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• Researchers commonly use MCPs following statistically significant ANOVA and 
main effects from Factorial ANOVA

• Most commonly these are post hoc pairwise comparisons (e.g., Tukey-Kramer 
or Games-Howell), but researchers do sometimes use a priori contrasts that 
include non-pairwise (complex) comparisons

• Very few use the Scheffé post hoc method because it is well-known to lack the 
statistical power of other MCPs for the pairwise post hoc comparisons that 
most researchers use—and most statistics programs provide only pairwise 
Scheffé

• The Scheffé MCP has lower power because it adjusts for all possible 
comparisons: all pairwise and non-pairwise comparisons—but researchers 
often don’t know where to start with non-pairwise post hoc comparisons

Multiple Comparison Procedures (Post Hoc)

https://people.ohio.edu/brooksg/                 https://www.ninaadjanin.com/



One of the Most Embarrassing Outcomes for a Statistician…

• Result: The F-test for a One-Way ANOVA with five treatment 
groups is significant at the .05 level but NONE of the pairwise 
comparisons between the five means is statistically significant.

• Solution: Cry hard… then work hard… to find some obscure, 
meaningless complex (i.e., Scheffé) comparison that IS
significant, such as: the average of the first three treatment 
means is significantly different from the average of the last two 
treatment means!

(from Gary Ramseyer’s First Internet Gallery Of Statistics Jokes:  
 https://about.illinoisstate.edu/gcramsey/other/ )

First… a little joke…
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• However, only Scheffé MCP guarantees congruence to find a statistically 
significant comparison when the omnibus ANOVA is statistically 
significant—and conversely, NOT find one when ANOVA is not significant
• As the joke said… ANOVA can be significant, but no pairwise comparison is
• See Kirk (2013), Maxwell, Delaney, & Kelley (2018), Keppel & Wickens (2004)

• A maximum Scheffé contrast/comparison can be calculated that 
provides the set of contrast coefficients for the means that maximally 
differentiates some combination of groups on the dependent variable
• And there is a formula… so it is not a lot of hard work to calculate the MAX
• This maximum comparison has the same statistical significance as the omnibus 

Fisher F ANOVA and is usually a non-pairwise, complex comparison
• Unfortunately, the hard work can be in the interpretation

Congruence of Scheffé with Omnibus ANOVA
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Where:  𝒄𝒊 is the contrast/comparison coefficient for group i

  𝑵𝒊 is the sample size in each group

  ഥ𝑻 is the dependent variable grand mean for the total sample

 𝑿𝒊 is the dependent variable mean for group i

  SSB is the sum of squares between groups from ANOVA

  ෩𝑵 is the harmonic mean group sample size

Scheffé Maximum Contrast/Comparison
Scheffé (see Keppel & Wickens, 2004; 
Williams, 1979) 

Hollingsworth (1978, see also Williams, 
1979) 
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Therefore, the unscaled contrast coefficients, ci, are calculated as follows:

  c1 = 10(54.9-49.3) / 26.43 =  56 / 26.43 =   2.119

  c2 = 10(45.9-49.3) / 26.43 = -34 / 26.43 = -1.286

  c3 = 10(51.7-49.3) / 26.43 =  24 / 26.43 =   0.908

  c4 = 10(44.7-49.3) / 26.43 = -46 / 26.43 = -1.742

Maximum Contrast/Comparisons (continued)

For example: 𝑵𝒊 = 𝟏𝟎 for all groups  ഥ𝑻 = 𝟒𝟗. 𝟑 

  SSB = 698.4   𝑿𝒊 = {𝟓𝟒. 𝟗, 𝟒𝟓. 𝟗, 𝟓𝟏. 𝟕, 𝟒𝟒. 𝟕} 

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/


• Unfortunately, coefficient weights from this maximum Scheffé 
comparison are often uninterpretable or meaningless from a practical or 
theoretical perspective (see introductory joke… also see Schmid, 1977).

• For example, it is hard to make sense of the maximum Scheffé 
coefficients from the previous slide

 Scheffé Max  Scaled Scheffé (contrasts sum to 1 and -1)

c1 =   2.119    0.700
c2 =  -1.286   -0.425
c3 =    0.908    0.300
c4 =  -1.742   -0.575

Scheffé and Non-pairwise Complex Comparisons
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C  This program computes one-way analysis of variance with

C  both Scheffe and Brown-Forsythe-Scheffe post hoc tests.

C  It was pieced together by Robert S. Barcikowski during

C  the last week in April, 1993 and revised April, 2000.

