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Hypothesis Testing –
SPSS Practice

21.10.5
Taejun Kim

Based on Chapter 6 of

Human-Computer Interaction by I. S. MacKenzie
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Example #1 - Details

2

Error bars show

±1 standard deviation

Note: SD is the square root of the variance

Note: Within-subjects design

1. One-way repeated measure ANOVA
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[TODO] With SPSS (Example #1 – ANOVA)
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1. One-way repeated measure ANOVA
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[TODO] With SPSS (Example #1 – ANOVA)

4
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1. One-way repeated measure ANOVA
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[TODO] With SPSS (Example #1 – ANOVA)

1. One-way repeated measure ANOVA
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Example #2 - Details

Error bars show

±1 standard deviation

1. One-way repeated measure ANOVA
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[TODO] With SPSS (Example #2 – ANOVA)

1. One-way repeated measure ANOVA
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More Than Two Test Conditions (Levels)

8
Provided in posthoc-ex1.txt

2. Post hoc comparison of (One-way RM ANOVA)
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[TODO] With SPSS

9
* In SPSS, we’ll use paired sample t-test for post hoc comparison

1
2

2. Post hoc comparison of (One-way RM ANOVA)
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[TODO] With SPSS

10
* In SPSS, we’ll use paired sample t-test for post hoc comparison
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2. Post hoc comparison of (One-way RM ANOVA)
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[TODO] With SPSS

11
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* In SPSS, we’ll use paired sample t-test for post hoc comparison

2. Post hoc comparison of (One-way RM ANOVA)
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[TODO] With SPSS

* In SPSS, we’ll use paired sample t-test for post hoc comparison

2. Post hoc comparison of (One-way RM ANOVA)
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• Research question: 

– Do left-handed users and 
right-handed users differ 
in the time to complete 
an interaction task?

• The independent variable 
(handedness) must be assigned 
between-subjects

• Example data set 

Between-subjects Design

13

3. One-way ANOVA (Between-subjects)



H
u
m

a
n
-C

o
m

p
u
te

r In
te

ra
ctio

n
 La

b
 @

k
a
ist

[TODO] With SPSS
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3. One-way ANOVA (Between-subjects)
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[TODO] With SPSS
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3

3. One-way ANOVA (Between-subjects)
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[TODO] With SPSS

3. One-way ANOVA (Between-subjects)
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Data Set

17

4. Two-way repeated measures ANOVA



H
u
m

a
n
-C

o
m

p
u
te

r In
te

ra
ctio

n
 La

b
 @

k
a
ist

[TODO] With SPSS
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4. Two-way repeated measures ANOVA
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[TODO] With SPSS
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3 4

4. Two-way repeated measures ANOVA
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[TODO] With SPSS
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5

4. Two-way repeated measures ANOVA
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• Research question: 

– Do males and females differ in their method of scrolling on desktop systems?

Chi-square – Example #1

21

MW = mouse wheel

CD = clicking, dragging

KB = keyboard

5. Chi-square test
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• Research question: 

– Do students, professors, and parents differ in their responses to the question: 
Students should be allowed to use mobile phones during classroom lectures?

• Data:

• Result: significant difference in responses (2 = 20.5, p < .0001)

• Q: Then, which of the three pairs is different?

Chi-square – Example #2

22

5. Chi-square test
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[TODO] With SPSS – Example #1
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5. Chi-square test
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[TODO] With SPSS – Example #1
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5. Chi-square test
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[TODO] With SPSS – Example #1
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5. Chi-square test
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[TODO] With SPSS – Example #1
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5. Chi-square test
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[TODO] With SPSS – Example #2
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5. Chi-square test
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[TODO] With SPSS – Example #2

28

3

5. Chi-square test
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[TODO] With SPSS – Example #2

29
Reference: https://www.spss-tutorials.com/spss-chi-square-test-with-pairwise-z-tests/

“within each row, 

percentages that don't share a subscript are significantly different.”

(Parent vs. Student: p < .05), (Prof vs. Student: p < .05)

5. Chi-square test
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• Means: 

– 3.7 (Mac users)

– 4.5 (PC users)

• Data suggest PC users more 
right-leaning, but is the difference 
statistically significant?

• Data are ordinal (at least), 
 a non-parametric test is used

• Which test?

Data (Example #1)

30

3.7                 4.5

Means for interval data?

