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Course Description: 
 

List of Topics: 
 

1- Introduction, review of some parametric tests, the nonparametric statistical procedures.  
 

2- Testing data for normality: Describing data and the normal distribution, computing and testing 
kurtosis and skewness for sample normality, Examining skewness and kurtosis for normality using 
statistical software packages. 

 

3- The Kolmogorov–Smirnov one-sample test, performing the Kolmogorov–Smirnov one-sample 
test using statistical software packages. 

 

4- Comparing two related samples: The Wilcoxon signed rank and the sign test: 
Confidence interval for the Wilcoxon signed rank test, performing the Wilcoxon Wilcoxon signed rank 
test and the sign test using statistical software packages. 

 

5- Comparing two unrelated samples: The Mann−Whitney U-test and the Kolmogorov−Smirnov 
two-sample test, performing the Mann–Whitney U-Test and the Kolmogorov–Smirnov two-sample 
test using statistical software packages. 

 

6- Comparing more than two related samples: The Friedman test,  performing the Friedman test 
using statistical software packages.    

 

7- Comparing more than two unrelated samples: the Kruskal–Wallis H-test, 
performing the Kruskal–Wallis H-test using statistical software packages. 

 

8- Comparing variables of ordinal or dichotomous scales: Spearman rank-order, Point-Biserial, 
and Biserial correlations, performing the Spearman rank-order correlation, the Point-Biserial 
correlation and the Biserial correlation using statistical software packages. 

 

9- The χ2 Goodness-of-Fit Test (Category Frequencies not equal), performing the χ2 goodness-of-
Fit test using statistical software packages. 

 

10- The χ2 test for independence, performing the χ2 test for independence using statistical software 
packages. 

 

11- The Fisher exact test, computing the Fisher exact test for 2 × 2 tables, performing the Fisher exact 
test using statistical software packages. 

 

12- Test for randomness: The runs test, performing the runs test using statistical packages, runs test 
referencing a custom value, performing the runs test for a custom value using statistical software 
packages. 
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Nonparametric Statistical Procedures 
(RANKING DATA) 

 
 

1. Male high school students completed the 1-mile run at the end of 

their 9th grade and the beginning of their 10th grade. The 

following values represent the differences between the recorded 

times. Notice that only one student’s time improved (−2: 08). 

Rank the values in Table 1 beginning with the student’s time 

difference that displayed improvement. 

 

 
TABLE 1  

Participant Value Rank 

1 0 : 36  

2 0 : 28  

3 1 : 41  

4 0 : 37  

5 1 : 01  

6 2 : 30  

7 0 : 44  

8 0 : 47  

9 0 : 13  

10 0 : 24  

11 0 : 51  

12 0 : 09  

13 −2 : 08  

14 0 : 12  

15 0 : 56  

 

  



 

 

11 
Lec.2 ( T. kholoud Basalim) Stat 333 

       The value ranks are listed in Table 1 Notice that there are no ties. 

 

 
TABLE 1   

Participant Value Rank 

1 0 : 36 7 

2 0 : 28 6 

3 1 : 41 14 

4 0 : 37 8 

5 1 : 01 13 

6 2 : 30 15 

7 0 : 44 9 

8 0 : 47 10 

9 0 : 13 4 

10 0 : 24 5 

11 0 : 51 11 

12 0 : 09 2 

13 −2 : 08 1 

14 0 : 12 3 

15 0 : 56 12 
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2. The values in Table 2 represent weekly quiz scores on math. Rank the quiz 

scores. 

 
TABLE 2  

Participant Score Rank 

1 100  

2 60  

3 70  

4 90  

5 80  

6 100  

7 80  

8 20  

9 100  

10 50  

 

 The value ranks are listed in Table 2. Notice the tied values. 

The  value of 80 occurred twice and required averaging the 

rank values    of 5 and 6. 

 
TABLE 2  

Participant Score Rank 

1 100 9 

2 60 3 

3 70 4 

4 90 7 

5 80 5.5 

6 100 9 

7 80 5.5 

8 20 1 

9 100 9 

10 50 2 

 

(5 + 6) ÷ 2 = 5.5 

  The value of 100 occurred three times and required averaging 

the   rank values of 8, 9, and 10. 

(8 + 9 +10) ÷ 3 = 9 
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3. Using the data from the previous example, what are the counts 

(or frequencies) of passing scores and failing scores if a 70 is a 

passing score? 

Table 3 shows the passing scores and failing scores using 70 

as a passing score. The counts (or frequencies) of passing 

scores is 𝒏𝐩𝐚𝐬𝐬𝐢𝐧𝐠  = 7. The counts of failing scores is 

 𝒏𝐟𝐚𝐢𝐥𝐢𝐧𝐠  = 3. 

