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APOSTERIORI TEST

Definition and Distinction from A Priori Tests

The term aposteriori test, frequently referred to in statistics and psychology as a post hoc test
(Latin for "after this"), describes a statistical procedure where the null or alternative hypothesis
being tested is formulated specifically after the data collection phase is complete and the raw data,
or preliminary statistical summaries, have been examined. This chronology is the defining
characteristic, fundamentally distinguishing it from a priori tests. An a priori hypothesis is
meticulously established and registered before any data are gathered or analyzed, reflecting the
core theoretical predictions that drove the experimental design. Conversely, the aposteriori test
arises from observations, patterns, or unexpected findings that emerge during the initial exploratory
analysis of the results. Its necessity often stems from the need to further dissect a significant
overall effect that was detected by an omnibus test, or perhaps to investigate a compelling, yet
unanticipated, relationship between variables that the original experimental design did not explicitly
aim to address. This reactive nature means that while the test is crucial for deep data exploration, it
carries inherent methodological risks that necessitate careful control mechanisms.

The conceptual framework underlying aposteriori analysis is rooted in the empirical requirement
to make sense of complex datasets where initial tests, such as a significant F-ratio in an Analysis
of Variance (ANOVA), only indicate a generalized difference exists among several groups without
specifying precisely which pairs of groups differ significantly. Without aposteriori testing, the
researcher is left with an incomplete picture, knowing that something statistically meaningful
occurred, but lacking the detailed resolution required to form definitive conclusions or make clinical
recommendations. Therefore, the hypothesis tested aposteriori is data-driven, rather than theory-
driven, creating a necessary tension between the demands of rigorous statistical inference and the
practical need to fully interpret complex empirical results. The appropriate application of these tests
requires a clear understanding of the statistical consequences of formulating hypotheses based on
the observed data, primarily concerning the inflation of the Type | error rate, which must be
meticulously managed through various error correction procedures.

The Rationale and Utility of Aposteriori Testing

The primary utility of conducting an aposteriori test lies in its capacity to provide granular insights
following a broad statistical finding. When a primary analysis detects a general effect, such as
confirming that at least one treatment group differs significantly from the others, the subsequent
post hoc analysis is essential for localizing that effect. This process allows researchers to move
beyond general statements of difference to specific, actionable conclusions, such as identifying
which particular dosage level of a medication yielded a significantly better outcome than the control
group, or whether the second therapeutic intervention was superior to the first. This detailed
examination is vital for advancing theoretical understanding and for informing practical
applications, particularly in fields like clinical psychology, educational research, and experimental
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neuroscience, where precise identification of effective interventions is paramount.

Furthermore, aposteriori tests are invaluable in situations where exploratory data analysis reveals
unexpected trends or anomalies that were not predicted by the initial theoretical framework. For
instance, a researcher studying three different teaching methods might find that while the overall
ANOVA is significant, a close inspection of the data suggests that Method A and Method C, which
were expected to perform similarly, actually show a substantial and unanticipated difference.
Testing this specific pairwise comparison aposteriori allows the researcher to incorporate this
novel finding into the body of knowledge, prompting new theoretical development or revised
experimental designs for future studies. This flexibility, while statistically risky if not properly
controlled, is a cornerstone of the iterative process of scientific discovery, enabling researchers to
respond dynamically to the empirical evidence generated by their studies, moving the field forward
even when initial assumptions prove inaccurate or incomplete.

In highly controlled experimental settings, the hypotheses are often fully defined a priori,
minimizing the need for extensive post hoc exploration. However, in real-world observational
studies or complex factorial designs involving numerous levels or interactions, the sheer volume of
potential pairwise comparisons often renders exhaustive a priori specification impractical or
theoretically unjustified. In these cases, the aposteriori test acts as a pragmatic tool, allowing the
researcher to focus statistical power only on those comparisons that appear most salient or
meaningful after the data have provided guidance. This targeted approach ensures that resources
are not wasted testing dozens of theoretically weak comparisons, while simultaneously mitigating
the risks of error inflation associated with indiscriminate testing across all possible pairs.

Methodological Concerns and the Inflation of Type | Error

The most significant methodological concern associated with aposteriori testing is the substantial
risk of inflating the Type | error rate, often referred to as the family-wise error rate (FWER). A
Type | error occurs when a true null hypothesis is incorrectly rejected (a false positive). When a
researcher conducts multiple independent hypothesis tests within the same study or "family" of
analyses, the probability of obtaining at least one Type | error compounds dramatically. For a
single comparison, the alpha level (e.g., 0.05) represents the probability of error. However, if ten
comparisons are tested aposteriori without adjustment, the effective FWER can rise far above
5%, potentially leading the researcher to claim a significant finding that is merely due to chance
statistical fluctuation or "data snooping." This problem is inherent when hypotheses are generated
based on the very data being tested.

