NON-PARAMETRIC STATISTICS

Inference Methods for Qualitative Research

Philibert C. Ndunguru



NON-PARAMETRIC STATISTICS

Inference Methods for Qualitative Research

Philibert C. Ndunguru



NON-PARAMETRIC STATISTICS

Inference Methods for Qualitative Research

Philibert C. Ndunguru, Ph.D.,
Professor of Business Administration and Statistics and Dean of the
Faculty of Science and Technology, Mzumbe University



Published by
Mzumbe University

© 2009 P.C. Ndunguru

ISBN 9987 - 617 -82 — 4

All rights rese
transmitted in anwy‘:}fdo’m’:l 2, gart of this handbook may be reproduced or
Y any means, electronic or mechanical, including

photocopying, recordi
publisher rding, or otherwise, without prior permission of the

BASIC FORMULAS IN NON-PARAMETRIC STATISTICS

Binomial / Sign Test

a, = i(;’, )p'l3 (1- p)"-a (One-tailed test)

B=8"

0=y [”](%)” W3 (f;](g-)a (-

¢
B=0 B

(Two-tailed test)

B —n
i - (Normal approximation of binomial)

7 =
© Jnp(i-p)

K-sample Median Test




Kolmogorov-Smirnov Test

D, =max|F, - F|

D, ., for n<3s

D, =41.36 —
e 1se
n

Z. =Dyn

Wilcoxon Signed-rank Test
T:min( +, RH)
E(T):M. V(T): i n(n - l)(2n + 1)
: 4 T *_—_24——

Mann-Whitney Test

U__: Ul‘f"]Snz
U

, Otherwise

U, =ngn, + 2l +1)

2 R U, =n,n +”’(”; +1)
EU)=12; v(v)=o2 — Ml +n, +1)

Friedman Test

=[S R -3pk+1) 0
k+1)

F =_—1g—ST,where: Sy ZR
T pk(k+1)
Runs Test

2n,n,(2n,n, —n, —n,)

2mn, - )
E(R): " ,':'I:i_ +1s V(‘R)—O-R (H] + ”2)._ (nl +n, _1)
i 2

Chi-square Test of Equal Proportions

hi— N(0,1)
SN () ey
51 Pkon + 0,
Note F’[ = nl > PZ - n__’ and n1 +n



Chi-square-based Correlations

x

Z

2

r

\/Nmm(r Le-1) \/min( &

"_I,C—l)
T= - @’

NJ(r -—1)(0—1) ye —li(c ~1)

Yule’s Q coefficient 0= &OAM

0”022 + 0|202|

Fisher’s Exact Probability

P(a,b)i_:;jvl@
W

Predictive Efficiency Indices

Lr rors without model — Errors w ith model

Errors without model

r

N Bi max(C : )

e[S E

r.'?_ - N—C.
zc{ =

(O!i +O:z)(012 +921) s (On +021)(01I + Ozz)_(op -FO,l)
N N .

qu ) (0“ '*'Olz)(olz "'021)+(0n +021)(02| ‘H’zzj

N N




Kappa coefficient
Pseudo F-Test for PRE-based Coefficients

B K= -—P, 0”_" ii
i-{B-p) bl
[n.0-)

N

p _&rrors without mod el

e

Correlation Coefficients for Ordinal Data
N 6y d} -e: d. = rank differences
1 where: d;
F. =41 2
errors with mode/ ! m
PE = s R
N
- =0 _ rAN-1
Light-Margolin measure - /JN-1
L : o‘.?'. 'y 2
R _SSR_[,ZTR’,Z. J perlitl @ D
o = o 7~ fn TTIN(N-1)
N-LY'( : i C-p '
J=I I
o = C+D+T)IC+D+Ty
Cross-product Ratio Test for Retrospective Design ——E;@——
g o
0120, C-D
}/ =
C+D -D
1 C
02(5n9)=x-\__;_ C-D or  d.= T
Zor‘r‘ oy +o0, +0, +o, iy = C+D+T, :
n@+ Z, ,o(en 0)



