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PREFACE 

The long experience, with internal and external examination of thesis and/or 

dissertation projects by graduate students, and in the peer-reviewing of 

research reports by university faculty members, reveal a major enigmatic 

aspect that: although a large percentage of such research projects are 

qualitative, one hardly finds non-parametric techniques in their analysis; and 

researchers attempting have largely used the famous Chi-square test 

technique for independence. For instance, despite having inference stance, 

very few MBA/MPA/MSc thesis projects, submitted at Mzumbe University 

since 1988, used non-parametric inference techniques. Why is the use of 

non-parametric technique so low in qualitative research projects undertaken 

by university graduates and faculty members? 

The low level of application of non-parametric inference techniques, 

according to the author, seems to be associated with lack of a 

comprehensive research-based and localized text on non-parametric 

techniques. Most approved and recommended text-books on statistics dwell 

solely on parametric inference statistical techniques; and there are few, a 

single-digit-percentile, that have a chapter or section devoted for ee 

non-parametric techniques. This bias creates an impression among 

researchers and students that parametric techniques are the only inference 
methods to rely on; a view that is parochial and misleading. Non-parametric 
Statistics: Inference Methods for Qualitative Research is a book that fills that 
gap fitly. The book is meant to alleviate an acute shortage of a 
comprehensi i p nsive research-based and localized material on non-parametric 
techni i i niques for business, economics, management, and other social 
scien i i ces. Examples and/or exercises given and solved are based on data 
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that are research-based and this orientates a reader as to the power of non- 

parametric techniques for research in business and economics. 

Besides, Non-parametric Statistics: Inference Methods for Qualitative 

Research, addresses the problem of stereotype that is being associated with 

over-reliance and over-use of parametric techniques for both descriptive and 

inference research studies. In such applications, researchers are obliged to 

spend more time and energy and money looking for large samples; looking 

for studied populations that are normally distributed; making sure that data 

are quantified - measured at interval or ratio scale. These efforts are very 

much appreciated because they foster and enhance interpretation, reliability, 

and validity of research reports. However, and certainly in some applied 

work, small samples from non-normal populations could give better results 

that are reliable and valid, let alone being less costly. It is in this aspect that ' 

non-parametric statistical techniques are considered and comprehensively 

discussed in this book. This book provides a comprehensive and more 

focused research-based material on non-parametric statistical techniques. 

The book is structured as follows: Chapter one introduces the basic 

concepts of a statistical inference problem. Chapter two focuses on 

inference techniques that are appropriate for nominal data. Chapters three 

and four dwell on inference techniques using ordinal data; with chapter three 

focusing on sample median test techniques and chapter four on rank-sum 

techniques. Both techniques typically rely on data that are capable of being 

ranked. Chapter five is exclusively presenting material on testing 

randomness of a set of sample observations, which is a universal premise 

for all inference methods. The technique adopted in this book is based on 

Wald-Wolfowitz one-sample runs test procedure. The final chapter dwells on 

correlational inference techniques that are appropriate for nominal and/or 

ordinal data.



The author has streamlined the material to be reader-friendly. The 

solved examples, exercises, and review questions that are drawn from real 

and contextualized business, economics, management, and social life 

situations enable readers to understand the topical concepts covered. The 

optional exercises on parametric techniques enable readers to reflect on the 

link between parametric and non-parametric statistical techniques as applied 

in social science research. Chapters two through six each contain a section 

on SPSS tutorial, in which the use of SPSS software in solving non- 

Parametric inference problems is demonstrated. In this way, readers get to 
know andlor exercise their skills in the application of the statistical package 

It is the expectation of the author that the material presented in this imi 
will popularize the use of non-parametric statistical techniques in applied 
business i ‘ » Management and other social science research projects among 
university graduates and researchers. 

P. C. Ndunguru, Ph.D. 
Mzumbe University 
January, 2009. 
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BASIC CONCEPTS OF INFERENCE IN SOCIAL RESEARCH 

The traditional inference methods in research, based on parametric 

statistical technigues, have strict assumptions for their use. The assumptions 

include, among others, normal distribution, egual variance, and interval/ratio 

scale-measured data regarding the phenomenon understudy. These 

assumptions are generally not met in applied business, economics, and 

social sciences. Statistical theory provides alternative valid and reliable 

inference research procedure when data are qualitative or made to be 

qualitative. This chapter reviews some basic concepts that are related to 

social science research process. 

41.1 Conceptualization and Operationalization 

A scientific social research study project starts with a conceptualization 

process. The process entails listing minimum number of verbs and nouns 

which describe a studied phenomenon. The studied phenomenon may focus 

on exploring, describing, explaining comparing, or predicting some traits, 

characteristics or properties of objects, events or behaviour of individuals. 

Thus, a research concept is a verb or noun that is used to describe objects, 

situations, events, individuals implied in a research subject being 

investigated. For instance, management, enterprise performance, 

democracy, crime, sin, etc., are concepts that may be used to describe a 

studied phenomenon. However, social science research concepts have 

multi-valued meanings to different people at different times and/or places.



Conceptualization then is a process of giving literal as well as 
scientific meanings of research Concepts as well as exploring how these 
concepts relate to each other. A research concept is defined in terms of 
other concepts already known, literally or scientifically. For instance, a 
Scientific definition of a concept in economics means what economists know 
and generally agree to be the meaning of the concept in the discipline. The 
known concepts, which are used to define a new research concept, are 
referred to as primitive concepts. Critical and focused literature review 
often leads to, having in place, relevant and appropriate definitions of 
concepts for the purpose of undertaking research. 

Concepts must be translated into observable variables, a process known as Operationalization. Thus, operationalization is about creating indicator- 
variables that give evidence of Presence or absence of observable instances 
ofa concep The observable instances May be traits, characteristics or roperties of objects, Situations or events. During data collection numbers or Symbols are assigned to the traits, characteristics or Breese of the objects, situations, or events. The assignment of numbers or symbols, which 'S IN essence a measurement Process, enables recording mance of respondents on a research variable. 

A variable is a trait, characteristic or Property of object, event, or individual that can be observed or made to be observed. It is an Shwari 

Attitudes, images, decision-making style, life styles, affiliation, 

expectations, opinions, motivations, achievement, and hostility constitute 

behavioural units or objects in a social science research. These units have 

less identified traits, characteristics or properties; in the sense that they 

cannot be directly observed or measured. As such, the meanings of these 

behavioural units must be constructed and reconstructed. For instance, to 

study hostility empirically, one must reconstruct its meaning based on /ogical 

grouping of some primitive concepts. One such reconstruction of a meaning 

is a boy hitting his play-mates frequently indicates hostility among the play- 

mates. In the process of construction and reconstruction, several indicants or 

items may be used to measure a construct or concept. For instance, 

democracy as a construct can be measured by: fairness of election, freedom 

of press, freedom to organize, rights of minority, and/or regularity of 

elections. 

In a research project, and as a rule of thumb, research concepts are 

identifiable in the stated broad research objectives and/or questions. 

Besides, well formulated statement of research problem, regarding 

objectives and/or questions, contains indicator-variables, on which data are 

to be collected. Furthermore, it is very pertinent for a researcher to 

distinguish variables used in a research project. A variable in a research 

project may be dependent, independent, moderating, intervening or 

extraneous; and this distinction or classification of variables enable a 

researcher to make choice of data analysis and/or the interpretation of the 

results, findings and conclusions. The following tables give summaries of the 

ideas of conceptualization and operationalization of research concepts and 

research variable typology.



  RS: 

Table 1.1: Concepts and indicator-variables in a research project 

  

Research concept Indicator-variable 
  

Social class Type of occupation or residence in a social setting 
  

Governance Rule of law; Democratic institutions; Freedom of press 
  

Enterprise-performance | Profit level; Market share; Labour productivity 
  

Citizenry-empowerment | Education level; Social protection; Participation         
Table 1.2: Typology of variables 
  

Type Description 
  

Dependent Variable whose changes result from outside cause or causes 
  

Independent | Variable that causes or pressurizes others to change 
  

Moderating | Variable that has contingency effect on the originally stated IV-DV 

relationship 
  

Intervening Non-measurable factor that theoretically affects the observed 

phenomenon, but whose effects are inferred from independent and 

moderating variables 
  

Extraneous Comprises many factors that are not included in a research design 

and if not controlled offer plausible alternative explanation to the 

observed variability or confound interpretation of observed 

relationship       
  

Thus, conceptualization is very fundamental to any scientific research in the 

following sense:- 

e Research problem is stated and justified in terms of concepts. 

e Research questions, objectives, significance, and its scope are 

stated and rationalized in terms of concepts. 

¢ Review of theoretical and empirical literature is done on concepts 

that are already conceptualized. 

¢ Theories and empirical studies, relating to a studied problem and 

helping to underscore research concepts, are selected on the basis 

of conceptualization. 

e Research model or framework that elicits variables and their 

relationships is about concepts of the conceptualized study. 

e Choice of target population, data collection-design methods 

precedes conceptualization. 

e Operationalization and/or measurement of variables on which data 

are collected are accomplished in terms of concepts. 

e Choice of data analysis framework precedes conceptualization. 

e Conclusions are framed, rationalized, and reported in terms of 

concepts. 

e Throughout the research process the conceptualized concepts guide 

research activities. 

1:2 Measurement and Measurement-scales 

Quality of data is a fundamental issue of great concern for research as it 

ensures reliable and valid research results, findings, and conclusions. Data 

that are used in research are obtained through the process of 

measurement, which is the assignment of numbers or symbols to property, 

characteristic or a trait of an object, event, or individual according to rules. 

The objects, events or individuals possess property, trait, or characteristic 

that can be a subject of empirical investigation. The assigned number or 

symbol corresponds to the degree or intensity of the property possessed by 

a study case. 

How are the numbers or symbols assigned according to the intensity 

and/or degree of the presence of an empirical property? Assigning numbers 

or symbols to objects or events that indicate intensity implies that there is a 

scale: an instrument that associates numerical values with qualitative 

attributes. For instance, one may construct a scale to measure opinion of the 

acceptability of a new environmental policy to be introduced in a social 

5



setting. The numerical values of scale may take a range of 0 to 5 (0 to 10 or 

0 to 100); with 0 indicating not acceptable at all, and 5 (10 or 100) indicating 

very much acceptable. 

Measurement, the construction of a scale, in science involves the 

following tasks: 

. Classification, which is about determining a difference in kind 

regarding presence or absence of a property among objects or 

events. 

. Ordering, this is about determining a difference in degree 

regarding presence or absence of a property among objects or 

events. 

. Finding exact differences of the presence or absence of a 

property among the objects using a scale. 

Comparing scores by taking their ratios so that the statement 

“one score is twice as high as another” makes sense. 

ee the basis of measurement, four types of data, namely, nominal, ordinal, 

interval, and ratio scales are generated based on the measurement tasks 

outlined above. Classification is the most primary level-task of measurement 

and the data generated are referred to as nominal-scaled. This is followed by 

ordering, in which apart from finding a difference in the property 

characterizing an object, there is a possibility of ranking. Ranking refers to 

the possibility of being able to identify a difference in degree of a property 

presence in an object or event. The resulting data of this second level-task of 

measurement are referred to as ordinal-scaled. Finding exact difference 

regarding the presence or absence of a property that characterizes an object 

is at the third level-task of measurement. The task generates interval-scaled 

data that are capable of being manipulated by using basic arithmetic 
operations of addition and subtraction. Finally, with ratio-scaled 

6 

measurement level, ratios of scores can be compared because the 

measurement provides scores of data that are capable of being represented 

by real numbers. This implies that there is a possibility of performing 

arithmetic operations of multiplication and/or division on ratio-scaled data. . ° 

The task of measurement, scale construction, is relatively easy with 

regard to primary rather than secondary qualities of study objects’. The 

primary qualities are the real qualities that belong to bodies or matter such 

as, size, position, density, weight, and height. Primary qualities, as such, can 

be mathematically measured and manipulated. However, constructing a 

scale is often difficult when dealing with secondary qualities of study objects. 

Secondary qualities include colour, tastes, emotions, opinions and attitudes. 

Others are motivations, integrity, love, faithfulness, kindness, friendly, 

hostility, beauty, and all other behavioural units or objects in social science 

research. These secondary qualities reside only in consciousness and do 

not participate in any way, for most of the time, in the realm of reality. In this 

respect, mathematical measurement and/or manipulability of secondary 

qualities are remote. 

Each of the four types of data, nominal, ordinal, interval or ratio, dictates 

a different kind of analysis framework with respect to inference procedures. 

For instance, parametric inference methods are only appropriate with interval 

or ratio scale-measured data. Non-parametric inference methods on the 

other hand are appropriate with nominal and ordinal scale-measured data. 

Given that each high measurement level incorporates all the properties of 

the lower measurement levels, non-parametric inference methods are 

equally used for analysing ratio-scaled data. 

Statistical inference methods seek to ascertain or test descriptive or 

relational hypothesis. Descriptive hypothesis states or describes existence, 

I 

  

ileo (1564 — 1642) introduced the concepts of primary and secondary qualities of objects, 

shing between those that belong to physical bodies or matter and those that reside only in 

sness. See Adolf Mihanjo (2005) for more details on these concepts. 
7   



size, form, difference, homogeneity, skew-ness or distribution of a variable or 
set of variables under study with respect to case(s). Relational hypothesis 
seeks to describe, determine or test a relationship between variables with 

respect to some case(s). Focused theoretical and/or empirical literature 

review enables a researcher to comprehend the kind of attributes or 
relationships between and/or among variables to consider in a study. The 
relationships between and/or among research variables in a research project 
being referred to may be: 

* Symmetric relationship in which two variables are alternate 
indicators of a third target variable in a studied relationship. Part or 

partial correlation analysis is used to determine existence of 

symmetric relationship. 

Reciprocal relationship in which two variables mutually influence 

an i d/or reinforce each other. Raw correlation analysis is used to 
ascertain reciprocal relationship. 

—. Asymmetric relationship typically postulates a cause-effect 
phenomenon; and regression, ANOVA/MANOVA techniques are 
used to explore asymmetric relationships. 

Focused i iri theoretical and/or empirical literature review enables 
research i i ii ers to determine the kind of descriptive variable-attributes and 
relationships among study variables to be tested. This book explores the use 
of non- i i i i parametric techniques in testing both descriptive as well as relational 
hypoth i 
ypotheses when research data are qualitative or made to be qualitative 

1.3 Basic Inference Problem in Qualitative Research 

Inference statistical methods are divided into parametric methods and 

nonparametric methods. Parametric methods deal with the study of sampling 

distribution of statistics, such as, sample mean (X), sample variance (s?), 

difference of sample means (X, -X, 

5S? 

), ratio of sample variances (=. 
. 

or sample correlation coefficient (r). These statistics are studied with the 

aim of testing some hypotheses concerning corresponding population 

parameters, such as, mean (u) or variance (0?) for a variable 

phenomenon being studied. As such parametric techniques are applicable 

with interval or ratio scales of measurements. The basic assumptions of 

using parametric tests are: 

. Observations are drawn at random from the sampled population, 

so that resulting sampling errors are uncorrelated. 

. The variable phenomenon that is characterizing the sampled 

population has a normal distribution. 

. If there is more than one sampled population, variances of the 

variable phenomenon that are characterizing the several 

populations are equal — the sampled populations are homogenous 

with respect to variability. 

. Observations are measured at interval or ratio scale. 

There are many applied cases in business, economics, and other social 

sciences for which the above assumptions of normality, homogeneity, or 

ratio-scale measurement of sampled population are not met. For instance, 

more often than not, researchers are confronted with inference problems in 

which assumptions underlying the use of classical statistical techniques are 

9



not met; or study features such as randomness, trend, independence 

symmetry, or goodness of fit characterize the inference problem. Besides 
there are cases in which measurements characterizing the inference 
problem are qualitative. An atypical inference problem of the sort is 

presented below. 

Let x,, x,,-"+,%, be a random sample of size n from cumulative 

density function F, (e) with corresponding density function f(x). Let also 

‘i> Yao ‘tts ¥, be another random sample from cumulative density function 

ae () with density function given by f(y). Assume that observations from 

ip (e) are independent of the observations from BF, (e). A pertinent question 

is: Are attributes of the two samples providing sufficient evidence to indicate 
that the two populations are the same? Put differently, to what extent are 
the two populations equal or nearly the same? 

_ In a more formal way, the above problem boils down to testing a null 

hypothesis that H, : F, (z) =F, (z) VZ against the alternative hypothesis 

H,: F(Z)# F(Z) for at least one Z. \f H,: is true, there are two 
independent estimators for an attribute or a set of attributes; one based on 

F AZ) and th ( ) e other based on F(Z). Thus, a common estimator can be 

determined by using F(Z) and another by using F(Z). Conceptually 
then, the above problem May be stated in form of a question as: How do we 
ascertain that the common estimators based on the unknown cumulative 
density functions F, (Z ) and F, (z ) are the same? 

Ina i i parametric test environment, Z represents set of numerically 
measurable attributes or Parameters, such as, population mean (ui) or 

10 

population variance (? ). However, in non-parametric test environment Z 

represents qualitative set of attributes, which is typical in qualitative research 

projects. Qualitative research places emphasis on understanding through 

looking closely at people’s words, actions, and records; and discovering 

patterns which emerge after close observation, careful documentation and 

analysis of data. On account of this, qualitative research projects are 

characterized by high-level theories and a measurement level that is too low 

to be manipulated mathematically. 

Thus, statistical inference problems in qualitative research are mainly 

addressing theory-building or grounded-theory. The focus of inference 

methods in theory-building or grounded theory is on testing both descriptive 

and/or relational hypotheses and propositions, when research data are 

qualitative or made to be qualitative. Theory-building is about determining, 

identifying or ascertaining existence of a relationship among study variables 

on the basis of data rather than reviewed existing theories. 

The focus of theory-building is about, firstly, determining or identifying a 

difference in kind regarding presence or absence of a property among 

objects or events. Secondly, it is about determining a difference in degree 

regarding presence or absence of a property among objects or events. 

These aspects of theory-building are respectively within the realm of 

classification and ordering dimensions of measurement theory. And, the 

fundamental idea of measurement theory in social science is the contention 

that when you can measure what you are talking about and express it in 

numbers, you know something about it. In conducting non-parametric 

statistical inference a researcher is providing evidence of what is known by 

measuring what is being talked about and expressing it in numbers. 

