test involves a systematic two-phase approach, beginning with the

determination of the critical threshold required for statistical significance. This threshold is known

as the Dunnett's Critical Value. Unlike the standard Student's t-test critical value, the Dunnett

critical value is derived from a specialized distribution that accounts for the simultaneous

comparison of multiple treatment groups against a single control, thereby ensuring robust error

control.

The necessary components for calculating this critical value are sourced directly from the

preliminary ANOVA results and specialized tables. The core formula integrates the critical statistic

from Dunnett's distribution with the pooled variance estimate from the ANOVA. The formula used

to calculate the threshold is presented as:

Dunnett's Critical value: td√2MSw/n

Understanding the variables within this formula is essential for accurate calculation:

td: This is the specific value obtained directly from Dunnett's Table. Its magnitude is determined

by three factors: the chosen alpha level (α), the total number of groups (k), and the degrees of

freedom associated with the Mean Squares Within (MSw).

MSw: Represents the Mean Squares of the "Within Group" error term. This crucial value is

extracted directly from the completed ANOVA summary table and serves as the best estimate of

the population variance, quantifying the average variability observed within each experimental

group.

n: Denotes the size of the group samples. This calculation assumes that all groups (control and

treatment) contain an equal number of observations (an assumption often referred to as a

balanced design).

Phase 2: Interpreting the Mean Differences

Once the Dunnett's Critical Value has been accurately established, the second phase of the

procedure involves the calculation and comparison of the observed mean differences. This step is

straightforward but provides the direct evidence needed to reject or fail to reject the null hypothesis

for each individual treatment comparison.

The researcher must compute the absolute difference between the mean score of every individual

treatment group and the mean score of the designated control group. This calculation yields the

magnitude of the observed effect for each intervention relative to the baseline condition. For
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instance, if there are three treatment groups (A, B, C) and one control group (K), three differences

must be calculated: |Mean A - Mean K|, |Mean B - Mean K|, and |Mean C - Mean K|.

The crucial inferential step involves comparing these calculated absolute mean differences against

the predetermined Dunnett's Critical Value. If the absolute difference for any given treatment group

exceeds the critical value, the comparison is deemed statistically significant. A significant finding

indicates strong evidence that the effect of that specific treatment group is genuinely different from

the control group at the chosen confidence level. Conversely, if the difference does not exceed the

threshold, the treatment is not considered statistically distinct from the baseline.

Practical Application: An Educational Research Example

To illustrate the utility and precision of Dunnett's test, consider a common research scenario in

educational psychology. An educator seeks to rigorously evaluate whether two newly introduced

studying techniques (Intervention A and Intervention B) can significantly elevate student

performance relative to the existing, standard study method.

The experiment is designed with three balanced groups: 30 students are randomly and equally

assigned, resulting in 10 students per group. The groups are structured as follows:

Control Group: 10 students (Utilizing the standard, established study methods)

New Study Technique 1: 10 students (Experimental Intervention A)

New Study Technique 2: 10 students (Experimental Intervention B)

Following the intervention period, all students take the same comprehensive exam. The essential

data points, including the error variance derived from the initial ANOVA, are summarized below:

Mean exam score of control group: 81.6

Mean exam score of new study technique 1 group: 85.8

Mean exam score of new study technique 2 group: 87.7

Mean Squares of the "Within Group" (MSw): 23.3

Execution of Phase 1: Locating and Calculating Dunnett's Critical Value.

We set the standard significance level at α = 0.05. With a group sample size (n) of 10 and a total

number of groups (k) equal to 3, we consult the appropriate Dunnett's table. This reference

indicates that the critical td statistic required for our calculation, based on 27 degrees of freedom

(30 total observations - 3 groups), is 2.57.

https://en.wikipedia.org/wiki/Dunnett%27s_test
https://en.wikipedia.org/wiki/Dunnett%27s_test#Critical_values
https://statistics.arabpsychology.com/?p=12189
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Understanding Dunnett’s Test: A Guide to Multiple Comparisons After ANOVA 5

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

Substituting the td value (2.57), the MSw (23.3), and n (10) into the critical value formula yields the

following calculation:

Dunnett's Critical value: td√2MSw/n = 2.57√2(23.3)/10 = 5.548

The calculated critical threshold for determining statistical significance in this educational

experiment is definitively established at 5.548. Any observed mean difference less than this value

will be attributed to random chance.

Execution of Phase 2: Comparing Mean Differences to the Critical Value.

We now proceed to calculate the absolute difference between the mean of each study technique

group and the mean of the control group (81.6):

Absolute difference between Technique 1 and Control: |85.8 - 81.6| = 4.2

Absolute difference between Technique 2 and Control: |87.7 - 81.6| = 6.1

Finally, these calculated differences are compared against the critical value of 5.548. The absolute

difference for Technique 1 (4.2) is less than the critical threshold, while the absolute difference for

Technique 2 (6.1) is greater than the threshold.

The statistical conclusion is precise and actionable: The new studying technique #2 produced

exam scores that are statistically superior to those achieved by the control group. Conversely,

Technique #1 did not demonstrate a statistically significant effect. This evidence-based outcome
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allows the educator to confidently implement Technique #2 while avoiding the adoption of an

ineffective method.

Advanced Statistical Topics and Further Reading

For researchers seeking deeper insight into related statistical methods, the theoretical

underpinnings of multiple comparison tests, or practical guides for software implementation, the

following resources offer valuable context. Understanding the nuances of post-hoc testing

ensures that statistical conclusions are not only accurate but also appropriate for the specific

experimental structure.

Choosing the correct post-hoc procedure, like implementing Dunnett's test when a control group

is present, is paramount for maintaining statistical rigor and controlling the family-wise error rate

across the entire set of comparisons. These techniques ensure that scientific claims are based on

trustworthy statistical evidence derived from well-controlled procedures.

The following links provide comprehensive guidance on foundational and advanced statistical

concepts:

A Comprehensive Introduction to the One-Way ANOVA

A Guide to Selecting and Utilizing Post Hoc Tests with ANOVA

Step-by-Step Guide: How to Perform Dunnett's Test in R
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