Chapter 10
Repeated measures two-way ANOVA
Students’ levels of anxiety were measured based on two sources, examinations and bungee jumping. Both factors were measured pre- and post-activity. Each measurement used a scale of 1 to 10, 1 being the lowest and 10 being the highest. One of the factors is the source of anxiety; the other is time before and after the activity. 
Perform a repeated measures two-way ANOVA in JASP to analyze the individual and interaction effects of activity and time on the students’ anxiety levels (on the Repeated-measures two-way ANOVA csv file).
	PreExam_Anxiety
	PostExam_Anxiety
	PreBungee_Anxiety
	PostBungee_Anxiety

	6
	5
	9
	7

	9
	6
	6
	4

	5
	3
	8
	5

	6
	2
	5
	5

	6
	5
	9
	6

	3
	3
	7
	5

	9
	6
	7
	5

	4
	2
	4
	3

	8
	5
	6
	5

	7
	2
	8
	4
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	Within Subjects Effects 

	  
	Sum of Squares 
	df 
	Mean Square 
	F 
	p 
	η² p 

	Activity 
	
	6.400 
	
	1 
	
	6.400 
	
	1.794 
	
	0.213 
	
	0.166 
	

	Residual 
	
	32.100 
	
	9 
	
	3.567 
	
	
	
	  
	
	  
	

	Time 
	
	48.400 
	
	1 
	
	48.400 
	
	53.778 
	
	< .001 
	
	0.857 
	

	Residual 
	
	8.100 
	
	9 
	
	0.900 
	
	
	
	  
	
	  
	

	Activity ✻ Time 
	
	0.400 
	
	1 
	
	0.400 
	
	0.444 
	
	0.522 
	
	0.047 
	

	Residual 
	
	8.100 
	
	9 
	
	0.900 
	
	
	
	  
	
	  
	

	

	Note.  Type III Sum of Squares 



The results show that only time has a significant effect since its p value is less than 0.05. In addition, it has a very large effect size (use 'Additional Options' to find this). The interaction effect and the Activity effect are insignificant.
Between-Subjects ANOVA
Rowing exercises are being used for rehabilitation purposes. Each patient has rowed for a 5 minute period.  Four different rowing machines are chosen, and the trainer was also noted. The results are as follows (in the Between Subjects ANOVA csv file):
	Strokes
	Machine
	Trainer

	109
	1
	1

	110
	1
	1

	110
	1
	2

	112
	1
	2

	116
	1
	3

	114
	1
	3

	110
	2
	1

	115
	2
	1

	110
	2
	2

	111
	2
	2

	112
	2
	3

	115
	2
	3

	108
	3
	1

	109
	3
	1

	111
	3
	2

	109
	3
	2

	114
	3
	3

	119
	3
	3

	110
	4
	1

	108
	4
	1

	114
	4
	2

	112
	4
	2

	120
	4
	3

	117
	4
	3



Test to see if there is a difference the average number of strokes according to the factors considered.
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The ANOVA results show that the number of rowing strokes differs based upon the trainer (the p value is lower than 0.05). Moreover, this has a very large effect size at 0.779. Since there are three trainers, a post hoc test may be useful: trainers 1 and 3 as well as 2 and 3 have significantly different effects on breaking strength. As shown in the plot, trainer 3 appears to elicit the highest rowing performance on all of the machines.. 

Mixed ANOVA
In this (completely imaginary) study, we want to see differences in clinical reports, dependent on the stage of therapy (Injury 1 is at the beginning; Injury 2 is at an intermediate stage; Injury 3 is towards the end of treatment),  and the type of exercise machine.  Below are the results (also on the Mixed ANOVA.csv file):
	Patient 
	Injury
	StairClimb
	Rowing

	1
	1
	23
	24

	2
	1
	24
	23

	3
	1
	25
	28

	4
	2
	30
	38

	5
	2
	28
	36

	6
	2
	26
	35

	7
	3
	31
	34

	8
	3
	32
	36

	9
	3
	29
	39



Conduct a mixed ANOVA with JASP and identify which factors are associated with clinical outcomes.
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The within subject and between subject effects are both significant, as is their interaction.  Moreover, they have large effect sizes (partial eta squared has been used).  The post hoc tests indicate differences between injury stages  1 and 2, and between stages 1 and 3. 
[bookmark: _GoBack]The descriptives plot shows that on both types of exercise machine,  injury stage 1 produces the lowest average score. Injury stage 3 has a higher average score than injury stage 2 on the stair climbing machine but there was no clear difference between them on the rowing machine. 
image6.png
Estimated Marginal Means

Machine * Trainer

1200 .

175
v im0 . Trainer
3
2 o1
5 . : .
= ) <2

1125 / <3

. /4 )

1075

1 2 3 i

Machine




image7.png
Repeated Measures Factors

exercie machine

Stair cimber
Rowing machine
Level3
RM Factor 2
Repeated Measures Cels
StarCimb Stair cimber
Rowing Rowing machine

Between Subject Factors
Injury





image8.png
Within Subjects Effects.

Cases

‘Sum of Squares

Mean Square F ] L3
exercise machine 112500 112500 36461 <.001 08
exercise machine # Injury 41333 20867 6643 0030 0689
Residuals 18.667

3m




image9.png
Between Subjects Effects

Cases  Sum of Squares o Mean Square F ] L3

Injury 283111 2 14155 31073 <001 0912
Residuals 27333 6 4556




image10.png
Post Hoc Comparisons - Injury

Mean Difference SE t Pram

1 2 ~7.667 122 622 0.002
3 -2.000 122 <7304 0001

2 3 1333 1232 -1082 0321




image11.png
Descriptives plots

40 - Injury
o1
35— 2
03
30 -

25 R
20 -

i
Stair climber  Rowing machine

exercise machine




image1.png
Repeated Measures Factors

Activity
Bungee Jump
Exam
Level 3
Time [}
Pre
Post

Repeated Measures Cells

PreBungee_Anxiety Bungee Jump,Pre
PostBungee_Anxiety Bungee Jump,Post
PreExam_Anxiety Exam,Pre
PostExam_Anxiety =~ Exam,Post




image2.png
Dependent Varizble

> | | @ strokes
Fixed Factors
> | | & Machine
& Trainer
Effect Size

@ Epartiain® [Ju?




image3.png
ANOVA - Strok

SumofSquares  of  Mesnsquare  F o o e
Machine 125 3 415 110 0389 0047 0215
Trainer 1603 2 8017 2114 <001 0610 0779
Machine # Trainer 7 6 a4 196 0151 0170 0495

Residuals. 455 12 379




image4.png
Post Hoc Comparisons - Trainer

mparison
Trainer Trainer  Mesn Difierence of t Peukey

1 -2 125 0974 120 <128 0430

-3 -600 0974 120 616 <001

2 -3 -a75 0974 120 -488 0001




image5.png
v | Estimated Marginal Means

achine Marginal Means

pr— > | [ Term1 x
& Machine
& Trziner
+ Add New Term

Output Plot
Marginal means plots. Error bars [None v