11



    

1.4 Testing of Statistical Hypothesis 

A statistical hypothesis is an assertion or conjecture about a distribution of 

one or more random variables. As an assertion or conjecture, a hypothesis is 

a tentative answer to a research question that is being subjected to empirical 

investigation’. If the hypothesis defines or specifies the distribution 

completely, then it is called simple hypothesis; otherwise it is known as 

composite hypothesis. For instance, given a random sample, X,, X,, +7, x Aja ai WA 

the hypothesis that “the sample comes from a normal distribution” is a 

composite hypothesis because it does not specify the distribution in terms of 

its parameters such as mean and variance. However, if the distribution is 
completely specified, we have a simple hypothesis, for instance, a 
hypothesis that “the sample comes from a normal distribution with mean and 

variance of ~41=36 and o* =9 respectively’ is a simple hypothesis. 

Inference problems in qualitative research are, in the main, characterized by 
testing composite hypotheses that may have either descriptive and/or 
relational stance. 

A hypothesis is also distinguished as being a null or an alternative 
depending on the background knowledge of the time. A null hypothesis is a 
plausible assertion or conjecture about a population attribute in the light of 
background knowledge of the time. On the other hand, an alternative 
hypothesis is a speculative, bold or novel assertion about the population 
attribute in the light of existing theoretical structures of the time. An 
alternative hypothesis; is speculative if it is offering a more viable 
explanation to a population attribute that is yet to be fully and 
comprehensively known; is considered bold if it contradicts or conflicts with 
the generally accepted theories of the time: and it is novel if it predicts some a 
2 MA a 
The term proposition is used to describe a hypothesis that is fi rather than being subj a pony ormulated for a conduct of practical affairs 

Ndung P. ie subjected to empirical Investigation. For more details on the concept ft pothesis, see Ndunguru, P. C. (2007), Lectures on Research ept of hypothesis, 

Research and Publications. Methodology for Social Sciences, Mzumbe University: 
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new phenomenon that is neither touched nor ruled out by theorcticai 

structures of the time. Put differently, an alternative hypothesis is 

speculative, bold and novel if accepting it leads to new knowledge. 

Thus, test of a statistical hypothesis is a rule or procedure that enables 

to decide whether or not to reject a null hypothesis. The focus in statistical 

hypothesis testing is a null hypothesis so that accepting it is tantamount to 

rejecting the alternative and vice versa. 

In conducting a statistical test two errors are committed, namely, unjust 

rejection or type | error and wrong acceptance or type Il error. Type | error 

is about concluding that there is a relationship when there really is none, and 

type Il error is a failure to detect a relationship that exists. Both errors can 

not be reduced completely. Probability of committing type | error is called 

level of significance or size of the test and this probability is denoted by @, 

and 1—q@ is called level of confidence. The probability of committing type II 

error is denoted by (2, and 1— f is called the power of the test. Given that 

the focus of statistical hypothesis is a null hypothesis, type | and II errors and 

the level of significance and power test are summarized in the table below. 

  Ho: True Ho: False 

  

Reject Ho: Type |(@ ) Correct decision (1— 2) 

  

Accept Ho: | Correct decision (1 — a ) Type Il (B )         
  

Furthermore, there are two types of statistical hypothesis tests namely, 

non-randomized and randomized tests. Non-randomized tests divide the 

whole sample space S into two non-overlapping regions, Wand S —-W 

and the decision is to reject Ho if the given sample S<@W and accept 

otherwise. Randomized test is specified by a probability function described 

by, for instance, wrx, Xi: M5 x,) such that: 
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T=y,(x, Ki x, )= 

IMA, WW 

0 otherwise ' 

In this case, Wo, 23, x, )= Prob{rejecting Ho}= p, and 

Wr(x,, SoS x,) is referred to as the critical function. For instance, if 

S =(x,, x,) represents a set of sample values, a critical function 

Xx, 
+> = p may be formed such that the null hypothesis is Wr (x, x)= = 

xy + xz 

2 
; ; x 

rejected if Wr(x,, xJ=—.. In this case, the null hypothesis will be 
xP bx; 

2 
x 25 

—>— -——--0.28 wh 
ao 25464 ven 

rejected with a probability of w(x, x,)= 

the setis S = (x,, %,)= (5, 8) 

__ 1.5. Power Function of a Test 

Power of a test is the probability of rejecting an alternative hypothesis (Ha) 

when in fact it is true. In practice, one would like to minimize this probability. 

Note that when probability of type | error is zero, then null hypothesis is 

always accepted; and if probability of type Il error is zero then null 

hypothesis is always rejected. 

To illustrate the concept of a power function let X19 X_5°%'y Xy be a 

finite population from a normal distribution N(x, o?) whose mean- 

parameter is unknown while its variance is ao? =25. It is required to 

estimate the mean-parameter by conducting a statistical hypothesis testing. 

14 

The nul! hypothesis is Ho: Ho: uw < wand the alternative hypothesis 

is Ha: Ha: > Ly. The test criterion is to reject Ho if computed sample 

mean-statistic is Y¥ > +4. v 

In general the unknown mean-parameter 4“ is unrestricted in the 

sense that the sample space for 4 is S = {x,, ing EB Dy } ERY Vx, ER. 

This implies that: 

e The set S= lu =1t) x,¢ (-«, «)} defines the unrestricted 

sample space; 

e The accept-region for Ho is defined by a set described by 

ry _f Wy =X Xa Kodi ma HI e(-«, Had and; 

e The reject-region for Ho is defined by a set described by 

Wasa adi ela, 

To compute the probability of rejecting Ho when it is the true, the mean- 

parameter is fixed and only its value under the alternative hypothesis is 

allowed to vary. Fixing the parameter allows us to compare the probability 

values under different parametric values in the alternative hypothesis. In that 

respect, the size of the test is the maximum probability of rejecting null 

hypothesis (Ho) when 4 € flo. In formal terms, this probability is egual to: 

yi > Ss 
Size of test = max Prod >My += |=. 

HELy vn 

Furthermore, since sample data are used the unrestricted sample 

space, accept-region as well as the reject-region are evaluated on the basis 

15



of s i i ample data, i.e., sample mean in the present case. Henceforth given ; a 
sa Cag X mple, X,, X),+++, x, , from such a normal distribution; 

° The unrestricted sample space is: 

S= ix =1¥ xe (- oc, Ji; 

* The accept-region for Ho is: 

W, = vey, LX 0 (x, Xa, 00, x,): X= aS: e(- x, My )} and; 

e The reject-region for Ho is: 

W, = 8, = ares): Fel Sx, 2(p,, 0) 

1.6 Non-parametric Techniques 
Non- . ; alama na deal with comparing populations whose form of 
NA ma ja; " TOM and as such there are no Parameters to be tested 
mpana. oe es respect, non-parametric tests deal with composite 

; are therefore considered to be distribution free 
_ Statistical te: i ~~ y St techniques. The focus of non-parametric techniques is to test 

hether or i = sara ce ea characterizes a specified population. In that 
oa ne i are used even with nominal or ordinal 
ieee a ne ee about values of the population 
meee a Ss oe of sampled population. However, sample 

“Parametric testing must be drawn at random so that 
resulting sampli g ' pling errors are uncorrelated. Thus, a workin definiti 
parametric techniques may be summed up as: . ven 

e Statistical i ‘al techniques whose test Statistics do not depend upon 
the fo of the underlyi n r Ol 

lyi 9 populatio istri i i 

i vm 
distribution which the 

Statistical techni ie: i re not in! n Ww arameters 
Ques which a Oo 

i 
lation, 

concerned wi Pp: 
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e Statistical techniques for which data have insufficient strength to 

warrant meaningful arithmetic operations. 

Non-parametric techniques are broadly divided into: sign, sample 

median, rank-sum, randomness and correlation test techniques. Sign, 

sample median, rank-sum and randomness test techniques together have 

exploratory and descriptive stance. These test techniques mainly focus on 

exploring, describing, or comparing population characteristics or attributes in 

relation to some hypothesized attributes by testing descriptive hypotheses. 

The correlation techniques focus on unveiling causal relationships among 

attributes in a given population using nominal and/or ordinal data. On 

account of that, correlation test techniques take causal explanatory stance. 

The general steps of conducting a non-parametric statistical test are the 

same as those involved in conducting parametric tests. They include: 

e Formulating null and alternative (A, and H,) hypotheses. 

e dentifying the appropriate test technique by determining a test- 

statistic and its sampling distribution, usually Z, 7, an F etc.. for 

parametric techniques. However, the common test-statistics for 

nonparametric techniques are: Binomial B, Chi-square, Kolmogorov- 

Smirnov, Wilcoxon Signed Ranks T and Mann-Whitney U. Others 

are Kruskal-Wallis H, Friedman, Runs R, and correlation and PRE- 

based statistics such as Goodman and Kruskal lambda-p, tau-p, 

Kendall’s phi-p, Light-Margolin, and Kappa for nominal data. Others 

are Spearman rank correlation, gamma coefficient, Kendall’s tau-a, 

tau-b, and tau-c for ordinal data. 

° Specifying the level of significance — usually @ = 0.05. 

© Specifying the accept — reject H,, criterion — usually a condition 

under which //, is accepted. 

17



Computing the test-statistic based on sample data and comparing it 
with the theoretical value of its sampling distribution and presentin 
findings. 

' 
Making informed conclusion about the null hypothesis being tested 
based on the results and findings. 

17 Concluding Remarks on Inference Techniques 

Test of significance plays two roles, which are first, to prevent the researcher 
from making a fool of him/her self and second, not to make un-publishable 
results publishable. Theoretically, parametric techniques involve estimating 
population parameters on the basis of sample observations. The basic 
assumptions of the use of the techniques are that: the form of distribution of 
errors is known to be normal distribution or can be made to be known; the 
sample of observations is random; sampled populations are homogeneous; 
and more i € important, measurement level for the sample observations is 
int io- i erval or ratio — that is sample data are quantitative. Experimental research 
typically fulfils these assumptions or conditions.   

" is useful to note that When reguirements of a normal population 
distribution are satisfied, non-parametric tests are generally less efficient 
than their parametric counterparts, but the reduced efficiency can be 
compensated for by an increased sample size. Below is a summary of 
effici iciency pi of some selected nonparametric tests applied to normal 
populations”. 

—_—— 

3 Coe Tri ario F See Triola, Mario F. (1998), Elementary Statistics, Te Addison Wes| > Te, esley. 
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Application Parametric Non-parametric Efficiency rate 

Two dependent | Z ort test Sign test 0.63 

samples 

Two independent | Z ort test Wilcoxon signed-rank 0.95 

samples test 

Several independent | F test for ANOVA Kruskal-Wallis and/or 0.95 

samples Friedman tests 

Correlation Pearson Rank and PRE-based 0.95 

correlation test correlation tests     
Observational or non-experimental research characterizes most 

scientific research projects in business, economics and other social 

sciences. The conditions surrounding the observational research 

environment have fewer tested assumptions. For instance, business, 

economics and other social sciences are characterised by the problem of 

isomorphism in which measurement procedures in reality may not 

correspond to theory and/or empiricism. As such the assumptions of normal 

population and quantitative data obtained, which together imply 

measurement, are not always met. Consequently, research projects in these 

disciplines are largely qualitative and therefore not susceptible to parametric 

inference techniques. 

Thus, non-parametric techniques are useful under two conditions: first, 

when experimental observations are susceptible to classification and/or 

ordering but cannot be measured on a quantitative scale, and second, when 

uncertainty exists about validity of the assumptions in testing hypotheses 

that are associated with populations of quantitative data. Nonparametric 

techniques use both types of data that are measured at nominal or ordinal 

levels such as categorical data. Besides, nonparametric statistical tests are 

usually easy to understand and use. In this respect, if a non-parametric 

technique is available it should be used in preference to parametric 

technique unless there is experimental evidence about distribution of 

sampling errors being normal. 
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The next chapter of this book is focusing on sign-test-inference 

techniques that are appropriate with nominal date. Chapters three and four 

are respectively focusing on inference analysis of ordinal data, starting first 

with sample median test and then follow the rank-sum non-parametric 

statistical techniques. Randomness techniques are covered in chapter five 

while correlation techniques are presented in chapter six. 

Problem Set One 

Question 1.1 

Distinguish the following concepts as they are used in inference statistical 

methods: a hypothesis and a proposition; null and alternative hypothesis; 

type-one error and type-two error, simple hypothesis and composite 

hypothesis; power of a test and level of significance; substantive significance 

and statistical significance; randomized test and non-randomized test; 
parametric and non-parametric techniques. 

II 
Question 1.2 

Distinguish, with examples, between: (a) conceptualization and 
operationalization and (b) operationalization and measurement as used in 
social science research, 

Question 1.3 

Briefly, describe the steps involved in conducting a statistical hypothesis 
testing. 

Question 1.4 

Distinguish between qualitative and quantitative 
research methods. 

research as used in 

— 

2 
  

INFERENCE TECHNIGUES FOR NOMINAL DATA: THE SIGN-TESTS 

Sign tests are inference statistical methods for data that are capable of being 

categorized into two groups, such as, bad versus good, high versus low, 

positive versus negative or plus versus minus. In short, sign tests are applied 

whenever data have been signed; so that analysis is carried out on signs 

rather than numerical values of the observations. In non-parametric 

statistical techniques, the number of signs or counts or frequencies of 

sampled observations is the subject of analysis. Thus, the sampling 

distribution of the number of positive or negative signs that are obtained in a 

random trial is studied and decision on the null hypothesis reached upon. 

24 One-Sample Sign Test 

The purpose of one-sample sign test is to determine the extent to which a 

given random sample comes from a population with specified characteristics 

or attributes. Thus, the null hypothesis (Ho) may be stated as: The sample 

comes from a population with specified characteristics or attributes. The 

concern is whether or not a sample observation possesses characteristics or 

attributes of a given population. Hence, realization of each random 

observation in a sample is a binomial process in which an observation 

possesses the specified population attributes or it does not. Consequently, 

the appropriate measurement of an observation in a binomial process is 

labelling it as + ve, if it has the population attributes or labelling it as— ve, if 

it does not have the attribute. 
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If the null hypothesis (Ho) is true, the expected number of positive signs 

G+ ve) will be statistically equal to the number of negative signs & ve) ina 

random sample. Put differently, given a null hypothesis that sample 

observations come from a population with specified characteristics or 

attributes, the probability of obtaining either a + ve (or —ve) signed- 

observation in any random sample is p=50% or p=+. Since the 

process is binomial, the number of trials n, in this binomial exercise is the 

sum of both positive and negative signs, which is 1 = B* + B~. The critical 

value is determined by the maximum between number of +ve or —ve signs 

obtained in any single trial or more formally B” = max(B°, B ). Given that 

B* = number of +ve signs and B~ =number of —ve signs, then the 

decision to accept or reject Hp will depend on B*, being statistically larger 

than B™ in the total of n valid trials. 

—_) In_ statistical inference language, the decision to accept Ho is 

contingent on the probability of getting B* (or BF) being less or greater 

than a specified level of significance. Thus, the condition for rejecting the null 
hypothesis is: reject Ho iff the number of +ve (-ve) signs, is statistically 
larger than the number of —ve (+ve) signs. Given a level of significance of 

@, the critical value of B for accepting rejecting Hy is B” = max(B* ,B ). 

When translated into probability terms, the above condition implies: 

@,=Pr ob(B° SBsn-B’ :B x binomial (n, p)). Thus, for a two-tailed 

test, the null hypothesis is accepted iff: 

a, =Pr ob(B° S<Bs<n-B": Bx binomial (n, p))> a. 

22 

The accept-reject area for a two-tailed test is indicated in the 

accompanying diagram. 

n-B B n 
0 

bse Ho: (<) ji 

0 

Accept Ho: (1—a) Reject Ho: (¢) 
        

A one-tailed test may also be considered, in which a null hypothesis is 

accepted if: @, = Pr ob(B > B’ : B = binomial (n, p))> a. In the present 

n 

case, 1 = B’ +B” and p=+; and thus, a, = YE p71 -p)"" . The 
B-B' 

diagram below describes the accepting-rejecting Ho situation for a one-tailed 

test. 

c pa 

Reject Ho: (a ) 

1 

. n P Boa 

Accept Ho: (l = a) 
    

The binomial test is in practice approximated by the standard normal 

Zz B* -—np 
test-statistic as = 

«~ \np(\- p) 

such situation, the null hypothesis is accepted iff —Z,,. <Z,<Zq,2 fora 

if the sample size is large enough. In 

two-tailed test or Z, < Z, for a one-tailed test. 
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Example 2.1.1 

The average income (INCOME) of full-time women employees in a given 
industry as measured by the median is 25. A random sample of 13 men is 
chosen from those in full-time employment and their incomes are recorded 
as follows: 

30, 28, 36, 34, 27, 24, 29, 33, 31, 98, 26, 23, and 32. 
Do these data provide sufficient evidence to indicate gender income 
discrimination? 

Solution 2.1.1 

Following statistical test framework, we have: 

(1) The null hypothesis Ho: the sample of income comes from a 
population with median of 25, and the alternative hypothesis is Ha: 
the given sample of income comes from a population with a median 
different form 25. Accepting the null hypothesis has implication that 
there is no gender income discrimination in full-time employment. 

(2) Test statistic: Median is used as an average measure of income of 
the full-time women-employee population, and testing this parameter 
requires knowledge of Order Statistics”. Hence, the null hypothesis 
concerning population median cannot be tested using the 
conventional parametric test techniques. Given the above 
discussion, nonparametric test that is based on a single sample is 
Considered appropriate for testing the above null hypothesis. 
Specifically, binomial or location test tests the above null hypothesis, 
and hence the test statistic is the binomial variable B, which is the 
total number of + ve and — ve signs. 

_o 
“The Subject of Order Statistics is beyond the scope of this book. 
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Level of significance is a = 0.05. es 

i is 
Decision rule: The critical value of the test _ statistic 

B= max(B* B). The decision rule, for a two-tailed test, is to 

‘ . ject 
accept Hp if and only if Prob(B <B<n-B )> @ and reje 

Hy otherwise. . 

