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The Role of One-Way ANOVA and the Necessity of Post Hoc Tests

The one-way Analysis of Variance (ANOVA) serves as a fundamental statistical tool in

experimental research. Its primary function is to rigorously determine whether statistically
significant differences exist among the mean values derived from three or more distinct,
independent groups. This technique is indispensable for researchers seeking to evaluate the
influence of a categorical independent variable (often referred to as a factor) on a continuous

dependent variable. By performing a single F-test, ANOVA efficiently assesses the overall
variability between groups relative to the variability within groups. This aggregated approach is
crucial because it successfully controls the inflation of Type | errors--the risk of false positives--that
would inevitably occur if numerous individual pairwise t-tests were conducted across all possible
group combinations.

When the comprehensive ANOVA analysis is performed, the resulting overall p-value is compared
against a predetermined significance level, typically set at a = 0.05. If the p-value falls below this

critical threshold, the researcher has sufficient evidence to prompt the powerful step of rejecting
the null hypothesis. Rejecting the null hypothesis confirms that the independent variable exerts a

measurable effect on the outcome and signifies that not all group means are equivalent. However,
this critical finding, while confirming the existence of a difference, is fundamentally limited: it only
establishes that a discrepancy exists somewhere among the groups, failing to specify the exact
location of that difference.

The inherent limitation of the one-way ANOVA is its inability to pinpoint precisely which specific
group pairs are statistically distinct from one another. For example, if we are comparing three
treatment methods, A, B, and C, a significant ANOVA result confirms that the three means are not
the same, yet it provides no clarity on whether the divergence lies between A and B, B and C, or A
and C. To resolve this crucial ambiguity and conduct granular, targeted comparisons, a
subsequent analytical step must be undertaken. This step ensures that the research conclusions
are specific and actionable, moving beyond the general finding of difference.

Therefore, to accurately identify these specific, localized differences among group means,
researchers must employ a dedicated post hoc test, a term that translates literally to "after the
fact." These specialized procedures are explicitly designed to execute multiple comparisons while
maintaining strict control over the increased probability of committing a Type | error--the error of
falsely concluding a difference where none exists. This inflated risk naturally arises when
conducting many statistical tests simultaneously on the same data set. The meticulous application
of an appropriate post hoc procedure is paramount for ensuring the statistical validity and
bolstering the trustworthiness of the final research findings.
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Understanding Scheffe's Test: The Standard for Flexibility and Conservatism

Among the diverse suite of available post hoc procedures, Scheffe's test distinguishes itself as an
exceptionally powerful and versatile statistical method. It is routinely utilized following a significant
ANOVA result to perform all possible simple pairwise comparisons. However, its true statistical
strength lies in its unparalleled capacity to handle highly complex, non-pairwise contrasts. This
includes comparing the mean of one set of groups against the mean of another set of groups, or
even against a single specific group. This flexibility makes Scheffe's test an indispensable tool,
particularly for exploratory analyses where the specific hypotheses about group differences were
not rigorously defined or limited prior to data collection.

A defining and often cited characteristic of Scheffe's method is its inherently conservative nature.
This conservatism is critical because it offers the most rigorous control over the family-wise error

rate (FWER). The FWER is formally defined as the overall probability of making at least one Type |
error across all comparisons conducted within the scope of the study. By adopting this cautious
approach, Scheffe's test substantially minimizes the chance of falsely rejecting a true null
hypothesis. This protection is particularly valuable when the researcher intends to perform a large
number of comparisons or when complex contrasts are the primary analytical focus, thereby
offering robust defense against misleading false positive conclusions.

While the conservative protection afforded by Scheffe's test may sometimes result in lower
statistical power when compared strictly to less rigid procedures, such as Tukey's Honestly
Significant Difference (HSD) test, especially in the context of only simple pairwise comparisons, its
capacity for intricate contrasts remains unmatched. Due to this unique combination of rigor in error
control and breadth in analytical capability, Scheffe's method remains a preferred choice for
comprehensive and exploratory data analysis. The following sections will provide a detailed,

practical demonstration of how to accurately implement Scheffe's test within the powerful SAS
statistical software environment, detailing the necessary syntax and interpretation steps required
for valid research reporting.

