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Perform Scheffe’s Test in Excel

The Crucial Need for Scheffe's Test in Post-Hoc Analysis

When researchers analyze experimental outcomes involving several independent samples or
groups, the initial statistical approach is typically a one-way ANOVA (Analysis of Variance). This

sophisticated method serves as the cornerstone for determining whether significant differences
exist among the means of three or more distinct groups. The ANOVA provides a powerful, initial
test concerning the overall variation within the dataset, setting the stage for deeper analysis.

The result generated by the ANOVA calculation is fundamentally a global test. If the resulting p-
value--extracted from the comprehensive ANOVA summary table--is observed to be less than the
predetermined significance threshold (conventionally set at $alpha = 0.05%), the researcher is
compelled to reject the null hypothesis. This rejection is a critical finding, indicating that the
statistical evidence gathered is sufficient to conclude that not all group means are identical; at least
one group mean deviates significantly from the others in the population.

However, the ANOVA result alone does not offer sufficient detail; it fails to identify precisely which
specific pairs of groups are statistically different from one another. Since the overall test is
significant, we must proceed to pinpoint these differences. To systematically isolate these specific
variations while simultaneously maintaining stringent control over the potential for making a Type |
error (false positive), a subsequent procedure known as a post-hoc test is absolutely mandatory.

It is essential that these comparative follow-up tests effectively control the family-wise error rate

(FWER)--the probability of making at least one Type | error across the entire set of comparisons.
Among the diverse array of post-hoc methods available, Scheffe's test is frequently employed and
highly respected for its versatility. It is robust enough to handle not only all possible pairwise
comparisons but also complex comparisons (such as comparing the average of two groups against
a third), often making it the most conservative and rigorous option. This comprehensive guide will
detail the exact, step-by-step methodology required to perform the critical Scheffe's test in Excel,
ensuring accessibility for applied statisticians and researchers.

Step 1: Structuring and Inputting Experimental Data in Excel

To demonstrate the practical application of Scheffe's procedure, we will use a common educational
scenario. Imagine an educator seeking to evaluate the relative effectiveness of three distinct
studying techniques--perhaps traditional review, flashcard memorization, and collaborative group
study--on student performance in a final exam. The educator recruits 30 students, randomly
assigning 10 students to utilize each specific studying technique for a predetermined period, and
subsequently records their final exam scores. This controlled experimental design provides the
ideal dataset for a one-way ANOVA followed by a Scheffe post-hoc analysis.

The initial action in Excel, and arguably the most crucial, is the accurate preparation and entry of
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the raw data. For statistical analysis using Excel's built-in tools, the data must be organized in a
vertical format: each independent group (studying technique) must occupy its own separate
column, with the corresponding dependent variable scores (exam results) listed directly beneath
the group label. Proper organization ensures that the statistical software correctly identifies the
grouping variables required for the ANOVA calculation.

The resulting dataset should precisely follow the structure displayed below, clearly differentiating
the three independent groups by column headers:

A B @ D E F

1 |Technique 1 Technique 2 Technique 3
2 76 81 77
3 77 82 78
4 77 83 86
5 81 83 88
6 82 83 89
7 82 84 90
8 83 87 94
9 84 90 95
10 85 92 95
11 89 93 98
12

13

14

15

16

17

18

19

20

21

22

23

24

Step 2: Executing the Preliminary One-Way ANOVA using Data Analysis
ToolPak

Before we can calculate the adjusted critical values necessary for Scheffe's comparison, we must
first successfully run the standard one-way ANOVA within Excel. This foundational step requires
the prior activation and loading of the Data Analysis ToolPak, a specialized and powerful add-in
that is indispensable for performing advanced statistical computations within the Microsoft Excel

environment. Without this tool, complex procedures like ANOVA are impossible to execute directly
within the spreadsheet software.
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To begin the analysis, users must navigate to the Data tab, which is prominently positioned on the
main ribbon interface. Within the far right of this ribbon, locate the Analysis group and click on the
Data Analysis option. If this essential command is missing from the ribbon, it signifies that the
user needs to first ensure they have correctly installed and enabled the Data Analysis ToolPak

through Excel's options menu.