Computations: Since the studied population is women on fulltime 

employment, then sample of incomes of men on _ fulltime 

i i n population — the 
employment are signed or located in the women pop 

i he 
specified population. If average incomes of men and women are tl 

same (H, is true), then the proportion of men having incomes 

above (below) the women median income is 50%. Thus, an income 

of male employee is assigned as plus (+) if it is greater than ile 

median income of women population of 25 and minus (-) if it is 

equal to or less. 

+if greater than 25 

Thus; Micomez et to or less than 25 

  

  

      
  

          

Income | 30 | 28 | 36 | 34 | 27 | 24 | 29 

Sign + + + + + - + 

Income 33 | 31 | 98 | 26 | 23 | 32 

Sign + f+ [+ [+ |- [+       
  

Basing on the above table, the numbers of positive and negative 

signs are summarized as: Bt =11, B- =2 and hence n=13. In 

the language of binomial probability distribution, there are n =13 

independent trials; and each trial may result in either + or —. Besides, 

since expected numbers of positive and negative signs are the same 
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under the null hypothesis (Ho), the proportion of obtaining a positive 

(negative) number of signs is p = ¥2. 

Consequently, 

a, = Prob(B’ < B<n-B" : B xbinomial(n = 13, p = Dar 

ua 

“oH 
= 0.0 

(Cer CHC) 
011+0.011 = 0.022 

(6) Conclusion: Since @, = 0.022 is smaller than @ = 0.05 then Ho is 
rejected, implying that there is gender income discrimination among 
fulitime employees in the industry understudy’. 

np\l — p) 13xixt = 2.496 and Za 21.96 ana this implies that Ho 

is rejected 
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2.2 Two-paired Sample Sign Test 

Two-paired sample sign test is applicable in a research environment that is 

characterized by repeated measurements taken from same/similar subjects 

or different treatments being managed to the same/similar subjects at a point 

in time. Included here are aspects of before-after and with-without research 

designs. The conventional focus of the hypothesis testing in such research 

designs is on determining the extent to which a study variable displays the 

difference under the before and after or with and without treatment 

conditions. Ideally, this is about testing for a statistical difference in the 

response-variable phenomenon being studied. In particular, the general form 

of the null hypothesis in such research design is Ho: The two samples come 

from identical populations; so that there is no difference in the response- 

variable phenomenon before-after or with-without treatment conditions. 

Since measurement of the observation in the population understudy 

focuses on signs rather than numerical values, the appropriate statistical 

testing is nonparametric based on two correlated paired-samples. Hence, 

the differences of the paired observations are signed rather than being 

numerically recorded. Consequently, binomial test is an appropriate 

statistical technique for testing the null hypothesis on the significance of 

differences between the populations understudy. 

Example 2.2.1 

Two kinds of feed (FEEDA; FEEDB) are fed to samples of homogenous pigs 

and the following are weights gained (Akg) after a fixed period of time. Test 

the claim that the true average gain in weight of pigs is the same for both 

feeds. 
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Solution 2.2.1 

Again following the statistical testing framework we have: 

(1) 

with respect to gaining weight. The alternative hypothesis is H3: the FEED A 114] 16] 12115 [17] 18] 11 

two samples come from different populations, which imply that the FEED B 14 | 45 | 13 | 11 | 16 | 19 | 10 

two types of animal-feeds have different nutritional ingredients. Sign =] +i =) *] *|-1-* 

(2) Test statistic: Since the null hypothesis does not claim about FEEDA 18 | 15 | 19 | 26 | 22 | 10 

knowledge of the true value of the difference in the gain of weight, ae B ‘8 8 12 25 20 2 

The null hypothesis is Ho: the two samples come from identical 

populations, so that the two feeds have equal nutritional ingredients 

the change in weight cannot be meaningfully subtracted to get a 

difference in gain as data on_ initial weight are missing’. 

Consequently, it is appropriate to use nonparametric technique, in 

which differences in weight gained are signed as positive or 

negative. i = iti g Given that B* =number of positive signs and 

B” = number of negative signs then, the sum B = B* + Bisa 

binomial variable, which tests the null hypothesis. 

Level of significance is @ = 0.05. 

Decision rule: The critical value of the binomial test statistic B is 
B = + - sce max(B ,B ). The decision rule for a two-tailed test is to 

accept Hoi . ° pt Ho iff Prob(B <B<n-B )> @ and reject Hy otherwise. 

  

FEEDA 14] 16 | 12] 15[17[ 18 | 11 | (5) Computations: If the null hypothesis is true, the expected gain of 

F EEDB 14 | 15] 13 | 11 | 16} 19 | 10 weight that is associated with the two types of feed is equal. in that 

FEED A 73115119126] 221 40 respect the difference in weight gained between the two types of 

FEEDB 18] 8/12125/20/ 9 feeds would be zero. Testing the null hypothesis is accomplished by 

signing the differences in weight gained using the following rule: 

+ if gain fromA exeeds that fromB 
dweightAB= 

- if gain from A is equal to or less than from B 

The above assignment rule is summarized in the table below: 

  

  

  

    
  

  

                    
In the above assignments, it is noted that B* =10, B =3 

and n = B* +B” =13.\f Ho is true, B* and B™ should be about 

the same. This implies that the probability of obtaining positive or 

negative signed difference is p= +. However, if Ho is not true then 

either B* is larger (or smaller) than B™. Thus, the critical value of 

B for rejecting Hy is B” = max(B*, B)= max(10, 3)=10. 

Consequently, given that B’ =10, and n=13 then the computed 

probability of alpha, which is level of significance, is equal to: 

a, = Prob(B" <B<n-B’ :B~ binomial (n =13, p=4)or 

6 
Note that for a meaningful difference of weight 

same for all subjects considered, gained, initial weight must be the 
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1 aa 
a, = 0.0461 + 0.461 = 0.0922 

O
o
,
 

(6) Conclusion: Since a, = 0.0922 is larger than @ =0.05 then the 

Ho: is accepted in favour of the alternative hypothesis. This result 

indicates that on average, gain in weight is the same. The 

conclusion is that the two types of feeds have the same nutritional 

ingredients for the kind of animals considered. The same conclusion 

is attained when approximation to binomial test is used, that is 

Zz B'—mp 0210-1344 
AA =1.94 = Jnp(— p) Ji land z, =1.96 

implying that Ho is accepted. 

  

~_ 

Exercise 2.2.1 

A study was conducted to determine the effect of TV advertisement on 
changed attitude of young People using a 0-20 attitudinal scale, with 20 
being strongest. Do the data present sufficient evidence to indicate changed 
attitude? 

30 

  

Individual 112,13 |4 |5 [6 

Attitude | Before | 14 | 16 | 15 | 18 | 15 | 17 

After |14|18|16{|17 | 16 | 19 

  

  

  

  

Individual 7 |8 |9 | 10] 11] 12 

Attitude | Before | 19 | 17 | 17 | 16 | 19 | 15 

After | 20 | 18 | 19 | 15 | 18 | 16 

  

                      
Exercise 2.2.2 

A market research of a soft drink producer tested 12 subjects’ preference 

before and after a period of strenuous work. Preference was measured on a 

0-10 scale, with 10 being the strongest. Do these data present sufficient 

evidence to indicate changed preference? 
  

  

  

  

  

  

                  

Subject 7112/3|4 15 16 

Preference | Before|4|8/2|4 |5 |3 

After |6|8{/6|5 |4 |3 

Subject 7186|9|70| 11] 12 

Preference | Before|6|3|7| 6) 2| 4 

After {[8{7{3{ 9| 3] 4     
Exercise 2.2.3 (optional) 

To what extent does use of parametric t-test change the conclusions in 

exercises 2.2.1 and 2.2.2 above? 

2.3 SPSS Tutorial on Sign or Binomial Test Technique 

The SPSS output for the problem in example 2.1.1 using of sign or binomial 

test is presented below. 
  

  

Category N Observed | Test Exact sign 

prop prop (2-tailed) 

INCOME Group1 <=25 2 “5 50 0.022 

Group 2 >25 11 85 

Total 13 1.00                 
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ee 
WA maa ne T; + © produce ihe above output, choose the following commands from the 

menu: 
Problem Set Two 

Analyze Question 2.1 

Nonparametric tests A hot debate exists regarding reported Government Environmental 

Binomial (test proportion is by demulieshat 6 Management Agency (GEMA) gasoline-mileage figures for new cars 

ult set at 0.50 =+) . a ge . 

Ti i: : 2 entering the country. This is because the government tests only simulate 

est variable: INCOME (average income of full-time women 
employees) 

Cut-off point = 25 

actual driving conditions while ignoring such factors as wind, road conditions, 

traffic intensity, and driver differences. A Private Testing Agency (PTA) 

compared the GEMA mileage rating of 12 new makes of automobiles with 

To 
mileage recorded on-a test run under actual driving conditions. The results 

proche the SPSS output for the problem in example 2.1.2, choose th 7 following commands from the menu: 
m ‘ 

Y Analyze : under actual conditions was greater than the GEMA figure; G indicates that 
are shown in the accompanying table (P indicates that the mileage obtained 

Nonparametric tests 
the GEMA mileage rating was greater; 0 indicates that the two ratings were 

  

  

                          
  

: 
equal) 

Binomial (test pro ion i: . 
Proportion is by default set at 0.50 = +) | Car make 71 2]3]4]/ 5] 6] 7[ 8|9| 10 | 11 | 12 

est variable: DFEED’ " [Testresults|G|G/o/P[|G|/G/G|G|0| G| P| G 

Cut-off point: 0 

) 
Do the findings of the PTA indicate that the GEMA ratings are, on average, 

The output for this Problem is: higher than what you can expect to obtain for gasoline mileage while driving 

under normal conditions? 

   | Observed | Test 1] 
{prop __| prop | 

.23 50 

10 77 
13 | 1.00 | 

Th 
<=0     

       

DFEED Group 4 
Group 2 
Total 

Question 2.2 

    Business analysts and economists are yet to agree on the effect, in terms of 

  

  

magnitude and direction, of economic reforms programme undertaken by 

Tanzanian Government. To explore this issue, a researcher has collected 

data on average industrial production of key sectors before and after the 

introduction of reform programme. 

on his vartable 1s computed trom the da 
d feed 1 $0 that DFEED= Rote SA ce between change in weight from feed A m fee 
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Production sector Average production index (% 
(GDP at factor cost) Before reform After reform 

Manufacturing 11.6 48.0 
Construction 9.4 8.7 
Mining 4.9 13.9 
Agriculture 55.1 3.4 
Trade, restaurants, and hotels 9.7 14.5 
Transport and communications 7.3 6.1 
Others 2.0 5.4         
  

Do these data provide sufficient evidence to indicate a difference in industrial 
production between the two periods? 

Question 2.3 

Organizational Management can fight cardiovascular disease by adopting 
fitness programmes for employees, and thereby reduce the social and 
economic costs of the disease. To improve employee’ physical and mental 
fitness, many firms are now offering work release for voluntary exercise 
programme. To measure the effect of such a programme, a manufacturing 
firm recorded the time spent per week in vigorous exercise undertaken by 85 
of its employees two years after the initiation of the volunteer exercise 
Programme. These data were then compared with the level of participation 
by the firm’ i i i: 

y firm's employees in various exercise activities prior to the firm- 
Sponsored exercise programme. 

    

  

  
    

    

      
  

  

          

Hours in Vigorous exercise | Number Before | Number after PI Na. rogramme = Programme 

Some but less than 3 hours 29 ae 3 hours to 6 hours 
7 6 hours to 9 hours i" ut Over 9 hours 

5 ; ee 2) 
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Do the data provide sufficient evidence to indicate that the level of 

participation in vigorous exercise activities has changed since the initiation of 

the firm-sponsored exercise programme? 

Question 2.4 

Is there a change in the share to GDP (factor cost) among the sectors of 

Tanzania’s economy before and after economic reform programme? To 

explore this issue, a researcher has collected data on the average share of 

each sector to the GDP before and after reforms. The data are summarized 

in the accompanying table. Do these data provide sufficient evidence to 

indicate a change in the sectoral share to GDP? 

  

  

  

  

  

  

  

  

  

      

Sector % Share GDP 
(factor cost current prices) 
Before reform | After reform 

Agriculture 52.40 27.20 
Mining 0.50 2.50 
Manufacturing 7.95 8.30 

Electricity and water 0.74 1.70 
Construction 3.03 3.80 
Trade 14.00 16.50 

Communication and transport 6.42 5.40 
Public administration 5.90 10.30     
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INFERENCE TECHNIQUES FOR ORDINAL DATA: THE MEDIAN TESTS 

Median is one of the measures of averages in statistics that play a central 
role in inference methods. By definition a median is an observation half-way 
when data set is arranged in order of magnitude. For this to be a possible 
Possibility, the sample observations must be capable of being ranked and 
thus measured at ordinal level. There are two non-parametric techniques for 
analysing ordinal data, namely, the sample median tests and the rank-sum 
tests. This chapter focuses on the sample median tests and Kolmogorov- 
Smirnov test. Both test techniques are based on frequency distributions, with 
the latter focusing on goodness-of-fit test. Rank-sum tests that are based on 
ranked data are covered in the next chapter. 

3.7 Two-unpaired Sample Median-Test 
This test is applicable when two samples are neither Paired nor correlated, 
and therefore n, #N,. The null hypothesis being tested is Ho: the two 
samples come from identical Population with equal median and the alternative hypothesis is Ha: The two samples come from different Populations. To test the null hypothesis, we rely on the number of counts or frequencies of each sample observations that are below and above a pooled median. The pooled median is considered as an unbiased estimate of the hypothesized common median. 
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The distribution of the number of counts or frequencies is summarized 

ina 2by2 contingency table as follows. 

  Sample Below-median | Above-median | Totals (R,) 

R, = Yo, 

Sample 2 On 04, R, = Yo, 

_ Totals (c,) G =o, Cc, = on N= 911% 

If the null hypothesis is true, the expected number of counts or 

  Sample 14 0, 0, 

    
          
  

freguencies will not differ significantly from the observed number of counts or 

freguencies in each cell of the contingency table. A test statistic based on 

Chi-square detects any significant difference between observed and 

expected number of counts or frequencies in the contingency table. Given 

that 0, =observed frequencies, e,, =expected frequencies such that 

*& then the test statistic for two-unpaired sample median test is: 

bua 
ii N 

2 

2 OO Oy = Si ED, 
ij ey Y 

The following computational procedural steps accomplish the median 

test described above’. 

e Rank observations from the two samples in ascending order of 

magnitude while retaining the sample identity. 

Find median of a combined/pooled sample. 

Set up a 2by2 contingency table with rows representing the two 

samples and columns representing the below-median and above- 

median attribute. 

  

i i isti is-testing framework * Note that these steps are associated with statistical hypothesis-testing 
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¢* Compute row total (R,); column total (c, }; grand total (N); and 

the expected number of counts or frequencies in each cell of the 

contingency table using the formulae: e; = aie 

* Compute the Chi-square: xn pia 
— pi 
LI ij 

and compare it 

with the theoretical Loy at an appropriate degree of freedom, 

Vv =(r-1Xc-1). Table 3 appended is used to obtain theoretical 
values of Chi-square at appropriate degree of freedom. 

The null hypothesis will be rejected if computed Chi-square value is 
larger than the theoretical value, that is a > xe ,. This would imply that 
observed frequencies are significantly different from expected. The conclusion that is being inferred here is that the tw 
different populations. 

AA Example 3.1.1 

© samples come from 

  

Do the data provide sufficient evidence (@ = 0.05 ) that high pricing 
strategy outperforms low-pricing strategy with respect to average annual 

sales? 

Solution 3.1.1 

(1) The null hypothesis is Ho: the two pricing strategies have identical 

effect on average annual sales. The alternative hypothesis is H,: 

the two pricing strategies have different effect on average annual 

Sales populations. 

(2) Test statistic: Since the null hypothesis does not claim about 

knowledge of the true-value of the difference in the average 

annual sales realized by firms, a 2x2 contingency table is set up, 

with rows representing the two samples and columns representing 

the below-median and above-median attribute. 

(3) Level of significance is a@ = 0.05. 

(4) Decision rule: If the null hypothesis is true the expected 

frequencies of annual sales that are associated with the two 

pricing strategies types of feed are equal to the observed 

frequencies. In that respect the difference in annual sales between 

the two types of pricing strategies would be zero. Thus, given that 

OF and €; are observed and expected frequencies respectively, 

then the null hypothesis is accepted when computed Chi-square 

value is less than the theoretical values. Formally this means that 

> xX lo, =e; i 
the Ho: is accepted iff 72 <y2,:72 = 2 eee And 

7 i ji 

since @=0.05 and v= (k = 1)= 1, then using Chi-square table 

appended 77 , Nasa -3.841 (Table 3). 
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(5) Computations: Testing the null hypothesis is accomplished 5) 
. . zi 

' preparing a combined signed-ranking, finding a common median 

equal, pricing strategy is independent of firm performance, 

measured by average annual sales. 

and setting up a 2 by 2 contingency table as follows. 

  

  

  

  

Exercise 3.1.1 

Is there a difference in production levels among the major agricultural crops 

in Tanzania over time? To explore this issue, a researcher collected data on 

production levels of major crops for eight years. The data are summarized in 

  

    
  

    

Sign-ranked 9L } 10H 15L Sign- 18L | 20L] 22a] 25] 

Ranks 1 2 3 4 5 6 i 

Sign-ranked 41L | 42H] 55H ee 60L | 60H; 65L] 70H 

Ranks 8 9 10 | 11.5] 11.5 13 14 

Sign-ranked sales 90L | 120H | 180L | 220H | 280L | 340H 
Ranks 15 16 17 18 19 20                 

Given the above signed-ranking, the combined median-sales is 
Median = 57.5 , and the contingency table is presented in the table 
below (expected frequencies in brackets): The computed value of 

  

the test statistic is 7? = (0, ze Ku = 0.833, 
if ji 

    

the accompanying table. Use k-sample median test to ascertain the 

proposition of no difference in production using monetary value and 

  

  

  

  

percentage. 