 

 
TABLE 3   

Participant Score Pass/Fail 

1 100 Pass 

2 60 Fail 

3 70 Pass 

4 90 Pass 

5 80 Pass 

6 100 Pass 

7 80 Pass 

8 20 Fail 

9 100 Pass 

10 50 Fail 
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Testing Data For Normality 

 
1. The values in Table 2.9 are a sample of reading-level score for a ninth-grade class. They are measured on a ratio scale. Examine the 

sample's skewness and kurtosis for normality for a = 0.05. Report your findings. 
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SPSS returned the following values: 

Skewness = -0.904 

Standard error of the skewness = 0.427 

 

Kurtosis = 0.188   

Standard error of the kurtosis = 0.833 

 

The computed Z-scores are below. 

𝐊𝐮𝐫𝐭𝐨𝐬𝐢𝐬:    𝒁𝑲 =
𝑲 − 𝟎

𝑺𝑬𝑲
=

𝟎. 𝟏𝟖𝟖

𝟎. 𝟖𝟑𝟑
= 𝟎. 𝟐𝟐𝟔 

and 

Skewness :   𝒁𝑺𝑲 =
𝑺𝑲−𝟎

𝑺𝑬𝑺𝑲
=

−𝟎.𝟗𝟎𝟒

𝟎.𝟒𝟐𝟕
= −𝟐. 𝟏𝟏𝟕  

 
At  = 0.05, the sample's skewness fails the normality test, while the kurtosis passes the normality test.  

Based on our standard of  = 0.05, this sample of reading levels for ninth-grade students is not sufficiently normal 

For example:  alpha = 0.05, then the calculated z-scores for 

an approximately normal distribution must fall between 

−1.96 and +1.96. 
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2. Using a Kolmogorov-Smirnov one-sample test, examine the sample of values from Table 2.9. Report your findings. 
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Kolmogorov-Smirnov obtained value = 1.007 

Two-tailed significance = 0.263 

According to the Kolmogorov-Smirnov one-sample test with = 0.05, this sample of reading levels for ninth-grade 

students is sufficiently normal. 
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Wilcoxon signed rank test + sign test 

 

 

Q1: A teacher wished to determine if providing a bilingual dictionary to students with 

limited English proficiency improves math test scores. A small class of students (n = 10) 

was selected. Students were given two math tests. Each test covered the same type of 

math content; however, students were provided a bilingual dictionary on the second test. 

The data in Table 1 represent the students’ performance on each math test. 

 
Use a one-tailed Wilcoxon signed rank test and a one-tailed sign test to determine which 

testing condition resulted in higher scores. Use = 0.05. Report your findings. 

By using (SPSS): 

The Wilcoxon signed ranks test and sing test are a nonparametric statistical procedure 

for comparing two samples that are paired, or related. 



           Lec.(5+6)                                                                                                                                   ( T. kholoud Basalim) Stat 333  

2 
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           Lec.(5+6)                                                                                                                                   ( T. kholoud Basalim) Stat 333  

4 

 

 

The results from the analysis are displayed in SPSS Outputs 1 and 2. Both tests report 

the two-tailed significance, but the question asked for the one-tailed significance. 

Therefore, divide the two-tailed significance by 2 to find the one- tailed significance. 

 

 

The results from the Wilcoxon signed rank test reported a one-tailed significance of  

p = 0.201/2 = 0.101. The test results (T = 15.0, n = 10, p > 0.05) indicated that the two 

testing conditions were not significantly different. 

The results from the sign   test reported a one-tailed significance of   p = 0.344/2 = 0.172. 

These test results (p > 0.05) also indicated that the two testing conditions were not 

significantly different. 

Therefore, based on this study, the use of bilingual dictionaries on a math test did not 

significantly improve scores among limited English proficient students. 
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Q2: A research study was done to investigate the influence of being alone at night on the 

human male heart rate. Ten men were sent into a wooded area, one at a time, at night, 

for 20 min. They had a heart monitor to record their pulse rate. The second night, the 

same men were sent into a similar wooded area accompanied by a companion. Their 

pulse rate was recorded again. The researcher wanted to see if having a companion 

would change their pulse rate. The median rates are reported in Table 2. Use a two-tailed 

Wilcoxon signed rank test and a two-tailed sign test to determine which condition 

produced a higher pulse rate. Use α = 0.05. Report your findings. 

 

By using (SPSS): 

 

The results from the analysis are displayed in SPSS Outputs 3 and 4.  
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The results from the Wilcoxon signed rank test reported a two-tailed significance of 

 p = 0.092. The test results (T = 11.0, n = 10, p > 0.05) indicated that the two conditions 

were not significantly different. 

The results from the sign test reported a two-tailed significance of p = 0.109. These test 

results (p > 0.05) also indicated that the two testing conditions were not significantly 

different. 