Upon clicking the Data Analysis button, a specialized dialogue box will appear, listing various
statistical tests. Scroll down and select the option labeled Anova: Single Factor from this list, as
this corresponds directly to the one-way ANOVA procedure. Confirm your selection by clicking OK.

Formulas Data  Review View Help 12 Share 1 Comments
A &l £ Data Analysis
U zl §|§ Y B & 1
raphy [= Zl Sort Eilter Data Forecast | Outline
A Y& | Tools v v v
Sort & Filter Analysis
D E F G H J K

In the subsequent configuration window that opens, careful attention must be paid to the input
specifications. Define the Input Range to encompass all data columns, crucially including the
descriptive labels in the first row. Verify that the grouping is correctly set to "Columns" and that the
box confirming "Labels in first row" is checked. For this analysis, we maintain the standard alpha
level of 0.05 for determining statistical significance. Finally, specify the desired Output Range
where the detailed ANOVA summary table will be generated.
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A B C D E F G

1 |Technique 1 Technique 2 Technique 3

2 76 81 77

3 77 82 78

4 77 83 86

5 81 83 88

6 82 83 89

7 82 84 90

8 83 87 94

9 84 90 95

10 85 92 95

11 89 93 98

12
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Step 3: Interpreting the Initial ANOVA Summary and Extracting Key Metrics

Once Excel successfully executes the calculations, the comprehensive ANOVA summary table will
populate the designated output area. This table is not merely a final result; it is a repository of core
statistical metrics that are absolutely necessary to proceed with the advanced calculations required
for Scheffe's test. We must carefully review the output to extract two critical components.

For our example concerning the studying techniques, the output provides detailed summary
statistics for each group, the overall F-ratio, and the critical values used for the global significance
test:
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E 7 G H J K
Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Technique 1 10 816 81.6 16.48889
Technique 2 10 858 85.8 19.28889
Technique 3 10 890 89 50.44444
ANOQVA
Source of Variation SS df MS F P-value Fcrit
Between Groups 275.4667 2 137.7333 4.792268 0.016554 3.354131
Within Groups 776 27 28.74074
Total 1051.467 29

The most immediate focus must be on the overall p-value, which in this instance is calculated as
0.016554. Since this value is demonstrably less than the standard significance threshold ($alpha =
0.05%), we confidently confirm the initial finding: there is a statistically significant overall difference
present among the average exam scores produced by the three distinct studying techniques.
Because the global test yields a significant result, moving forward with a detailed post-hoc analysis
like Scheffe's is statistically justified and required to identify the source of the difference.

Crucially, we must extract two specific values from the ANOVA table for the subsequent Scheffe
calculation. These are the F Critical Value (3.354131) and the Mean Square Within
($text{MS}_{text{within}}$), which measures the pooled variance within the groups and is
108.9667. These two metrics form the mathematical basis for establishing the adjusted critical
threshold and calculating the specific pairwise F-statistics.

Step 4: Deriving Scheffe's Adjusted Critical Value (F")

It is important to understand that the standard F Critical Value provided in the ANOVA output is
calibrated solely for the single, overall test of means equality. It is not appropriate for the multiple
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individual comparisons required in a post-hoc procedure. Scheffe's test, being highly conservative,
demands an adjusted critical value, often denoted as F-prime ($text{F}'$), to effectively manage
and control the family-wise error rate across the entire set of potential comparisons, thereby

reducing the chance of spurious findings.

The mathematical calculation for Scheffe's Critical Value is defined by a simple modification of the
ANOVA's F Critical Value. We multiply the F Critical Value by the degrees of freedom between
groups, which is represented as $k - 1$, where $k$ is the number of groups being compared:

Scheffe's Critical Value ($text{F}'$) = F Critical Value (from ANOVA) $times$ ($k - 13)

In the context of our educational example, 'k’ (the count of studying techniques) is 3. Therefore, the
degrees of freedom between groups ($k - 1$) equals 2.

