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Research Skills One, nonparametric tests problem sheet:
Enter these data into SPSS and perform the appropriate nonparametric statistical test.

1. A questionnaire, asking people how much they liked statistics, is administered to a random sample of Psychology students in each of three universities: Uzeliss, Atrosiuss and Heaupless. Six Uzeliss students return their questionnaires; six Atrosiuss students; and five Heupless students. Each person provides an overall rating (out of 50) of how much they like statistics. Since the scores are not normally distributed, it is decided to perform a non-parametric test on them. Is there a difference between the three universities, in terms of the popularity of statistics? 
	Uzeliss:
	Atroisiuss:
	Heaupless:

	participant 1: 32
	participant 1: 36
	participant 1: 33

	participant 2: 34
	participant 2: 46
	participant 2: 40

	participant 3: 31
	participant 3: 37
	participant 3: 39

	participant 4: 27
	participant 4: 47
	participant 4: 36

	participant 5: 36
	participant 5: 43
	participant 5: 41

	participant 6: 35
	participant 6: 42
	


2. An experiment is performed to investigate the performance of supermarket check-out operators under different levels of background music. There are three conditions: no noise, moderate noise (Rhianna and Paul McCartney) and extreme noise (the "heavy metal" condition). Each participant works for one hour under each of these conditions, and the measure taken is the number of times in that hour that a customer is short-changed. Each participant receives the three treatments in a different order. Use the appropriate non-parametric test to determine whether the type of background music has an effect on operators' performance.
	
	No noise
	Moderate noise
	Loud noise

	participant 1:
	2
	5
	4

	participant 2:
	1
	5
	3

	participant 3:
	3
	5
	5

	participant 4:
	3
	5
	2

	participant 5:
	2
	3
	5

	participant 6:
	1
	4
	4

	participant 7:
	5
	3
	2

	participant 8:
	1
	4
	3


3. Twelve participants listened to different speech sounds played simultaneously into opposite ears. The mean number of words recalled (out of 32) from each ear by each of the participants is as follows:

	
	Left ear:
	Right ear:

	participant 1: 
	25
	32

	participant 2: 
	29
	30

	participant 3: 
	10
	8

	participant 4: 
	31
	32

	participant 5: 
	27
	20

	participant 6:
	24
	32

	participant 7:
	26
	27

	participant 8:
	29
	30

	participant 9:
	30
	32

	participant 10:
	32
	32

	participant 11:
	20
	30

	participant 12: 
	5
	32


Is there a significant difference between the number of words recalled from each ear? Perform the appropriate non-parametric test. 

4. In an experiment on odour effects on attractiveness, one group of male motorcyclists are given a description of a woman while smelling rotting cabbages. Another group of participants receive the same information about her while smelling "Castrol R" (an engine oil which smells like perfume to motorcyclists). Here are the data for ten participants (five in each condition). Each participant produces a rating of the attractiveness of the woman (the higher the score, the more they find her attractive).

Ambient odour:

Castrol R:  
 

25   19   18   23   26

Rotting cabbages:    
12    20   14  14   19

Does the ambient odour influence the motorcyclists' ratings of the woman's attractiveness?


5. Disney want to compare Eurodisney and Disneyland Florida for their attractiveness to punters. Money being rather tight, the proprietors find seven people who have been to both sites, and ask each one to fill in a simple questionnaire. (Well, it would have to be simple, wouldn't it?). Each participant rates each site on a number of traits (e.g. the impressiveness of Mickey's ears, quality of the Goofy actor, degree of similarity of the burgers and fries to real food, etc.). These ratings are then averaged together, so that we end up with two scores per participant: one score represents the mean of their ratings for Eurodisney, while the other is the mean of their ratings for Disney Florida. The higher the rating, the more popular the resort (on a nine-point scale).

Participant:

1
2
3
4
5
6
7

Eurodisney:

7
5
8
9
4
6
3

Florida:

6
4
3
9
5
2
1


Test whether there is a significant difference in participants' ratings of the two sites.


