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Mann Whitney U Test 

The Mann-Whitney test is a non-parametric statistical test of difference that allows 

psychologists to determine if their results are significant. It is used in studies that have an 

independent groups design, where the data collected is at least ordinal. 

 

Example: 

A study to investigate gender differences in the ability to memorise pictures of animals in 

short-term memory. Based on previous research it was predicted that females will recall 

significantly more pictures than males. This is a one-tailed prediction.  

A field study was conducted in which 20 participants (10M, 10F) were selected by opportunity 

on a Wednesday afternoon in the college canteen. Once consent was gained they were issued 

with a copy of the memory test containing pictures of 15 animals. Each participant was tested 

individually and given one minute to memorise the pictures and a further one minute to 

immediately recall. 

Maximum score on the memory test was 15. 

Here are their results, 

Males Rank (Ra) Females Rank (Rb) 

10 4.5 12 9 

8 1.5 13 14 

10 4.5 14 18 

12 9 12 9 

8 1.5 13 14 

9 3 12 9 

11 6 13 14 

13 14 14 18 

12 9 14 18 

13 14 15 20 

Mean = 10.6  Mean = 13.2  

 Total = 67  Total = 143 

 

The mean scores show that females (13.2) performed better on the memory recall test 

compared to males (10.6).  

a) Rank the data for each group and add up the total of each set of ranks (remember to rank 

the groups as one whole data set with the lowest number receiving a rank of 1). You have a 

total of 20 positions to give away. If participants share positions, allocate an average to each 

one. 

 



b) Use the formula for Mann Whitney to calculate the value of U. Do each sum separately. 

Remember n = number of participants in that group (10M, 10F). 

 

Ua = 10x10 + 10 (10+1)/ 2 – 67 

Ua = 100 + 55 – 67 

Ua = 88 

Ub = 10x10 + 10 (10+1)/ 2 – 143 

Ub = 100 + 55 – 143  

Ub = 12 

 

Therefore U = 12 

 

c) Use the critical value table to assess the significance in the findings based on a one-tailed test 

when p<0.05, and state whether the results are significant or not.  

 

 

 

 

 

 

 

 

 

 

 

 



 

    

Rule: If the calculated value is equal to or lower than the critical value then the results are 

significant at the 5% level of probability. 

Critical value = 27 (when na =10, nb = 10, p<0.05) 

Complete the significance statement (delete some parts);  

“The calculated value of U is 12. This is less than the critical value of 27 (when p<0.05).  

Therefore, this result is significant. There is a less than 5% probability that the results are due 

to chance.” 

 



d) State which hypothesis would be accepted and why. Interpret the result in terms of the 

context in the question.  

The research hypothesis would be accepted and the null rejected. This tells us that there is a 

significant difference between males and females and their ability to recall pictures of 

animals on a memory test.  

 
 

Wilcoxon Test 

The Wilcoxon test is a non-parametric statistical test of difference that allows a researcher to 

determine the significance of their findings. It is used in studies that have a repeated measures 

or matched pairs design, where the data collected is at least ordinal. 

Example: 

A study to investigate if revision aids help with memory recall. Based on previous research it 

was predicted that revision aids (cue cards) will significantly improve recall compared to not 

using any revision aids. This is a one-tailed prediction.  

A lab experiment was conducted in which 10 participants (5M, 5F) were selected by volunteer 

sampling after an advert was placed in the sixth form library. Once consent was gained, they 

were first allocated into condition 1 (no revision aid). Here they were given a short memory 

test containing 20 random words. Each participant was tested individually and given one 

minute to memorise the word list and a further one minute to immediately recall.  

On completion they were given some revision aids (cue cards) and asked to take a short break 

to practice the techniques ready for the second test. One hour later they returned to the lab 

and completed condition 2. Here they were given 5 minutes to read the cue cards before being 

given a second memory test. This contained a list of 20 new words, for which they had one 

minute to memorise and a further minute to recall.  

Maximum score on each memory test was 20. 

 

 

 

 

 

 

 

 



Here are their results, 

 

a) Calculate the mean for each condition (no revision aids versus cue cards) and state what the 

results tell us. 