Therefore, based on this study, the presence of a companion in the woods at night did not 

significantly influence the males’ pulse rates. 
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Q3: A researcher conducts a pilot study to compare two treatments to help 

obese female teenagers lose weight. She tests each individual in two different 

treatment conditions. The data in Table 3 provide the number of pounds that 

each participant lost. 

 

Use a two-tailed Wilcoxon signed rank test and a two-tailed sign test to 

determine which treatment resulted in greater weight loss. Use α = 0.05. 

Report your findings. 

 

The results from the analysis are displayed in SPSS Outputs 6 and 7. The results from 

 the Wilcoxon signed rank test (T = 10.0, n = 8, p > 0.05) indicated that the two treatments  

were not significantly different. 
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The results from the sign test (p > 0.05) also indicated that the two testing conditions were 

not significantly different. 

Therefore, based on this study, neither treatment program resulted in a significantly higher 

weight loss among obese female teenagers. 
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Q4: Twenty participants in an exercise program were measured on the number 

of sit-ups they could do before other physical exercise (first count) and the 

number they could do after they had done at least 45 min of other physical 

exercise (second count). Table 4 shows the results for 20 participants obtained 

during two separate physical exercise sessions. Determine the ES for a 

calculated z-score. 
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First Second D |D| 
Rank 
|D| sign 

18 28 10 10 11  + 

19 18 -1 1 1  - 

20 28 8 8 9  + 

29 20 -9 9 10  - 

15 30 15 15 16  + 

22 25 3 3 3  + 

21 28 7 7 8  + 

30 18 -12 12 13  - 

22 27 5 5 6  + 

11 30 19 19 18  + 

20 24 4 4 4  + 

21 27 6 6 7  + 

21 10 -11 11 12  - 

20 40 20 20 19  + 

18 20 2 2 2  + 

27 14 -13 13 14  - 

24 29 5 5 5  + 

13 30 17 17 17  + 

10 24 14 14 15  + 

10 36 26 26 20  + 

 

N=20     

∑ 𝑹+ = 𝟏𝟔𝟎           , ∑ 𝑹− = 𝟓𝟎 

𝑻 = 𝒎𝒊𝒏 (∑ 𝑹+   , ∑ 𝑹−  ) = 𝟓𝟎 

𝒙̅𝑻 =
𝒏(𝒏 + 𝟏)

𝟒
=

𝟐𝟎(𝟐𝟎 + 𝟏)

𝟒
= 𝟏𝟎𝟓 

𝑺𝑻 = √
𝒏(𝒏+𝟏)(𝟐𝒏+𝟏)

𝟐𝟒
   =√

𝟐𝟎(𝟐𝟎+𝟏)(𝟐∗𝟐𝟎+𝟏)

𝟐𝟒
= 𝟐𝟔. 𝟕𝟖𝟔 

𝒁 =
𝑻 − 𝒙̅𝑻

𝒔𝑻
=

𝟓𝟎 − 𝟏𝟎𝟓

𝟐𝟔. 𝟕𝟖𝟔
= −𝟐. 𝟎𝟓𝟑𝟑 

Effect Size : 
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𝑬𝑺 =
|𝒁|

√𝒏
=

𝟐. 𝟎𝟓𝟑𝟑

√𝟐𝟎
= 𝟎. 𝟒𝟓𝟗 ≈ 𝟎. 𝟒𝟔 

This is a reasonably high ES which indicates a strong measure of association. 
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Q5: A school is trying to get more students to participate in activities that will 

make learning more desirable. Table 6 shows the number of activities that 

each of the 10 students in one class participated in last year before a new 

activity program was implemented and this year after it was implemented. 

Construct a 95% median confidence interval based on the Wilcoxon signed 

rank test to determine whether the new activity program had a significant 

positive effect on the student participation. 

 

Last 
year 

This 
year D 

18 20 2 

22 28 6 

10 18 8 

25 23 -2 

16 20 4 

14 21 7 

21 17 -4 

13 18 5 

28 22 -6 

12 21 9 
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For our example, n = 10 and p = 


2
=

0.05

2
= 0.025 . Thus, T = 8 (from table B.3) and  

𝐾 =  𝑇 + 1 =  8 + 1 = 9 . The ninth value from the bottom is −1.0 and the ninth value 

from the top is 7.0. Based on these findings, it is estimated with 95% confidence that the 

difference in students’ number of activities before and after the new program lies between 

−1.0 and 7.0 

 

𝑈𝑖,𝑗 =
𝐷𝑖+𝐷𝑗

2
   ,             1 ≤ 𝑖 ≤ 𝑗 ≤ 𝑛=10 

 2 6 8 -2 4 7 -4 5 -6 9 

2 2 4 5 0 3 4.5 -1 3.5 -2 5.5 
6  6 7 2 5 6.5 1 5.5 0 7.5 

8   8 3 6 7.5 2 6.5 1 8.5 

-2    -2 1 2.5 -3 1.5 -4 3.5 
4     4 5.5 0 4.5 -1 6.5 

7      7 1.5 6 0.5 8 
-4       -4 0.5 -5 2.5 

5        5 -0.5 7 
-6         -6 1.5 

9          9 
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Mann−Whitney U-test +Kolmogorov−Smirnov two-sample test 

 

 

1. The data in Table 1 were obtained from a reading-level test for 1st-grade children. 

Compare the performance gains of the two different methods for teaching reading. 
TABLE 1.  