Utilizing the specific F Critical Value derived from our ANOVA summary table (3.354131), the
necessary adjusted critical threshold is calculated as follows:

$3.354131 times 2 = mathbf{6.708262}3.

This resulting figure, 6.708, now serves as the rigorous new benchmark or threshold for statistical
significance. For any calculated pairwise comparison to be deemed statistically significant under
the strict conditions of Scheffe's procedure, its corresponding calculated F-statistic must
unequivocally exceed this value of 6.708.

Step 5: Calculating Pairwise F-Statistics and Stating the Final Conclusion

The final analytical stage involves calculating the specific F-statistic for every possible pairing of
group means. Given that we are working with three groups (Techniques 1, 2, and 3), there are
three unique pairwise comparisons that must be evaluated: Technique 1 versus Technique 2,
Technique 1 versus Technique 3, and Technique 2 versus Technique 3.

The formula for the F-statistic used in a pairwise Scheffe comparison is central to deriving these
results:

$text{F-statistic}: (bar{x}_{i} - bar{x}_{ij) {2}/ (text{MS}_{text{within}} times (1/n_{i} + 1/n_{j}))$

We rely on the summary statistics from the ANOVA output to retrieve the necessary group means
($bar{x}$) and the $text{MS}_{text{within}}$ value (108.9667). Since all sample sizes ($n$) are
consistently 10 in this balanced design, the denominator term simplifies across all calculations.

These calculations are best organized and executed directly within Excel. We set up a comparison
table to clearly display the differences in means and the resulting F-statistic for each pair:
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E F G H J K
Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance
Technique 1 10 816 81.6 16.48889
Technique 2 10 858 85.8 19.28889
Technique 3 10 890 89 50.44444
ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 275.4666667 2 137.7333 4.792268 0.016554 3.354131
Within Groups 776 27 28.74074
Total 1051.466667 29
Critical Values Formulas

Scheffe's Critical Value 6.708 =K12*2
Technique 1 vs. Technique 2 3.069 =(H5-H6)"2/(H13*(1/F5+1/F6))
Technique 1 vs. Technique 3 9.527 =(H5-H7)A2/(H13*(1/F5+1/F7))
Technique 2 vs. Technique 3 1.781 =(H6-H7)72/(H13*(1/F6+1/F7))

After successfully calculating the E-statistic for all three possible pairs, the final step involves
systematically comparing each resulting value against Scheffe's Critical Value ($text{F}' =
mathbf{6.708}$). The results are summarized as follows:

Comparison of Technique 1 vs 2: The F-statistic calculated is 3.738. Since $3.738 < 6.708$, this
difference is Not statistically significant.

Comparison of Technique 1 vs 3: The F-statistic calculated is 10.854. Since $10.854 > 6.7088$, this
difference is Statistically significant.

Comparison of Technique 2 vs 3: The F-statistic calculated is 1.956. Since $1.956 < 6.708$, this
difference is Not statistically significant.

In conclusion, the Scheffe's test confirms that, although the initial ANOVA indicated overall
differences existed, the only two groups that demonstrate a statistically significantly different
effect on average exam scores are Technique 1 and Technique 3. The differences observed
between all other pairs are likely attributable to random chance or sampling error.
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Further Resources for Statistical Comparison Methods

For readers aiming to deepen their command of statistical comparisons, post-hoc analyses, and
methodological rigor, the following authoritative resources are highly recommended for advanced
learning and application:

A detailed methodological overview of various post-hoc test procedures, exploring alternatives to
Scheffe's method.

In-depth conceptual understanding of the application and control of the family-wise error rate when
conducting multiple comparisons.

Comprehensive guides and troubleshooting advice on enabling and utilizing the Data Analysis
ToolPak for advanced statistical modeling and regression analysis in Excel.
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