The results show that on average recall of words is greater when revision aids like cue cards 

are used (15.7) compared to when they are not (13.4).  

b) Calculate the Wilcoxon test by completing the table and find the value of T (lowest of the 

ranks, either positive or negative). Ignore any scores with values of 0 or differences with a 0 

score/ do not rank these. Also ignore the signs when calculating the difference.  

Next add up the total for the rank scores that had a positive in the difference column, then add 

up the total for the rank scores that had a negative in the difference column.  

10.5 

Rank Negative =   34.5 

Take the lowest number. Therefore, the value of T = 10.5 

 

c) Use the critical value table to assess the significance in the findings, when n =9, using a one-

tailed test when p<0.05, and state whether the results are significant or not.  

As the participant group has now reduced to 9. 

 

Participant 1 (no revision aid) 2 (cue cards) Difference Rank of 
Difference 

1 12 20 -8 9 

2 11 14 -3 3 

3 10 15 -5 5 

4 18 17 1 1 

5 10 16 -6 6 

6 14 12 2 2 

7 13 13 0 0 

8 16 20 -4 4 

9 12 19 -7 7.5 

10 18 11 7 7.5 

 
Mean = 

 
13.4 

 
15.7 

  

    
 

Rank Positive = 10.5 
Rank Negative = 34.5 

Rank Positive = 



 

Rule: If the calculated value is equal to or lower than the critical value then the results are 

significant at the 5% level of probability. 

The critical value (when n = 9, p<0.05) is 8. 

Complete the significance statement (delete some parts); 

“The calculated value of the Wilcoxon is 10.5. This is more than the critical value of 8 (when 

p<0.05).  Therefore, this result is not significant. There is a more than 5% probability that the 

results are due to chance.” 

 

d) State which hypothesis would be accepted and why. What does this tell us about the results, 

use the context in the question?  

The null hypothesis would be accepted and the research hypothesis rejected. This tells us 

that there is not a significant difference between the use of revision aids (cue cards) and not 

when completing a memory test of words.  

 

 



Chi Squared Test 

The chi-squared test is a non-parametric statistical test of difference or association that allows 

researchers to see if their results are significant. It is used for studies that have an independent 

groups design, where the data collected is nominal (in categories). 

Example: 

A study to investigate whether students or teachers make healthier choices for lunchtime 

meals. A non-participant, covert, naturalistic observation was conducted, where event 

sampling was used to gather data from the sixth form canteen on a Monday lunchtime from 

12-1pm. Students and teachers were both observed as to what options of food or drink they 

purchased during this time. Two observers were seated close by to the cashier where everyone 

had to pass. Both had a copy of the same behavioural categories, covering options for healthy 

food an unhealthy food sold at the canteen. Only food purchased was counted. 

Below is the frequency table of students and teachers and whether they purchased healthy or 

unhealthy food options (observed values). 

a) Label each cell with – A, B, C and D (cell A is done for you). 

 Students Teachers Total 

Healthy Choices 12 (A) 22 (B) 34 

Unhealthy Choices 26 (C) 5 (D) 31 

Column total  38 27 65 

 

The table is showing that students are more likely to make unhealthy choices and teachers 

are more likely to make healthy choice 

b) Add up the totals for each row and each column in the contingency table above. The grand 

total (shaded in grey) will total the same whether it’s added from rows or columns. 

 

c) Use this table to fill in the gaps by completing the steps below: 

 

 

Cell 

 

Observed 

value (O) 

 

Expected 

value (E) 

 

O-E 

 

(O-E)2 

 

E

EO 2)( −
 

A 12 19.88 -7.88 62.09 3.12 

B 22 14.12 7.88 62.09 4.40 

C 26 18.12 7.88 62.09 3.43 

D 5 12.88 -7.88 62.09 4.82 



  

1. For each cell in the original contingency table, calculate the expected value (E) as follows;    

grandtotal

olumntotalrowtotalxc
 

Cell A) 34x38/ 65 = 19.88 

Cell B) 34x27/ 65 = 14.12 

Cell C) 31x38/ 65 = 18.12 

Cell D) 31x27/ 65 = 12.88 

 

2. For each cell subtract the expected value from the observed value (O-E). 

3. Square the values for the previous step (O-E)2. 

4. Divide the result of the previous step by E. 

5. Add up all the values in the last column (shaded grey) to give a final value for Chi-squared 

2.  