Structuring the Data Set in SAS

To clearly illustrate the practical application of Scheffe's test, we will utilize a hypothetical research
scenario involving the evaluation of educational efficacy. Consider a study involving 30
participants, specifically designed to assess the effectiveness of three distinct studying methods
(labeled A, B, and C) on subsequent final exam performance. Each student is randomly assigned
to one of the three methods, and their final examination score is recorded as the primary outcome
measure. The analytical objective is to determine if any of these methods yield significantly
different mean scores from the others.

The initial and most fundamental step in conducting this analysis within the SAS environment is the
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proper creation and structuring of the necessary data set. We must define the two primary
variables central to the ANOVA model: 'Method' as the categorical independent variable (the
grouping factor) and 'Score’ as the continuous dependent variable (the outcome measure). The
subsequent SAS code block demonstrates the precise syntax required to input this mock data
using the “datalines’ statement, ensuring the data is correctly prepared for the subsequent ANOVA
procedure.

[*create dataset*/
data my_data,;
input Method $ Score;
datalines;
A 76
AT7
AT7

A 81

A 82

A 82

A 83

A 84

A 85

A 89

B 81

B 82

B 83

B 83

B 83

B 84

B 87

B 90

B 92

B 93

cr77

C78

Cc79

C 88

C 89

C90

coa1

C95

Cc 98
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C 98

run;

This resulting data structure establishes 10 observations for each of the three study methods (A, B,
and C), confirming a balanced design. It is important to note the dollar sign ($) following the
'Method' variable in the “input’ statement. This symbol is hecessary within SAS syntax to correctly
identify 'Method' as a character or categorical variable, which is essential for its subsequent
classification and accurate treatment as the grouping factor within the ANOVA statistical model.

Executing the ANOVA and Scheffe's Post Hoc Test in SAS

Once the data set (‘my_data’) has been successfully generated and compiled within the SAS
environment, the core statistical analysis is executed using the PROC ANOVA procedure. This
powerful procedure is specifically optimized to handle balanced designs--where sample sizes
across groups are equal, as demonstrated in our example. The procedure will first execute the
overarching F-test to assess for initial mean differences across the studying methods.

The primary operational advantage of utilizing PROC ANOVA in SAS is the capacity to seamlessly
integrate the desired post hoc comparison directly within the procedure block. By specifying the
appropriate options within the "MEANS" statement, we instruct SAS to automatically conduct
Scheffe's test immediately upon completion of the initial F-test. This conditional execution ensures
that the detailed pairwise comparisons are available if, and only if, the overall ANOVA detects a
statistically significant difference, streamlining the analytical workflow.

[*perform one-way ANOVA with Scheffe's post-hoc test*/
proc ANOVA data=my_data;

class Method;

model Score = Method,;

means Method / scheffe cldiff;

run;

Explanation of the Critical Syntax Elements: The CLASS statement explicitly identifies 'Method'
as the independent grouping factor, which SAS treats as a discrete variable. The MODEL
statement defines the linear statistical relationship, specifying 'Score' as the dependent variable
that is hypothesized to be predicted or influenced by 'Method'. Most crucially, the MEANS

statement, combined with the SCHEFFE option, triggers the execution of Scheffe's post hoc test.
The inclusion of the additional CLDIFF option is highly recommended practice as it instructs SAS
to compute and display the confidence intervals for the differences between all paired means.
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These intervals are essential supplementary statistics that aid significantly in the robust
interpretation and reporting of the final results.

Interpreting the Initial ANOVA Summary Table

Upon execution of the SAS code, the first output component requiring careful scrutiny is the
ANOVA summary table. This table precisely encapsulates the results of the overall F-test and

serves as the fundamental basis for determining whether the subsequent post hoc analysis is
statistically warranted. It summarizes the partition of variance, detailing the portion attributed to the
factor (Method) versus the unexplained portion attributed to the error (residual).

The ANOVA Procedure

Dependent Variable: Score

Source DF | Sum of Squares | Mean Square F Value @ Pr>F
Model 2 229.266667 114.633333 3.49  0.0448
Error 27 886.100000 32.818519

Corrected Total 29 1115.366667

R-Square | Coeff Var | Root MSE | Score Mean
0.205553 | 6.721249 = 5728745 85.23333

Source @ DF Anova SS | Mean Square | FValue | Pr>F
Method 2  229.2666667 @ 114.6333333 3.49 | 0.0448

From the provided ANOVA table output, we extract the critical statistical metrics necessary for
formal hypothesis testing:

The calculated overall F-value is 3.49.
The corresponding p-value (Pr > F) is 0.0448.

