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• Contrast analysis is to explore and interpret the pattern of differences 
between groups

• E.g., compare the life satisfaction between civil servants, employees in private 
sectors, business owners, and university students

• The omnibus test in ANOVA only tells whether or not the population 
means are all equal. If not, how do we find out the source of difference?

• In this chapter, specific types of comparisons aiming to answer specific 
research questions are introduced, such as compare between students 
and non-students.

• Combine Groups 1, 2, and 3 as a new group and compare it with Group 4

• If multiple contrasts should be conducted, the familywise error rate must 
be controlled.
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Introduction



• Compare between four experiment groups to test the 
effectiveness of blood pressure medicine

• We want to test if there are mean differences between specific 
groups. Contrast analysis can be used to do that.

• New drug vs. original drug: 𝜇1 − 𝜇2

• Drug vs. placebo: 
𝜇1+𝜇2

2
− 𝜇3

19 January 2026 Sunthud Pornprasertmanit (Stat Psy II) 4

Contrast Analysis

New 
Drug

Original 
Drug

Placebo No Drug

𝜇1 𝜇2 𝜇3 𝜇4

The omnibus test in one-way 

ANOVA shows that the

four population means are not 

all equal. That is, we reject 
𝐻0: 𝜇1 = 𝜇2 = 𝜇3 = 𝜇4.



• Two types of contrasts
• Pairwise comparison. The difference is only based on two groups 

such as new vs. original drug

• Complex (or customized) comparison. The difference is based 
on more than two groups, such as blood pressure drugs vs. placebo

• We discussed the pairwise comparison in the last chapter. In 
this chapter, we will formally discuss all types of contrasts.
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Contrast Analysis



• The generic formula of contrast

• For example,
• 𝜇1 − 𝜇2  → 𝑐1 = 1, 𝑐2 = −1, 𝑐3 = 0, 𝑐4 = 0

•
𝜇1+𝜇2

2
− 𝜇3  → 𝑐1 =

1

2
, 𝑐2 =

1

2
, 𝑐3 = −1, 𝑐4 = 0
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Contrast Analysis

𝜓 = ෍

𝑗=1

𝑘

𝑐𝑗𝜇𝑗



• Rule to make contrasts

• σ𝑗=1
𝑘 𝑐𝑗 = 0 (Necessary)

• The sum of 𝑐𝑗 in the positive side is 1 and the sum in the negative 
side is -1 (Not necessary). This will make the resulting contrast 
(mean difference) on the metric of the original scale.
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Contrast Analysis

Contrast 𝒄𝟏 𝒄𝟐 𝒄𝟑 𝒄𝟒 Sum Sum of the 
positives

Sum of the 
negatives

𝜇1 − 𝜇2 1 -1 0 0 0 1 -1

𝜇1 + 𝜇2

2
− 𝜇3

0.5 0.5 -1 0 0 1 -1



• Previously, the contrast is defined in the population level. The 
sample definition is as follows:

• Various complex/customized hypotheses can be tested by 
setting 𝜓 = 0.

19 January 2026 Sunthud Pornprasertmanit (Stat Psy II) 8

Contrast Analysis

෠𝜓 = ෍

𝑗=1

𝑘

𝑐𝑗
ത𝑌𝑗

𝐻0: 𝜓 = 0

𝐻0: 𝜇1 − 𝜇2 = 0

𝐻0:
𝜇1 + 𝜇2

2
− 𝜇3 = 0

𝐻0: 𝜇1 = 𝜇2

𝐻0:
𝜇1 + 𝜇2

2
= 𝜇3



• Under H0, 𝜓 = 0 in the population. However, the obtained ෠𝜓 is 
not equal to 0 because of sampling error.

• Hypothesis testing is to check the chance to get ෠𝜓 or more 
extreme when the null hypothesis is true.

• Thus, we need to find the p-value and compare the p-value 
with a pre-determined significance level  (typically .05).
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Hypothesis Testing
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Hypothesis Testing

Compare PISA math test scores 

between Grade 9 students from 

5 schools.

Sample: 50 Grade 9 students 

are randomly selected in each 
school.

Schools B and C are private schools.
Schools A, D, and E are public schools.

Research Hypothesis

Public and private schools have different 
PISA math test scores.

𝐻0:
𝜇𝐴 + 𝜇𝐷 + 𝜇𝐸

3
=

𝜇𝐵 + 𝜇𝐶

2

𝐻1:
𝜇𝐴 + 𝜇𝐷 + 𝜇𝐸

3
≠

𝜇𝐵 + 𝜇𝐶

2
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Hypothesis Testing

One group includes Schools A, D, and E. The sum of the coefficient must be 1.
So, the coefficient of each group is 1/3 or 0.333.