Years 1992 | 1993 | 1994 | 1995 
Cereal TAS 000 3687 | 3313 | 4362 | 4464 

Percentage | 100 90] 118] 121 

Non-cereal TAS 000 6861 | 6403 | 7334 | 7498 
  

Percentage | 100 93 | 107 | 109 
TAS 000 229 | 222) 220) 303 
Percentage | 100 97 96 | 120 

  

Trad. exports 
  

  

  

  

  

  

Years 1996 | 1997 | 1998 | 1999 

Cereal TAS 000 3111 | 4371 | 3996 | 3367 
Percentage 84) 116); 103 91 

Non-cereal TAS 000 5886 | 7971 | 7441 | 7323 
  

    

    

      
Percentage 86; 116) 109; 107 

TAS 000 272 | 299) 273) 282 
Percentage | 131 119 | 123] 129 

  

Trad. exports 
                
  

          

e 
Ja 

Price Strategy | Below-median | Above-median Totals (R,) 
Low-priced 7 (6) 

| + - 
> 6 High-priced 3(4) 5 fa La Totals (c,) 10 10 20 

(6) Conclusion: Conclusion: Given the decision rule, which 
a2 

is Ko <Low. and the sample results as y? = 0.833, the nul 

hypothesis Ho is accepted. The two pricing strategies have the 
same effect on average annual sales for firms reported in the 
study. This result leads to the finding that other factors being 

40 

Do the data provide sufficient evidence to indicate a changed policy 

regarding production imperatives in the agricultural sector? What 

reservations do you consider critical in interpreting the results you have 

obtained above? 
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3.2. The K-Sample Median Test 

In its structure the k-sample median test is an extension of the two-unpaire: 

sample median test, only that there are more than two unpaired samples 

The null hypothesis being tested is H,: the k-samples come from k identic: 

populations, and the alternative is Ha: at least one sample comes from : 

different population. To test the above null hypothesis we rely on the numbe 

of counts or frequencies of observations from each sample that are below 0: 

above the pooled sample median. 

The distribution of the number of counts or frequencies in each samp 

that are below or above median is presented in the kx2_ contingency table 

  

  

  

  

        

below. 

Sample Below-median | Above-median | Totals (R,) 
t 

Sampl | ample 1 0, 0, R, =D ay | 

Sample 2 0», 055 R,= Diy | 
. 

° | 

e 
. | 

Totals (c.) C,- Yo, C,= Yo N= yy |   
  2 

cell of the contingency table will not differ significantly from the observet 

If Ho is true the expected number of counts or frequencies (e, in each 

number of outcomes or frequencies (0,)- Any significant difference will be 

detected by a_ test-statistic based on 

(0 ey 47 kua 

= 22 ; the appropriate degree of freedom of the Ch’ 

Chi-square given ) 

square is es . The computational procedures are as indicatec 

above for a two-unpaired sample median test. 
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Example 3.2.1 

Data in the table below pertains to performance, measured by gross sales in 

TAS, of four advertising channels which were adopted by selected whole- 

sale businesses in Tanzania. 
  

  

  

    
    

Channel Performance (in mil. TAS) 

A 57 | 50 | 36 | 28 | 90 | 64 | 70 

B 400 | 89 | 80 | 53 | 40 | 25 

Cc 75 | 45 | 85 | 60 | 90 | 30 | 20 

D 4105 | 35 | 65 | 150 | 285             
  

Do these data present sufficient evidence that advertising channels differ in 

promoting performance as measured by sales in this particular instance? 

Solution 3.2.1 

To solve the above problem, k-sample median test is considered as an 

appropriate non-parametric technique. 

(1) The null hypothesis to be tested is: Ho: The four advertising 

channels have same effect on business performance, the 

alternative Ha: Some advertising channels have superior 

performance. 

(2) K-sample median test based on Chi-square with degree of 

freedom that is equal to v = (k-1). 

(3) Level of significance is @ = 0.05. 

(4) Decision rule: Accept the null hypothesis (Ho: equal effect for 

(0, - es) 
C7 

the four channels) iff, a < kiio WI . Note 

that 0; and e, are observed and expected frequencies 

respectively. Given that a@ = 0.05 and v=(k- 1)= 4-1=3, 

then as per Table 3, Ya, = Koss = 7-81. 
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(5) Computations: The signed ranking of combined sample is 

summarized below : 

  

    
  

  

  

  

  

  

  
  

        

Signed-scores 20c [| 25b| 28a| 30c | 35d| 36a [_40b | 
1] 2{ 3] 4 sy ey 7} 

Siqned-scores 45c 50a| 53b | 57a | 60c | 64a | a] 
8 9 | O[ 1m] 72] 13] 14] 

Si - Signed scores 70a 75c | 80b | 85c | 89b| 90a | = 
16 17| 18) 19 [ 205] 205| 

Slaned-scores 100b | 105d | 150d | 285d | I | | 22 23| 24[ 25] | | |   
  

T . . he combined sample Median is 64; and based on this result, a goat 
ontingency table of observed frequencies is prepared as follows: 

  Advertisi ertising channels | Below Median | Above Median Total | A 4 (3.36) 
[spa 3 

   

  

  

    

    

  
  

    

The computed Chi-square is 7? = yy lo, 7 fs y = 2.049   

which i is less than the theoretical value Xe =781 
BA YA YA 

(6) Conclusion: Gi : Given the decision rule, which is Ka <x, and the 
ave 

sample results a 2 S X- =2.049, the null hypothesis Ho is 
accepted. The fi Lo 

business sale: Cur advertising channels have the same effect on 
s 

Performance. The choice of a channel should 
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depend on other factors such as COSIS, etc, rainer wart business 

performance. 

Exercises 3.2.1 

Is there a change in the share to GDP (factor cost) among the sectors of 

Tanzania’s economy before and after economic reform programme? To 

explore this issue, a researcher has collected data on the average share of 

each sector to the GDP before and after reforms. The data are summarized 

in the accompanying table. Use median test to ascertain a claim that there is 

a change in the sectoral share to GDP? What is the policy implication of the 

results you have obtained? 

  

  

  

  

  

  

  

  

  

        

Sector % Share GDP 

(factor cost current prices) 

Before reform _| After reform 

Agriculture 52.40 27.20 

Mining 0.50 2.50 

Manufacturing 7.95 8.30 

Electricity and water 0.74 1.70 

Construction 3.03 3.80 

Trade 14.00 16.50 

Communication and transport 6.42 5.40 

Public administration 5.90 10.30   
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3.3 Hyper- 7 geometric Probabili A ji 
ee ility Model as /ternative to the 

Let %, X., <*, % 1 2277, 4, be a random sample of size m from Cumulative densit ity 
unctior i i 

7 

ule) with cor espo. ding de sity unctiol A ) Let al 

fi ti F 

xX}. also 
Vis Vasc b h d f fi 

% 2? "Ja € another rando sample of size 1 0 cumulative 
density unctior i 

; 

F, (e) WI ensi y functior given by f(y) ssume th 

fi 
hd f 

WA at 
Observatio Strom F (e are independer of the obse ations from F (e 

p 
Ae) 

Us g edia test, it S required to test the extent to wi Cl e two Populations are the san €,orinarn Ore form C rea to test a nu 

’ ormal way, it is desi dt II hypothesis H.: Plz Z wi .(Z)= F, (2) VZ against the alternative hypothesis 
Ai: F Z as Ly (Z)z FB (Z) Sor at least one Z. 

zA <7 x Th 

A 

= 22S Zy 5 erm ian h mbin Mm t 

tn edian of the col bined sample is Z , whic is 

equal to the mia Sa observation, Let M_ be the b x number of X —values 
above Z and NV ie © nur r ea 

. db t 
if 

a 

J t umber o ¥ values above Z Gi that a ve 
ando sai i p. €dur 

pli g o i 

T 

Cedure is USed to select observatio IS fr t 

d 

‘on e two 
Population s,M, (or N,) is a random variable 

Ina Sample of size mta r 
of or Ss 

Size mti 2» the p Obability distribution M ( N ) | x y €r-geometric densit unctio desc! bed b 

yp 
i y i Scribed y 
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\ 
(” n 

m+n m, )\ “"-—m, 

m+n 

men 
4 

is true, there will be m, X-values (or 7, Y-values) in a 

  P(M, =m,)= g(m,)= 

Thus, if Hy: 

random sample of size *#", and m, (or n,) will be approximately 

m 

M (or N,) can be determined such that P(, > k)- a. Having 

ni _ a> k and 

(or 2). Thus, given a level of significance of @, a critical value k of 

determined the critical value then H,: is accepted if WA 

rejected otherwise”. 

The hyper-geometric probability test for median can be extended to three 

samples from cumulative density functions F(), F,(e) and F, (e). Let 

m,n,and p be sample sizes respectively and M,, N,, and P. 

represent numbers of observations from the three respective samples that 

are above the combined median. Considering that the combined sample is 

random, M, WA or P) has a hyper-geometric probability density function 

of a multinomial form: 

re 

’ To allow for finite computations, a restriction is imposed that suppresses > ’ > a and ae to an 

integer, that is, M1, = int(), n, =int(+) and int (=) 

47



P(M, = m,) 

  

09
 <=
 

—
 ii 

m+n+p 

M, Thy fp, 

If Zi i AZ, : is true, m, (n, or p.) will be approximately (2 or 2) and thus 

given a level of significance of @ , a critical value k of M (v or P) can x ¥ r 

be determined such that = P(u, —4|> k)=a. Having determined the 
Critical value then Hl, : is a i a 0 ccepted if [ac Plo a 2k and rejected otherwise, 

Example 3.3.1 

The followi i : wing data pertains to average scores obtained by students who ere exposed to two different pilot teaching methods: 

[ Method A a5     

  

Use hyper- i ili yper-geometric Probability as alternative to sample median test to verify the iti y Proposition that the two teaching methods have the same effect on Scores obtained by students (2 =0 05) 

Solution 3.3.1 

The null hypothesis to be tested is Ho: th 
same effect € two teaching methods have 

on scores obtained by students 
m=6, and n= In this example 

  th or 7th score 
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Median must be equal to 3 and 4 respectively in a sample of size 7. The 

probability of selecting ™m, scores from Method A is given by: 

( 
The following table summarizes the corresponding probabilities for all 

P(M, = m,)= g(m, ) = 

possible values of m, . 

  

  

  

  

  

  

  

    
        

mm] (6 \®)| Palm) 
m, 7 — my, 

0 7 1x8= 8 0.002331 

1 6 6x28= 168 0.048951 

2 5 15x56= 840 0.244755 

3 4 20 x 70 = 1,400 0.407925 

4 3 15x 56= 840 0.244755 

5 2 6x28= 168 0.048951 

6 1 1x8= 8 0.002331 

Total 3,432 1.000000   
  

Based on the computations above, the number of m, scores, in a sample 

of size 7, must at least be 2 and at most 4 for Ho: to be accepted. 

The ranked scores are: 

Signed-scores | 18a | 25b | 28a | 36a | 36b | 45a | 54b 
Rank ja| 2b] 3a] 4a| 5b| 6a] 7b 

  

  

  

  

Signed-scores | 57a | 65b | 67b | 70b | 89a | 90a | 95b 
Rank 8a | 9b] 10b| 11b| 12a} 13a} 14b 
                      

In the present case, the number of scores from method A that are below 

median in the sample of size7 is four (4); hence the null hypothesis is 

accepted. 
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Example 3.3.2 

The accompanying table gives data on performance of SME’s in terms of 
sales volume under two advertising channels. 

probability model 

Use hyper-geometric 
as alternative to sample median test to verify the 

Proposition that the two advertising channels have the same effect on SME 
performance (a = 0.05). 

  Channel |    

    

____Performance (in mil. TAS) | 50 | 36 28 | 90 | 64 | 70 | 45 | 80 [53 [40 [25] 105 | 75 | 89 | 85 | 60 | 90 | 30] - - [-          
Solution 3.3.2 

The null hypothesis to be tested is, Ho: SME’S do not differ in 
Strategies. 

their pricing 
In the above example m=12, and n=8 and therefore the 
m+n 
  medi i edian is th or 10th gross-sales when the combined data set is 

a i . rranged in order of magnitude. Thus, if a sample of size 10 is randomly 
obtained there is expected to be 7 “Ganda 2-4 observations in the 

2 

Possible values of m 
aE 
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m, | n, 12 \(8 P(M, = m,) 

m, J 10—m, 

2 8 66x1= 66 0.0003572 

3 7 220x8= 1760 0.0095260 

4 6 495 x 28 = 13860 0.0750178 

5 5 792 x 56 = 44352 0.2400571 

6 4 924 x 70 = 64680 0.3500833 

7 3 792 x 56 = 44352 0.2400571 

8 2 495 x 28 = 13860 0.0750178 

9 1 220x8= 1760 0.0095260 

10 0 66xi= 66 0.0003472 

Total 184,756 41.0000000     

Based on the computations above, the number of 1, gross-sales-items in 

a sample of size 10 must at least be 3 and at most 7 for Ho: to be 

accepted. 

The signed ranks of the sales volumes are: 

  

  

  

  

                        

Signed sales | 25a | 28a | 30b | 36a | 40a | 45a | 50a | 53a | 57a | 60b 
Signed-ranks | 1a_| 2a_| 3b | 4a | 5a | 6a | 7a | 8a | Qa 10b 

Signed sales | 64a | 70a | 75b | 80a | 85b | 89b | 90b | 90a | 100b | 105b 
Signed-ranks | 11a | 12a | 13b | 14a | 15b | 16b | 17b | 18a | 19b | 20b 
  

The number of times that sales volume under Channel-A advertising strategy 

are below median in the sample of size 10 is eight (8); hence the null 

hypothesis is rejected. 

Exercise 3.3.1 (optional) 

What conclusion is reached if a parametric t-test is used to test the null 

hypothesis that the two advertising channels have the same effect on SME 

performance (a = 0.05). 
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3.4 Kolmogorov-Smirnov Goodness-of-fit Test 

Researchers often confront a problem of ascertaining the extent to whi 
observed cumulative frequency distribution fits well to a hypoth r 
Meoretical cumulative frequency distribution. In such situations, the za is about testing a hypothesis that there is no difference between te : oe ee distribution. This problem lends itself to the tesing Y maan. Wan an samen Sai the extent to which the 

nd expected fr i i i therefore about testing variation of observed horse ion “cone 6 ores frequencies. If the difference is small across all the possib| kanga e factor under Consideration, there is a good fit we Give i 
tequencs ” _. test is about testing variation of observed Kilmmogoroy Sri Wa est is a appropriate test statistic. However, question ot ne haem, Wa Considered more appropriate to answer the isnad 4 . i en close ‘s observed cumulative frequency Kalmogorov.Smimo,. ‘a! cumulative distribution? This is because 

ests the extent to which there is a difference between 

Given that Ff = 
. 

0 = Observed relative cumulative frequency and e =€xpected relati i ve cumulative frequency, then the Statistic that is used 
by the K-S test j iss D = 

" max|F ld The null hypothesis under the Kolmogorov-Smi 0 H 
erve 

irn i 
d 

V test is Ho: there is good fit between obs and theoretical cum ive fre en ri Ti of D, for the 

ulati "7 i 

‘olm uency dist ibutions. Critical values for t K Ogorov-Smirno oodn ~Of-fit T re 
‘om 

v €ss-of-fit Test are obtained fr | 

Good 
fi Table 5 appended. For inst ; ance, given a level of Significance of @ = 0.05 (one- 
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tailed) and a sample size of 1 = 20, the critical value of Dy 95 = 0.294. 

When sample size is larger than 35, the last row of Table 5 enables one to 

compute the critical value of D, . For instance, if @ = 0.05 and n = 64, the 

1.36 
2 = 0.17. The null hypothesis of goodness-of- critical value is Do, o05 = 

V64 

, is greater than the 

  

Fe, = Fi 

  

fit is rejected if computed value, D,,. = max 

critical value of D,,. Alternatively, a normal approximation of the K-S 

statistic, Z, = Dvn, may be used, and if it is used, the null hypothesis is 

Z, = Dvn] >Z,,2. 

  

rejected iff 

Example 3.4.1 

The arrival rate of cars requiring repair and general service at a garage in a 

city is hypothesized to follow a Poisson probability distribution with a mean of 

42 =8 cars per week. A study was conducted to determine the extent to 

which Poisson probability distribution best describes the arrival process, and 

the results are summarized below. Use Kolmogorov-Smirnov Goodness-of-fit 

test to check the claim on the Poisson arrival process (a = 0.05). 

  

  

  

  

  

      

No Cars Frequency 

0-4 6 
5-9 29 
10-14 45 
15-19 30 
20 and above 10   
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Solution 3.4.1 

The null hypothesis is Ho: Observed arrival rate distribution of cars requiring 

maintenance and general repairs follows a Poisson distribution. Critical value 

of the Kolmogorov-Smirnov Goodness-of-fit statistic is obtained from Table 5 

appended as follows: 

D,,, for ns35 

D, =41.36 . 
—— otherwise 
vn 

In the present case, given that m=120, and ~a=0.05 then, 

1.36 
D = ——— =0.124. The goodness-of-fit hypothesis is accepted if 

120, 0.05 V120 

computed value of D,, is less than this critical value. 

The computational procedures for conducting the Kolmogorov-Smirnov 

test, as summarized in the table below, involves the following steps: 

. Computing probabilities, P(X; As 8) of realizing the number of 

cars described by a random variable X under the null hypothesis. 

This is done by using the cumulative Poisson probability formula: 

-A 4x e 
P(X;A=8)=>> xl or reading these probabilities from   

appropriate cumulative Poisson probability table. 

. Computing expected frequencies using the 

formulae f, =n P(X; Ae 8), 

. Computing relative cumulative observed and expected frequencies 

and denote these as F’, and F, respectively. e 

. Computing the K-S test statistic; D, = max|F, = F,| . 
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x Pais IA TA |e NRA 
0-4 0.0996 6 | 11.952 | 0.0500 | 0.0996 0.0496 

5-9 0.6170 29 | 74.040 | 0.2917 | 0.7166 0.4249 

10-14 0.2661 45 | 31.932 | 0.6667 | 0.9827 0.3160 

15-19 0.0170 30 2.040 | 0.9167 | 0.9997 0.0830 

20 above 0.0003 10 0.036 | 1.0000 | 1.0000 0.0000 

Total 1.0000 | 120 120 - - =                 
  

From computations in the table above, D,,, = max|F, -F,|= 0.4249 , and 

this is larger than the critical value of Dyyo 905 = tt gaa, This 
ee ¥120 

means that the null hypothesis of the goodness-of-fit is rejected, and thus it 

is concluded that the observed frequency distribution of arrival rate of cars at 

this garage is not well described by Poisson probability distribution with 

mean of 8 cars per week reported in this study. A similar conclusion is 

reached when a normal approximation of the K-S statistic is used. In this 

example the computed value is Z, = 0.4249V120 = 4.65. 