This statistical inflation arises because the researcher is essentially capitalizing on chance. By
examining the data first and then selecting the most promising comparisons for formal testing, the
observed differences, even if statistically large, may simply be outliers or random noise that
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happened to look significant in the specific sample collected. If the exact same comparison had
been planned a priori, the standard alpha level would suffice. But because the testing decision
was dependent upon the outcome, the standard p-value threshold is no longer sufficient to
maintain the stated level of confidence. Consequently, the credibility of research findings derived
from aposteriori tests hinges critically on the rigorous application of statistical procedures
designed specifically to control this FWER inflation. Failure to apply such adjustments can render
the findings unreliable and non-replicable, undermining the scientific validity of the study.

The need to control the FWER led to the development of numerous specialized aposteriori
procedures. These procedures typically work by adjusting the critical p-value (alpha level)
required to declare significance for any individual comparison, making it much harder to reject the
null hypothesis. Alternatively, some methods adjust the resulting p-values upward, essentially
penalizing the researcher for conducting multiple comparisons. The choice among these different
correction methods often involves a trade-off between controlling the Type | error (false positives)
and maintaining statistical power (avoiding Type Il errors, or false negatives). A highly conservative
test, while effectively controlling FWER, might fail to detect genuine differences, thereby hindering
discovery. Conversely, a less conservative test increases the risk of erroneous conclusions.

Common Scenarios Requiring Post Hoc Analysis

The most classic and frequent application of aposteriori tests occurs following a significant result
from an omnibus test, particularly the Analysis of Variance (ANOVA). ANOVA is designed to
test the null hypothesis that the means of several independent groups are equal. If the ANOVA
yields a significant F-ratio, it only tells the researcher that the group means are not all the same; it
does not indicate *which* specific pairs of means differ significantly. For example, if an experiment
compares four different types of therapy, a significant ANOVA means that Therapy 1, 2, 3, and 4
are not equally effective overall, but the researcher cannot yet conclude if Therapy 1 is better than
Therapy 2, or if Therapy 3 is the same as Therapy 4.

In this context, aposteriori tests become indispensable. The researcher must employ a post hoc
procedure to conduct all pairwise comparisons--comparing Group A vs. B, Avs. C, Avs. D, B vs.
C, B vs. D, and C vs. D--while simultaneously adjusting the criterion for significance to control the
FWER across these six comparisons. Without this follow-up analysis, the ANOVA result is largely
descriptive, lacking the necessary specificity for application. This dependency makes the
aposteriori test a standard and expected component of reporting any significant ANOVA involving
three or more groups, serving as the bridge between the general hypothesis of difference and the
specific identification of effective treatments or conditions.

Beyond the traditional ANOVA context, aposteriori testing is also crucial in complex correlational
or regression models when exploring interactions. If a three-way interaction term (e.g., A x B x C)
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is found to be significant, the researcher must conduct simple effects analyses or further
comparisons aposteriori to decompose the meaning of that interaction. This means examining
how the relationship between two variables (e.g., A and B) changes depending on the specific
levels of the third variable (C). Since the specific form of the interaction is often unpredictable and
highly data-dependent, the subsequent testing of individual slopes or means at specific levels of
the moderating variable constitutes an aposteriori process requiring error correction.

Key Types of Aposteriori Tests and Their Characteristics

A variety of aposteriori tests have been developed, each with different levels of statistical power
and varying approaches to controlling the family-wise error rate. The selection of the appropriate
test often depends on assumptions about equal variances, sample sizes, and the desired level of
conservatism.

One of the most widely used and recommended post hoc tests is the Tukey's Honestly
Significant Difference (HSD) test. Tukey's HSD is a single-step procedure designed specifically
for all pairwise comparisons following a significant ANOVA, provided the sample sizes for all
groups are equal (or nearly equal). It is considered a powerful test that maintains the FWER
exactly at the specified alpha level (e.g., 0.05) for the entire set of comparisons. Tukey's method
relies on the Studentized Range distribution and is generally preferred when the researcher is
interested in exploring every possible combination of group means.