The other group includes Schools B and C. The sum of the coefficient must be -1.
So, the coefficient of each group is -1/2 or -0.5.

𝐻0: 𝜓 =
1

3
𝜇𝐴 −

1

2
𝜇𝐵 −

1

2
𝜇𝐶 +

1

3
𝜇𝐷 +

1

3
𝜇𝐸 = 0

𝐻0:
𝜇𝐴 + 𝜇𝐷 + 𝜇𝐸

3
=

𝜇𝐵 + 𝜇𝐶

2

A B C D E

Public Private Private Public Public

0.333 -0.5 -0.5 0.333 0.333

Compare PISA math test scores 

between Grade 9 students from 

5 schools.

Sample: 50 Grade 9 students 

are randomly selected in each 
school.
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Hypothesis Testing

෠𝜓 =
1

3
𝑀𝐴 −

1

2
𝑀𝐵 −

1

2
𝑀𝐶 +

1

3
𝑀𝐷 +

1

3
𝑀𝐸

     =
450

3
−

615

2
−

554

2
+

428

3
+

480

3
= −132.04

Compare PISA math test scores 

between Grade 9 students from 

5 schools.

Sample: 50 Grade 9 students 

are randomly selected in each 
school.
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If users wish to

specify the contrast

coefficients of each

group manually, 
the GAMLj3 is needed.

Specify grouping and outcome
variables

Go to Factor Coding

Change the drop-down box to custom

Write the contrast coefficients. Separate

each group by comma. Fractions are 

not allowed so the fractions are 

transformed to decimals.
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The omnibus test indicated significant differences 
between schools.

The contrast was significant. The 

private schools had better math scores

than the public schools.

The significant testing was accurate.

These values were not correct.

The estimate is supposed to be -132.04.
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Run R in Jamovi using Rj.

Then, use the glht function in

the multcomp package to 

run a custom contrast to get
accurate estimates and CI.

The contrast estimate is correct.

The t-value matches the Jamovi
output.

Correct CI



• CI represents a range of plausible population values of simple 
or complex contrasts.

• If the CI does not include 0, the contrast is significantly 
different from 0. That is, the hypothesized population mean 
difference exists.
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Confidence Interval of the Contrast 



• The assumption of contrast analysis is homogeneity of 
variance.

• The robustness of tests in contrast analysis is not as strong as the 
omnibus test.

• For example, if Groups 3 and 4 are compared, the pooled SD will 
be calculated from all groups, including Groups 1 and 2 (which are 
irrelevant in this contrast). If the population variances are not all 
equal, the results will be biased.

• Although the group sizes are all equal, the robustness is not better.
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Assumption



• To check the homogeneity of variance, Levene’s test can be 
used.

• However, when the sample size is small, Levene’s test can 
have lower power to detect the violation.

• Recommendations:
• Significant result from Levene’s test: Use correction

• Nonsignificant result from Levene’s test : Check the ratio of 
maximum and minimum variances

• > 3:1, Use alternative methods

• < 3:1, Standard test can be used
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Assumption



• Alternative methods:
• Pairwise comparison: Independent t-test with the Welch correction 

for the two groups used in comparison

• Complex comparison: HC3 (the Huber-White correction) and check 
the t and p-values.

• All types of comparison: Bootstrap confidence intervals.
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Assumption
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Click homogeneity tests to run Levene’s test

Users can run the bootstrap confidence interval. 

However, the obtained CI is not accurate because 
the contrast estimate is not accurate.

Robust standard error can be used in case of

heterogeneity of variance. HC3 is the most
efficient one.
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The result of the omnibus test.

The robust t-test shown significant difference from 0.
This robust test is accurate.

Bootstrap confidence interval is not accurate.

Levene’s test was significant, indicating that 
the robust SE should be used.
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Use R to implement the customized contrast
with the HC3 correction..

The result of robust t-test
for the regression coefficients.

The robust t-test for 
the customized contrast.

The robust CI for 
the customized contrast.

The likelihood ratio test to compare the null

model with the model with grouping variables
using robust correction.
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The (BCa) bootstrap CI for the customized contrast:



• Standardized mean difference

• Show the difference in the unit of pooled SD.

• 0.2 = low, 0.5 = medium, 0.8 = high
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Effect Size

𝑑 =
2 ෠𝜓/ σ𝑗=1

𝑘 𝑐𝑗

𝑀𝑆𝑊

𝑑 =

2 −132.04
0.333 + −0.5 + −0.5 + 0.333 + |0.333|

1475337.84/245
=

−264.08
2

6021.79
= 1.701



• Because the contrast estimate in Jamovi was not accurate, 
the obtained Cohen’s d was not accurate too.
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Effect Size



• In general, the proportion of variance explained is the 
variance of the effect of interest divided by the total variance.