Method Gain score Method Gain score 

One on one 16 Small group 11 

One on one 13 Small group 2 

One on one 16 Small group 10 

One on one 16 Small group 4 

One on one 13 Small group 9 

One on one 9 Small group 8 

One on one 12 Small group 5 

One on one 12 Small group 6 

One on one 20 Small group 4 

One on one 17 Small group 16 

 Use two-tailed Mann–Whitney U and Kolmogorov–Smirnov two-sample tests to 

determine which method was better for teaching reading. Set α = 0.05. Report 

your findings. 

H0: no tendency of the ranks of one method to be significantly  higher (or lower) than the other 

H1:The ranks of one method are systematically higher (or lower) than the other 

By using (SPSS): 

 

The Mann−Whitney U-test and the Kolmogorov−Smirnov two-sample test 

are nonparametric statistical procedures for comparing two samples that are independent, or not related. 
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The results from the Mann Whitney U-test (𝑈 = 9, 𝑛1 = 10, 𝑛2 = 10, p=0.002 < 

0.05) indicated that the two methods were significantly different. Moreover, the one-

on-one method produced a higher sum of ranks (Σ𝑅1= 146) than the small group 

method (Σ𝑅2= 64). We see that method 1 had significantly higher. 

The results from the Kolmogorov–Smirnov two-sample test (Z= 1.789,𝐷𝑚𝑎𝑥 = 0.8, 

p=0.003 < 0.05) also suggested that the two methods were significantly different. 

Therefore, based on both statistical tests, 1st-grade children displayed significantly 

higher reading levels when taught with a one-on-one method. 
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Q2:  A research study was conducted to see if an active involvement in a hobby had a 

positive effect on the health of a person who retires after age 65. The data in Table 2 

describe the health (number of doctor visits in 1 year) for participants who are involved in 

a hobby almost daily and those who are not. 

TABLE 2  

No hobby group Hobby 

group 

12 9 

15 5 

8 10 

11 3 

9 4 

17 2 

 

Use one-tailed Mann–Whitney U and Kolmogorov–Smirnov two-sample tests to determine whether 

the hobby tends to reduce the need for doctor visits. Set 𝛼 = 0.05. Report your findings. 
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The results from the Mann–Whitney U-test (U = 3.5, n1 = 6, n2 = 6, p=
0.02

2
= 0.01< =0.05) indicated 

that the two samples were significantly different. Moreover, the sample  with no hobby produced a 

higher sum of ranks (ΣR1 = 53.5) than the sample with a hobby (ΣR2 = 24.5). 

The results from the Kolmogorov–Smirnov two-sample test (Z = 1.155,  p=
0.139

2
= 0.0695 > = 0.05) 

suggested, however, that the two methods were not significantly different. 

 

The conflicting results from the two statistical tests prevent us from making a conclusive statement 

about this study. Study replication with larger sample sizes is recommended. 
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Q3: Table 3 shows assessment scores of two different classes who are being taught computer 

skills using two different methods. 

TABLE 3  

Method 1 Method 2 

53 91 

41 18 

17 14 

45 21 

44 23 

12 99 

49 16 

50 10 

Use two-tailed Mann–Whitney U and Kolmogorov–Smirnov two-sample tests to determine 

which method was better for teaching computer skills. Set α = 0.05. Report your findings. 

 

 

The results from the Mann–Whitney U-test (U = 24, n1 = 8, n2 = 8, p=0.401 > 0.05) and the 

results from the Kolmogorov–Smirnov two-sample test (Z = 1.000,      p=0.270 > 0.05) indicated 

that the two samples were not significantly different.  

 

Therefore, based on this study, neither method resulted in significantly different assessment scores 

for computer skills. 

 

 

 

 

𝐷𝑚𝑎𝑥 
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Q4: Two methods were used to provide instruction in science for 7th grade. Method 1 included 

a laboratory each week and method 2 had only classroom work with lecture and worksheets. 

Table 4 shows end-of-course test performance for the two methods. Construct a 95% median 

confidence interval based on the difference between two independent samples to compare the 

two methods. 