6. Mann Whitney U test
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[TODO] With SPSS
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1 2

6. Mann Whitney U test
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[TODO] With SPSS
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3
4

6. Mann Whitney U test
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[TODO] With SPSS
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5

6. Mann Whitney U test
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[TODO] With SPSS
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6. Mann Whitney U test
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• Means

– 6.4 (MPA)

– 3.7 (MPB)

• Data suggest MPA has more 
“cool appeal”, but is the difference 
statistically significant?

• Data are ordinal (at least), 
 a non-parametric test is used

• Which test?

Data (Example #2)

35

6.4           3.7

7. Wilcoxon signed-rank test
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[TODO] With SPSS
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7. Wilcoxon signed-rank test
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[TODO] With SPSS
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3

7. Wilcoxon signed-rank test
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[TODO] With SPSS

38

6.4           3.7

7. Wilcoxon signed-rank test
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• Means

– 7.1 (20-29)

– 4.0 (30-39)

– 2.9 (40-49)

• Data suggest differences by age, 
but are differences statistically 
significant?

• Data are ordinal (at least), 
 a non-parametric is used

• Which test?

Data (Example #3)

39

7.1             4.0             2.9

8. Kruskal-Wallis Test
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[TODO] With SPSS
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8. Kruskal-Wallis Test
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[TODO] With SPSS
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8. Kruskal-Wallis Test
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[TODO] With SPSS

42

4

8. Kruskal-Wallis Test
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[TODO] With SPSS
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8. Kruskal-Wallis Test
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• Means

– 71.0 (A), 68.1 (B), 60.9 (C), 69.8 (D)

• Data suggest a difference in quality 
of results, but are the differences 
statistically significant?

• Data are ordinal (at least), 
 a non-parametric test is used

• Which test?

Data (Example #4)

44

71.0   68.1  60.9  69.8

9. Friedman test
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[TODO] With SPSS
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1

2

9. Friedman test
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[TODO] With SPSS
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3

9. Friedman test
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[TODO] With SPSS
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9. Friedman test
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[TODO] With SPSS – Post hoc comparison

48
* We’ll use Wilcoxon signed-rank test for post hoc comparison

1

9. Friedman test
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[TODO] With SPSS – Post hoc comparison

49
* We’ll use Wilcoxon signed-rank test for post hoc comparison

2

9. Friedman test
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[TODO] With SPSS – Post hoc comparison
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* We’ll use Wilcoxon signed-rank test for post hoc comparison

9. Friedman test
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Hypothesis Testing –
R Practice (ART)

Based on Chapter 6 of

Human-Computer Interaction by I. S. MacKenzie
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• R version – 4.1.1

– Download: https://cran.rstudio.com/

• Rstudio version – 1.4.1717 (latest)

– Download: https://www.rstudio.com/products/rstudio/download/#download

IDE and R download 

52

https://cran.rstudio.com/
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Rstudio

53
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Working directory 

54
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Useful document

• https://cran.r-project.org/doc/contrib/Paradis-rdebuts_en.pdf

The on-line help of R 

• If you want to find the lm() (linear model) 

– ?lm

– help(lm)

– Help(“lm”) 

“help” only searches in the packages which are loaded in memory

• If no documentation for ‘lm’ in specified packages and libraries: you 
could try 

– ‘help.search(“lm”)

– ??lm 

•

Basic R grammar for this class 

55

https://cran.r-project.org/doc/contrib/Paradis-rdebuts_en.pdf
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• Fit an Analysis of Variance Model by a call to lm (linear model) for each 
stratum 

• In “stats” package which is default package if you install R 

Formula 

• Y ~ model 

– Y: the analyzed response (dependent variable)

– Model: a set of terms for which some parameters are to be estimated. 

– For this class..

• A : estimate the effect of A, for one-way ANOVA (one independent variable)

• A + B : estimate the effects of A and B, but not consider the interaction effect 
between A, B (two independent variables: A, B) 

• A:B : interactive effect between A and B 

• A*B : estimate the effects of A and B, and interactive effect between A and B 

– It is same to A + B + A:B 

aov {formula, data, …}

56
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aov() accepts a particular syntax to define random effects (within-subjects 
design)

For repeated measure (within)  

• Y ~ A + Error(Subjects/A)

•

aov {formula, data, …}

57
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data = read.table("anova-ex1a.txt", header = FALSE, 

col.names = c("DV", "IV", "Participant"))

str(data) # check a data mode 

The result: 

ANOVA Example #1

58
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Because the data mode is numeric or integer, we change to the mode of 
independent variable to factor.  

