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CHAPTER 11
   NONPARAMETRIC STATISTICS: 
AN INTRODUCTION    

   1.1       OBJECTIVES 

 In this chapter, you will learn the following items:

• The difference between parametric and nonparametric statistics. 

• How to rank data.

• How to determine counts of observations.

  1.2       INTRODUCTION 

 If you are using this book, it is possible that you have taken some type of introduc-

tory statistics class in the past. Most likely, your class began with a discussion about 

probability and later focused on particular methods of dealing with populations and 

samples. Correlations,  z  -scores, and  t -tests were just some of the tools you might t
have used to describe populations and/or make inferences about a population using 

a simple random sample. 

 Many of the tests in a traditional, introductory statistics text are based on 

samples that follow certain assumptions called parameters. Such tests are called 

parametric tests. Specifi cally, parametric assumptions include samples that

• are randomly drawn from a normally distributed population, 

• consist of independent observations, except for paired values,

• consist of values on an interval or ratio measurement scale, 

• have respective populations of approximately equal variances, 

• are adequately large,  *   and 

• approximately resemble a normal distribution.   

1

 * The minimum sample size for using a parametric statistical test varies among texts. For example,  Pett  

( 1997 ) and  Salkind  ( 2004 ) noted that most researchers suggest  n > 30.  Warner  ( 2008 ) encouraged con-

sidering  n >  20 as a minimum and n > 10 per group as an absolute minimum.
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 If any of your samples breaks one of these rules, you violate the assumptions of a 

parametric test. You do have some options, however. 

 You might change the nature of your study so that your data meet the needed 

parameters. For instance, if you are using an ordinal or nominal measurement scale, 

you might redesign your study to use an interval or ratio scale. (See Box  1.1  for a 

description of measurement scales.) Also, you might seek additional participants to 

enlarge your sample sizes. Unfortunately, there are times when one or neither of 

these changes is appropriate or even possible. 

BOX 1.1   

MEASUREMENT SCALES. 

We can measure and convey variables in several ways. Nominal   data, also called categori-l
cal data, are represented by counting the number of times a particular event or condition 

occurs. For example, you might categorize the political alignment of a group of voters. 

Group members could either be labeled democratic, republican, independent, undecided,

or other. No single person should fall into more than one category.

A dichotomous variable is a special classifi cation of nominal data; it is simply a 

measure of two conditions. A dichotomous variable is either discrete or continuous. A 

discrete dichotomous  variable has no particular order and might include such examples as 

gender (male vs. female) or a coin toss (heads vs. tails). A  continuous dichotomous vari-

able has some type of order to the two conditions and might include measurements such

as pass/fail or young/old.

Ordinal scale data describe values that occur in some order of rank. However, distance l
between any two ordinal values holds no particular meaning. For example, imagine lining

up a group of people according to height. It would be very unlikely that the individual 

heights would increase evenly. Another example of an ordinal scale is a Likert-type scale. 

This scale asks the respondent to make a judgment using a scale of three, fi ve, or seven 

items. The range of such a scale might use a 1 to represent strongly disagree while a 5 

might represent strongly agree. This type of scale can be considered an ordinal measure-

ment since any two respondents will vary in their interpretation of scale values. 

An interval scale is a measure in which the relative distances between any two sequen-l
tial values are the same. To borrow an example from the physical sciences, we consider 

the Celsius scale for measuring temperature. An increase from  −8 to  − 7°C degrees is

identical to an increase from 55 to 56°C.

A ratio scale is slightly different from an interval scale. Unlike an interval scale, a ratio 

scale has an absolute zero value. In such a case, the zero value indicates a measurement 

limit or a complete absence of a particular condition. To borrow another example from the

physical sciences, it would be appropriate to measure light intensity with a ratio scale.

Total darkness is a complete absence of light and would receive a value of zero.

On a general note, we have presented a classifi cation of measurement scales similar to 

those used in many introductory statistics texts. To the best of our knowledge, this hierar-

chy of scales was fi rst made popular by  Stevens  ( 1946 ). While Stevens has received agree-

ment ( Stake,   1960 ;  Townsend & Ashby,   1984 ) and criticism ( Anderson,   1961 ;  Gaito,   1980 ; 

Velleman & Wilkinson,   1993 ), we believe the scale classifi cation we present suits the

nature and organization of this book. We direct anyone seeking additional information on 

this subject to the preceding citations.
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*  Malthouse  ( 2001 ) and  Osborne and Overbay  ( 2004 ) presented discussions about the removal of 

outliers.