• In ANOVA: 𝜂2 = 𝑆𝑆𝐺𝑟𝑜𝑢𝑝/𝑆𝑆𝑇𝑜𝑡𝑎𝑙, which is the between group 
variation divided by the total variation.

• However, between group variation should be further divided 
into the between group variation relevant to the contrast and 
other between group variation
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Effect Size
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Total Variation 
𝑆𝑆𝑇𝑜𝑡𝑎𝑙

Between Group 
Variation 𝑆𝑆𝐺𝑟𝑜𝑢𝑝

Error Variation 
𝑆𝑆𝐸𝑟𝑟𝑜𝑟

Between Group 

Variation relevant to 
the contrast 𝑆𝑆𝜓

Between Group Variation 

irrelevant to the contrast 
𝑆𝑆𝐺𝑟𝑜𝑢𝑝  − 𝑆𝑆𝜓

𝑆𝑆𝜓 =
෠𝜓

2

σ𝑗=1
𝑘 𝑐𝑗

2/𝑛𝑗

𝑅Alerting
2 = 𝑆𝑆𝜓/𝑆𝑆Group

𝑅Effect Size
2 = 𝑆𝑆𝜓/𝑆𝑆Total

𝑅Contrast
2 = 𝑆𝑆𝜓/(𝑆𝑆𝜓 + 𝑆𝑆Error)



• 𝑅Alerting
2  shows how much the contrast can explain out of the 

between group variation. It does not account for the total 
variation of a variable.

• 𝑅Effect Size
2  shows how much the contrast can explain out of the 

total variation of a variable.
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Effect Size

𝑅Alerting
2 = 𝑆𝑆𝜓/𝑆𝑆Group

𝑅Effect Size
2 = 𝑆𝑆𝜓/𝑆𝑆Total



• 𝑅Contrast
2  shows how much the contrast can explain out of the total 

variation controlling for the other between group variation.

• For example, 𝜓 = 𝜇New Drug − 𝜇No Drug

• Researchers only care about how much the new
drug contribute to the symptoms of interest. If the means of old 
drug or placebo groups change, 𝑆𝑆𝐺𝑟𝑜𝑢𝑝 and 𝑆𝑆𝑇𝑜𝑡𝑎𝑙 will change 
leading to different 𝑅Alerting

2  and 𝑅Effect Size
2 . However, 𝑆𝑆Error will 

not change and the 𝑅Contrast
2  will remain the same.
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Effect Size

𝑅Contrast
2 = 𝑆𝑆𝜓/(𝑆𝑆𝜓 + 𝑆𝑆Error)
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𝑆𝑆𝜓 =
෠𝜓

2

σ𝑗=1
𝑘 𝑐𝑗

2/𝑛𝑗

=
−132.04 2

1
3

2

50
+

−
1
2

2

50
+

−
1
2

2

50
+

1
3

2

50
+

1
3

2

50

= 1046073.69

Total Variation 
𝑆𝑆𝑇𝑜𝑡𝑎𝑙 = 2683871

Between Group Variation 
𝑆𝑆𝐺𝑟𝑜𝑢𝑝 = 1208533

Error Variation 
𝑆𝑆𝐸𝑟𝑟𝑜𝑟 = 1475338

Between Group Variation 

relevant to the contrast 
𝑆𝑆𝜓 = 1046074

Between Group Variation 

irrelevant to the contrast 
𝑆𝑆𝐺𝑟𝑜𝑢𝑝  − 𝑆𝑆𝜓 = 162459.36

𝑅Alerting
2 =

𝑆𝑆𝜓

𝑆𝑆Group
=

1046074

1208533
= 87% 𝑅Effect Size

2 =
𝑆𝑆𝜓

𝑆𝑆Total
=

1046074

2683871
= 39%

𝑅Contrast
2 =

𝑆𝑆𝜓

𝑆𝑆𝜓 + 𝑆𝑆Error
=

1046074

(1046074 + 1475338)
= 41%



• 𝑅Alerting
2 = 87%. The type of schools (either public or private) 

explains 87% of the between-school variance of math scores.

• 𝑅Effect Size
2 = 39%. The type of schools (either public or private) 

explains 39% of the total variance of math scores.

• 𝑅Contrast
2 = 41%. After controlling for the between-school 

variance of math scores between different public schools and 
between different private schools, the type of schools (either 
public or private) explains 41% of the total variance of math 
scores.
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Effect Size
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As in Jamovi 2.7, the calculated effect size does not match with any of the calculation by hand above.

I do not have time to investigate what programs are doing currently. I would recommend users to 
calculate effect size by hand.