TABLE 4.  

Method 1 Method 2 

15 8 

23 15 

9 10 

12 13 

18 17 

22 5 

17 18 

20 7 

 

 

For our example, n1 = 8 and n2 = 8. For 0.05/2 = 0.025, wα/2 = 14. Based on these results, we 

are 95% certain that the median difference between the two methods is between 0 and 11. 
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 Friedman test 

 

 

Q1: A graduate student performed a pilot study for his dissertation. He wanted to examine the 

effects of animal companionship on elderly males. He selected 10 male participants from a 

nursing home. Then he used an ABAB research design, where A represented a week with the 

absence of a cat and B represented a week with the presence of a cat. At the end of each week, he 

administered a 20-point survey to measure quality of life satisfaction. The survey results are 

presented in Table 1 

TABLE 1   

Participants Week 1 Week 2 Week 3 Week 4 

1 7 6 8 9 

2 9 8 10 7 

3 15 18 16 17 

4 7 6 8 9 

5 7 8 10 11 

6 10 14 13 11 

7 12 19 11 13 

8 7 4 2 5 

9 8 7 9 5 

10 12 16 14 15 

Use a Friedman test to determine if one or more of the groups are significantly different. 

Since this is pilot study, use α = 0.10. If a significant difference exists, use Wilcoxon signed rank 

tests to identify which groups are significantly different. Use the Bonferroni procedure to limit 

the type I error rate. Report your findings. 

By using SPSS : 

1- Enter the data in the program: 

 

The Friedman test is a nonparametric statistical procedure for comparing more than two 

samples that are related.  
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2- calculate the Friedman test from (Analysis - nonparametric test -legacy Dialogs - K 

related samples ): 

 

 
 

 

 

 

3-test result: 

 

 

 

 

 



Lec. 9+10+11+12                                                                                               (T.kholoud Basalim )   Stat 333 
3 

 

According to the data, the results from the Friedman test indicated that the four conditions 

were not significantly different (Fr(3) = 2.160, p=0.54 > 0.10). Therefore, no follow-up 

contrasts are needed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     If 𝑝 − 𝑣𝑎𝑙𝑢𝑒 ≤∝          𝑅𝑒𝑗𝑒𝑐𝑡 𝐻0 

And  

                 If 𝑝 − 𝑣𝑎𝑙𝑢𝑒 >∝          𝑛𝑜𝑡 𝑟𝑒𝑗𝑒𝑐𝑡 𝐻0 

Remember 
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Q2: A physical education teacher conducted an action research project to examine a strength and 

conditioning program. Using 12 male participants, she measures the number of curl ups they 

could do in 1 min. She measured their performance before the programs. Then, she measured 

their performance at 1 month intervals. Table 2 presents the performance results. 

TABLE 2 

Number of curl ups in one minute 

 

Participants Baseline     Month 1     Month 2 

1 66          67 69 

2 49          50  56 

3 51           52  49 

   4 

   5 

      65 

42 

65 

43 

69 

46 

   6 38 39 40 

   7 33 31 39 

   8 41 41 44 

   9 46 47 48 

   10 45 46 46 

   11 36 33 34 

   12 51 55 67 

Use a Friedman test with α = 0.05 to determine if one or more of the groups are significantly 

different. The teacher is expecting performance gains, so if a significant difference exists, use 

Wilcoxon signed rank tests to identify which groups are significantly different. Use the 

Bonferroni procedure to limit the type I error rate. Report your findings. 
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By using SPSS : 

1- Enter the data in the program. 

2- calculate the Friedman test from (Analysis - nonparametric test -legacy Dialogs - K 

related samples ). 

3- Test result: 

 

According to the data, the results from the Friedman test indicated that one or more of the 

three groups are significantly different (Fr(2) = 10.978, p=0.004 < 0.05). Therefore, we must 

examine each set of samples with follow-up contrasts to find the differences between groups.  

 

We compare the samples with Wilcoxon signed rank tests. Since there are k = 3 groups, use 

∝B=
∝

k
=

0.05

3
= 0.0167 to avoid type I error rate inflation. The results from the Wilcoxon 

signed rank tests are displayed in SPSS outputs 
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a. Baseline–Month 1 Comparison. The results from the Wilcoxon signed rank test (T = 

17.0, n = 12, p=0.266 > 0.0167) indicated that the two samples were not significantly 

different. 

b. Month 1–Month 2 Comparison. The results from the Wilcoxon signed rank test (T = 6.0, 

n = 12, p=0.016 < 0.0167) indicated that the two samples were significantly different. 

c. Baseline–Month 2 Comparison. The results from the Wilcoxon signed rank test (T = 7.0, 

n = 12, p=0.012 < 0.0167) indicated that the two samples were significantly different. 
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THE KRUSKAL–WALLIS H-TEST 

 

1. A researcher conducted a study with n = 15 participants to investigate strength gains from 

exercise. The participants were divided into three groups and given one of three treatments. 