If your samples do not resemble a normal distribution, you might have learned

a strategy that modifi es your data for use with a parametric test. First, if you can

justify your reasons, you might remove extreme values from your samples called

outliers. For example, imagine that you test a group of children and you wish to

generalize the fi ndings to typical children in a normal state of mind. After you collect 

the test results, most children earn scores around 80% with some scoring above and 

below the average. Suppose, however, that one child scored a 5%. If you fi nd that 

this child speaks no English because he arrived in your country just yesterday, it 

would be reasonable to exclude his score from your analysis. Unfortunately, outlier 

removal is rarely this straightforward and deserves a much more lengthy discussion

than we offer here. *  Second, you might utilize a parametric test by applying a math-

ematical transformation to the sample values. For example, you might square every

value in a sample. However, some researchers argue that transformations are a form

of data tampering or can distort the results. In addition, transformations do not 

always work, such as circumstances when data sets have particularly long tails.

Third, there are more complicated methods for analyzing data that are beyond the

scope of most introductory statistics texts. In such a case, you would be referred to 

a statistician. 

Fortunately, there is a family of statistical tests that do not demand all the

parameters, or rules, that we listed earlier. They are called nonparametric tests, and 

this book will focus on several such tests.  

1.3       THE NONPARAMETRIC STATISTICAL
PROCEDURES PRESENTED IN THIS BOOK

This book describes several popular nonparametric statistical procedures used in

research today. Table  1.1  identifi es an overview of the types of tests presented in

this book and their parametric counterparts.

TABLE 1.1

Type of analysis Nonparametric test Parametric equivalent

Comparing two related

samples

Wilcoxon signed ranks test 

and sign test

t-Test for dependent t
samples

Comparing two unrelated 

samples

Mann–Whitney U-test and UU
Kolmogorov–Smirnov

two-sample test

t-Test for independent t
samples

Comparing three or more

related samples

Friedman test Repeated measures, analysis

of variance (ANOVA)

Comparing three or more

unrelated samples

Kruskal–Wallis H  -testHH One-way ANOVA

(Continued)
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  When demonstrating each nonparametric procedure, we will use a particular 

step-by-step method. 

  1.3.1       State the Null and Research Hypotheses 

 First, we state the hypotheses for performing the test. The two types of hypotheses 

are null and alternate. The   null hypothesis (  H   OHH   ) is a statement that indicates no dif-

ference exists between conditions, groups, or variables. The   alternate hypothesis
(  H   AH ), also called a research hypothesis, is the statement that predicts a difference or 

relationship between conditions, groups, or variables. 

 The alternate hypothesis may be directional or nondirectional, depending on 

the context of the research. A directional, or one-tailed, hypothesis predicts a statisti-

cally signifi cant change in a particular direction. For example, a treatment that 

predicts an improvement would be directional. A nondirectional, or two-tailed,

hypothesis predicts a statistically signifi cant change, but in no particular direction. 

For example, a researcher may compare two new conditions and predict a difference 

between them. However, he or she would not predict which condition would show 

the largest result.  

  1.3.2       Set the Level of Risk (or the Level of Signifi cance) 
Associated with the Null Hypothesis 

 When we perform a particular statistical test, there is always a chance that our result 

is due to chance instead of any real difference. For example, we might fi nd that two 

samples are signifi cantly different. Imagine, however, that no real difference exists.

Our results would have led us to reject the null hypothesis when it was actually true. 

In this situation, we made a type I error. Therefore, statistical tests assume some

level of risk that we call alpha, or α. 

Type of analysis Nonparametric test Parametric equivalent

Comparing categorical data Chi square (χ2) tests and 

Fisher exact test

None

Comparing two rank-ordered

variables

Spearman rank-order 

correlation

Pearson product–moment 

correlation

Comparing two variables when

one variable is discrete

dichotomous

Point-biserial correlation Pearson product–moment 

correlation

Comparing two variables when

one variable is continuous 

dichotomous

Biserial correlation Pearson product–moment 

correlation

Examining a sample for 

randomness

Runs test None

TABLE 1.1 (Continued)dd
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There is also a chance that our statistical results would lead us to not reject 

the null hypothesis. However, if a real difference actually does exist, then we made

a type II error. We use the Greek letter beta,  β, to represent a type II error. See Table β
1.2  for a summary of type I and type II errors.