 

This is represented by the formula; 


−

=
E

EO 2
2 )(

  =      15.77 

 

d) To decide if our calculated value for 2 is significant, you need to work out the degrees of 

freedom for the contingency table using the following formula; 

df = (no. rows - 1) x (no. columns – 1) 

df = (2-1) x (2-1) 

df = 1 

Calculate these for this study (look at the first raw data table). 

Once you have these two values, you can use the 2 table to check if the value for 2 is higher 

than the critical value given in the table. If it is, then the result is significant at the level given. 

Make sure you look at the probability level of 5% (p< 0.05). 



 

Rule: If the calculated value is equal to or greater than the critical value then the results are 

significant at the 5% level of probability. 

Complete the significance statement (delete some parts);  

“The calculated value of 2 is 15.77. This is more than the critical value of 3.841 (when p<0.05).  

Therefore, this result is significant. There is a less than 5% probability that the results are due 

to chance.” 

 

f) State which hypothesis would be accepted and why. What does this tell us about the results, 

use the context in the question?  

The research hypothesis would be accepted and the null rejected. This tells us that there is a 

significant difference between students and teachers and the healthy or unhealthy food 

choices they make.   

 



Sign Test 

The sign test is a non-parametric statistical test of difference that allows a researcher to 

determine the significance of their investigation. It is used in studies that have used a repeated 

measures design, where the data collected is nominal. 

 

Example: 

A study to see whether students prefer horror or comedy films. It was predicted that more 

students would prefer comedy films. A sample of 10 students were selected by opportunity in 

the college study area. Once consent was obtained, they were asked two questions. 

Each participant was asked if they liked horror films and then if they liked comedy films. By 

doing this nominal data was gathered by recording YES or NO to each question. This was a 

repeated measures design as each participant was asked two questions.  

The results are in the table below: 

 

Table (1) Results to show participants preference for horror or comedy films. 

Participant Horror Films 

(Condition A) 

Comedy Films 

(Condition B) 

1 yes no 

2 no yes 

3 no yes 

4 yes no 

5 no yes 

6 no no 

7 yes no 

8 no yes 

9 no yes 

10 no no 

 

a) Go to the next table and add the appropriate signs to the participant scores; either positive 

(+) or negative (-) using the key below.  

KEY:  If condition A (horror) is YES put a minus and if condition B (comedy) is a YES put a plus. 

 

As the prediction is that comedy films will be preferred, they are allocated the plus sign. 

 

Ignore participants with the same answer (this does not tell us which film they prefer). 

 



The signs are allocated like this as it supports our hypothesis. We think participants will be 

more likely to say yes to the comedy films.  

(Yes in Horror Films = minus sign, Yes in Comedy Films = plus sign) 

Participant Horror Films 

(Condition A) 

Comedy Films 

(Condition B) 

Sign (+/ -) 

1 yes no - 

2 no yes + 

3 no yes + 

4 yes no - 

5 no yes + 

6 no no  

7 yes no - 

8 no yes + 

9 no yes + 

10 no no  

 

N.B. Ignore any results where the scores are the same in both conditions. 

Remove these participants from the sample size, therefore now N= 8 

b) Now count the number of each positive and negative sign assigned to each participant’s 

scores.  

(+) TOTAL = 5 

(-) TOTAL = 3 

The smallest of signs (+ or -) is the overall binomial test result. The observed value of S = 3 

Now look for the 0.05 level of significance and find the critical value in the table below;  

 

 

 

 

 

 

 

 

Rule: If the calculated value is equal to or lower than the critical value then the results are 

significant at the 5% level of probability. 