Participants’ strength gains were measured and ranked. The rankings are presented in Table 1. 

 

TABLE 1  

Treatments   

I II III 

7 13 12 

2 1 5 

4 7 16 

11 8 9 

15 3 14 

 

Use a Kruskal–Wallis H-test with α = 0.05 to determine if one or more of the groups are 

significantly different. If a significant difference exists, use a two- tailed Mann–Whitney U-tests 

or two-sample Kolmogorov–Smirnov tests to identify which groups are significantly different. 

Use the Bonferroni procedure to limit the Type I error rate. Report your findings. 

  

Test hypothesis: 

H0: θT1 = θT2 = θT3         vs       H1: At least one of the θ is different  

 

 

The Kruskal–Wallis H-test is used to compare more than two independent samples. 
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According to the data, the results from the Kruskal–Wallis H-test indicated that the three 

groups are not significantly different (H(2) = 2.720, p=0.257 > 0.05). Therefore, no 

follow-up contrasts are needed. 

 

 

 

 

 

 

 

 

 

 

                     If 𝑝 − 𝑣𝑎𝑙𝑢𝑒 ≤∝          𝑅𝑒𝑗𝑒𝑐𝑡 𝐻0 

And  

                 If 𝑝 − 𝑣𝑎𝑙𝑢𝑒 >∝          𝑛𝑜𝑡 𝑟𝑒𝑗𝑒𝑐𝑡 𝐻0 

Remember 
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2. A researcher investigated how physical attraction influences the perception among others of a 

person’s effectiveness with difficult tasks. The photographs of 24 people were shown to a focus 

group. The group was asked to classify the photos into three groups: very attractive, average, 

and very unattractive. Then, the group ranked the photographs according to their impression of 

how capable they were of solving difficult problems. Table 2 shows the classification and 

rankings of the people in the photos (1 = most effective, 24 = least effective). 

TABLE 2  

Very attractive Average Very unattractive 

1 3 11 

2 4 15 

5 8 16 

6 9 18 

7 13 20 

10 14 21 

12 19 23 

17 22 24 

Use a Kruskal–Wallis H-test with α = 0.05 to determine if one or more of the groups are significantly 

different. If a significant difference exists, use two- tailed Mann–Whitney U-tests to identify which 

groups are significantly different. Use the Bonferroni procedure to limit the type I error rate. Report 

your findings. 

 

Test hypothesis: 

H0: θ1 = θ2 = θ3         vs       H1: 
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According to the data, the results from the Kruskal-Wallis H-test indicated that one or more of 

the three groups are significantly different (H(2) = 9.920, p < 0.05). Therefore, we must 

examine each set of samples with follow-up contrasts to find the differences between groups.  

 

Based on the significance from the Kruskal-Wallis H-test, we compare the samples with 

Mann-Whitney U-tests. Since there are k = 3 groups, use 𝐁= 


𝐤
=0.0167 to avoid Type I 

error rate inflation. The results from the Mann-Whitney U-tests are displayed in the SPSS 

Outputs below 

a. Very attractive-Avarege comparison: 

 
The results from the Mann-Whitney U-test (U = 20.0, 𝑛1=8 , 𝑛2 = 8, p=0.208 > 0.0167) indicated that 

the two samples were not significantly different, 
 

b. Very Attractive-very unattractive comparison: 

Mann−Whitney U-test statistic 
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The results from the Mann-Whitney U test (U = 12.0, 𝑛1=8 , 𝑛2= S, p=0.003< 0.0167) indicated that the 

two samples were significantly different, 
 

c. Average -very unattractive comparison: 

 
The results from the Mann-Whitney U-test (U = 4.0, 𝑛1=8 , 𝑛2 = 8, p=0.036 >0.0167) indicated that the 

two samples were not significantly different. 
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Comparing Variables Of Ordinal Or Dichotomous Scales: 

 

Spearman Rank- Order, Point-Biserial, and Biserial Correlations 
 

 

 

 

 

 

 

 

 

1. The business department at a small college wanted to compare the relative class 

rank of its MBA graduates with their fifth-year salaries. The data collected by the 

department are presented in Table 1. Compare the graduates’ class rank with their 

fifth-year salaries. 

 
TABLE 1  

Relative class 

rank 

Fifth-year 

salary ($) 

1 83,450 

2 67,900 

3 89,000 

4 80,500 

5 91,000 

6 55,440 

7 101,300 

8 50,560 

9 76,050 

 

Use a two-tailed Spearman rank-order correlation with α = 0.05 to deter- mine if a relationship 

exists between the two variables. Report your findings. 