Example 3.4.2 

The relative frequencies of the number of vacant rooms at Zeta Motel 

recorded over the years enabled its manager to determine the probability 

distribution of the number of vacant rooms given in the accompanying table. 

  

Number of vacant rooms 0 1 2 3124 

Probability 10 | .25 | 35 | .20 | .10 
  

                

However, since the manager recorded these data, a new motel has 

been built at a nearby location. In the first 120 days since completion of the 

new motel, the manager recorded the number of room vacancies per day in 

his Zeta Motel. These data are shown in the second table. 
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Number of vacantrooms 7 0 1 2 3 [24 | 

Number of days [15] 30/50/18] 7           
  

  

Do these data, based on Kolmogorov-Smirnov goodness-of-fit test, 

present sufficient evidence, at @ = 0.05 level of significance, to indicate that 

the pattern of room vacancies in the Zeta Motel has changed since the 

opening of the new motel? 

Solution 3.4.2 

The null hypothesis being tested is that Ho: Probability distribution of the 

vacant rooms at Zeta Motel has not changed on account of the new motel 

opening. The computational procedures for conducting the Kolmogorov- 

Smirnov test, as summarized in the table below, invoives the following steps: 

. The probabilities, P(X) of realizing the number of vacant rooms 

described by a random variable X under the null hypothesis are 

given in the first table. 

. Computing expected frequencies using the 

formulae f, =n P(X). 

Computing relative cumulative observed and expected frequencies 

and denote these as F, and F, respectively. e 

. Computing the K-S test statistic; D, = max|F, -F,| ; 

  

  

  

  

  

  

  

              

x PY) A [ATE F. | |Fh-# 
0 0.10 | 15 | 12 [0.125 | 0.10] 70025 1 0.25 | 30 [30 [0.375 [0.35] 0.025 2 0.35 | 50142 T0.79270.70170.092 uu 0.20 |_18 | 24 [0.942 [0.90 | 0.042 nd above | 0.107] 12] 1.000} 1.001 0000 Total 1.00 | 420 [ 120 = |       

56 

= 0.092, and 
  From computations in the table above, D,, = max|F, =e 

1.36 
this is smaller than the critical value of Digg, 995 = = = 0-136. This 

“100 

means that the null hypothesis of the goodness-of-fit is accepted, and thus it 

is concluded that the probability distribution of vacant rooms of Zeta Motel 

has not changed on completion of the new motel at the nearby location. This 

is not a surprise, as in a service industry, on average, each service place or 

facility has its own clientele. For instance, visitors tend to stick to service 

facility they have knowledge about or established relationship long before. 

Besides, the expected quality of service may be lower at the new motel 

compared to that currently offered at Zeta Motel. The same conclusion is 

reached using normal approximation of the K-S statistic, which in this 

particular case is: Z, = 0.092V120 =1.01. 

Exercise 3.4.1 

In theory at least, age is considered the most important demographic factor 

that has strong correlation with fertility, divorce rates, and life-styles in a 

society. By predicting fertility and divorce rates as well as life-styles, 

economic demographers attempt to forecast an economy, predicting which 

industries will flourish and which ones will falter. Hence, knowledge of age- 

group distribution is of great help towards forecasting economic performance 

and/or structure. In attempting to describe the distribution of age, a 

researcher has prepared, based on population census statistics, a frequency 

distribution of age-groups for 10,000 randomly selected respondents in a 

district (see the accompanying table). Do these data, based on Kolmogorov- 

Smirnov goodness-of-fit test, provide sufficient evidence (a =0.10) to 

indicate that age-group is a normal variable? (Hint: compute sample mean 
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and variance of age and use these estimates as parameters of the normal 

Age-group 

00 — 09 

distribution). 

     

  

  

    

10-19 
20-29 1300 
30 — 39 1560 | 
40 — 49 1680 
50 — 59 1220 
60 - 69 780 | 
70-79 600 
80 and above 320   

3.5 SPSS Tutorial on Median and Kolmogorov-Smirnov Tests 
The SPSS output for Median and Kolmogorov-Smirnov Goodness-of-fit 
Tests are presented below, starting with problem 3.1.1 followed by problem 
3.4.1. 

3.5.1 The Median Test 

Problem 3.1.1 is on the relationship between pricing strategy and 
performance as measured by sales. The Objective is to ascertain the extent 
to which low-price and high-price Strategies are different in terms of 
performance as measured by sales. 

LOW-HIGH PRICING * BELOW-ABOVE MEDIAN Cross tabulation 
Count 

| BELOW-ABOVE MEDIAN 
| “Below- 7 Above-           

   
LOW-HIGH 
PRICING 

  

      
High-priced 

Total 
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Chi-Sguare Tests 
  

  

  

  

  

  

            

Value | df |Asy Sig (2JExact Sig (2-| Ekact Sig 
sided) sided) (1-sided) Pearson Chi-Sguare” 833] 4 361 

(Continuity Correction © .208| 1 .648 
Likelihood Ratio .840 1 .359 
Fisher's Exact Test -650) 325) Linear-by-Linear 792) 4 374 
Association 
IN of Valid Cases 20 |   
  

  a Computed only for a 2x2 table 
b 2 cells (50.0%) have expected count less than 5. The minimum expected count is 4.00. 

To produce this output, first, enter sales data from the low and high 
priced strategies as one variable in the Data editor and compute the 
combined median. Second, create two nominal variables, LOW-HIGH 

PRICE (11=low-priced; 12=high-priced) and BELOW-ABOVE MEDIAN (21 
= below median; 22 = above median). Then, choose the following 

commands from the menu: 

Analyze 

Descriptive 

Crosstabs ... 

Test variable List! LOW-HIGH PRICE (rows); BELOW- 

ABOVEMEDIAN (columns) 

Statistics: Chi-square 

To conduct a k-sample median test using SPSS, the row-categorical 

variable is extended to k-levels. For instance, in example 3.2.1, there are 

now four samples. A row-variable CHANNEL is created with four levels as 

follows; 11 = channel A; 12 = channel B; 13 = channel C, and 14 = channel 

D. The corresponding column-variable, BELOW-ABOVE MEDIAN retains 

two levels, below median and above median. 
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CHANNEL * BAMEDIAN Cross tabulation 

  

  

  

  

  

  

          
  

  

  

  

  

    

Count 
BELOW-ABOVE MEDIAN Total 

Below-median Above-median 

ICHANNEL Channel A 4 3 7) 

Channel B 3 3 6 

Channel C 4 3 7 

Channel D 1 4 5 

Tota 12 13 25| 

Chi-Sguare Tests 
Value| df Asy Sig (2-sided 

Pearson Chi-Sguare” 2.049| 3) 562 

Likelihood Ratio 2.174] 3 -537| 

lLinear-by-Linear Association 1.005} 1 .316 

N of Valid Cases 25|         
  

  

a 8 cells (100.0%) have expected count less than 5. The minimum expected count is 2.40. 

3.5.2 Kolmogorov-Smirnov Goodness-of-fit Test 

The outputs of Kolmogorov-Smirnov good-ness-of-fit test using SPSS, 

on CARSARRIVAL (arrival rate of cars); VACANTROOMS (number of 

vacant rooms) with test distributions being Normal, Uniform, Poisson, and 

Exponential, for examples 3.4.1 and 3.4.2, are presented below. 

Descriptive Statistics 
  

  

  

N Mean StdDj Minim Maxim] 
ICARARRIVAL. 120, 12.3750 5.06937] 2.00 22.00 
MACANTROOMS 120 1.7667 1.04305} -00| 4.00               
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VUTA DIS UULIZE 
  

  

  

  

  

  

  

  

            
  

  

  

  

  

  

  

  

  

  

            
  

  

  

  

  

  

  

  

  

  

CARARRI VACTROOMS 
N 120 120 
INormal Parameters °° Mean 12.3750) 1.7667, 

Std D 5.06937 4.04305) 
Most Extreme Differences Absolute 196) 214 

Positive 196 203} 
Negative -.179 -.214 

Kolmogorov-Smirnov Z 2.149 2.339 
Asy Sig (2-tailed) 000 000 

a Test distribution is Normal. 
b Calculated from data. 

One-Sample Kolmogorov-Smirnov Test 2 
CARARRI VACTROOMS| 

IN 120 120) 

Uniform Parameters *° Minimum 2.00 00) 
Maximum 22.00) 4.00} 

Most Extreme Differences Absolute -208) 292) 

Positive 167 292 
Negative -.208) 125 

Kolmogorov-Smirnov Z 2.282) 3.195) 

lAsymp. Sig. (2-tailed) .000 .000 

a Test distribution is Uniform. 
b Calculated from data. 

One-Sample Kolmogorov-Smirnov Test 3 
CARARRI VACTROOMS 

N 120 120) 

Poisson Parameter 7° Mean 12.3750 1.7667| 

IMost Extreme Differences _ Absolute 217 .098 

Positive 217 052) 

Negative -.210 -.098) 

Kolmogorov-Smirnov Z 2.381 1.072) 

Asymp. Sig. (2-tailed) .000| .201           
  

  

a Test distribution is Poisson. 

b Calculated from data. 
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One-sample Kolmogorov-Smirnov Test 4 
  

  

  

  

  

  

  

  

CARARRI VACTROOMS 

IN 120 120 

Exponential parameter *°'* Mean 12.3750 2.0190 
Most Extreme Differences Absolute -382 -303) 

Positive 170} 303) 

Negative -.382 -.248 
Kolmogorov-Smirnov Z 4.185| 3.100 
Asymp. Sig. (2-tailed) .000 .000           
  

  

a Test Distribution is Exponential. 
b Calculated from data. 

Cc There are 4 values outside the specified distribution range. These values are skipped. 

To produce these outputs, choose the following commands from the menu: 

Analyze 

Nonparametric tests 

1 Sample K-S ... (Test proportion is by default set at 

0.50=4) 

Test variable List. CARSARRIVAL; VACANTROOMS” 

Test distribution'': Normal, Uniform, Poisson or Exponential 

Problem Set Three 

Question 3.1 

The two common brands of colour television picture tube in a city are alpha 
and beta. Recently, there are claims that the two brands are different in 
terms of the life in months of service before failure. To investigate this claim, 
a researcher collected data on the life twelve television sets of alpha-brand 
and eight of beta-brand. The results of the study are shown in the table. 

i 

'° For grouped distributions midpoints are entered in the Data editor. aie - . ; c Given that the two examples are dealing with arrival of cars or visitors, it is prudent to assume a test distribution as being Poisson. The other test distributions are displayed here fo Si 
i utions are displ: r r F 

pam 
played here for the Purpose of 
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Determine if the life of television picture tube differs between the two 

brands (a = 0.05). 

Brand Life in months of television picture tube 
Alpha | 33 | 36 | 39 | 41 | 46 | 48 | 42 | 34 | 35 | 40 | 28 | 50 
Beta 24 | 40 | 30 | 36 | 37 | 28 | 19 | 49 

  

  

  

                            
  

Question 3.2 

The accompanying table gives average production records, based on a 

completely randomized design study that was undertaken to compare 

productivity of operators of four identical assembly machines. Is there a 

statistical support that the four assembly machine operators differ in average 

daily productivity? 
  

  

  

  

  

            
  

Operator A | Operator B | Operator C | Operator D 

229 225 220 224 

222 219 215 210 

230 225 218 221 

205 213 206 212 

235 228 227 230 
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4 
  

INFERENCE TECHNIQUES FOR ORDINAL DATA: THE RANK-SUM 

TESTS 

Rank-sum nonparametric tests rely on ranking of sample observations. 

Consequently, the rank-sum tests are applicable when data are measured at 

ordinal level or above. The statistic to be studied is the sum of ranks (rather 

than signs or values) of the sampled observations. Thus, the focus in rank- 

sum tests is sampling distribution of the sum of ranks. The analytical 

framework for using rank-sum nonparametric tests varies from a completely 

randomized design (one-way ANOVA) to a randomized block design (two- 

way ANOVA). The nuil hypothesis that is being tested also varies with the 

research design used. Four types of non-parametric tests are distinguished 

within the rank-sum category, and these are: Wilcoxon T-test for two-paired 

and correlated samples, Mann-Whitney U-test, Kruskal-Wallis H-test and 
Friedman test. These nonparametric tests are presented along with some 

practical examples. 
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4.1 Wilcoxon Signed-rank Test for Two-paired and Correlated 

Samples 

The Wilcoxon non-parametric statistical test is typically used to determine 

the extent to which two samples are correlated and thus, come from identical 

populations. The focus of the test is on analysis of data generated under a 

before-after, or with-without research designs; hence the terms paired and 

correlated samples. Note that analysis of such research designs can be 

done by binomial test discussed under the sign tests. In this respect, 

Wilcoxon T-test provides an alternative way to binomial test for data that are 

measured at ordinal level and above. 

The null hypothesis being tested is Ho: the two samples come from 

identical populations, and the alternative hypothesis is H,: the two samples 

come from different populations. Wilcoxon T-test is used to ascertain 

hypothesis or propositions in research designs that are typically being 

associated with the before-after, with-without, or two treatments applied to 

homogenous experimental units. Thus, the focus of the test is to answer the 

following questions: 

e Are there differences in the subjects’ response before and after the 

treatment? 

e Are there differences in the subjects’ response with and without 

treatment? 

e Are two treatments statistically different? 

The statistic that is used to test the null hypothesis is the sum of ranks 

of the difference of the paired observations. The difference of the paired 

observations are ranked while retaining the positive or negative sign identity 

so that R* = sum of positive ranks, and R= sum of negative ranks . 

If the observations come from identical populations, i.e., F, (e) =F, (9), then 

the number of observations with positive ranks will be egual to the number of 

65



observations with negative ranks. In this case, the difference between sum 
of positive ranks (r*) and sum of negative ranks (z-) will be small. Thus, if 
the null hypothesis is true, the Statistic T = min(R*, R-) has the following 
asymptotical parametric characteristics with respect to mean and variance 
n= sample size = number of pairs without ties in ranking). 

E(T)= nes) ae. V(t)=02 = mes YGn+y) 

Hence, the test Statistic for the Wilcoxon non-parametric test is z-l-E)_T-x(r) 
. The accept area for the null hypothesis is VT) o, f; 

~1.96 < Z <1.96. The decision rule is: reject A, iff |Z,|>1.96. 
However, for small samples critical values of T , above which HI, is 

accepted, are tabulated (Table 6 appended) for each relevant level of Significance and sample size n. For instance, a critical value of T for a two- tailed test (n = 10,@= 0.05) iS Tosi =8. Furthermore, a critical value of 
T for a one-tailed test (n =30,a@= 0.05) IS 7530 =152. In all the 
cases, the null hypothesis is accepted if the computed T-value is greater than the theoretical T-value, Le, 7>T,,. 

The computational steps for conducting Wilcoxon T-test are: 
. Consider the differences in the Subjects' response before and after (with and Without treatment; under treatment 4 and treatment 2). 
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Rank the non-zero differences while retaining the sign (positive 

or negative) identity; a difference of zero is ignored in the 
ranking process. 

. Find sum of positive ranks and assign itas R*. 

e Find sum of negative ranks and assignitas R°. 

* Find T =min(R*, R°). 
. Compute mean E(T) and Variance V(T) using the sample 

data. 

T-E(T) T-E(7) 
using 

JV (T) Or 
. Obtain computed value of Z, = 

the sample data; Accept H, iff IZ.| <1.96. 

Example 4.1.1 

An experiment is conducted to assess the effect of a particular type of diet 

on gain or weight of pigs. Weight measurements are recorded before and 

after management of the new diet. Use an appropriate nonparametric test to 

examine the claim that the new diet has significant effect on weight of pigs. 

  
            

  

[Before [70 [63 [68 | 65 761 777 167 175 190 
[After [66 | 65 [68 | 67 [65 |73 166 171 193 

Solution 4.1.1 

(1) The null hypothesis is Ho: New diet has no effect on weight of pigs, 

and the alternative hypothesis is H,: New diet has effect on weight of 

pigs. 

(2) Test statistic: The appropriate nonparametric test is Wilcoxon test 

that is based on sum of ranks. The Wilcoxon T-test statistic is 
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defined as: T = min(R*, RT). For large samples this statistic has 

a normal distribution with respective mean and variance being egual 

2 n(n + (Qn +1) 

  

  

  

  

  

nn+1 > 
to: E(T) = n+) and V(r) =O; n that 

4 24 

TET 
respect, the test statisticis Z < T-ET) 

OT 

(3) The level of significance is @ = 0.05; two-tailed. 

(4) Decision rule: In the present case n=8, which is statistically 

considered a small sample size. And given the small sample size on 

hand, critical value of the Wilcoxon T-statistic, obtained from Table 

6, is T,,, =4. The null hypothesis Ho: is accepted if 7. >4. 

However, for large samples, the decision rule is to accept Ho if 

computed value of the test statistic is IZ. < 1.96. 

(5) The results of computational steps are summarized in the following 

table: 

Before 70 | 63] 68/ 65] 61 71 | 67 | 75} 90 
After 66 65} 68| 67] 65 13 66 | 71 93 
Difference -4 | +2 OO} +2| +4| +2 -1 4] 43 

Signed ranks “3 | Nal 3°) Vs i atl ory Ss                         

e Ranks of positive differences are: 3, 3, 7, 3 and 5:Sum 

of positive ranks: R* =34+3+7+4+34+5=21. 

e Ranks of negative differences are: 1, 7 and 7: Sum of 

negative ranks: Ro =14+74+7=15. 

e 1 =min(21, 15)=15 and the valid sample size is n =8. 

— 88+) _ 
° ET) 7 18 

68 

Q 1 

“ y(r)= 88+ NOx8+1) 5, 714 
24 

_ 15-18 

7.14 

(6) | Conclusion: Given the decision rule and the sample results above, 

  e Z c = —0.424 

the hypothesis Ho is accepted. It is, therefore, concluded that the 

new diet has no significant effect on weight of pigs. 