A second notable procedure is the Scheffé test. The Scheffé method is highly flexible, capable of
testing not only all pairwise comparisons but also complex contrasts (e.g., comparing the average
of Group 1 and 2 against Group 3). It is the most conservative of the major post hoc tests,
meaning it is the least likely to produce a Type | error, regardless of whether the sample sizes are
equal or the variances are homogeneous. While its strong control over the FWER makes it
statistically rigorous, its conservatism often results in lower statistical power, making it harder to
detect true differences, particularly when sample sizes are small. For simple pairwise comparisons,
Scheffé is often unnecessarily conservative compared to Tukey's HSD.

Finally, the Bonferroni correction, though not strictly a specialized post hoc test like Tukey or
Scheffé, is a general method for controlling FWER that is frequently applied aposteriori. The
Bonferroni method is straightforward: if the researcher plans to conduct $k$ comparisons, the
original alpha level ($alpha$) is divided by $k$. For instance, if $alpha=0.05$% and $k=5%
comparisons are made, the new significance threshold for each individual test becomes $0.05/5 =
0.01$. Any p-value must be less than $0.01$ to be declared significant. While easy to implement,
Bonferroni is often overly conservative, particularly when the number of comparisons ($k$) is large,
leading to a significant loss of statistical power. However, variations like the Holm-Bonferroni
method offer slightly less conservative control by sequentially adjusting the required alpha level
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based on the rank of the p-values, making it a powerful, modern alternative.

Ethical and Reporting Standards for Aposteriori Analysis

Given the inherent dangers of Type | error inflation, the ethical and reporting standards concerning
aposteriori testing are stringent. Transparency is paramount. Researchers must clearly
distinguish between hypotheses that were formulated a priori (planned and stated before data
collection) and those that were generated aposteriori (data-driven exploration). Failing to make
this distinction and presenting post hoc findings as if they were confirmatory tests of initial
predictions constitutes a serious breach of scientific integrity, potentially leading to misleading
conclusions.

When reporting the results of an aposteriori test, the researcher must fully disclose the specific
procedure used to control the family-wise error rate (e.g., "Pairwise comparisons were conducted
using Tukey's HSD procedure to control the FWER at $alpha = 0.05%"). Simply reporting the
results of uncorrected t-tests following a significant ANOVA is insufficient and generally
unacceptable in high-quality empirical journals. The methodology section of a research paper must
clearly state the rationale for the post hoc analysis--whether it was used to decompose a
significant omnibus test or to explore unexpected emergent patterns.

Furthermore, a crucial ethical consideration involves the interpretation of aposteriori results.
While these tests provide robust evidence for specific differences observed in the current sample,
findings derived from hypotheses generated after seeing the data should generally be treated as
exploratory and tentative, rather than definitive. These findings often serve best as the basis for
generating new, strong a priori hypotheses that must then be tested in an independent, future
study using a novel dataset. This iterative process ensures that statistical findings that capitalized
on chance in the first study are rigorously confirmed before being integrated into established
scientific theory.

Synthesis and Best Practices

The aposteriori test is an essential tool in the statistical toolkit, bridging the gap between general
findings and specific conclusions, particularly in complex experimental designs. Its appropriate use
is defined by a commitment to methodological rigor that counteracts the inherent risk of Type |
error inflation associated with data-driven hypothesis generation. Best practice dictates that
researchers should always prefer a priori tests when theoretical guidance is strong and specific,
reserving aposteriori procedures for necessary follow-up analyses or genuine exploratory
research.

When aposteriori testing is required, the researcher should select the most statistically
appropriate procedure based on the data structure and research question.
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For all pairwise comparisons following ANOVA with equal N: Tukey's HSD is generally the
preferred choice due to its balance of power and FWER control.

For complex contrasts or unequal variances/sample sizes: The Scheffé test provides the
strongest, albeit most conservative, control.

When the number of comparisons is small and simplicity is key: The Bonferroni or, preferably,
the Holm-Bonferroni correction offers a reliable, general-purpose adjustment.

Ultimately, the value of an aposteriori test is not merely in the statistical result it produces, but in
how transparently and honestly the researcher reports the process. The classic example often
cited is: "The researcher performed an aposteriori test after collecting data in order to find out
whether the groups were statistically different from each other, specifically using the Bonferroni
correction to maintain the family-wise error rate at 0.05 following the significant omnibus ANOVA."
This level of detail ensures that the scientific community can correctly evaluate the reliability and
generalizability of the reported findings.
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