• The General Linear Model module in the Pamlj add-on can 
be used.
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Sample Size Estimation

Partial 𝜂2 is conceptually the same as 𝑅Contrast
2 .

The effect degree of freedom of a contrast is always 1.

The number of groups minus 1.
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Sample Size Estimation

The estimated total sample size is 15. That is,
three students is needed from each of the 5 schools.



1 = New Drug / 2 = Old Drug / 3 = Placebo / 4 = No Drug

• From these sets, researchers may want to compare multiple 
contrasts:

• Any medication taken vs. no drug: (1, 2, 3) vs. 4

• Drugs vs. placebo: (1, 2) vs. 3
• New drug vs. old drug
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Multiple Contrasts



• As in any multiple tests, the familywise error rate must be 
controlled.

• The control method is based on the usage of contrasts:
• A priori contrast is the contrasts based on research hypotheses 

stated in advance. The omnibus test in one-way ANOVA is not 
required.

• Post hoc comparison is to investigate a difference after the omnibus 
test indicates differences between groups. No hypotheses about the 
direction of the group difference is stated. 
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Multiple Contrasts



• Analysts must have prespecified research hypotheses and 
transform into contrast coefficients.

• Familywise error rate can be controlled by the Bonferroni, 
Holm, or Sidak methods. The Holm’s method is 
recommended.
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A Priori Contrasts



• From the blood-pressure control medication
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A Priori Contrsts

Any medication 
taken vs. no drug

Drugs vs. 
placebo

New drug vs. old 
drug

𝐻0:
𝜇1 + 𝜇2 + 𝜇3

3
= 𝜇4

𝐻0:
𝜇1 + 𝜇2

2
= 𝜇3

𝐻0: 𝜇1 = 𝜇2

C1 C2 C3 C4

1/3 1/3 1/3 -1

1/2 1/2 -1 0

1 -1 0 0



• Unfortunately, Jamovi 2.7 allows only one custom contrast.

• Analysts can run each contrast separately one at a time. 
Alternatively, use the preset contrast.

• In this case, this preset contrasts is called “difference”
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A Priori Contrasts
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A Priori Contrasts

Eighty high-blood-pressure 

participants were randomly 

assigned into four groups: (a) 

new drug, (b) old drug, (c) 

placebo, and (d) no drug. 

Seven-day averaged blood 

pressure were compared 
between four groups.

Three research hypotheses:

1. The groups taking any medication has lower blood pressure 

than the group without any drugs.

2. The groups taking active drugs has lower blood pressure than 

the placebo group.

3. The new-drug group has lower blood pressure than the old-
drug group.

𝐻0:
𝜇1 + 𝜇2 + 𝜇3

3
= 𝜇4

𝐻0:
𝜇1 + 𝜇2

2
= 𝜇3

𝐻0: 𝜇1 = 𝜇2

C1 C2 C3 C4

1/3 1/3 1/3 -1

1/2 1/2 -1 0

1 -1 0 0
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Adjust the decimal points in the outputs.
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෠𝜓1 =
𝜇1 + 𝜇2 + 𝜇3

3
− 𝜇4 =

122.8 + 116.3 + 136.1

3
− 156.4 = −31.33

෠𝜓2 =
𝜇1 + 𝜇2

2
− 𝜇3 =

122.8 + 116.3

2
− 136.1 = −16.55

෠𝜓3 = 𝜇1 − 𝜇2 = 122.8 − 116.3 = 6.5
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The familywise error rate 
need to be controlled externally.

The estimate was correct. 
CI is also trustworthy.

Check the contrast whether it is what you expected.

Robust SE can be used here. Also, 

bootstrap CI can be used too because

the contrast estimates were correct.

Omnibus test is not 

necessary for a priori 
contrasts.



• From the research hypotheses:
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A Priori Contrast

Contrasts p Rank α Sig

𝐻0:
𝜇1 + 𝜇2 + 𝜇3

3
= 𝜇4

< .001 1 .05/3 = .017 YES

𝐻0:
𝜇1 + 𝜇2

2
= 𝜇3

< .001 2 .05/2 = .025 YES

𝐻0: 𝜇1 = 𝜇2 .209 3 NO

Use the Holm’s method:



• This research study compares the 
effectiveness of the new blood 
pressure reduction drug. The 
random assignment separate 80 
participants into four groups: one 
experiment group (new drug) and 
three control groups (old drug, 
placebo, and no drug). Table 1 show 
the descriptive statistics of blood 
pressure of each experimental 
condition. 
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A Priori Contrast

Groups M SD

New Drug 122.80 14.61

Old Drug 116.30 14.65

Placebo 136.10 19.44

No Drug 156.40 15.65

Table 1 showed the means and standard deviations 

of each experiment group. The size of each group 
is 20.