DEDICATION

r=1 c-l1 r c
C=3.209; Z Zokm
i=l j=1 k=i+] m=j+1

This book is dedicated to my aunt Beligna Kosani Ndunguru and my
Teachers at Mbuji and Litembo Primary Schools for their role in shaping my

r-1 ¢ rooj-l formative schooling life.
D= 2.20”[‘2 ZOMJ
i=l j=2 t=i+] m=1

g, = %N(N-l)(2N+5) forall S=C-D




CONTENTS
BB TIIRL. oo sromnmmnd SR R i € B i
PREFECE. . v covwsos sosoncysmonsinme s 5505 SHEE ST VU800 b v wws wm s mwig038 09w 930189 iv
BASIC CONCEPTS OF INFERENCE IN SOCIAL RESEARCH.. .1
1.1 Conceptualization and Operationalization................cc.cocoons 1
1.2 Measurement and Measurement-sCales ........coooeveeeeiiiiniiii 3
1.3 Basic Inference Problem in Qualitative Research ................. 3
14 Testing of Statistical Hypothess ...cmmmmmamanissamiaie 12
1.5 Power Funetion B Tost e st svivasiisi 10
1.6 Non-paramettic TeohnigQUeS: o mssmsumnsvsasmsssnisuenvypessss 16
1.7 Concluding Remarks on Inference Techniques...................... 18
INFERENCE TECHNIQUES FOR NOMINAL DATA: THE SIGN-
TESIES. o0 S R e PR S D e AT A S B A e e AT o 2
51 One-SampleSian st 21
gg gwo-paired e L 27
: PSS Tutorial on Sign or Binomial Tes ique o
INFERENCE TECHNIQUES FOR ORDINAL e .
MEDIAN TESTE oo vmmimizsmin e ‘ ' 30
3.1 Two-unpaired Sample Median-Test.................................. 36
32 The K-Sample Median Test........................._____ 42
33 Hyp(;r— geometric Probability Model as Altematlvetothu ...... i
Median Test...........oo.oooviiii 46
3.4 Kolmogorov-Smirnov Goodness—of—ﬁt.%jc;;.t.. .................. )52

3.5 SPSS Tutorial on Median and Kolmogorov-Smimov Tests... 58

INFERENCE TECH 2
SUM TESTS NIQUES FOR ORDINAL DATA: THE RANK

: R .64
%] gﬂf&’;g? Slgned-rank Test for Two-paired and Correlated
D e 65
43 Kruskal-Wallw H to ...................................................... 70
:.4 Friedman Test for k Conelz;.t;é.é;;‘;i)-ié.s ---------------------------- ;:15
(5. SPSS Tutorison Racsum T ot 3
LE WALD-WOLFOWITZ RUNS TEST OF RANDOMNESS ..
: ¢ Runs Test............. ESS...106
.......................................................... 106

52 The Median Test for RandOmNEss .......ooeevveiiiinimiiininsenereene: 109

5.3 SPSS Tutorial on Randomness Test T echnique .....ccccoeueennee 114
CORRELATIONAL INFERENCE METHODS.....ccocouviriiinnen 118
6.1 Measures of Correlation for Cross tabiRlation. . xummasesns 118
6.2 Chi-square-based Indices of ASSOCIAHONS ...oveenericruasanecssesens 120
6.3 PRE-based measures of ass0CIatioNS ... .ooummevrcimmnimssssees 129
6.4 Other PRE-based Coefficients.......ccconiiiiinncnnniiminnininees 143
6.5 Correlational techniques for ordinal data ........cooovevecnirinns 155
6.6 SPSS Tutorial on Correlation Techniques.........coocoveevieninee 167
APPENDIX I: ANSWERS TO SELECTED QUESTIONS.......ou 184
APPENDIX II: STATISTICAL TABLES........ocoviiiiiiniiiiiinns 192
SELECTED REFERENCES. ..ottt 213
15015 ) 0, SURTT T ——— e e SRR S 214
i



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

2 ; .
omprehensive 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 elemente'ary
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

v

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 technigues 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
-Iink 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 ?nd/or exercise their skills in the application of the statistical package

| Itis the expectation of the author that the material presented in this bot;k
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 techniques, have strict assumptions for their use. The assumptions
include, among others, normal distribution, equal 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.

1:1 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 ag
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 concepf, 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 transiated 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
of a c?ncept. 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 prope:rties of the
.Obj-ects, situations, or events. The assignment of numbers or symbols, which
IS In essence a measurement process, enables recording respon'ses 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 'observz;b!e

ropert
property that a set of g study cases in a target or sampled population

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
behavicural units must be constructed and reconstructed. For instance, to
study hostility empirically, one must reconstruct its meaning based on logical
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.
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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-cmpowerment | 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:-

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

* 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.

« Operationalization and/or measurement of variables on which data
are collected are accomplished in terms of concepts.

« Choice of data analysis framework precedes conceptualization.

s 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
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setting. The numerical values of scale may take a range of 0to 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.