To formalize our interpretation, we must recall the established hypotheses for this one-way
ANOVA:

HO (Null Hypothesis): The mean exam scores for all three study methods are statistically
equivalent (MA = uB = pC).
HA (Alternative Hypothesis): At least one group mean is significantly different from the others.

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://en.wikipedia.org/wiki/Analysis_of_variance#Summary_table
https://en.wikipedia.org/wiki/P-value
https://en.wikipedia.org/wiki/Null_hypothesis
https://en.wikipedia.org/wiki/Alternative_hypothesis
https://statistics.arabpsychology.com/?p=1553
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

Understanding Scheffe’s Test: A Practical Guide with SAS for ANOVA Post-Hoc Analysis

By comparing the obtained p-value (0.0448) to our predetermined significance level (a = 0.05),

we observe that the p-value is indeed less than alpha (p < a). This result provides compelling
statistical evidence to reject the null hypothesis. Consequently, we confidently conclude that

there is a statistically significant difference in mean exam scores attributable to the three

distinct studying methods. Since significance was established by the F-test, we are justified in
proceeding immediately to the Scheffe's test output to localize the specific source of these
differences.

Detailed Analysis of Scheffe's Post Hoc Test Output

Given the statistical significance confirmed by the overall ANOVA, our analytical focus now shifts
decisively to the results generated specifically by Scheffe's post hoc test. This dedicated table
within the SAS output is designed to precisely reveal which particular pairs of study methods differ

significantly, having successfully adjusted for the increased risk associated with performing
multiple comparisons.

The ANOVA Procedure

Scheffe's Test for Score

Note: This test controls the Type | experimentwise error rate, but it generally has a higher Type Il error rate than Tukey's for all pairwise comparisons.

Alpha 0.05
Error Degrees of Freedom 27
Error Mean Square 32.81852
Critical Value of F 3.35413

Minimum Significant Difference 6.6356

Comparisons significant at the 0.05 level are indicated by ***.

Difference
Method Between
Comparison Means | Simultaneous 95% Confidence Limits
C-B 2.500 -4.136 9.136
C-A 6.700 0.064 13.336 |
B-C -2.500 -9.136 4.136
B-A 4.200 -2.436 10.836
A-C -6.700 -13.336 -0.064
A-B -4.200 -10.836 2.436

To accurately identify the statistically significant pairwise comparisons, analysts typically look for
specific indicators generated by the software, which often manifest as asterisks (***) or by
meticulously examining the computed confidence intervals for zero inclusion. In this specific SAS
output format, the asterisks clearly mark those comparisons where the difference between the
means is significant at the predefined alpha level (0.05), according to the highly conservative
Scheffe criterion.
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Based on a careful and systematic review of the output table, a definitive statistically significant

difference in mean exam scores is observed exclusively between Group A and Group C.
Importantly, all other pairwise comparisons--specifically Method A versus Method B, and Method B
versus Method C--do not demonstrate significant differences when evaluated under the
conservative Scheffe criteria. This key finding suggests that while Methods A and C yield outcomes
that are reliably distinct from one another, Method B's performance is not sufficiently different from
either of the other two methods to achieve statistical significance given the strict control over the
family-wise error rate.

Drilling down into the quantified difference for the significant pair, the mean score for Group C is
calculated to be 6.7 points higher than the mean score for Group A. Furthermore, the 95%
confidence interval for this difference is precisely calculated as . Since this confidence interval

does not encompass the value of zero, it provides unequivocal confirmation of the significant
difference between the mean scores of the Group C and Group A studying methods, providing a
robust and statistically sound conclusion.

Conclusion and Recommended Further Learning

The implementation of Scheffe's test following a significant one-way ANOVA result provides the
necessary depth to localize the precise sources of mean differences while maintaining rigorous
control over the family-wise error rate. This process, as demonstrated using SAS, moves the
analysis beyond a simple declaration of difference toward specific, actionable conclusions about
group performance.

To further enhance your proficiency in advanced statistical analysis, particularly concerning
ANOVA models and the strategic selection and application of various post hoc tests, we

recommend exploring supplementary educational resources. Solidifying your understanding of
these critical statistical concepts is paramount for high-quality research and data interpretation.

For detailed tutorials and practical guidance on selecting and executing post hoc comparisons,
please refer to the following resource:

A Guide to Using Post Hoc Tests with ANOVA
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