C********************************************************

   DO 14 I = 1, JN

   ZMEAN(I) = (XBAR(I) - GM) / DMS

14 CONTINUE

   CALL HOLLY(LEVELS, SSB, GM, XBAR, BARCOE, RN)

   PRINT 12, (BARCOE(I), I = 1, LEVELS)

12 FORMAT(1H0,'MAXIMUM CONTRAST HAS FOLLOWING COEFFICIENTS'

  <     ,//,10F8.3,//)

   CALL HELMRT(HELM, LEVELS, ALLCON, HELNUM)

   CALL SCHEFE(BARCOE, XBAR, LEVELS, MSE, . . . , ITEST)

   CALL BFS(SDE, BARCOE, RN, LEVELS, DFB, ALPHA, APSI)

   IF (NC .EQ. 0) GO TO 23

23 STOP

   END

Robert Barcikowski & Rationale for “Human Contrasts”
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The purpose is to 
provide a relatively easy 
way (unlike in the joke) 
to find statistically 
significant – and 
INTERPRETABLE – 
Scheffé comparisons 
(and Brown-Forsythe 
adjustments for 
unequal variances, like 
Games-Howell)



• Barcikowski suggested a method to identify the maximum “human-
friendly” comparison that approximates the maximum Scheffé 
comparison—but with coefficients that are reasonably interpretable

• Barcikowski approach tests all possible comparisons that use 
“reasonable” (i.e., human-friendly) ways to compare complex 
combinations of groups, for example:
• Comparison of a control (or combination of treatments) group with the average of 

multiple treatment groups (i.e., something versus nothing)
• Comparison of a low-dose treatment group with the average of higher-dose 

groups (i.e., some versus more)
• Comparison of the average of 2 control groups with average of 3 treatment groups 

(we disagree with the joke here…)

Barcikowski “Human-Friendly” Complex Comparisons
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“Human-friendly” contrasts
(“Helmert-plus” complex comparisons)
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 Comparison Coefficient 

Comparison 1 2 3 4 5 6 7 8 
1 0.25 0.25 0.25 0.25 -0.25 -0.25 -0.25 -0.25 
2 0.33 0.33 0.33 -0.20 -0.20 -0.20 -0.20 -0.20 
3 0.33 0.33 0.33 0 -0.25 -0.25 -0.25 -0.25 
4 0.33 0.33 0.33 0 0 -0.33 -0.33 -0.33 
5 0.50 0.50 -0.17 -0.17 -0.17 -0.17 -0.17 -0.17 
6 0.50 0.50 0 -0.20 -0.20 -0.20 -0.20 -0.20 
7 0.50 0.50 0 0 -0.25 -0.25 -0.25 -0.25 
8 0.50 0.50 0 0 0 -0.33 -0.33 -0.33 
9 0.50 0.50 0 0 0 0 -0.50 -0.50 

10 1.00 -0.14 -0.14 -0.14 -0.14 -0.14 -0.14 -0.14 
11 1.00 0 -0.17 -0.17 -0.17 -0.17 -0.17 -0.17 
12 1.00 0 0 -0.20 -0.20 -0.20 -0.20 -0.20 
13 1.00 0 0 0 -0.25 -0.25 -0.25 -0.25 
14 1.00 0 0 0 0 -0.33 -0.33 -0.33 
15 1.00 0 0 0 0 0 -0.50 -0.50 
16 1.00 0 0 0 0 0 0 -1.00 

 
And then all permutations of these sets of coefficients… resulting in 
3025 unique comparisons (in the case of 8 groups)

Groups Comparisons

3 6

4 25

5 75

6 301

7 476

8 3025



• Barcikowski’s method identifies the maximum comparisons (based on 
contrast sum of squares explained) from among all possible reasonably 
interpretable Scheffé-like, Human-friendly contrasts/comparisons
• This will include any statistically significant pairwise comparisons
• We call them “comparisons” because they are intended for Post Hoc (even 

though Scheffé are typically called “contrasts”)

• We have created an R Shiny web app to obtain
• the Scheffé, Scaled Scheffé, and Hollingsworth maximum comparisons
• the maximum Barcikowski human-friendly comparison, and all other 

statistically significant human-friendly comparisons
• the relatively unknown Brown-Forsythe adjustment to the Scheffé MCP for 

when the equal variances assumption is not met

Barcikowski Human-Friendly Complex Comparisons

72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/


• To share results from recent research (especially, congruence) 
that supports the use of Barcikowski’s Human-friendly 
comparisons method

• Further, we will share information about using the R Shiny App

• Finally, we share some examples of datasets from among several 
well-known design and analysis textbooks that might have 
benefited from using Scheffé maximum comparisons and 
Barcikowski human-friendly comparisons instead of focusing 
only on Pairwise comparisons