TABLE 1.2

We do not reject the null 

hypothesis

We reject the null

hypothesis

The null hypothesis is actually true No error Type-I error, α
The null hypothesis is actually false Type-II error, β No error

After the hypotheses are stated, we choose the level of risk (or the level of 

signifi cance) associated with the null hypothesis. We use the commonly accepted

value of  α =  0.05. By using this value, there is a 95% chance that our statistical

fi ndings are real and not due to chance.  

1.3.3       Choose the Appropriate Test Statistic

We choose a particular type of test statistic based on characteristics of the data. For 

example, the number of samples or groups should be considered. Some tests are

appropriate for two samples, while other tests are appropriate for three or more

samples.

Measurement scale also plays an important role in choosing an appropriate

test statistic. We might select one set of tests for nominal data and a different set for 

ordinal variables. A common ordinal measure used in social and behavioral science

research is the Likert scale.  Nanna and Sawilowsky  ( 1998 ) suggested that nonpara-

metric tests are more appropriate for analyses involving Likert scales.  

1.3.4       Compute the Test Statistic

The test statistic, or obtained value, is a computed value based on the particular test 

you need. Moreover, the method for determining the obtained value is described in

each chapter and varies from test to test. For small samples, we use a procedure

specifi c to a particular statistical test. For large samples, we approximate our data

to a normal distribution and calculate a z -score for our data.  

1.3.5       Determine the Value Needed for Rejection of the Null 
Hypothesis Using the Appropriate Table of Critical Values for
the Particular Statistic 

For small samples, we reference a table of critical values located in Appendix  B .

Each table provides a critical value to which we compare a computed test statistic.

Finding a critical value using a table may require you to use such data characteristics
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as the degrees of freedom, number of samples, and/or number of groups. In addition, 

you may need the desired level of risk, or  alpha  (  α  ). 

 For large samples, we determine a critical region based on the level of risk (or 

the level of signifi cance) associated with the null hypothesis,  α. We will determine 

if the computed  z -score falls within a critical region of the distribution.  

  1.3.6       Compare the Obtained Value with the Critical Value 

 Comparing the obtained value with the critical value allows us to identify a differ-

ence or relationship based on a particular level of risk. Once this is accomplished,

we can state whether we must reject or must not reject the null hypothesis. While 

this type of phrasing may seem unusual, the standard practice in research is to state 

results in terms of the null hypothesis. 

 Some of the critical value tables are limited to particular sample or group 

size(s). When a sample size exceeds a table ’ s range of value(s), we approximate our 

data to a normal distribution. In such cases, we use Table  B.1  in Appendix  B  to 

establish a critical region of  z  -scores. Then, we calculate a z -score for our data and

compare it with a critical region of  z  -scores. For example, if we use a two-tailed test 

with  α = 0.05, we do not reject the null hypothesis if the  z   -score is between −1.96 

and  +1.96. In other words, we do not reject if the null hypothesis if  −1.96  ≤ z ≤  1.96.

  1.3.7       Interpret the Results

 We can now give meaning to the numbers and values from our analysis based on 

our context. If sample differences were observed, we can comment on the strength 

of those differences. We can compare the observed results with the expected results. 

We might examine a relationship between two variables for its relative strength or 

search a series of events for patterns.  

  1.3.8       Reporting the Results 

 Communicating results in a meaningful and comprehensible manner makes our 

research useful to others. There is a fair amount of agreement in the research litera-

ture for reporting statistical results from parametric tests. Unfortunately, there is less

agreement for nonparametric tests. We have attempted to use the more common 

reporting techniques found in the research literature. 

  1.4       RANKING DATA 

 Many of the nonparametric procedures involve ranking data values. Ranking values 

is really quite simple. Suppose that you are a math teacher and wanted to fi nd out 

if students score higher after eating a healthy breakfast. You give a test and compare 

the scores of four students who ate a healthy breakfast with four students who did 

not. Table  1.3  shows the results. 
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To rank all of the values from Table  1.3  together, place them all in order in a

new table from smallest to largest (see Table  1.4 ). The fi rst value receives a rank of 

1, the second value receives a rank of 2, and so on. 

TABLE 1.3  

Students who ate breakfast Students who skipped breakfast

87 93

96 83

92 79

84 73

TABLE 1.4   

Value Rank

73 1

79 2

83 3

84 4

87 5

92 6

93 7

96 8

TABLE 1.5   

Students who ate breakfast Students who skipped breakfast

90 75

85 80

95 55

70 90

Notice that the values for the students who ate breakfast are in bold type. On

the surface, it would appear that they scored higher. However, if you are seeking

statistical signifi cance, you need some type of procedure. The following chapters

will offer those procedures.