 

 

 

 

 

 

 

The Spearman rank-order correlation, also called the Spearman’s ρ,  
is used to compare the relationship between ordinal, or rank-ordered, variables 

The point-biserial and biserial correlations are used to compare the relationship between two 
variables if one of the variables is dichotomous 
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BY SPSS: 
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The results from the Spearman rank-order correlation (𝑟𝑠= −0.217, p=0.576  > 0.05) 
did not produce significant results. Based on these data, we can state that there is 
no clear relationship between graduates’ relative class rank and fifth-year salary. 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     If 𝑝 − 𝑣𝑎𝑙𝑢𝑒 ≤∝          𝑅𝑒𝑗𝑒𝑐𝑡 𝐻0 

And  

                 If 𝑝 − 𝑣𝑎𝑙𝑢𝑒 >∝          𝑛𝑜𝑡 𝑟𝑒𝑗𝑒𝑐𝑡 𝐻0 

Remember 
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2. A researcher was contracted by the military to assess soldiers’ perception of a new 

training program’s effectiveness. Fifteen soldiers participated in the program. The 

researcher used a survey to measure the soldiers’ perceptions of the pro- gram’s 

effectiveness. The survey used a Likert-type scale that ranged from 5 = strongly 

agree to 1 = strongly disagree. Using the data presented in Table 2, compare the 

soldiers’ average survey scores with the total number of years the soldiers had been 

serving. 

 

 

TABLE 2 

 

Average survey 

score 

Years of service 

4.0 18 
4.0 15 
2.4 2 
4.2 13 
3.4 4 
4.0 10 
5.0 24 
1.8 4 
3.2 9 
2.5 5 
2.5 3 
3.0 8 
3.6 16 
4.6 14 
4.8 12 

Use a two-tailed Spearman rank-order correlation with α = 0.05 to deter- mine if a 

relationship exists between the two variables. Report your findings. 
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BY SPSS: 
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The results from the Spearman rank-order correlation (rs = = 0.806, p=0.000 < 0.05) 
produced significant results. Based on these data, we can state that there is a very 
strong correlation between soldiers' survey scores concerning the new program's 
effectiveness and their total years of military service. 
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3. A middle school history teacher wished to determine if there is a connection between 

gender and history knowledge among 8th-grade gifted students. The teacher 

administered a 50 item test at the beginning of the school year to 16 gifted 8th-grade 

students. The scores from the test are presented in Table 3. 

TABLE 3  

Participant Gender Posttest score 

1 M 44 

2 M 30 

3 M 50 

4 M 33 

5 M 37 

6 M 35 

7 M 36 

8 F 29 

9 F 39 

10 F 33 

11 F 50 

12 F 45 

13 F 37 

14 F 30 

15 F 34 

16 F 50 

Use a two-tailed point-biserial correlation with α = 0.05 to determine if a relationship 

exists between the two variables. Report your findings. 

Test hypothesis:       𝑯𝟎: 𝝆𝒑𝒃 = 𝟎                 𝒗𝒔             𝑯𝑨: 𝝆𝒑𝒃 ≠ 𝟎 
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The results from the point-biserial correlation (𝑟𝑝𝑏 = 0.049, p=0.858 > = 0.05) 

 did not produce significant results. Based on these data, we can state that there is 
no clear relationship between eight-grade gifted students' gender and their score 
on the history knowledge test administered by the teacher. 
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4. A researcher wished to determine if there is a connection between poverty and self-esteem. 

Income level was used to classify 18 participants as either below poverty or above poverty. 

Participants completed a 20 item survey to measure self-esteem. The scores from the survey are 

reported in Table 4 

TABLE 4  

Participant Poverty level Survey score 

1 Above 15 

2 Above 19 

3 Above 15 

4 Above 20 

5 Above 7 

6 Above 12 

7 Above 3 

8 Above 15 

9 Below 9 

10 Below 5 

11 Below 13 

12 Below 13 

13 Below 11 

14 Below 10 

15 Below 8 

16 Below 9 

17 Below 10 

18 Below 17 

Use a two-tailed biserial correlation with α = 0.05 to determine if a relationship exists between 

the two variables. Report your findings. 
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The results from the biserial correlation (rb = -0.304, p > 0.05) did not produce 
significant results. Based on these data, we can state that there is no clear 
relationship between poverty level and self-esteem. 
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Chi-square Test 
 

1. A police department wishes to compare the average number of monthly robberies at four 

locations in their town. Use equal categories in order to identify one or more concentrations 

of robberies. The data are presented in Table 1. 

TABLE 1  

 Average monthly robberies 

Location 1 15 

Location 2 10 

Location 3 19 

Location 4 16 

 

Use a χ2
 goodness-of-it test with 𝛼 = 0.05 to determine if the robberies are concentrated in 

one or more of the locations. Report your findings. 