6. A researcher decides to find out if Duracell bunnies really do last longer. She takes examples of four different brands of battery, puts the battery into a toy bunny, and measures the length of time (in hours) before the bunny stops moving. The table below shows how long each battery lasted. Is there a significant difference between the brands in terms of how long they last? These data are measurements on a ratio scale - so why are we performing a nonparametric test on them? 
	Duracell
	Tesco 
	EverReady
	Varta

	100
	90
	120
	110

	102
	120
	111
	108

	130
	60
	98
	99

	95
	35
	97
	128

	120
	162
	116
	118

	130
	32
	128
	117

	122
	114
	87
	116

	124
	39
	102
	121

	107
	75
	125
	142


Worked solutions to nonparametric tests problem sheet:

Question 1: Differences between universities in terms of how much students like statistics:

	Ranks

	
	University
	N
	Mean Rank

	statistics_rating
	Uzeliss
	6
	4.17

	
	Atrosiuss
	6
	13.33

	
	Heaupless
	5
	9.60

	
	Total
	17
	


	Test Statisticsa,b

	
	statistics_rating

	Chi-Square
	10.035

	df
	2

	Asymp. Sig.
	.007

	a. Kruskal Wallis Test

	b. Grouping Variable: University


We have three groups, each containing different participants (i.e., each participant gives us one score only). We are told that the data are not normally-distributed, so we will be cautious and use a Kruskal-Wallis test. 
There is a significant difference between the three groups of students in terms of how much they like statistics, (2(2) = 10.03, p = .007. The mean ratings were 32.50 for Uzeliss students (SD = 3.27),  41.83 for Atrosiuss students (SD = 4.53) and 37.80 for Heaupless students (SD = 3.27) 
Strictly speaking, all that the Kruskal-Wallis test tells you is that there is a difference of some kind or another between the conditions involved. Sometimes this will be because one condition is the odd-one-out, being very different from other conditions which are all similar to each other; sometimes, it will be because all of the conditions differ from each other. Looking at the means for the three conditions might give you some idea of where the significant result comes from. In this case, inspecting the means suggests that Uzeliss students like statistics less than the other two groups.

Question 2 - check-out operators and background music:

We have three conditions, with a repeated-measures design: each participant participates in all three conditions. The appropriate non-parametric test is therefore a Friedman's test.

	Ranks

	
	Mean Rank

	no_noise
	1.38

	moderate_noise
	2.63

	loud_noise
	2.00


	Test Statisticsa

	N
	8

	Chi-Square
	6.667

	df
	2

	Asymp. Sig.
	.036

	a. Friedman Test


	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	no_noise
	8
	1.00
	5.00
	2.2500
	1.38873

	moderate_noise
	8
	3.00
	5.00
	4.2500
	.88641

	loud_noise
	8
	2.00
	5.00
	3.5000
	1.19523

	Valid N (listwise)
	8
	
	
	
	


There is a significant difference between our three conditions, (2(2) = 6.67, p = .04. In other words, the background noise does affect the operators' performance. 
Bear in mind that the dependent variable here is the number of times in an hour that the cashier short-changes customers, so a higher score means worse performance. In the no noise condition, the mean number of short-changes per hour is 2.25 (SD = 1.39); for moderate noise, M = 4.25 (SD =0.89); and for loud noise, M = 3.50 (SD = 1.19) 
As with the Kruskal-Wallis test, you would have to look at the means for each condition, to see where this statistical significance comes from; here, it's not that clear, but it appears that the greater the noise, the worse its effects on performance.
Question 3 - ear differences in word recall:

We have two conditions, with a repeated-measures design: each participant participates in both conditions. Since we are asked to use a non-parametric test, the appropriate test is a Wilcoxon test.
	Test Statisticsa

	
	right_ear - left_ear

	Z
	-1.789b

	Asymp. Sig. (2-tailed)
	.074

	a. Wilcoxon Signed Ranks Test

	b. Based on negative ranks.


	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	left_ear
	12
	5.00
	32.00
	24.0000
	8.45308

	right_ear
	12
	8.00
	32.00
	28.0833
	7.21688

	Valid N (listwise)
	12
	
	
	
	


We conclude that there is no significant difference between the number of words recalled from the left ear (M = 24.00, SD = 8.45), and the number recalled from the right ear (M = 28.08, SD = 7.22),  z(12) = -1.79, p = .07.
Question 4 - odour effects on attractiveness ratings:
We have two conditions, in an independent-measures design: each participant participates in only one condition. The scores are ratings, which are ordinal data. Therefore the appropriate test to use is the Mann-Whitney test.
	Ranks

	
	odour_condition
	N
	Mean Rank
	Sum of Ranks

	rating
	Castrol_R
	5
	7.30
	36.50

	
	rotting_cabbages
	5
	3.70
	18.50

	
	Total
	10
	
	

	Test Statisticsa

	
	rating

	Mann-Whitney U
	3.500

	Wilcoxon W
	18.500

	Z
	-1.892

	Asymp. Sig. (2-tailed)
	.059

	Exact Sig. [2*(1-tailed Sig.)]
	.056b

	a. Grouping Variable: odour_condition

	b. Not corrected for ties.