• Three hypotheses were tested using the Holm’s familywise error rate 
correction. The results showed that (a) the three medication groups 
(new drug, old drug, and placebo) had significant lower blood pressure 
than the no-drug group, d = 31.33, t(76) = 7.49, p < .001 (less than 
.05/3 = .167), (b) the two active drug groups (new and old drug) had 
significant lower means than the placebo group, d = 16.55, t(76) = 
3.73, p < .001 (less than .05/2 = .025), (c) the new drug group was not 
significant different from the old drug group, d = 6.50, t(76) = -1.27, p = 
.20 (greater than .05). Note that d is the raw mean difference.
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A Priori Contrast



• A priori contrast can be implemented from 1 contrast to many 
contrasts. The number of tested contrasts can be over the 
number of groups.

• The more the number of contrasts, the more the familywise error 
rate needs to be controlled

• Sometimes, a priori contrast result was significant but the 
omnibus test was not significant. Trust the priori contrast when 
you have a priori research hypothesis.
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A Priori Contrast



• A post hoc comparison is conducted when analysts know and 
get the significant omnibus test.

• Analysts do not have any directions of the mean differences or 
any target comparisons. They would like to explore the 
differences after they found significant omnibus test.

• For example, Thai participants from four universities were 
significant different in attitude toward luxury cars.
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Post Hoc Comparisons



• In a priori hypothesis, analysts would not know the means of each 
group. They made hypotheses based on their literature or logical 
thinking.

• If researchers saw the means of each group and they wish to make a 
hypothesis, they do not make a priori hypothesis. They make 
hypothesis based on the obtained means. This is obviously post hoc 
comparisons.
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Post Hoc Comparisons

Universities M SD

C 35.15 5.60

T 32.15 4.97

K 24.08 5.36

A 45.70 4.50

𝐻0: 𝜇𝐶 = 𝜇𝐾

𝐻0:
𝜇𝐶 + 𝜇𝑇

2
= 𝜇𝐾

They may make the following hypotheses 
based on the obtained means as follows:

Analysts saw C has the higher

mean and K has the lower 

mean. They intentionally 

compare these two groups.
This is post hoc comparison.



• The post hoc comparison, then, must control the familywise 
error rate more strictly. Do not reach the conclusion of 
significant mean differences too easily.

• If researchers wish to make a pairwise comparison, all possible 
pairwise comparisons must be accounted for.

• If researchers wish to make a complex comparison, all possible 
complex (including pairwise) comparisons must be accounted for.
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Post Hoc Comparisons



• Last chapter, pairwise post hoc comparisons has been 
discussed by listing all possible pairwise comparisons.

• Tukey’s and Games-Howell (or Tukey with HC3) can be used.

• If the post hoc comparisons involve complex comparisons, 
use

• The Scheffe’s method if homogeneity of variance is assumed.

• The Brown-Forsythe’s method if homogeneity of variance is not 
assumed. Alternatively, use robust SE (HC3).

• Avoid using these methods if post hoc and complex comparisons 
are not used because the power is severely compromised.
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Post Hoc Comparisons



• The problem of implementing Jamovi and most programs is 
that they cannot list all possible complex comparisons. They 
instead show all pairwise comparisons and show the p-values 
based on the Scheffe’s method (which is inappropriate).

• The easiest way is to use Scheffe’s method (with standard or 
robust method) is to find the critical values of any contrasts 
given the Scheffe’s method.

• Critical value = ± 𝑘 − 1 , 𝐹.05,𝑘−1,𝑁−𝑘

• Then, compare the obtained t statistic with this critical value.
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Post Hoc Comparisons
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Post Hoc Comparisons

A survey explored the attitude

toward luxurious cars from 

undergraduates from four
universities (C, T, K, A)

Undergraduates from four universities had significant 
difference in attitude toward luxurious cars.
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Implement pairwise comparisons 
using Tukey’s method

Using the Tukey’s method, all pairwise comparisons 
were significantly different. 
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Find the critical value of the Scheffe’s test

Critical value = ± 𝑘 − 1 , 𝐹.05,𝑘−1,𝑁−𝑘

Use the critical value of ±2.815 to evaluate the comparisons as you want.

We got k = 4 and N = 245.

Using R to find the critical value.
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𝑡 < 2.815 → 𝑛𝑠
𝐻0:

𝜇𝐶 + 𝜇𝑇

2
=

𝜇𝐾 + 𝜇𝐴

2

𝑡 > 2.815 → 𝑠𝑖𝑔

𝑡 > 2.815 → 𝑠𝑖𝑔

𝑡 > 2.815 → 𝑠𝑖𝑔

𝐻0:
𝜇𝐶 + 𝜇𝐾

2
=

𝜇𝑇 + 𝜇𝐴

2

𝐻0:
𝜇𝐶 + 𝜇𝐴

2
=

𝜇𝑇 + 𝜇𝐾

2

𝐻0:
𝜇𝐶 + 𝜇𝑇 + 𝜇𝐾

3
= 𝜇𝐴



• It is quite rare to run post hoc complex comparisons.