Exercise 4.1.1 

Has liberalized trade regime enhanced performance of small and medium 

enterprises? To answer this question, a study was conducted to determine 

the effect of liberalized trade regime on the performance of small and 

medium enterprises (SME’s) in some selected African countries. The data on 

contribution to GDP and employment across eight sectors are summarized 

in the table below. Do these data provide sufficient evidence to indicate a 

changed operating characteristics and/or performance of SME’s? 

  

  

  

  

  

  

  

  

  

  

Sector | GDP Contribution (%) | Employment (%) 
Before After Before | After 

1 10.0 5.0 6.0 5.0 
2 9.0 21.0 11.0 7.0 
3 8.0 17.0 10.0 14.0 

4 15.0 16.0 17.0 |__ 22.0 
5 4.0 2.0 6.0 8.0 
6 3.0 8.0 0.5 3.0 
7 25.0 26.0 13.0 5.0 

8 12.0 19.0 14.0 | 20.0             
  

Exercise 4.1.2 (optional) 

Does the use of parametric t-test on Exercise 4.1.1 change the results, 

findings and conclusions? 
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4.2 Mann-Whitney U Test 

The Mann-Whitney U test is applicable when there are only two independent 

samples with sample sizes equal to 7, and n, respectively. The objective 

is to ascertain the extent to which some specified set of attributes of the two 

samples are similar in which case the samples come from identical 

populations. The Mann-Witney U test uses the sum of ranks R, (or R,) 

assigned to observations in the first (or second) sample. Thus, the useful 

statistics in the U-test are: 

n(n, + 1) 
U, =nn, + -R, and U, =n,n, pila Dp, 

if the null hypothesis, Ho: the two samples come from identical populations is 

oo. U, if n, Sn, 
true, the test statistic is U = . 

U, otherwise 

This test-statistic has the following asymptotical mean and variance given 

by: 

nn > Anan +n, +1 
E(U)= = and VU)= 0; = main HI Based on Central 

. U- 
Limit Theorem, the statistic U-EW) =Z has a standard normal 

OF 

distribution; Z ~ N (0,1). 

Thus, given two samples the computed Uand Z values are obtained as 

follows: 
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U, if n, <n, Ufirst sample 

e Define U statistic as: U = em > (fi # ) 
U, otherwise 

e Rank all observations from the two samples while retaining sample 

identity. 

e Compute sum of ranks R, and R, assigned to observations in the 

first and second sample respectively. 

e Compute 

+1 

U, =n,n, neat) p, and U, =n", +l +) ax, 

e Compute the mean and variance of the U statistic — 

E(U) and VU)= 0% 

_ U-E(U) 
e Compute the value of test-statistic: Z, and this 

computed value is compared with the theoretical value Ly at the 

appropriate level of significance. 

For small’ samples, critical valde U, can be obtained from the table of 

sampling distribution. of U (Table 7 appended) for sample sizes 7, and 

n, (1m < n,); such that, Pr ob(U < U,)<@. For instance, U, = 10 isa 

critical value of U for n, = 6, n, =8 because of the fact that 

Prob(U <10)= 0.0406, which is less than a =0.05. Note also that 

Prob(U £11)=0.0539- 7. 

An alternative to the Mann-Whitney test for small samples is Wilcoxon 

rank-sum T-test for two independent samples. The Wilcoxon rank-sum T-test - 
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(R, ifn, Sn, 

|R, otherwise 
   defined as: T= statistic is and the critical values, 7, and 

T,, are obtained based on a sampling distribution of 7 (Table 8 

appended). For instance, given that 7, = 7, N, = 10, @ =0.05S, then critical 

value of T, (one-tailed) is either 7, = 46 when reject area is the left tail or 

Ty = 80 when reject area is the right tail. However, the interval bounded by 

the critical values T, = 46 and 7,, = 80 would constitute an accept area for 

a two-tailed test at @ = 0.10 level of significance. 

Example 4.2.1 

The following data are on gains in weight of turkey fed with two types of diets 

A and B. Test the claim that the two animal feeds have unequal nutritional 

ingredients for the animals considered. 

  

DietA | 14 | 13 | 12 | 15 | 10 | 16 
DietB | 15| 12/14] 9] 8] 17] 11 
  

                  
  

Solution 4.2.1 

(1) The claim being advanced by the researcher is that the two feeds 

have the different nutritional ingredients implying that the null 

hypothesis to be tested is: Ho: the two sample come from the same 

population. The alternative hypothesis is H,: the two samples come 

from different populations. 

U, if n, Sn, 
(2) The test-statistic is Mann-Whitney defined as: U = . 

U, otherwise 

The statistic is based on the sum of ranks, R, and R, such that: 

he 

(4) 

n(n, +1 
U, =n, + s(n +1) _ R, and U, =n,n, hi) For 

2 

— EU . 
large samples; U-E(U) = Z and this is a two- tailed test. 

oy 

Level of significance is @ = 0.05. 

Decision rule: Since small samples are being considered, a critical 

value for U given n, =6 and n, = 7 is obtained from a sampling 

distribution of U such that: Prob(U <U,)<a@. In the present 

case U, = 8 because of the fact that, based on Table 7 appended, 

Prob(U <8)= 0.0367; which is less than 0.05. Thus, the null 

hypothesis Ho is accepted iff U, <8. In the absence of tables for 

the probability distribution of U the critical accept area for the null 

hypothesis is — 1.96 < Z < 1.96, and the decision rule is: accept Ho 

if |Z, <1.96. 

Computations: Ranking the observations of a combined sample 

while retaining sample identify of each observation leads to the 

following results. 

Scores 85 | 98 10, | 11 | 125 | 125 | 13a 
Rank 1[2 3/41 551 55| 7 
  

  

  

  

  Scores 14, | 148 15, 15, | 165 | 176 

| Rank 85|85| 105| 105] 12| 13                       
The ranks of observations of first sample (identified by the letter A) 

are: 3, 5.5, 7, 8.5; 10.5 and 12, and hence, sum of ranks: 

R, = 46.5. The ranks of observations of the second sample 

(identified by the letter B) are: 1, 2, 4, 5.5, 8.5, 10.5 and 13s0 
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that the sum of ranks &, = 44.5. Given that the sample sizes are 

nin, +1 n, and n,, then U, =n,n, MS 2 =16.5, and thus, 

the computed value of Uis U, = 16.5, which is larger than U, =8, 

Thus, Ho is accepted. 

Alternatively, the computation for the Z-test is as follows: 

  
E(U)= a =21 and VU)=02 = Mite +m +1) yy “ 

12 
. 16.5-21 . Finally, Z, = oo = —0.64, which lies in the accept area. 

Conclusion: The null hypothesis Ho: the two samples come from the 
same population is accepted. This result indicates that there is no 
difference in the gain of weight of turkey fed with the two types of 
feed. The conclusion is that the two animal feeds have equal 
nutritional ingredients. The reader can verify that the same 
conclusion is reached if sum of ranks of observations of the second 
sample is used. Note that: R, =44.5=U, =U. =25.5. and 

consequently, Z, = 25-5 ~ 21 7 

  

= 0.643 < 1.96; the null hypothesis 

is accepted. 
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Exercise 4.2.1 

Use Wilcoxon Rank Sum T-test for Independent Samples to test the 

effectiveness of the animal feeds in the diet problem 4.2.1 above. 

Exercise 4.2.2 (optiona/) 

Does the use of parametric t-test on Exercise 4.2.1 change the results 

findings and conclusions? 

4.3 Kruskal-Wallis H test 

The objective of Kruskal-Wallis H test is to ascertain the extent to which 

three or more (k 2 3) independent random samples possess a specified set 

of attributes and thus considered to come from identical populations. The 

null hypothesis being tested is Ho: k-samples come from identical 

populations and the alternative is H,: k-samples come from different 

populations. In a way the test is an alternative to the one-way analysis of 

variance test for completely randomized research designs. Like in the 

Mann-Whitney U test, Kruskal-Wallis H test is based on the combined 

ranking procedure while retaining the sample identity. However, the test- 

statistic with Kruskal-Wallis test procedure is the variation of the sum of 

ranks. Given that R, =sum of ranks assigned to observations in the i® 

sample, #, =sample size, and n= Sn, then the above null hypothésis is 

tested by H-statistic, which is computed as: 

12. &{ R? =— S| = |-3(n 41 
a mea sel) 

If the null hypothesis Ho: is true, the statistic H has a Chi-square 

sampling distribution with A-—1 degrees of freedom. The computatiqna! 

mn 7



steps for conducting the above test statistic are summarized below as 

follows: 

Rank the observations of the two samples while retaining the sample 

identity. 

Find the sum of ranks Rj, R2..., and Ry assigned to observations of 

sample one, two, ..., and k respectively. 

Compute size of combined sample: m = Son, . 

Compute the H statistic based on the sample data — thereby 

obtaining the computed value of Chi-sguare - ne . 

Compare the computed value of Chi-square with the critical 

th i ich i = eoretical value, which is WA kaa Accepted the null hypothesis if 

Xe <Xa- 

Example 4.3.1 

Th i ree methods are adopted in teaching a programme, and at the end of the 
academic i year the following average scores are obtained for the schools that 

were considered in the study: 
- 

  Method A | 94 | 87 | 91 
Method B | 85 | 84 | 79 61 | 80 
Method C | 89 | 69 | 72 | 69 

  

                    

Use appropri - ppropriate rank-sum nonparametric test to determine the truth of the 
claim that the three methods are different 
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Solution 4.3.1 

(1) The null hypothesis Ho: the three methods have the same effect on 

average academic achievement, and the alternative Ha: at least one 

of the methods has different effect on academic achievement. 

Test statistic. The appropriate nonparametric technique is the 

Kruskal-Wallis H test-statistic. If the null hypothesis is true the H 

statistic has a Chi-square with k—1 degree of freedom; in the 

present case, k =3. 

Level of significance is a = 0.05. 

Decision rule: The critical value of the Chi-square is Kisa 215.991., 

The null hypothesis is rejected if the computed Chi-square value is 

greater than 5.991. 

Computations: The ranked scores and sum of ranks that are 

associated with each sample are summarized in the table below: 

  

Signed-scores 615 | 69c | 69c | 72c 79, | 805 

Rank 4 25 2514 5 6   

  

  

Signed-scores | 84g 85g | 87a | 890 | la 94, 

Rank 7 8 19 10 | 11 |12                   
The sums of ranks assigned to observations in each sample are as 

follows: 

Sample A: R, =9411412=32 

Sample B: R, =1+5+6+7+8=27
 

Sample C: Ry =2.54+2.5+4+10=19 

From the sample data: n=, +g + Mc =34+5+4=12, thus 
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AAA ah 

MA YA 37 , 197 
d2-5| 3 5 ° 4 | eet) 

H1=4441-39=541= 7? <7? 

    
  

(6) Conclusion: Since the computed value of the Chi-square test 
Statistic is smaller that the critical value, the null hypothesis cannot 
be rejected. This result implies that the three teaching methods are 
identical in terms of academic achievement for the schools 
considered in the pilot teaching programme. 

Example 4.3.2 

A study i 
y IS conducted to compare auto-gasoline mileage (y ) for different 

ij 
brands of i i i on ee using six automobiles. Each gasoline brand was tested in 

Omobile imi 
ern » SO as to eliminate (blocking Out) the auto-to-auto variability 

esulting data, in kilometre per litre, are presented below 

Ju Automobile 
Gasoline 
A 
B 
c 
D 
E 
F 

  

Do these data i 
6 . : 

mean kilomet P ues Sufficient evidence to indicate a difference '? _ Te per litre for the six brands of gasoline? ine? 
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Solution 4.3.2 

(1) 

(5) 

The null hypothesis Hy: the mean kilometre per litre is the same for 

the six gasoline brands, and the alternative Ha: at least one of the 

gasoline brands has a different mean kilometre per litre. 

Test statistic. The appropriate nonparametric technique is the 

Kruskal-Wallis H test-statistic. If the null hypothesis is true the H 

statistic has a Chi-square with k—1 degree of freedom; in the 

present case, k =6. 

Level of significance is @ = 0.05. 

Decision rule: The critical value of the Chi-square is 755.5 =11.07. 

The null hypothesis is rejected if computed Chi-square value is 

greater than 11.07. 

Computations: The ranked observations/scores and ranks that are 

associated with each sample are summarized in the tables below. 

  

Signed-score 25f | 27e | 28e | 28e | 29e| 29c | 30a} 30b 
  

  

  

  

  

  

  

  

  

    
  

  

  

  

  

                        

Rank 1 a] 3.5| 35| 55] 55) 85] 8.5 

| 

Signed-score 30e | 30f| 31a] 31b| 31c| 32b | 32b | 32b 

Rank 8.5; 8.5 12 12 42 | 45.5 | 215.5 | 15.5 

Signed-score 32e | 33a] 33a] 33b| 33c| 34c | 34d | 34e 

Rank 15.5 | 19.5 | 19.5 | 19.5 | 19.5 23 23 23 

Signed-score 35a | 35a] 35d | 35d | 35e| 35b | 36d | 36d 

Rank 27.5 | 27:5 | 27:5 | 2005 $27.54 27.5 32 32 

Signed-score 36f | 37d] 37c| 37c| 37a| 37a[ 38b | 38c 

| Rank 321 36| 36| 36| 367 36[ 40.5 [405 

Signed-score 38c | 38d] 39f| 40d | 40f| 41f | 42f| 45f 

Rank 40.51405| 43|445/445| 46] 47| 48 
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The sums of ranks assigned to observations in each gasoline-sample 

are as follows: 

Ry =8.54124+19.5419.5+27.54+27.5+36 +36 =186.5 

Ry =8.54+12415.5415.5415.5419.5+27.5 + 40.5 =154.5 

Re =5.54+12+19.54+23 +36 +364 40.54 40.5 = 213 

Rp = 234 27.54+27.5+324+324 364 40.5+44.5+ =263 

Ry =24+3.543.545.54+8.5415.5+4+234+27.5 =89 

Rp =14+8.5+32+43+444.5+446+47+48 = 270 

F i : rom the sample data: n=N,+N,+N-o+ny, +n, +n, = 48, thus rp = 48, 

aga 3(B) stony 
i=l i 

  

  

    

= | SE ast, 263” 89? 270? 
197| 8 8 8 8 8 8 jo 

* H=161.17-147=14.17 = 7? > 7? c a 

(6) Conclusion: Si ea. Since the computed value of the Chi-square test 
istic i iti : ic is larger than the critical value, the null hypothesis cannot be 

ccepted. Thi impli pied. This result implies that the six gasoline brands are not 
identical j terms o the i i 

ean kilometre per litre brands eported i 

Exercise 4.3.1 

Use k-sample medi lan test to test the h i ypothesis that the si i have the same mean kilometre per litre SA 
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Exercise 4.3.2 (optional) 

Does use of F-test on Exercise 4.3.1 above change the conclusions 

regarding the null hypothesis? 

4.4 Friedman Test for k Correlated Samples 

The Friedman nonparametric test is used or applied when observations, 

from randomized-block designed experiments, are measured at ordinal level. 

Randomized block designed experiments are by definition characterized by k 

levels of treatment and p levels of blocking factor (k 25, pa 2). Thus, the 

Friedman test is an alternative to the two-way analysis of variance test, in 

which two null hypotheses are being tested. First, a null hypothesis (Ho1) 

that is being associated with the extent to which k-level treatment has effect 

on a response variable-phenomenon being investigated. Second, a null 

hypothesis tested is (Ho2), and this is being associated with the extent to 

which p-levels block affects the response variable. 

Thus, the typical null hypotheses being tested are; Hoi: Treatment 

levels have no effect on the response variable-phenomenon and Hoz: Block 

levels have no effect on the response variable-phenomenon. The test is 

based on ranking of observations; being based on treatment if Ho, is tested 

and on blocking if Hoz is tested. There are, therefore, two kinds of rankings, 

namely, ranking of treatment that is curly bracketed by (e) and whose row 

totalis R, -> To); and ranking within block that is curly bracketed by [e] and 

whose column total is R, =>fo. 

Typically data from randomized-block designed experiments are 

tabulated as follows: 

81



  

  

  

  

    

  

    

“postmen | X | | 
fe | x05 (0) fe} | vie (@) fel | zi Ry 

Xe (o) fe) | yoo (2) fe} | 20s (*) Is) Re, 
Kai (SISI Yoo () fol [aa (6) fo] Ry, — Xa1 (2) fo] | yaa (*) fo] | Zas (©) fo] | Re 

ie => Ie | Ra) R.2 Res | 

  

  

The computational steps that are involved for carrying out the Friedman 
test are: 

> Rankthe k observations within block levels — curly bracketed by (e). 
2 Rank the p observations within each treatment levels — curly 

bracketed by [e]. 

¢ Compute sum of ranks for each treatment level and assign the sum 
as R.. 

A 
* Compute sum of ranks for each block and assign the sum as R a 

R, 
* Compute variation of treatment rankings: 5 Da = (> (Ba) 

k 

2 

e CG 
i i 

. 2 ” 

ompute variation of block rankings: S,, =D; - wil > ‘ 

° If the null hypotheses are true, the statistics —!25r and 
pk(k +1) 
  

12S, 
ha i- i i 

kop +1) i) ve a Chi-square sampling distribution with k —1 and 

P-1 de grees of freedom respectively. The _ statistics 
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1257 128, 
Fy = sy and £ Fy 

pk(k +1) “Bel 

the following respective expressions: 

F,= R?L-3p(e41 te zene p({k+1) 

pyle |-3k(p +1) 

are also computed by using 

rB 
“ea 

Example 4.4.1 

Four varieties of wheat were planted randomly under three types of fertilizers 

with the following average yield results presented below. Use appropriate 

nonparametric statistical test to ascertain the claim that wheat variety and 

fertilizer type have effect on yield. 

  

  

  

  

            
  

Wheat\Fertilizer Xx ¥ Z 

A 54 52 | 47 

B 50 43 | 42 
Cc 46 46 | 42 
D 49 49 | 46 

Solution 4.4.1 

(1) The wheat represents the treatment and the fertilizer type typifies 

the block. Thus, the null hypotheses are: Ho;: wheat variety has no 

effect on yield and: Ho:: fertilizer type has no effect on yield. 