Purpose of Presentation
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Congruence for Non-significance (robustness)
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Scheffé 

maximum 

comparison 

Hollingsworth 

maximum 

comparison 

1st most 

explanatory 

Human-friendly 

comparison 

2nd most 

explanatory 

Human-friendly 

comparison 

N SD Shape     

40,40,40,40 10,10,10,10 Normal 100.00% 100.00% 99.29% 98.13% 

28,36,44,52 10,10,10,10 Normal 100.00% 99.70% 99.01% 97.94% 

40,40,40,40 13,11,9,7 Normal 100.00% 100.00% 99.36% 98.32% 

28,36,44,52 13,11,9,7 Normal 100.00% 99.64% 98.82% 97.40% 

28,36,44,52 7,9,11,13 Normal 100.00% 99.76% 99.23% 98.35% 

40,40,40,40 10,10,10,10 Skewed 100.00% 100.00% 99.25% 98.03% 

28,36,44,52 10,10,10,10 Skewed 100.00% 99.61% 99.03% 97.95% 

40,40,40,40 13,11,9,7 Skewed 100.00% 100.00% 99.34% 98.03% 

28,36,44,52 13,11,9,7 Skewed 100.00% 99.69% 98.84% 97.53% 

28,36,44,52 7,9,11,13 Skewed 100.00% 99.77% 99.28% 98.52% 

40,40,40,40 10,10,10,10 Kurtotic 100.00% 100.00% 99.16% 98.02% 

28,36,44,52 10,10,10,10 Kurtotic 100.00% 99.64% 99.01% 98.02% 

40,40,40,40 13,11,9,7 Kurtotic 100.00% 100.00% 99.22% 98.01% 

28,36,44,52 13,11,9,7 Kurtotic 100.00% 99.66% 98.80% 97.36% 

28,36,44,52 7,9,11,13 Kurtotic 100.00% 99.74% 99.23% 98.39% 

 



Congruence for Significance (statistical power)
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Scheffé 

maximum 

comparison 

Hollingsworth 

maximum 

comparison 

1st most 

explanatory 

Human-friendly 

comparison 

2nd most 

explanatory 

Human-friendly 

comparison 

 Means     

 50, 50, 50, 54 1 100.00% 100.00% 97.52% 93.31% 

 50, 50, 50, 58 1 100.00% 100.00% 98.98% 96.62% 

 50, 50, 54, 54 1 100.00% 100.00% 96.95% 91.03% 

 50, 50, 54, 54 2 100.00% 99.11% 96.17% 90.56% 

 50, 50, 54, 54 3 100.00% 100.00% 96.94% 91.18% 

 50, 50, 54, 58 1 100.00% 100.00% 98.15% 94.37% 

 50, 50, 58, 58 1 100.00% 100.00% 99.24% 97.04% 

 50, 54, 54, 58 1 100.00% 100.00% 97.53% 92.35% 

 

4-group results were presented at American Educational Research Association (AERA) in April 2023 and 
5-group results were presented at Mid-Western Educational Research Association (MWERA) in October 
2023, and all results have been accepted for publication in the General Linear Model Journal (glmj.org).
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• We reviewed many datasets used as examples for ANOVA in well-known 
textbooks and also many datasets provided by R datasets package
• Most of these example datasets were also used to illustrate Pairwise Multiple 

Comparison Procedures

• We identified numerous examples from among these well-known 
datasets where the pairwise comparisons were not the most 
explanatory—we will share several such examples

• We believe there can be value in identifying, and making sense of, the 
maximum Scheffé comparison (which is frequently a complex 
comparison), or similarly, a Barcikowski Human-friendly comparison

Value of Complex versus Pairwise Comparisons
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Example: All 25 sets of coefficients for 4 groups

Comparison 1 2 3 4 Comparison 1 2 3 4
1 1.00 -0.50 -0.50 0 13 1.00 -0.33 -0.33 -0.33
2 1.00 -0.50 0 -0.50 14 -0.33 1.00 -0.33 -0.33
3 1.00 0 -0.50 -0.50 15 -0.33 -0.33 1.00 -0.33
4 0 1.00 -0.50 -0.50 16 -0.33 -0.33 -0.33 1.00
5 -0.50 1.00 -0.50 0 17 1.00 -1.00 0 0
6 -0.50 1.00 0 -0.50 18 1.00 0 -1.00 0
7 -0.50 0 1.00 -0.50 19 1.00 0 0 -1.00
8 0 -0.50 1.00 -0.50 20 0 1.00 -1.00 0
9 -0.50 -0.50 1.00 0 21 0 1.00 0 -1.00