# ANOVA (within)

fit <- aov(DV ~ factor(IV) + 

Error(factor(Participant)/factor(IV)), data)

# result 

summary(fit)

ANOVA Example #1

59
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Example #1 – ANOVA

60

Probability of obtaining the observed 

data if the null hypothesis is true.

Thresholds for “p”

• .05, .01, .005, .001, .0005, .0001

The mean task completion time for Method A was 4.5 s. This was 

20.1% less than the mean of 5.5 s observed for Method B. The 

difference was statistically significant (F1,9 = 9.593, p < 0.05).

$ java Anova2 anova-ex1.txt 10 2 . . -a
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# In order to change the mode, you can use as.factor() 

data$Participant <- as.factor(data$Participant)

data$IV <- as.factor(data$IV)

str(data)

# same function

fit <- aov(DV ~ IV + Error(Participant/IV), data)

summary(fit)

ANOVA Example #1 (cont.)

61
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Example #2 – Do It your self 

Error bars show

±1 standard deviation
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data = read.table("anova-ex2a.txt", header = FALSE, 

col.names = c("DV", "IV", "Participant"))

Estimate the effect of IV on the DV. 
All participants performed two methods, A and B (within-subject design) 

fit <- aov(DV ~ factor(IV) + 

Error(factor(Participant)/factor(IV)), data)

summary(fit)

ANOVA Example #2

63
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Example #2 – ANOVA (Compare to the result)

Note: For non-significant effects, use “

ns” if F < 1.0, or “p > .05” if F > 1.0.

Probability of obtaining the observed 

data if the null hypothesis is true.

The mean task completion time was 4.5 s for Method A and 5.5 s for 

Method B. As there was substantial variation in the observations across 

participants, the difference was not statistically significant as revealed 

in an analysis of variance (F1,9 = 0.626, ns).

64

$ java Anova2 anova-ex2.txt 10 2 . . -a
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data = read.table("anova-ex3.txt", header = FALSE, 

col.names = c("DV", "IV"))

fit <- aov(DV ~ factor(IV), data)

summary(fit)

What is difference of the command from within-subject design?  

Between-subjects Design

65
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data <- read.table("anova-ex4a.txt", header = FALSE) 

colnames(data) <- c("Participant", "Device", "Task", "DV")

head(data)

str(data)

The formula for two-way anova

• Y ~ A * B 

– Identical to Y ~ A + B + A:B 

• + Error ( subjects / (A*B))

– For within-subject design

– Because A, B is nested condition under the subjects 

Two-way ANOVA (within)

66
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# check the error term 

fit <- aov(DV ~ factor(Device)*factor(Task) + 

Error(factor(Participant)/(factor(Device)*factor(Task))), 

data)

summary(fit)

Two-way ANOVA (within)

67
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Result:

Two-way ANOVA (within)
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ANOVA

69

$ java Anova2 anova-ex4.txt 12 3 2 . -a
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• For Multi-factor Non-parametric Data

– Preprocess data before ANOVA

– Aligning step

• Remove the effects of all factors and interactions except for one.

– Rank-transform

• Remove the skewness of the distribution.

– ANOVA

• Calculate the effect of the factor in focus.

– (Repeat for other factors and interactions)

• The “ARTool” package allows very easy way to use ART 

– Install.packages(“ARTool”)

– Library(ARTool)

– reference: http://depts.washington.edu/acelab/proj/art/index.html

ART : Aligned ranked transform in R

70

http://depts.washington.edu/acelab/proj/art/index.html
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Data:  Higgins1990Table5 

library(ARTool)

data(Higgins1990Table5, package = "ARTool")

str(Higgins1990Table5)

head(Higgins1990Table5, n=8)

ART example

71
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Step 1: Transform the data (Between)
m <- art(DryMatter ~ Moisture * Fertilizer , data = 

Higgins1990Table5)

m$residuals

m$estimated.effects

m$aligned

m$aligned.ranks

In this process,  

1) Step 1: Compute residuals: Y – cell mean 

2) Compute estimated effects for all main and interaction effects

3) Compute aligned response Y’

4) Assign averaged ranks Y’’ 

ART example
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Step 2: Verify appropriateness of ART 

To verify that the ART procedure was correctly applied and is appropriate 
for this dataset, we can look at the output of summary 

Summary(m)

ART example
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Step 3: Run the ANOVA

anova(m)

If you want to use different model like repeated measures ANOVA, you add 
Error() term to the art() formula as using aov().  
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CS584 Homework 6

ART homework 
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