(2) Test statistic: The envisaged research design of the experiment is 

randomized-block design, and hence, the appropriate nonparametric 

technique is Friedman test based on Chi-square. 

(3) The level of significance is @ = 0.05 

Decision rule: Given that treatment factor has k = 4 levels and the 

fertilizer type has p=3 levels, then the critical value of the Chi- 
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square is v2, =7.81 for testing the wheat type effect (Ho1) and 

Lap! = 5.99 for testing the fertilizer effect (Ho2). 

Computations: Results of computations for the Friedman 

nonparametric test are summarized in the table below {treatment 

ranks are curly bracketed as R, = Se), while blocking ranks are 

embraced by R, =>] 

  

  

  

  

  

  

    

Fertilizer 
Wheat X Y¥ Z Boni 
A 51 (4) [2] 52 (4) [3] 47 (4) [1] 12 
B 50 (3) [3] 43 (1) [2] 42 (1.5) [1] 55 
C 46 (1) 2.5) | 46 @ (25) | 42 (15) [1] 45 
D 49 (2) [2.5] 49 (3) [2.5] 46 (3) [1] 8 Py 10 10 4 NA             

= 258.5-—225 =33.5. 

Variation of fertilizer rankings is computed by: 

P 
= 216-192 =24. 

The computed values of the Chi-square for Ho; and Ho2 are 

128; 12x 33.5 

pk(e+1) 3x44+1) 
respectively equal to y? = 

84 

value that is smaller than the theoretical value of v7;, = 7.81; 

»_ 128, 12424 
Yapi) WAHI) 

the theoretical value of 7552 25.99. 

and - 6.0, which is greater than 

Conclusion: Results indicate that Ho;: is accepted while Hoe: is 

rejected, implying that the wheat variety has no effect on yield; while 

the fertilizer type has effect on yield. 

Example 4.4.2 

Refer to Example 4.3.2 reported in section 4.3. 

A study is conducted to compare auto-gasoline mileage for different brands 

of gasoline using six automobiles. Each gasoline brand was tested in each 

automobile, so as to eliminate (blocking out) the auto-to-auto variability and 

the resulting data, in kilometre per litre, are presented below. 

  

  

  

Vy Automobile 

—_— 1 2 3 4 5 6 7 8 
Gasoline 

A 35 31 33 3h 37 33 35 30 

B 30 32 31 32 35 33 38 32 

c 38 33 34 37 37 38 29 31 
D 35 36 35 38 40 36 34 37 

E 32 29 28 30 34 36 28 27 

F 39 41 36 30 42 45 40 25       
Suppose the researcher reveals later that autos 1 — 3 were run on a rough 

but dry road, autos 4 and 5 on a tarmac-slippery road, and autos 6-8o0na 

tarmac but mountainous road. Use appropriate technique to analyse the data 

given this additional information. 
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Solution 4.4.2 

The reader will note that with the additional information, the problem is nowa 

randomized-block design, because of the differences in gasoline 

technology as well as the road attribute. Hence, mean kilometre per litre 

could as well be influenced by road attribute. 

(1) 

(5) 

The gasoline brand represents the treatment and the road attribute 

typifies the block. Thus, the null hypotheses are; Ho;; mean 

kilometre is the same for six gasoline brands and Hj: road 

attribute has no effect on mean kilometre per litre for the gasoline 

brands. ji 

Test statistic: The envisaged research design of the experiment is 

randomized-block design, and hence, the appropriate 

nonparametric technique is Friedman test based on Chi-square. 

The level of significance is @ = 0.05 

Decision rule: Given that treatment factor has k 26 levels and 

road has three attributes, then p =3 levels, then the critical value 

of the Chi-square is He as = 11.07 for testing the gasoline brand 

type effect (Ho;) and kozi =5.99 for testing the road effect 

(Ho2). 
Computations: The mean kilometre per litre for each gasoline-auto 
combination is recomputed taking into account the road attribute 
For instance, the mean for (A, 1-3) combination is 

35+314+33 
3 = 33. Results of computations for the Friedman 

  

nonparametric test are summarized in the table below {treatment 
ranks are curly bracketed as (es), while blocking ranks are 
embraced by [e]} 
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Road Na 

Gas 1-3 4-5 6-8 K zi ) 

A 33 (3) [2] | 37 (4.5) [8] | 32.7 (2.5) [4] 10 
B 31 (2) [1] | 33.5 (2) [2] 34.3 (4) [3] 8 
Cc 35 (4) [2] |_ 37 (4.5) [3] | 32.7 (2.5) [1] 11 
D 35.3 (5) [1] 39 (6) [3] 35.7 (5) [2] 16 

E 29.7(1) [1] '32(1) [3] 30 (1) [2] 3 

F 38.3(6) [3] 36(3) [1] 36.7(6) [2] We 
R =>) 10 15 11           
  

Variation of gasoline-rankings is computed by: 

(3) i dF; 
Sa Ro A TS - 661.5 = 113.5 

Variation of road-rankings is computed by: 

-» E8) N S,= oR Wa eo 
1 

J 

jh 

The computed values of the Chi-square for Ho; and Ho2 are 

12S, _ 12x113.5 POOP SEMI 10:81, 
pk(k+1) 3x6(6+1) 

respectively equal to: Ge 

which is smaller than the theoretical value of yj; ; = 11.07; and 

, 128, 12x14 
= — 4 _ = ——_—___ = 2,33, again it is smaller than the 

5 kp(p +1) 6x3(3+1) x 

theoretical value of yj, =5.99. 

Conclusion. Results indicate that both the null hypotheses, Ho, 

and Hoz, are accepted, implying that the mean kilometre per litre is 
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pendent of gasoline brands or road attribute for the auto 

  

mileage data reported in this study. 

Exercise 4.4.1 

Takir ; ing example 4.4.2 above, suppose further records indicate that gasoline 
rand nds A, B, C and D are extracted by a technology that is different from the 

one used to extract brands E and F. How will this piece of new information 
affect the analysis and results? 

Exercise 4.4.2 

The ning speeds, in words per minute, for each secretary-typewriter 
nein. bassi on a study undertaken to determine the relative typing 

Na yani ” eran brands of electronic typewriters are summarized in 
oe ee 9 table. net typewriter was assigned to each of eight 

etaries, the order of assignment conducted in a random manner. 

    

    

    

    

        

  
    

Typewriter Secret cre 
Srand 1 2 3 4 a 6 7 

79 2 
= a 2 77 75 82 77 78 76 7 5 2 73 70 | 76 | 78 72 74 5 az 5 80 79 | 81 | 80 80 84 

77 78 | 82 | 77 77 78                   

(a) Do the d i ici ata provide sufficient evidence to indicate that the mean 
typin Ping speed for the secretaries varies from brand to brand of t ; : ypewriters? Test by using 5% level of significance. 

(b) Suppose it j Ppose it is later revealed that the secretaries are graduates from 
four diffe! rent VETA Colleges such that: 1-2 are from College | 
secretaries 3-. 3-4 from College II, secretaries 5-6 from College Ill, and 
secretaries 7- 7-8 from College IV. How would this additional 
info i 

rT T 

ation ch g e€ results you have performed i (a) a 

ange tt 
rf bove? 
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Exercise 4.4.3 (optional) 

To what extent does use of two-way ANOVA change the conclusions 

regarding the null hypotheses on the wheat and the gasoline problems 

documented in the section? 

4.5 SPSS Tutorial on Rank-sum Test Techniques 

The SPSS output for each example worked in this chapter is presented 

along with the data entry in the Data Editor. This is followed by 

demonstrating the sequence of commands from the menu that generates the 

output. 

4.5.1. The Wilcoxon Signed Ranks Test 

The SPSS output for the problem of example 4.1.1 on animal diet and weight 

of pigs, using Wilcoxon Signed Ranks Test for two correlated samples is: 

  

  

              
  

  

  

  

  

            
  

Descriptive Statistics 

| N Mean Sid DJ Minim| Maxim 

EGHTA 9 70.0000 8.61684) 61.00} 90.00 

EIGHTB 9 70.4444 8.88976] 65.00] 93.00 

Ranks 

iz N)Meanrankl Sum of ranks| 

WEIGHTB - Negative Ranks * 3 * 5.00 15.00 

WEGHTA Positive Ranks” 5 4.20 21.00 

| Ties © 1 

[Total 9 

a WEIGHTB < WEGHTA 

b WEIGHTB > WEGHTA 

c WEGHTA = WEIGHTB 
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Test Statistics” 

  

WEIGHTB - WEGHTA 
z -.424 
[Asymp. Sig. (2-tailed) 671] 
  

    

a Based on negative ranks. 

b Wilcoxon Signed Ranks Test 

To produce this output, choose the following commands from the menu: 

Analyze 

Nonparametric 

2 Related samples 

Test pair list; current selections: WEIGHTA (weight after as variable 1); 
WEIGHTB (weight before as variable 2) 

Test type: Wilcoxon (Sign or McNemar as the case may be) 
Statistics: Descriptive 

4.5.2 The Mann-Whitney U Test and Wilcoxon T Test for Independent 
Samples 

Based on Mann-Whitney U test and Wilcoxon T test for independent 
samples, and data on weight of turkey feed with two types of diets (problem 
4.2.1), the SPSS output is: 

Descriptive Statistics    
   

   

  

  

  

  

  

N Mean Std DJ Minim| i Mi EIGHTGAIN 13) 12.7692) 2.74329) 8.00} 1700 13 1.54 -519 1 2) 
            

  

    

  

   
Mean Rank| Sum of Ranks| 

46.50 
44.50) 
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Test Statistics” 
  

  

  

  

  

  

WEIGHTGAIN 
Mann-Whitney U 16.500 
Wilcoxon W 44.500 

Z -.646) 
Asymp. Sig. (2-tailed) 519) 

Exact Sig. [2*(1-tailed Sig.)j 534 4       
  

a Not corrected for ties. 
b Grouping Variable: DIETAB 

To produce this output, choose the following commands from the menu: 

Analyze 

Nonparametric 

2 Independent Samples 

Test Variable List: WEIGHTGAIN (data on weight of turkey with diets A and 

B are entered as one variable 1); DIETAB (entered as grouping variable; 1 = 

for diet A and 2 = for diet B) 

Test type: Mann-Whitney (Kolmogorov-Smirnov as the case may be) 

Statistics: Descriptive 

4.5.3 Kruskal-Wallis H-Test 

Below are the SPSS output for problems on the choice of teaching (problem 

4.2.1) and mileage-gasoline (problem 4.2.2) based on Kruskal-Wallis H-Test. 

Teaching Method Problem 

Descriptive Statistics 
  

  

                
  

N Mean Std Dj Minim Maxim] 
SCORES 12) 80.00 10.251 61 94 
TEACHMETHOD 12| 2.08) 793} 1 3 
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TEACHMETHO 
1 
2 
3 

  

Test Statistics °° 

hi-Square 

f 
symptotic Significant 

  

a Kruskal-Wallis Test 
b Grouping Variable: TEACHMETHOD 

Mileage-gasoline Problem 

Descriptive Statistics 

  

  

  

  

        

N| Mean Std D Minim| Maxim] 
MILEAGE 48) 34.23 4.173 25| 45 
GASOLINE | 48 3.50 1.726 1 6 
(TYPE         

Ranks 

GASOLINE TYP 
ILEAGE 

Test Statistics *° 

    

Mean-Ra 
23.31 
19.34 
26.6 
32. 
WA 
33.7 

  

     symptotic Significant 

MILEAGE 
  

15.087] 
  

5 
    

a Kruskal-Wallis Test 
b Grouping Variable: GASOLINE TYPE 
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[0   

To produce the above output, choose the following commands from the 

menu: 

Analyze 

Nonparametric 

K-independent Samples 

Test Variable List: SCORES (MILEAGE) (data on weight of turkey with 

diets A and B are entered as one variable): 

TEACHMETHOD (entered as grouping variable; 1 = 

minimum; 3 = maximum) 

Test type: Kruskal-Wallis 

Statistics: Descriptive 
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4.5.4 The Friedman Test 

There are two null hypotheses under the Friedman Test; Hy: on the 

treatment effect and H), : on the blocking effect. Thus, when testing the 

effect of the treatment, there are k-levels and hence k test variables for the 

purpose of testing treatment effect. The four wheat types in example 4.4.1 

and the six gasoline brands in example 4.4.2 represent the treatments levels 

and thus the test variables. In testing the blocking there are p-levels of 

blocking. The three levels of fertilizer factor in example 4.2.1 or the three 
road attributes in example 4.2.2 represent the test variables for the purpose 
of testing the null hypotheses that are associated with blocking effect. The 
treatment and block variable list for both examples is summarized in the 
accompanying table. 

  

  

    

The wheat yield problem 

  

  

  

    
      

Ranks 
Mean Rank 

HEATA 4.00 
NHEATB 1.83] 
WHEATC 1.50) 
WHEATD 2.67 
  

Test Statistics ° 

hi-Square 

f 

symp. Sig. 

  

a Friedman Test 

  

  

  

      

Ranks 
Mean Rank 

FERTILIZERX 2.50) 
FERTILIZERY 2.50 
FERTILIZERZ 1.00     
Test Statistics” 

hi-Sguare 

f 
symp. Sig. 

  

a Friedman Test 

      

Variable list Example 4.2.1 Example 4.2.2 

Treatment WHEATA GASOLINEA13 

WHEATB GASOLINEB13 

WHEATC GASOLINEC13 

WHEATD GASOLINED13 

GASOLINEE13 

GASOLINEF13 
Block FERTILIZERX AUTO13 

FERTILIZERY AUTO45 

FERTILIZERZ AUTO68       

The SPSS output of Problems 4.4.1 and 4.4.2 using Friedman 
Test for k correlated Samples are presented below: 
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The mileage-gasoline-road problem 

  

  

    
  

  

Ranks 
Mean Rank 

IGASOLINEA13 3.33 

GASOLINEB13 2.67 

(GASOLINEC13 3.67 

GASOLINED13 = 

GASOLINEE13 . 

GA 5.00 GASOLINEF13 |     
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Test Statistics ° 
  

  

  

      

N 3 
Chi-Sguare 11.019 

f 5 
Asymp. Sig. 051 

a Friedman Test 

  

  

Ranks 

HW | Menrank | 
KUTOT3 an Rank 
UTO45 en 
UTO68 ee     

Test Statistics? 
IN ————— 

6 

f [48883 df 

a Friedman Test 

    

© produce the above out ut, choose he followir commands 

p 
p t li i ig 

om the menu 
" 

Analyze 

Nonparametric 

K-Related Samples 
Test Variable List: (see in the table above) 
Test type: Friedman 

Statistics: Descriptive 
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Problem Set Four 

Question 4.1 

It is being suggested that consumer protection legislation in Tanzania is 

ineffective because consumers do not possess sufficient understanding of 

the law to recognize illegal activities and do not have sufficient confidence 

that legal system will punish violators. To explore this aspect, a researcher 

has examined consumer attitudes towards the cooling-off law, a provision 

that provides consumers time during which they may consider certain 

purchases made from direct-to-home salespeople. 

Since consumers in low-income areas are not likely to be in contact with 

direct-to-home salespeople, the researcher decided to compare the attitudes 

toward the cooling-off law by contacting 1, = 10 residents from low-income 

area and 1, =14 residents from high-income area. Each respondent was 

asked to indicate, on a 10-point scale, the extent to which they agree or 

disagree with the following statement: “Consumer protection laws can help 

stop unfair practices used in business.” The consumer responses, with 1 

indicating complete agreement with the statement and 10 indicating 

complete disagreement, are given in the table. 

9.0|7.5| 8.0] 8.5 | 10.0 | 5.0/6.5 | 7.5 

2.0 | 5.0 | 4.5 | 5.5 
  Low-income 8.5 | 9.5 

High-income 4.0 | 3.5 | 5.5 | 6.5 | 7.0 | 6.0 

3.0 | 6.5 | 9.0 | 5.0 
  

                          
  

Do these data suggest that residents from low-income areas have less 

confidence in consumer protection laws than those from high-income areas? 
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Question 4.2 

Research into managerial and employee preferences for alternative forms of 
compensation (fringe benefits) has produced some intriguing results. Some 
researchers have found that preferences often vary according to size of the 
employee benefit package offered by management. To explore this possible 
possibility, a researcher asked employees of an electronics manufacturer to 
record their preferences for the percentage distribution of compensation in 
an anticipated 5.0% compensation increase and a 10.0% increase. Their 
average responses are shown in the following table. 

Form of compensation    
   

  

      

    

  

Percentage distribution 

  

    

  

  

  

      

          

5.0% increase | 10.0% increase 
35 49 ji ; lan 14 20 aid retirement plan 22 13 Increase in life insurance benefits 8 Full cover of social securit 17 ; Increased annual leave eriod 

qi Paid disability i      
   

Is there a sufficient evidence to indicate a difference in the employee's compensation preferences when total amount of 
from 5% to 10%? 

compensation is increased 

Question 4.3 

Organizati i i i 
ganiz oe are increasingly placing greater demands on their employees to be adaptive to a changing work environ ment. According to many students of organizational behaviour 

: : 
these demands ma ibuti ; . y be contributing to increased Incidence of employee stress reactions. To measure the effects of 

average responses of those interviewed are shown in the accompanying 

table. Do these data suggest that sufficient evidence exists to indicate a 

difference in personal stress reactions between employees in private firms 

and those of public service? 

  

  

  

  

  

  

  

  

        

Personal stress reaction Employees | Employees 

in private | in public 
firms service 

Emotional stress 5.52 3.76 

Low self-esteem 5.08 3.48 

Low trust 4.98 4.45 

Reduced personal productivity 4.96 3.78 

Cardiovascular 3.75 5.43 

Frequent absenteeism 2.53 2.47 
Low job satisfaction 5.62 3.65 

Gastrointestinal 2.19 4.92   
  

Question 4.4 

A corporation has agreed to offer a new health insurance plan to its 

employees. Two large insurance companies have each presented a health 

insurance plan to management; both are within the guidelines specified in 

the collective-bargaining agreement and should equally be costly to the 

corporation. To obtain worker's attitudes toward the competing plans, the 

personnel officer randomly selected twelve employees from the employee 

registry. Both insurance plans were explained in detail to each employee in 

the sample. The employees were then asked to rate each plan on a ten-point 

Likert scale’, with 1 indicating the plan is completely unacceptable and 10 

indicating perfectly acceptable. The recorded responses are shown in the 

table. Do these data suggest that the employees’ attitudes differ significantly 

toward these two insurance plans? 