1.5       RANKING DATA WITH TIED VALUES 

The aforementioned ranking method should seem straightforward. In many cases,

however, two or more of the data values may be repeated. We call repeated values

ties , or tied values. Say, for instance, that you repeat the preceding ranking with a

different group of students. This time, you collected new values shown in Table  1.5 . 
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  Rank the values as in the previous example. Notice that the value of 90 is 

repeated. This means that the value of 90 is a tie. If these two student scores were 

different, they would be ranked 6 and 7. In the case of a tie, give all of the tied values 

the average of their rank values. In this example, the average of 6 and 7 is 6.5 (see 

Table  1.6 ).

TABLE 1.6   

Value

Rank ignoring tied

values

Rank accounting for tied

values

55 1 1

70 2 2

75 3 3

80 4 4

85 5 5

90 6 6.5
90 7 6.5
95 8 8

  Most nonparametric statistical tests require a different formula when a sample 

of data contains ties. It is important to note that the formulas for ties are more alge-

braically complex. What is more, formulas for ties typically produce a test statistic 

that is only slightly different from the test statistic formulas for data without ties. It 

is probably for this reason that most statistics texts omit the formulas for tied values.

As you will see, however, we include the formulas for ties along with examples

where applicable. 

 When the statistical tests in this book are explained using the computer 

program  SPSS® ( Statistical Package for Social Scientists ), there is no mention of 

any special treatment for ties. That is because SPSS automatically detects the pres-

ence of ties in any data sets and applies the appropriate procedure for calculating 

the test statistic.  

  1.6       COUNTS OF OBSERVATIONS

 Some nonparametric tests require  counts (or frequencies) of observations. Determin-

ing the count is fairly straightforward and simply involves counting the total number 

of times a particular observations is made. For example, suppose you ask several 

children to pick their favorite ice cream fl avor given three choices: vanilla, chocolate,

and strawberry. Their preferences are shown in Table  1.7 . 

  To fi nd the counts for each ice cream fl avor, list the choices and tally the total 

number of children who picked each fl avor. In other words, count the number of 

children who picked chocolate. Then, repeat for the other choices, vanilla and straw-

berry. Table  1.8  reveals the counts from Table  1.7 . 
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TABLE 1.7   

Participant Flavor

1 Chocolate

2 Chocolate

3 Vanilla

4 Vanilla

5 Strawberry

6 Chocolate

7 Chocolate

8 Vanilla

TABLE 1.8   

Flavor Count

Chocolate 4

Vanilla 3

Strawberry 1

To check your accuracy, you can add all the counts and compare them with

the number of participants. The two numbers should be the same.

1.7       SUMMARY 

In this chapter, we described differences between parametric and nonparametric

tests. We also addressed assumptions by which nonparametric tests would be favor-

able over parametric tests. Then, we presented an overview of the nonparametric

procedures included in this book. We also described the step-by-step approach we

use to explain each test. Finally, we included explanations and examples of ranking

and counting data, which are two tools for managing data when performing particu-

lar nonparametric tests. 

The chapters that follow will present step-by-step directions for performing

these statistical procedures both by manual, computational methods and by computer 

analysis using SPSS. In the next chapter, we address procedures for comparing data

samples with a normal distribution.  

1.8   PRACTICE QUESTIONS 

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 differ-

ences between the recorded times. Notice that only one student ’ s time improved 

(−2 : 08). Rank the values in Table  1.9  beginning with the student ’ s time differ-

ence that displayed improvement. 



10 CHAPTER 1 NONPARAMETRIC STATISTICS: AN INTRODUCTION

2.    The values in Table  1.10  represent weekly quiz scores on math. Rank the quiz scores. 

TABLE 1.9  

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

TABLE 1.10   

Participant Score Rank

1 100

 2 60

 3 70

 4 90

 5 80

 6 100

 7 80

 8 20

 9 100

10 50

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?

  1.9   SOLUTIONS TO PRACTICE QUESTIONS         

1.    The value ranks are listed in Table  1.11 . Notice that there are no ties. 

2.    The value ranks are listed in Table  1.12 . Notice the tied values. The value of 80 

occurred twice and required averaging the rank values of 5 and 6.  
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TABLE 1.11  

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

TABLE 1.12  

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+ + ÷ =

3.    Table  1.13  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.         
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TABLE 1.13    

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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