	
	rating

	
	Mean
	Standard Deviation

	odour_condition
	Castrol_R
	22.20
	3.56

	
	rotting_cabbages
	15.00
	3.46


Ambient odour appears to have no significant effect on motorcyclists' ratings of the woman's attractiveness, U(5, 5) = 3.50, p = .06. For the "Castrol R" condition, M = 22.20 (SD = 3.56), and for the "rotting cabbage" condition, M = 15.80 (SD = 3.49). (NB: SPSS doesn't provide these means by default. I used the Custom Tables option on the Analyze menu, but you could equally well use Descriptives).
However, although "p = .05" is the conventional point below which we consider a result to be significant and above which we consider that it is not, it is a somewhat arbitrary convention. You will sometimes see a result (like ours) that is in the region of .06 – .10 referred to as being "marginally significant".  In this case, we probably don't have enough participants for a difference to be detected by the test: five per condition is a pretty small number, and so the best thing would be to collect some more data before dismissing the hypothesis about odour effects  altogether.
Question 5: relative attractiveness of EuroDisney and Disneyland Florida:

Each participant provides ratings of attractiveness of both sites, so this is a repeated measures design with two conditions (rating EuroDisney, and rating Disneyland Florida). The appropriate test is the Wilcoxon test.
	Descriptive Statistics

	
	N
	Mean
	Std. Deviation
	Minimum
	Maximum

	Eurodisney
	7
	6.0000
	2.16025
	3.00
	9.00

	Florida
	7
	4.2857
	2.69037
	1.00
	9.00


	Ranks

	
	N
	Mean Rank
	Sum of Ranks

	Florida - Eurodisney
	Negative Ranks
	5a
	3.80
	19.00

	
	Positive Ranks
	1b
	2.00
	2.00

	
	Ties
	1c
	
	

	
	Total
	7
	
	

	a. Florida < Eurodisney

	b. Florida > Eurodisney

	c. Florida = Eurodisney


	Test Statisticsa

	
	Florida - Eurodisney

	Z
	-1.802b

	Asymp. Sig. (2-tailed)
	.072

	a. Wilcoxon Signed Ranks Test

	b. Based on positive ranks.


Tourists' ratings for the two resorts are not significantly different, z(7) = -1.80, p = .07. 
The mean ratings are 6.00 (SD = 2.16)  for Eurodisney and 4.29 (SD = 2.69) for Florida, so it looks as if tourists might have shown a preference for the former, had we run enough participants. With an N this small, there is very little chance of getting a significant difference between conditions with a Wilcoxon test. 
Question 6: comparing different battery brands for durability: 

	
	HoursOfCharge

	
	Mean
	Standard Deviation

	BatteryType
	Duracell
	114.44
	13.51

	
	Tesco
	80.78
	44.73

	
	EverReady
	109.33
	14.09

	
	Varta
	117.67
	12.32


	Ranks

	
	BatteryType
	N
	Mean Rank

	HoursOfCharge
	Duracell
	9
	21.94

	
	Tesco
	9
	11.33

	
	EverReady
	9
	18.17

	
	Varta
	9
	22.56

	
	Total
	36
	


	Test Statisticsa,b

	
	HoursOfCharge

	Chi-Square
	6.476

	df
	3

	Asymp. Sig.
	.091

	a. Kruskal Wallis Test

	b. Grouping Variable: BatteryType


This is an independent-measures design with four conditions, so the appropriate test is the Kruskal-Wallis test. (Each battery is in effect an individual participant). 

There was no significant difference between the four makes of battery in terms of how long they lasted before running out of charge, (2(3) = 6.48, p = .09 (Duracell M = 114.44 hours, SD = 13.51; Tesco M = 80.78 hours, SD = 44.73; EverReady M = 109.33 hours, SD = 14.09; Varta M = 117.67 hours, SD = 12.32). (NB: As with the Mann-Whitney test, SPSS doesn't provide these means by default when you perform a Kruskal-Wallis test. I used the Custom Tables option on the Analyze menu, but you could equally well use Descriptives).
The ideal parametric test to perform on these data would be a one-way independent-measures Analysis of Variance (ANOVA); however, one of the assumptions that needs to be met in order to use a parametric test is that the data show homogeneity of variance. While the variances are quite similar for three of the battery brands (Duracell, EverReady and Varta) the variance for the Tesco batteries is very different (over three times larger than the others). Hence the data do not show homogeneity of variance, so we opt for the Kruskal-Wallis test, the nonparametric equivalent of a one-way independent-measures ANOVA.
