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MULTIPLE COMPARISONS

Multiple Comparisons

Primary Disciplinary Field(s): Statistics, Experimental Design, Research Methodology

1. Core Definition

The concept of multiple comparisons, often referred to as the multiplicity problem, arises in
statistical inference when researchers conduct simultaneous statistical tests on the same set of
data. Specifically, it relates to the necessary procedures required when comparing the means of
samples across k populations, where k is greater than two. When an initial overall test, such as an
Analysis of Variance (ANOVA), indicates a significant difference among group means, multiple

comparison procedures (MCPs) are then employed in a post hoc design to determine exactly
which pairs or subsets of means differ significantly from one another.

These specialized procedures are critical for maintaining the integrity of the statistical conclusion
by carefully adjusting the critical value or the significance level ($alpha$) for each individual
comparison. The fundamental goal of implementing these complex adjustments is to ensure that
the likelihood of falsely rejecting a true null hypothesis--a Type | error--remains controlled at a
desired level across the entire family of hypotheses being tested. Without such control, the
probability of obtaining at least one significant result purely by chance increases dramatically as
the number of comparisons grows, undermining the reliability of the experimental findings.

2. Statistical Rationale: The Problem of Type | Error Inflation

The necessity for multiple comparison procedures stems directly from the rapid inflation of the
family-wise error rate (FWER). When a researcher performs only a single hypothesis test, the
probability of committing a Type | error is typically set at the nominal level $alpha$, usually 0.05.
This means there is a 5% risk of falsely claiming a significant effect.

However, when multiple independent tests are performed within the same study, the probability of
committing at least one Type | error across the entire set of comparisons, known as the FWER,
quickly exceeds the nominal $alpha$ level. For example, if $C$ represents the total number of
independent comparisons, the true FWER rises proportionally to $1 - (1 - alpha)*C$. If a study
compares five groups, there are 10 possible pairwise comparisons. If $alpha=0.05%, the true
FWER approaches 40%. This escalating risk dictates that MCPs must be applied to adjust the per-
comparison error rate ($alpha_{pc}$) downwards so that the FWER remains fixed at the desired
threshold (e.g., 0.05). By minimizing the level of Type | errors, the reliability of the experiment's
conclusions regarding specific group differences is preserved.
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3. Types of Comparisons: A Priori vs. Post Hoc

Statistical comparisons are classified based on the timing of their formulation relative to the data
analysis phase. This distinction is crucial because planned comparisons generally require less
stringent error control than unplanned ones, thereby impacting statistical power.

A Priori (Planned) Comparisons: These comparisons are specific hypotheses formulated and
specified by the researcher before any data collection or analysis begins. They are founded on
existing theory, pilot studies, or strong logical expectations. Because these comparisons are
targeted and generally fewer in number than all possible comparisons, specialized techniques such
as linear contrasts are often used. These methods usually afford higher statistical power compared
to standard post hoc methods.

Post Hoc (Unplanned) Comparisons: These are exploratory comparisons conducted only after
the researcher observes a significant result in an overall test, such as a significant F-statistic from
an ANOVA. The researcher uses these tests to explore all possible differences, typically
comparing every possible pair of group means. Because the data has already guided the selection
of these tests, they require the most stringent control over the FWER to prevent spurious findings.
The procedures employed in this design are what the term multiple comparisons most frequently
refers to in practice.

4. Common Multiple Comparison Procedures (MCPs)

There are numerous statistical methods developed to address the multiplicity problem, each
balancing the need to control Type | error against the desire to retain statistical power (avoiding
Type Il error). These methods differ based on whether they control the Family-Wise Error Rate
(FWER)--the probability of making at least one false rejection--or the False Discovery Rate
(FDR)--the expected proportion of false rejections among all rejections.

Procedures that control the FWER are generally preferred in high-stakes fields where avoiding
false positives is paramount, while FDR procedures are useful in exploratory big-data analysis
where some false positives are tolerated for greater power.

Bonferroni Correction: This simple FWER control method calculates the adjusted significance
level ($alpha_{adj}$) by dividing the nominal $alpha$ (e.g., 0.05) by the total number of
comparisons ($C$). While universally applicable, it is often excessively conservative, significantly
increasing the risk of Type Il errors (missing a true effect).

Tukey's Honestly Significant Difference (HSD): This is one of the most widely used MCPs for
performing all possible pairwise comparisons following an ANOVA. Tukey's HSD controls the
FWER exactly when comparing all pairs of means under the assumption of equal sample sizes and
variance homogeneity, offering greater statistical power than Bonferroni for this specific scenario.
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Scheffé's Method: Considered the most conservative MCP, Scheffé's method is designed to
control the FWER for all possible linear contrasts, including complex comparisons involving
combinations of means. It is robust to violations of assumptions but sacrifices statistical power
substantially.

Dunnett's Test: This specialized test is used when the primary research interest is comparing
multiple treatment groups exclusively against a single control group, but not against each other. By
focusing only on these comparisons, Dunnett's test maintains a controlled FWER while offering
greater power than generalized pairwise tests like Tukey's HSD.

5. Significance and Impact

The rigorous application of multiple comparison procedures is a cornerstone of modern
guantitative research methodology. Their significance lies in their ability to bridge the gap between
initial omnibus statistical findings (e.g., "A difference exists somewhere") and specific, actionable
conclusions (e.g., "Treatment A is significantly better than Treatment B and the Control").

In medical research, for instance, regulatory bodies mandate the use of appropriate MCPs in
clinical trials involving multiple doses or treatment arms. If three new drugs are tested against a
placebo, failure to control the FWER could lead to the erroneous conclusion that an ineffective
drug is beneficial, resulting in severe public health consequences. Similarly, in psychological
research, the precise localization of treatment effects following a multifactorial experiment relies
entirely on the correct execution of these procedures, ensuring that observed differences are truly
reliable and not merely statistical artifacts arising from repeated testing.

6. Debates and Criticisms

Despite their necessity, multiple comparison procedures are often the subject of statistical
debate, centered primarily on the inherent trade-off between minimizing Type | errors and
maximizing statistical power. Critics frequently argue that overly conservative MCPs, particularly
the Bonferroni correction, drastically reduce the likelihood of detecting genuine effects, leading to
an inflation of the Type Il error rate (failing to reject a false null hypothesis).

A persistent methodological debate revolves around the choice between controlling the FWER and
controlling the FDR. While FWER control is highly conservative and appropriate for confirmatory
tests, statisticians working in fields like genomics or neuroimaging--where thousands of
simultaneous tests are performed--often advocate for FDR control. They argue that accepting a
small, expected proportion of false discoveries is a necessary compromise to avoid crippling the
statistical power required for large-scale exploratory research and genuine scientific advancement.
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7. Further Reading

Multiple comparisons problem (Wikipedia)
Analysis of Variance (ANOVA)
Tukey's Honestly Significant Difference (HSD)
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