• It is possible that the omnibus test found significant 
differences but all pairwise comparisons were not significant. 

• Theoretically, if the omnibus test was significant, at least one 
complex comparison with the Scheffe’s adjustment was 
significant.
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Post Hoc Comparisons



• Two contrasts, 𝜓1 and 𝜓2, are orthogonal when the contrasts have 
the following properties:

• If sample size in each group is equal, this equation will be reduced 
to 

• To claim three or more contrasts are orthogonal, all pairs of 
contrasts must be orthogonal.
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Orthogonal Contrasts

σ𝑗=1
𝑘 𝑐𝑗 = 0 for all contrasts and σ𝑗=1

𝑘 (𝑐1𝑗𝑐2𝑗) = 0

σ𝑗=1
𝑘 𝑐𝑗 = 0 for all contrasts and σ𝑗=1

𝑘 𝑐1𝑗𝑐2𝑗

𝑛𝑗
= 0



• For example, if sample size is equal,

19 January 2026 Sunthud Pornprasertmanit (Stat Psy II) 59

Orthogonal Contrasts

C1 C2 C3 C4

1/3 1/3 1/3 -1

1/2 1/2 -1 0

1 -1 0 0

1

3
×

1

2
+

1

3
×

1

2
+

1

3
× −1 + −1 × 0 = 0

1

3
× 1 +

1

3
× −1 +

1

3
× 0 + −1 × 0 = 0

1

2
× 1 +

1

2
× −1 + −1 × 0 + 0 × 0 = 0

All contrasts are orthogonal.



• The statistical beauty of orthogonal contrasts is that

• Another good property is that when a target contrast is 
considered with or without other orthogonal contrasts, the 
interpretation of the target contrast does not change. 

• The most important thing is that the contrasts must follow the 
research hypotheses. They do not need to be orthogonal. 
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Orthogonal Contrasts

𝑆𝑆𝐺𝑟𝑜𝑢𝑝 = σ𝑗=1
𝑘−1 𝑆𝑆𝜓𝑗

 if all contrasts are orthogonal.



• For example, if the sample size is equal, no matter the 
researcher tests the contrast

• 𝐻0:
𝜇1+𝜇2+𝜇3

3
= 𝜇4 alone,

• 𝐻0:
𝜇1+𝜇2+𝜇3

3
= 𝜇4 with 𝐻0:

𝜇1+𝜇2

2
= 𝜇3, or

• 𝐻0:
𝜇1+𝜇2+𝜇3

3
= 𝜇4 with 𝐻0:

𝜇1+𝜇2

2
= 𝜇3 and 𝐻0: 𝜇1 = 𝜇2,

• The estimate of 𝜓 =
1

3
𝜇1 +

1

3
𝜇2 +

1

3
𝜇3 − 𝜇4 in all tests remains 

the same.
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Orthogonal Contrasts



• However, if sample size is equal, when testing the following 
contrasts 

• 𝐻0: 𝜇1 = 𝜇2 alone. The estimate represent the difference between 
Groups 1 and 2.

• 𝐻0: 𝜇1 = 𝜇2, 𝐻0: 𝜇1 = 𝜇3, 𝐻0: 𝜇1 = 𝜇4 all together. The estimate of the 
first contrast, instead, indicates the difference between Group 2 and 

the grand mean 
𝜇1+𝜇2+𝜇3+𝜇4

4

• The reason is that 𝐻0: 𝜇1 = 𝜇2, 𝐻0: 𝜇1 = 𝜇3, 𝐻0: 𝜇1 = 𝜇4 are not 
orthogonal.
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Orthogonal Contrasts



• Dummy: 
• Each contrast has focal group (coded as 1). The remaining groups are coded 

as 0.

• The baseline group is the group that has not been used as focal group. 

• It does not follow contrasts rule because σ𝑗=1
𝑘 𝑐𝑗 ≠ 0. 

• All three contrasts must be put simultaneously so the estimates are interpreted 
as the difference between focal group and the baseline group. 
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Standard Sets of Contrasts

University T – University C

University K – University C

University A – University C



• Simple: 
• Each contrast has focal group (coded as (k-1)/k). The remaining groups are coded as -1/k.

• The baseline group is the group that has not been used as focal group. 

• This is simply the dummy coding but adjust to get σ𝑗=1
𝑘 𝑐𝑗 = 0. 

• All three contrasts are not orthogonal. 