A Likert scale is an instrument that associates ordinal values with qualitative attributes. In this case the 

ute is measure of acceptability for which the associated Likert scale appears as follows: 
pinion: completely unacceptable acceptable completely acceptable 

1 1 1 i | 

   

 



  

  

  

  

  

  

  

  

  

Insurance plan Employee 

1 2 3 4 5 6 

Pian | 6.0 | 5517.0 7519.5 | $.0 
Plan 4.0 | 3.0 | 9.0 | 8.5 | 8.0 | 7.0 

Insurance Plan Employee 

7 8 9 10 | 717 1412 

Plan | 8.5 | 8.0 | 9.0 | 5.5 | 3.5 | 9.5 
Pian Il 6.0 | 8.0 | 6.5 | 7.0 | 4.5 | 85                 
  

Question 4.5 

There are variations in opinions, regarding organizational pay increases, 

between management and workers. Some suggest that they are signs of 

organizational recognition, while others contend that pay increases are 

primarily valued as inflation adjustments. Eight line employees and nine 

managers of an industrial organization were asked to respond to the 

following seven-point Likert scale regarding their interpretation of the 

meaning of company pay increases. The survey provided the results shown 

in the table, with 1 indicating totally a sign of organizational recognition; and 

7 indicating totally an inflation adjustment. Do these data present sufficient 

evidence to indicate a difference between the perceptions of line employees 

and management of the intent of Pay raises? 
  

  

      

Line Employees | 4.8 | 5.1 [6.1/55]7.0|60166|149|45 
5.0 | 6.5 | 3.3 ; 

Managers 3.0|2.413.5|43[54[28/[54 1/38 7.0-}                     

Question 4.6 

Corporate management studies suggest that when workers feel that they 

have a stake in the ownership, and management, worker productivity is 
enhanced. A study designed to examine this aspect measured perceptions 

by worker-owners and managers of their role as owners, financial partners, 

and joint decision makers. Interviews conducted in several firms among 

100 

workers and managers who owned at least 100 shares of stock in the firm in 

which they were employed. Each person was asked to respond on a six- 

point scale to the following statement: “Management and workers are equal 

partners in this company.” The responses of worker-owners and managers 

in one firm are shown in the accompanying table, with a response of 1 

implying strong disagreement and 6 implying strong agreement. 

Worker-owners | 4.5 | 3.0 | 3.2 | 3.7 | 2.4 | 1.8 | 4.0 
Managers 5.0 | 4.0 | 4.6 | 5.5 | 4.4 

  

  

                  
  

Do these data suggest that the perceptions of worker-owners and managers 

differ regarding the distribution of power within the firm? 

Question 4.7 

Companies requiring extreme precision in assembly operations, especially 

those in high technology industries, often find that the rate of productivity 

differs considerably between male and female employees involved in 

assembly work. To examine this issue, an electronics manufacturer 

observed the time for completion of an intricate electronics component by 13 

women and 12 men employed as assemblers. The order in which the 25 

employees successfully assembled the component was, a woman was first 

to successfully assemble the product, another woman completed the 

assembly in the second shortest time, and so on, as follows: 

WWWMWMMWWW WMWMMMWMMW WWMMM 

Is there a difference in assembly times required by men and women to 

assemble the electronic component? 
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Question 4.8 

It is sometimes remarked that brand loyalists possess blind loyalty to a brand 

even though they may agree that a competing brand is more efficient in 

terms of the primary use of the product. To investigate this theory, a 

researcher contacted nine housewives and asked them to rank the seven 

leading brands of powdered laundry detergent in terms of the cleaning power 

they perceived the brands to possess. Five of the nine housewives were 

loyalists to brand A, while the other four possessed no brand loyalty among 

the five competing brands. The ranks given to brand A by the nine 

housewives are listed in the table, with a rank of 1 implying greatest cleaning 

power, and 7 implying the least cleaning power. 

  

Brand Switchers 

Brand Loyalists | 5 

Ww a
 

aks
, 6 

3/4 
  

za
 

                

Do these data suggest that loyalists to brand A rank it higher in cleaning 

power, on the average, than those who possess no brand loyalty? 

Question 4.9 

The accompanying table summarizes data, on average variable cost per km, 

obtained by a trucking company that wished to compare three makes of 

trucks before ordering an entire fleet of one of the makes. The experiment 

involved running five trucks of each make for 3,000 kilometres. However 

because of tyre failure, accidents, and driver illness, two trucks for makes A 

and B did not complete the 3,000-km test. Do these data provide sufficient 

evidence to indicate a difference in the average variable cost per km of 
operation for the three makes of trucks? 
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Make A | 25.4 | 27.9 | 27.2 
Make B | 27.9 | 29.5 | 28.3 | 29.8 
Make C | 28.0 | 27.6 | 28.3 | 26.9 | 30.2 

  

  

                

Question 4.10 

The Banking and Financial Institutions, Act 1992, allows banks to become 

dual issuers of credit cards, and thus offering banks the opportunity to serve 

a broader variety of their customers’ needs. But to develop proper policy 

regarding the distribution of credit cards, bankers must first understand the 

credit Usage rate. In response to this issue, a major Bank has commissioned 

a study to compare the use of credit by those who hold master cards, visa 

cards, and those who hold both. The credit usage over a three-month period 

by 18 subjects involved in the study is given in the table. Do these data 

provide sufficient evidence to indicate a difference in the average credit 

usage by the three different groups of card holders? 
  

  

  

  

  

  

  

  

            

Master Card Visa Both Cards 

Shs. 2,500,000 | Shs. 866,500 | Shs. 3,800,300 

4,600,000 2,450,500 2,000,900 

1,005,000 4,900,000 5,850,000 

980,500 500,000 250,000 

3,600,000 600,000 
5,200,400 3,015,000 

400,000 

4,530,000 
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Question 4.11 

Read the following Case Study and then answer the questions that follow. 

CASE STUDY 

Richmond’s Response to the Regulators 

The Government Environment Management Agency (GEMA) has issued 

regulations mandating a gradual phase-out of tetraethyl lead (TEL) for 
gasoline sold in the United Republic of Amani. This has come about as a 
tesult of several major studies conducted by GEMA during the past five 
years. Separate legislation developed by other Government agencies 
provides even stiffer limits for the TEL content of gasoline. 

For years, refiners had used TEL as an addition to gasoline as a cheap 
and convenient way to improve the octane rating of gasoline, thus reducing 
the potential for harm to motor vehicle engines. In the absence of TEL a 
refinery must reprocess some of the low-octane components of gasoline to 
increase their octane ratings. This can be accomplished either by breaking 
apart the hydrocarbon chains, through processes known in the trade as cat 
cracking or hydro-cracking or by rearranging the bonding in the chains, 
through processes called reforming or alkylation. All four Processes are very 
costly and efficient but provide more variability in results than simple addition 
of TEL to improve the octane ratings of a blend. 

Faced with the dual impact of federal regulations on TEL and the more 
stringent conditions of other Government agencies, officials at Richmond 
Refinery initiated a crash Programme to determine the most efficient means 
of addressing the new requirements. Experiments were undertaken using each of the four known methods of increasing octane ratings without exceeding mandated limits on the use of TEL. In their study, 
Rohan 

gasoline from 
" refinery was reprocessed in a way such that the costs were é : . gualized by using each experimental procedure. The data in the table show the octane i . ratings resulting from application of the four reprocessing 
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procedures to gasoline derived from each of the eight storage tanks, 

distributed as follows: storage tanks 1, 2, 3, and 4 had crude oil from the 

newly discovered oil-fields, tanks 5, 6, and 7 had imported crude oil; and 

tank 8 had strategic crude oil reserve. 
  

  

  

  

  

  

  

  

                
  

Storage Octane Rating when Reprocessed : 

Tank Cat cracking | Hydro-cracking Reforming _| Alkylation 

1 88 98 95 92 

2 87 96 94 88 

3 86 85 90 84 

4 90 79 93 87 

5 95 87 81 80 

6 85 91 86 94 

if 92 90 88 90 

8 91 88 89 79 

(a) Do these data suggest that differences exist in the ability of the 

four reprocessing procedures? 

(b) Suppose it is later revealed that the storage tanks 1 — 3 are of 

same capacity — each carrying 1,000,000 litres; tanks 4 — 6 each 

carry 500,000 litres, and that tanks 7 — 8 are smaller ones each 

with a capacity of 100,000 litres. How would this additional 

information change the analytical inference methods you have 

performed in (a) above? 
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5 

THE WALD-WOLFOWITZ RUNS TEST OF RANDOMNESS 

  

Statistical inference methods and techniques are all characterized by one 

major assumption, which is that the study sample is random. How do we 
ascertain that the sample is random? That is, given a sequence of events or 

observations, how do we check that they constitute a random phenomenon? 

The answers to such questions are based on a number of times there is a 
change in sequence of the events or attributes of sampled observations. 

The change in sequence of events or attributes of sampled observations is 
called a run. 

5.7 The Runs Test 

A tun is a change of sequence of identical events or attributes of sampled 
observations. Runs-test determines a random sequence of events or 
attributes of observations where each element in the sequence may assume 
one of two outcomes such as, success versus failure, good versus bad, 
large versus small, non-defective versus defective, or below versus above a 
level of some specified attribute index. The following definition of the concept 
of arun is adopted. 

Definition 

A run is a succession of identical events or attributes that may be 
represented by letters or other symbols, followed by different 
successions of events or attributes or no events at all. 
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The runs-test is thus applied to a sequence of m, successes and An, 

failures. In a manufacturing process, for instance, it is of great interest to 

know the extent to which sequence of defective and/non—defective items are 

randomly produced. Non-randomness of the sequence of defective items in 

a manufacturing process indicates that there is lack of process control, and if 

this is revealed, appropriate corrective actions may be taken immediately. 

Theoretically, frequent changes of identical succession of events or 

attributes in sampled observations indicate presence of a random 

phenomenon being in place. Frequent changes of identical succession of 

attributes leads to a large number of runs (R), and hence the number of 

runs is positively associated with a random phenomenon being in place. 

The null hypothesis that is being tested in a runs test is Ho: the sample 

is random and the alternative hypothesis is H,: the sample is non-random. 

The number of runs (or identical succession of events or attributes of 

sampled observations) tests randomness of the sample. If the null 

hypothesis is true, the number of runs R has the following respective 

asymptotical expected mean and variance: 

2nn > 2mn,(2nn,—n,—n,) 
R):-— 4-1 and V(R)= oo? = ee 1 2 

Ei ) n, +n, “um ( ) On (n, +n, (n, + 2, -1) 

R-E(R) 

TR 
For large samples, the statistic Z = follows a standard normal 

distribution. Consequently, smaller values of the test-statistic Z in absolute 

terms indicate that the sequence of events or observations in a sample 

constitute a random phenomenon. 

However, for small samples probability distribution of the total number 

of runs R for sample sizes n, and 2, is found in Table 9 appended, which is 
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limited to samples withw,, 2, <10. For instance, given that 

n, =8, n, =10, and @=0.05 then the critical value of R such that 

Prob(R< R,)<@ is R, =6. Thus, the null hypothesis is accepted if 

R, > 6. 

Example 5.1.1 

The following arrangement of healthy (H) and diseased (D) pine trees 

observed next to each other in a given order is in the records of Forestry 

Service Crew. The arrangement is: 

HHHHADDDHHHHHHHAHDDAADDDDDHAHHEH . 

Is there a statistical evidence to show that the observed distribution of pine 

trees constitutes a random phenomenon? 

Solution 5.1.1 

(1) The null hypothesis is Ho: Distribution of trees is random and the 

alternative hypothesis is H,: Distribution of pine trees is non- 

random. 

(2) Test statistic: The appropriate nonparametric test is the number 

of runs R whose mean value and variance are respectively 

equal to: 

E(R) = Se: +land V(R) == 2n,n, (2n,n, 7A ity) 

mt My (a, +n,) (n, +n, -1) 

Hence, given large samples, the statistic Z _R-E(R) tests 

Or 

the above null hypotheses. 

(3) Level of significance is @ = 0.05. 
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(4) Decision rule: for small samples critical value of R is obtained 

from statistical table 9 (appended) of probability distribution of 

the total number of runs R such that Pr ob(R <R,)<@. in 

that case the null hypothesis is accepted iff R. > R,. For large 

R-E(R) 
samples the statistic Z = has a standard normal 

distribution, and thus the null hypothesis is accepted iff 

|Z,|<1.96. 

(5) | Computations: the number of runs R for the present problem is 

R, =7 counted as follows: 

  

Run HAHAHA | DDD | HAHAHAHAHA | DD | HH] ODDDD | AHHH 

Count 1 2 3 4 5 6 7 
  

                    

Given that 1, =20,7, =10 then: E(R)=14.33, o, = 2.38, and 

consequently Z =-3.08. 

(6) Conclusion: The null hypothesis (Ho) is rejected implying that 

distribution of pine trees is non-random. There is a real 

systematic factor to be observed in the distribution of pine trees 

observed. One such real systematic factor may be presence of a 

tree disease. 

5.2 The Median Test for Randomness 

In example 5.1.1 above, a decision to designate pine trees as healthy (H) or 

diseased (D) depended on the knowledge or experience of the Forestry 

crew. Thus, the dividing line between attributes (in this case healthy or 
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diseased) was subjective. There are cases when median or some other test- 

value index is used to classify the two outcomes in a runs test, for instance, 

below median versus above median. Thus, we may use event A for an 

outcome that is below the median and event B for an outcome that is above 

median. The sequence of these two designated events now becomes the 

subject of analysis in conducting the randomness testing. 

Example 5.1.2 

The following data pertain to increase in pulse rate of astronauts before a 
scheduled flight. The rates are: 

26, 20, 17, 22, 23, 21, 25, 30, 14, 12, 21, 19, 25, 14 and 18. 
Use median-test of randomness to ascertain the claim that the pulse rate of 
astronauts is random. 

Solution 5.1.2 

1 ; . (1) The null hypothesis Ho: the distribution of pulse rate is random and 
th i is i e€ alternative hypothesis is Ha: the distribution of pulse rate is non- 
random. 

3 WE (2) Test-statistic is based on run R — the number of changes of pulse 
rat i e from below to above Median. If Ho is true and given a large 

  

sample, the statistic Z— R-E(R) 
Orn 

has a_ standard normal 

distribution. 

(3) Level of significance is a — 0.05 
(4) Decisi : Gi ton rule: Given that Z has a standard normal distribution, a 

decision rule j . ; . 
rule Is to: Reject Ho if |Z,|<1.96. Alternatively, since 

n=7,n, =6 ideri > and considering the probability distribution of R in 

Table 9; e9; Prob(R < 4) = 0.043 (which is less than a@ = 0.05) . Thus, 
110 

the critical value is R, =4. This implies that Ho is accepted if 

  

  

R,>4. 

(5) Computations: Median pulse rate is Median = 21. Let A represent 

an event that pulse rate is below the median and B represent an 

event that pulse rate is above the median. The given data on pulse 

rate are represented in terms of sequence of events A and B as 

follows: BAABBBBBAABABAA. The number of runs in this 

sequence of events A and B is R=6 counted as follows: 

Run B AA BBBBB AA B A B AA 

Count 1 2 3 4 5 6 r 8 

                    
  

(6) 

Given that the number of A's is less than or equal to the number of 

B's, then n,=7.n,=8, E(R)=8.47 and o% =3.449, and 

therefore, Z, =—0.253. The alternative is to compare the 

computed value of R and its critical value based on probability 

distribution of R. Given the small sample sizes above it is found from 

Table 9 that Prob(R<4)=0.043, which is less a= 0.05; 

implying that R, =4 is the critical value of R above which the 

above null hypothesis is accepted. In the present case R, =8. 

Conclusion: Results from sample data indicate that 

IZ.| < 1.96; and R, > R,. Thus, the null hypothesis (Ho) is not 

rejected; implying that the pulse-rate data are random. It is, 

therefore, concluded that there is no systematic factor surrounding 

the pulse rate of the astronauts. 
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Example 5.1.3 

Item i it i s emerging from a continuous production process were classified as 

defective (D) or non-defective (N). A seguence of items observed over 

time was as follows: 

DNNNNNDDNN NNNNDDDNNN NNDNNNDDNNNDD 
Do these data suggest lack of process control in the production system? 

Solution 5.1.3 

(1) 

(2) 

(3) 

(4) 

(5) 

ie null hypothesis Ho: the sequence of items observed over 
time is random and the alternative hypothesis is Ha: the 
sequence is non-random. ” 
Test-statistic is based on run R — the number of changes of 
defective/non-defective items. If Hp is true and given a large 

R-E(R) 

OR 

sample, th isti = p e statistic Z = has a standard normal 

distribut; an 4 istribution, which is the situation in the present case, since 

n, =11,n, =22. | 
Level of significance is a@ = 0.05 

Decisio: : Gi n rule: Given that Z has a standard normal distribution, a 

decision rule is to: Reject Hp if |Z | <1.96 za .96. 

Computations: To) tations: The number of runs in the sequence of events D 
and W is R =11 counted as follows: 
DNI INNNNDDNN NNNNDDDNNN NNDNNNDDNNNDD 
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Run D| NNNNN DD NNNNNN DDD NNNN | 

Count 1 2 3 4 5 6 

Run D NNN | DD NNN DD 

Count 7 8 9 10 11         
Given the above number of D's and N's: 

yy <1 m =22, B(R)=15.67, V(R)= 03 = 6.26392, = -1.865 
Z,,| > 1.96. 

  (6) Conclusion: Results from sample data indicate that 

Thus, the null hypothesis (Ho) is rejected; implying that the 

sequence of items is not random. It is therefore concluded that 

there is a systematic factor surrounding the production system — 

there is lack of control in the production system reported in the 

study. 

Exercise 5.2.1 

The accompanying table summarizes monthly average share prices of a 

stock at the Dar es Salaam Stock Exchange (DSE) for the years 2000 — 

2003. To what extent do these data on prices reflect the random walk 

hypothesis so much laboured in capital market theory?










































































