10 -0.50 -0.50 0 1.00 22 0 0 1.00 -1.00
11 -0.50 0 -0.50 1.00 23 0.50 0.50 -0.50 -0.50
12 0 -0.50 -0.50 1.00 24 0.50 -0.50 0.50 -0.50

25 0.50 -0.50 -0.50 0.50

Contrast/Comparison Coefficient Contrast/Comparison Coefficient



72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/

Stevens

(2007)

IRS Data

(p. 97)

Example 
contrasts 
from earlier 
in 
presentation

• Output shows 
comparisons 
that were 
statistically 
significant at 
alpha = .15

• Family 13-24
• No pairwise 

Scheffé SIG (but 
1v4 was SIG as 
Tukey)

• Scheffé MAX 
itself is hard to 
interpret

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Adjanin

and

Brooks 

(2023)

• Default 
example on R 
Shiny App 
website

• Oculus VR 
goggles vs 
other rather 
than only 
Oculus vs 
Phone

• Family comes 
from 
DescTools 
output

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Adjanin

and

Brooks 

(2023)

continued

• Contains all 
information 
necessary for 
complete 
One-way 
ANOVA 
analysis, 
including 
descriptive 
statistics and 
tests of 
assumptions

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Adjanin

and

Brooks 

(2023)

continued

• Includes output 
from the jmv 
package in R for 
both Games-
Howell and Tukey 
(and Scheffé)

• Also includes 
Helmert 
contrasts for 
information… but 
these are 
UNADJUSTED p 
values

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Toothaker 

(1991)

Table 3.3

(p. 72)

• Scheffé Family 
345-12 not most 
explanatory after 
“humanized” (two 
coefficients very 
close to 0)

• 345-12 Family 
appears as 6th 
contrast on page 2 
of results

• Barcikowski MAX 
does not include 
them (they are 0)

• Could simplify the 
SchefféMAX and 
test it specifically, 
but there could be 
multiple ways to 
simplify it

• The Barcikowski 
comparisons do 
this automatically

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Tamhane

and

Dunlop

(2000)

Table

12.5

(p. 479)

• Family 12-34 is 2nd 
most explanatory 
after being 
“Humanized”

• One 
Barcikowski 
comparison is 
more 
explanatory 
than the 
Scheffé 
“family”

• Pairwise 3rd 

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Chick

Weight

(R 

dataset

Day 21 

only)

• Family 12-34 for 
SchefféMAX is 4th 
most explanatory 
after being 
“Humanized”

• 2 coefficients 
closer to 0 so 
BarcikowskiMAX is 
a different 
“family”

• Sometimes 
PAIRWISE is 
the most 
explanatory

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Stevens

(2007)

Sesame

Street

Data

(p. 100)

• Another example 
where the 
“Family” changes

But…
• An example 

of Violation 
of 
Homogeneity 
of Variances 
(see next 
slide)

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Stevens

(2007)

Sesame

Street

Data

(p. 100)

But…
• An example of 

Violation of 
Homogeneity of 
Variances

• Welch is 
statistically 
significant (as well 
as Brown-Forsythe 
omnibus test)

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/


72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/

Stevens

(2007)

Sesame

Street

Data

(p. 100)

• Provides Brown-
Forsythe robust 
tests for 
SchefféMAX, 
Hollingsworth, 
and top 4 
Barcikowski

• Need to 
compare 
statistic to 
critical value 
(no 
calculation of 
p values 
available)

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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chickwts 

(R 

dataset)

• Four Human 
contrasts more 
explanatory than 
first Pairwise

• Maybe something 
useful 
theoretically from 
combining 2,3,5 
together vs 1,4,6

• Or… 1 vs 23
• Or… 2 vs 14
• Or… 23 vs 1456

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Keselman

Cribbie

& Holland

(2004)
• Family 345-12 but 

two coefficients 
close to 0

• Barcikowski does 
not include them

• TwoBelow vs 
(OneAbove & 
TwoAbove)

• Below vs (Same & 
Above)

• TwoBelow vs 
TwoAbove

Pairwise 
multiple 
comparison 
test 
procedures: 
An update 
for clinical 
child and 
adolescent 
psychologists

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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Maxwell

and

Delaney

(2004)

Table 

5.4

(p. 206)

Their example was a 
priori contrasts:
• Drug vs Bio
• Drug vs Diet
• Bio vs Diet
• Combo vs Avg
• Combo vs Drug 

was only 
significant Tukey

https://72x6cr-gordon-brooks.shinyapps.io/Human_Friendly_Contrasts/
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