• If considered alone, the estimate is the difference between focal group and the average of the 
remaining groups.

• If put simultaneously, the resulting estimates are the focal group and the baseline group
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Standard Sets of Contrasts

University T – University C

University K – University C

University A – University C



• Difference: 
• Contrast 1: Group 2 – Group 1

• Contrast 2: Group 3 - The average of Group 1 and 2 

• Contrast 3: Group 4 - The average of Group 1, 2, and 3 

• …

• Contrast k - 1: Group k - The average of Group 1, 2, …, and k - 1 

• If group size is equal, all contrasts are orthogonal. Each can be interpreted as the specified 
difference. 
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Standard Sets of Contrasts

University T – University C

University K - University T, C 

University A – University C, T, K



• Repeated: 
• Contrast 1: Group 1 – The average of Group 2, 3, … , and k

• Contrast 2: The average of Group 1, 2 – The average of Group 3, 4, … , and k

• Contrast 3: The average of Group 1, 2, 3 – The average of Group 4, 5, … , and k

• …

• Contrast k-1: The average of Group 1, 2, 3, … , k - 1 – Group k

• These contrasts are not orthogonal. When considered simultaneously, each estimate will be the 
difference between the transition group. 

• Use in longitudinal design or when groups have meaningful order.
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Standard Sets of Contrasts

University C – University T

University T – University K

University K – University A



• Sometimes, the group represents a level of some variables.

• For example, testing the effect of meditation on GPA. Five 
groups are separated by the daily meditation minutes: 0, 5, 
10, 15, and 20 minutes/day.

• Analysts wish to check whether meditation affects GPA. Is the 
effect in the linear or curvilinear effect.

• The analysis of changes based on the level of groups is 
referred to as trend analysis.

19 January 2026 Sunthud Pornprasertmanit (Stat Psy II) 67

Trend Analysis



• Trend analysis means to set contrast coefficients 
appropriately so that the resulting contrast estimates mean 
the linear change, quadratic change, cubic change, …

• In this class, only polynomial change is considered in trend 
analysis, which is defined as

• Y = outcome
• X = the level specified in each group
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Trend Analysis

𝑌 = 𝛽0 + 𝛽1𝑋𝑗 + 𝛽2𝑋𝑗
2 + ⋯ + 𝛽𝑘−1𝑋𝑗

𝑘−1 + 𝜀𝑖𝑗
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-3 -2 -1 0 1 2 3

-3
-1

1
2

3
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-3 -2 -1 0 1 2 3
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-1

1
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X

Y

-4 -2 0 2

-2
0

2
4

6

X

Y

-4 -2 0 2 4

-2
0

2
4

6

X

Y

First level polynomial (Linear) Second Level Polynomial (Quadratic)

Third level polynomial (Cubic) Fourth Level Polynomial (Quartic)



• If the interval of levels are equal (e.g., increased by 5 minutes) 
and group size is equal, the polynomial contrasts can be used 
in Jamovi. 

• For example, if seven groups have meditation minutes per 
day as 0, 5, 10, 15, 20, 25, 30. The linear contrasts are as 
follows:

• 𝑋𝑗 = 0,5,10,15,20,25

• 𝑐𝑗 = 𝑋𝑗 − ത𝑋𝑗 = −15, −10, −5,0,5,10,15

• The contrasts can be multiplied by a constant for scaling. The 
resulting test statistics and significance level remain the same.
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Trend Analysis



• Use the following table
to specify the contrast
for polynomial trend 
analysis

• See full table in Table 8 of
the Appendix in Maxwell
et al. (2018) 

• contr.poly() function in R
can calculate the coefficients
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Trend Analysis
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Trend Analysis

An experiment investigates the 

performance ratings given to a 

confederate based on how participants 

know the confederate rates their 

attractiveness (from 1 being very 

unattractive to 5 being very attractive). 

Participants are randomly assigned to 

5 groups (attractiveness ratings = 1, 2, 
3, 4, or 5).

Research Hypothesis

The more attractiveness rated, 
the more performance rating given.

Analysts are also interested in the pattern of changes by
using polynomial models. 

𝑋𝑗 = {1,2,3,4,5}

𝑐Linear = {−2, −1,0,1,2}

𝑐Quadratic = 𝑐Linear
2 −

1

𝑘
෍ 𝑐Linear

2 = {2, −1, −2, −1, 2}
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The more attractive rating received the more performance rating given.

The change is linear at first but when the attractive is over 4, the performance

rating is not getting better. The change seems to be curvilinear.



19 January 2026 Sunthud Pornprasertmanit (Stat Psy II) 74

The highest polynomial power is 4 
when the number of group is 5.

The cubic and quartic changes were not significant. The quadratic and linear changes were significant.