N 0.05 0.01 

5 0  

6 0 0 

7 0 0 

8 1 0 

9 1 1 

10 1 1 

11 2 1 

12 2 2 

13 3 2 

14 3 2 

15 3 3 



NB:  

N = number of participants whose scores were used. In a sign test you ignore any results were 

there is the same score in both conditions for example, “no no” or “yes yes”. 

Therefore, in this example, the number of participants scores used would be 8 participants. 

Therefore, the critical sign test value = 1 

 

c) Write a statement of significance (delete some parts); 

“The calculated value of S is 3. This is more than the critical value of 1 (when p<0.05).  

Therefore, this result is not significant. There is a more than 5% probability that the results are 

due to chance.” 

 

d) Does this mean the study was significant? Explain in terms of the context in the question.  

This means that there was not a significant difference between the types of films preferred 

by students (horror or comedy).  

 

 

 

Spearman’s Rho Test 

Spearman’s rho is a non-parametric statistical test of correlation that allows a researcher to 

determine the significance of their investigation. It is used in studies that are looking for a 

relationship, where the data is at least ordinal. 

 

Example: 

An investigation was carried out to see if there was a relationship between self-ratings of 

aggression and the number of siblings a person has. It was predicted that having more siblings 

can make people more aggressive, as they are more likely to have to compete within the 

family. 

Participants were asked to volunteer for a study during a two-day period in the sixth form. A 

poster was placed in the library and the canteen asking for males and females to complete a 

short questionnaire. 15 students volunteered and were each asked to rate themselves on a 

scale 0-5 for overall aggression (0 = never aggressive, 5 = always aggressive). They were also 

asked to give the number of siblings they had. Ordinal data from the two questions was 

collected to analyse the relationship between the two variables. 

The results are in the table below:  



 

 

a) Calculate the ranks for each group (remember to rank the data as two separate groups- do 

aggression, then do siblings). Remember you have 15 positions to give away, and some 

scores will share positions. Rank all scores, even if they are 0. 

Next calculate the difference between the ranks (d) and finally calculate the last column 

(d2). You will need the sum of this column (d2) to substitute into the formula below (shaded 

in grey). 

 

b) Calculate the Spearman’s Rho test by using the formula to find the value of rho (Rs). It is 

easier to leave the 1 until you have calculated the other part of the equation.  

 

rs = 1 – 6x83.5/ 15(225-1) 

rs = 1 – 501/ 3360 

rs = 1 – 0.149  

rs = 0.851  

 

Student A  
(self-rating of 
aggression) 

Rank A B  
(number of 

siblings) 

Rank B Rank of 
Difference 

(d) 

Rank of 
Difference 

Squared (d2) 

1 3 11 3 13 -2 4 

2 2 7 2 8 -1 1 

3 5 15 4 15 0 0 

4 1 3.5 2 8 -4.5 20.25 

5 2 7 2 8 -1 1 

6 3 11 3 13 -2 4 

7 2 7 1 4 3 9 

8 0 1.5 0 2 -0.5 0.25 

9 2 7 2 8 -1 1 

10 2 7 2 8 -1 1 

11 1 3.5 0 2 1.5 2.25 

12  0 1.5 0 2 -0.5 0.25 

13 4 13.5 3 13 0.5 0.25 

14 3 11 2 8 3 9 

15 4 13.5 2 8 5.5 30.25 

 
 

     Sum = 83.5 



You should have a number between -1 and +1. This is the correlation coefficient = 0.851 

 

c) Use the critical value table to assess the significance in the findings when n =15 using a one-

tailed test when p<0.05, and state whether the results are significant or not.  

 

 

Rule: If the calculated value is equal to or greater than the critical value then the results are 

significant at the 5% level of probability. 

d) Write a statement of significance (delete some parts); 

“The calculated value of Rho is 0.851. This is more than the critical value of 0.446 (when 

p<0.05). Therefore, this result is significant. There is a less than 5% probability that the results 

are due to chance.” 

 

e) Does this mean the study was significant? Explain in terms of the context in the question.  

The results tell us that there is a strong, positive correlation between self-ratings of 

aggression and the number of siblings a person has. As one variable increases, so does the 

other. 

 