 

By SPSS: 
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According to the data, the results from the chi-square goodness-of-fit test were not significant 

 ( (3)
2 = 2.800 , 𝑝 = 0.423 >  = 0.05 ) 

 

Therefore, no particular location displayed a significantly higher or lower number of robberies.  
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2. The χ2
 goodness-of-it test serves as a useful tool to ensure that statistical samples 

approximately match the desired stratification proportions of the population from which 

they are drawn. 

A researcher wishes to determine if her randomly drawn sample matches the racial 

stratification of school age children. She used the most recent U.S. Census data, which was 

from 2001. The racial composition of her sample and the 2001 U.S. Census proportions are 

displayed in Table 2. 

 

 

Use a χ2
 goodness-of-it test with  = 0.05 to determine if the researcher’s sample matches 

the proportions reported by the U.S. Census. Report your findings. 

By SPSS: 
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According to the data, the results from the chi-square goodness-of-fit test were significant 

 (
2
2) = 7.647, p=0.022 <= 0.05). 

 Therefore, the sample's racial stratification approximately matches the U.S. Census racial composition of 

school aged children in 2001 
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3. A researcher wishes to determine if there is an association between the level of  a teacher’s education and 

his/her job satisfaction. He surveyed 158 teachers. The frequencies of the corresponding results are displayed 

in Table 3. 

 

TABLE 3 

Teacher education level (observed) 
 

 Bachelor’s degree Master’s degree Post-Master’s degree Row totals 

Satisfied 60 41 19 120 

Unsatisfied 10 13 15 38 

Column totals 70 54 34 158 

 

 

First, use a χ2
-test for independence with 𝛼 = 0.05 to determine if there is an association between level of 

education and job satisfaction. Then, determine the effect size for the association. Report your findings. 

By SPSS: 
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4. Interpret the results from the SPSS Output window. 

The second, third, and fourth output tables from SPSS are of interest in this procedure.  

The second SPSS output table provides the observed and expected frequencies for each category and the 

total counts. 

 
As seen in the first SPSS Output, none of the cells had an expected count of less than 5. Therefore, the chi-

square test was indeed an appropriate analysis. Concerning effect size, the size of the contingency table 

was larger than 2 x 2 .  Therefore, a Cramer's V  was appropriate.  

 

According to the data, the results from the chi-square test for independence were significant (
2

2= 11.150, 

p < 0.05).  

Therefore, the analysis provides evidence that teacher education level differentiates between individuals 

based on job satisfaction. 

 In addition, the effect size (V= 0.266) indicated a medium level of association between the variables. 
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THE RUNS TEST 

 

 

 

1- Represented in the data is the daily performance of a popular stock. Letter A represents a gain and letter 

B represents a loss. Use a runs test to analyze the stock’s performance for randomness. Set α = 0.05. 

Report the results.  

                                                BAABBAABBBBBAABAAAAB 

H0: The sequence of  the stock’s performance for  gain and loss  is random. 

HA: The sequence of  the stock’s performance for  gain and loss  is not random. 

 

The runs test is a statistical procedure for examining a series of events for randomness. 
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The runs test output table , returns the total number of observations (N = 20) and the number of runs 

(R = 9 ). SPSS also calculates the z-score (z* = 0.689) and the two-tailed significance (p = 0.491). 

 

The second output table displays the frequencies for each event. (n1=10 ,n2=10 ,N=20) 
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The sequence of the stock's gains and losses was random (R = 9, n1 = 10, n2=10 , p>0.05) 
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2- A machine on an automated assembly line produces a unique type of bolt. If the machine fails more than 

three times in an hour, the total production on the line  is slowed down. The machine has often exceeded 

the number of acceptable failures for the last week. The machine is expensive and more cost-effective to 

repair, but the maintenance crew cannot find the problem. The plant manager asks you to determine if 

the failure rates are random or if a pattern exists. Table 1 shows the number of failures per hour for a 24-

h period. 

TABLE 1  

Hour Number of 

failures 

1 6 

2 4 

3 2 

4 2 

5 7 

6 5 

7 7 

8 9 

9 2 

10 0 

11 0 

12 0 

13 7 

14 6 

15 5 

16 9 

17 1 

18 0 

19 1 

20 8 

21 5 

22 9 

23 4 

24 5 

 

Use a runs test with a custom value of 3.1 to analyze the acceptable/unacceptable failure rate for 

randomness. Set α = 0.05. Report the results. 

H0: The sequence of  the failure rates are random 

H1: The sequence of  the failure rates are not random 
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The sequence of the machine's acceptable/unacceptable failure rate was not random (R = 7, n1 = 9, n2 = 

15, p < 0.05). 



  

 

 