The coefficients are simply the same as the table. The only change

is that they were multiplied by a constant to make contrast coefficients

sum on both negative and positive sides equal to 1. However, the 
resulting contrast coefficients do not make sense.



• When group sizes are equal, the linear, quadratic, and cubic contrasts represent 
the averaged (linear, quadratic, cubic) changes across all X values. If the linear 
contrast is significant, it indicates that the average linear change across all X 
values is positive.

• When group sizes are unequal, the contrasts are not orthogonal. The linear 
contrast coefficient represents the instantaneous rate of change at 𝑋 = ത𝑋. It is 
recommended to include only the linear contrast initially to examine the overall 
linear trend and then add higher-order contrasts one by one to evaluate additional 
polynomial effects (e.g., quadratic or cubic changes).

• This approach ensures a systematic assessment of both linear and non-linear 
patterns in the data.
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Trend Analysis



• A one-way ANOVA with polynomial 
contrasts was conducted to examine the 
effect of confederates' attractiveness ratings 
(1 = very unattractive, 2, 3, 4, 5 = very 
attractive) on performance ratings (DV) 
provided by participants, ranging from 1 to 
100. Descriptive statistics for the 
performance ratings across the five levels 
of attractiveness are presented in Table 1. 
As shown in Figure 1, the means suggest a 
positive trend, with higher levels of 
attractiveness generally associated with 
higher performance ratings.
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Trend Analysis

Attractiveness M SD

1 (Very unattractive) 36.80 9.78

2 47.40 9.77

3 57.40 13.14

4 69.40 10.27

5 (Very attractive) 67.45 10.63

Table 1 shows the means and standard deviations of 

performance ratings for each confederate attractiveness 
rating group. The sample size for each condition is 20.



• The polynomial contrast analysis revealed a 
significant linear effect of attractiveness on 
performance ratings, ෠𝜓 = 1.62, 𝑡 95 = −10.92, 𝑝 <
.001, indicating that as confederates' attractiveness 
increased, participants’ performance ratings also 
increased linearly. The quadratic effect was also 
significant, ෠𝜓 = −0.38, 𝑡 95 − 2.56, 𝑝 = .012, 
suggesting a slight curve in the trend. Note that ෠𝜓 is 
the contrast estimate.

• Higher-order effects, including cubic ෠𝜓 =
− 0.26, 𝑡 95 = −1.75, 𝑝 = .083, and quartic ෠𝜓 =
− 0.14, 𝑡 95 = −0.92, 𝑝 = .36, were not significant. 
These results suggest that the primary pattern in the 
data is driven by a strong linear relationship, with 
some contribution from a quadratic curvature, while 
higher-order trends are negligible.
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Trend Analysis
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Confederates’ Attractiveness Ratings

Figure 1 shows the bar chart of the average 

performance ratings for each confederate 

attractiveness rating group. The bars 

represent the standard error of the group 
means.



• Overall, the findings indicate that attractiveness ratings significantly influence 
performance ratings, with participants rating more attractive confederates higher in 
performance. The significant quadratic term suggests some deviation from perfect 
linearity in the pattern, potentially reflecting a diminishing return in ratings for the 
highest levels of attractiveness.
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Trend Analysis



• Trend analysis contrasts do not require the omnibus test.

• If X has unequal interval, use contr.poly() function in R to 
find the orthogonal polynomial contrast coefficients. For 
example, mediation minutes are 0, 5, 10, 20, 40
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Trend Analysis

Use 
round() 

function for 
rounding.

The number of groups X values



• As in other contrast analysis, the homogeneity of variance is 
required. If it is not assumed, HC3 or bootstrap is needed.
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Trend Analysis



• Dunnett test checks whether the control group is significant 
different from each of the remaining groups.

• Hsu’s (1996) method will systematically check whether the 
maximum (or minimum) group is truly the maximum (or 
minimum) group in the population.

• It is helpful for identifying the best or worst treatment options.
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Other Interesting Contrast Analysis
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Start
Groups have 

quantitative 
meaning

Find the best or 
worst treatment

Contrasts between 

a – 1 groups vs. 
control group?

All (or only some) 

pairwise comparisons w/o 
complex comparison?

Are all 

comparisons 
planned?

Is Bonferroni critical value 

less than Schffe’s? (Table 
5.9 in Maxwell)

Trend AnalysisYes

No

Bonferroni Scheffe or reduce the 
number of contrasts

Dunnett
Yes

ScheffeNo

Hsu (1996) Yes

Tukey
Yes

No

No

No

Yes

Yes No

Tukey can be Games-Howell
Scheffe can be Brown-Forsythe

Bonferroni can be Holm, Sidak

Modified from 

Maxwell et al. (2018; 
Figure 5.1, p.261)
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