ﬂn 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 rgeasurement. The task generates interval-scaled

d i i
ata 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 objects1. 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,

' Galileo (1564 — 1642) introduced the concepts of primary and secondary qualities of objects,
distinguishing between those that belong to physical bodies or matter and those that reside only in
consciousness. See Adolf Mihanjo (2005) for more details on these concepts.
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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
res?ect 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 [ '

" B e'rs 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

parametric techniques in testing both descriptive as well as relational

hypothe i
yp ses 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 ()_() sample variance (Sz),

difference of sample means (X] = X:)- ratio of sample variances [}—‘2—]

2

or sample correlation coefficient (f) These statistics are studied with the
aim of testing some hypotheses concerning corresponding population

parameters, such as, mean (;1) or variance (0'2) 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:

e 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.

o 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
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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 .2y, o605, X, be a random sample of size n from cumulative
density function £ (0) with corresponding density function f(_\'). Let also
Y1s Yas o0, ¥, be another random sample from cumulative density function
F). (0) with density function given by f(y) Assume that observations from
&, (0) are independent of the observations from F1 (-) 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) =5, (Z) V Z against the alternative hypothesis
H,: F}(Z);t FJ,(Z) Jor at least one 7 . If H, : is true, there are two

independent estimators for an attribute or a set of attributes; one based on

F (Z) and the
_ ( ) other based on FJ(Z) Thus, a common estimator can be

determined by using F}(Z) and another by using F‘,(Z)_ Conceptually

then, th.e 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?

In a i i
parametric test environment, 7 represents set of numerically

measurable attributes or parameters, such as, population mean (,U) or

10

population variance (0'3 ) 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.
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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,, <, x
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 =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 s yet to be fully and
comprehensively known; is considered bold if it contradicts or conflic'ts with

the generally accepted theories of the time; and it is nove/ if it predicts some

* The term proposition is used to describe a h
rather than being subjected to empirical inve
Ndunguru, P. C. (2007), Lectures on Reseq
Rescarch and Publications.

S);pothesls that is formulated for a conduct of practical aftairs
legﬂjflfonj For more details on the concept of hypothesis, se¢
v ., s S % . £

1 Methodology for Social Sciences, Mzumbe University:
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new phenomenon that is neither touched nor ruled out by theorclical
structures of the time. Put differently, an alternative hypothesis s
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 — ¢« is called level of confidence. The probability of committing type i
error is denoted by 3, and 1— /3 is called the power of the test. Given that

the focus of statistical hypothesis is a null hypothesis, type | and Il 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 — )
Accept Ho: | correct decision (1 — ) Type 11 ([3)

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, !,ur(.r, 3K Ty .1‘”) such that:
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1ok xiewi.n el
T=WT(xl’x2"”’xu)= l 2., '
0 otherwise
In this case, w,(x,x,, ", % )= Prob{rejecting Ho}= p, and
WT(xI oy gy My x”) is referred to as the critical function. For instance, if

Sz(x,,xz) represents a set of sample values, a critical function

X
X, X, )=—t—= oy
WT( 1 z) xlz +x§ p may be formed such that the null hypothesis is

2

2 : X .
rejected if t,ur(x!, x2)=xz—+x2-. In this case, the null hypothesis will be
1 2

xn 95
xl+x2 25+64

rejected with ili =
] with a probability of I/IT(JC[, xz)— = (.28 when

the setis S = (x,, x2)= (5, 8)

»..-——:DI 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 x,, x.,--
12 25

g DB &

finite population from a normal distribution N(,U, 0'2) whose mean-
parameter is unknown while its variance is o> =25. It is required to
estimate the mean-parameter by conducting a statistical hypothesis testing.

14

The null hypothesis is Ho: Ho : u < u,and the alternative hypothesis

is Ha: Ha: 1 > p,. The test criterion is to reject Ho if computed sample

mean-statistic is X > ,{f+{_7.
v
In general the unknown mean-parameter ( is unrestricted in the

sense that the sample space for 4 is § = {.\',, s 0%, Wiy } eR"Vaxeh.

This implies that:
e Theset §= {;t =§Z_xie (= o, o‘:)} defines the unrestricted

sample space;
e« The accept-region for Ho is defined by a set described by

y M. o I . .
Wy = \l('\i’ Xyst''s -‘&\')-)“ —%Z.\"; e(— ey ;“o)} and;
e« The reject-region for Ho is defined by a set described by

”/,, =S-W, = {(le'\-j"”‘x.\' ): H= ,—l'_zxi E(ﬂo: OC)}

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 g € £, In formal terms, this probability is equal to:

y. zop N
Size of test = max Prob(X 2 B A |2 B
ME LU, An

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 sample data, i.e., sample mean in the present case. Henceforth, giv,
sample, x,, X,, -, x, , from such a normal distribution; o
* The unrestricted sample space is:
¥ = {)? :fz_x‘ie (~ oc, oc)};
* The accept-region for Ho is:
Py = {5, ): T =235, e(con, g, )} ancs

e The reject-region for Ho is:

I’VH =S—Wn ::{(xl,xz,-..,x”).‘_?:%le.E(Iu”_, o:)}

1.6 Non-parametric Techniques

N . . . l_-
or com ai"ed Wlt t i I = St

hypothesis i
testing, and are therefore considered to be distribution free

~.__ Statistical t i
QA’ est techniques. The focus of non-parametric techniques is to test

hether or i
- no:;’;;ri:s; stampl-e Characterizes a specified population. In that
data and do not makEChmqueS .are used even with nominal or ordinal
e th: :ssumpnons about values of the population
observations for non- i ap'e of sampled population. However, sample
parametric testing must be digwh: at random so that

resulting sampli
g | Pling errors are uncorrelated. Thus. a working definiti
parametric techniques may be summed up as: | e

e Statistical :
al techniques whose test statistics do not depend upon

the form of the underlvi
erlying population distributi .
sample is ¢rawn. distribution fram which ftie
Statistical techni ;
gues which are no ;
of a population. t concerned with parameters
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e Statstical 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:

« Formulating null and alternative (H’H and H{,) hypotheses.

« Identifying the appropriate test technique by determining a test-
statistic and its sampling distribution, usually DA ! ;gz, Fete.. 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 [1 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. g

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

1.7 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 |
€ Important, measurement level for the sample observations is

int io— i
erval or ratio — that is sample data are quantitative. Experimental research

_ t_ypicalfy fulfils these assumptions or conditions.

.x I‘t is. useful to note that when requirements 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

? See Triola, Mario F. (1998), Elementary

Statistics, 7e, Addison Wesley.
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Application Parametric Non-parametric Efficiency rate
Two dependent | Z or t test Sign test 0.63
samples
Two independent | Z or ttest 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 data. Chapters three and four
are respectively focusing con 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 leve/ of significance; substantive significance

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

n—

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 as used in

research methods.

D

2

INFERENCE TECHNIQUES 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 (Hy) 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

(+ 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 —vc) signed-
observation in any random sample is p=50% or p=1. 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 n = 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~ = 111ax(B*, B ) Given that
B* = number of +ve signs and B~ =number of —ve signs, then the

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

than B~ in the total of n valid trials.

':D In statistical inference language, the decision to accept Hy is

contingent on the probability of getting B~ (or B‘) being less or greater

than a specified level of significance. Thus, the condition for rejecting the null
hypothesis is: reject H, 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 Hyis B = max(B' , B )

When translated into probability terms, the above condition implies:

a. =Pr ob(B* SB<n—-B":B =~ binomial (n,p)). Thus, for a two-tailed

test, the null hypothesis is accepted iff;

a,=Pr ob(B' SB<n-B":B =~ binomial (n,p))> =

22

The accept-reject area for a two-tailed test is indicated in the
accompanying diagram.
n-B* B’ n

0
tieject Ho: (%)

0

Accept H: (1 — ) 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, n=B" +B and p=+;andthus, a = Z(‘;)p”(l—p)"'” . The

B=8
diagram below describes the accepting-rejecting Ho situation for a one-tailed
test.

-
n
8 B «a

C

) Reject Ho: (aﬂ

1

Accept Ho: (1 - a)

The binomial test is in practice approximated by the standard normal

7 B' —np
test-statistic as =—
‘ \/ npil - pi

such situation, the null hypothesis is accepted iff —Z,,, <Z <Z,), fora

if the sample size is large enough. In

two-tailed testor Z_< Z, fora 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

30, 28, 36, 34, 27, 24, 29, 33, 31, 98, 26, 23,and 32 .

Solution 2.1.1

Following statistical test framework, we have:

(1)

u

The null hypothesis Ho: the sample of income comes from a
popu{aﬁon with median of 25, and the alternative hypothesis is Ha:
th'e given sample of income comes from a population with a median.
d:ffere.nt form 25. Accepting the null hypothesis has implication that
there is no gender income discrimination in full-time employment

Test statistic: ian i
stic: Median is used as an average measure of income of

the full-tim -
ime women-employee population, and testing this parameter

requir
q es. knowledge of Order Statistics®. Hence, the null hypothesis
concerning population median cannot be

: tested usi
conventional parametric  test S, i

considered appropriate for testing the above null

Specifically, hypothesis.

* binomial or location test tests the above null hypothesis

an . . . Y
ence the test statistic is the binomial variable B which is t

total number of + ve and — ve signs | o

4
The subj 3 istics i
ject of Order Statistics is beyond the scope of this book
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Level of significance is & = 0.05.
Decision rule: The critical value of the test statistic is

B = max(BﬂBr) The decision rule, for a two-tailed test, is to
accept Ho if and only if Prob(B' <B=gn —B‘)> o and reject

Ho otherwise.

Computations: Since the studied population is women on fulltime
employment, then sample of incomes of men on fulltime
employment are signed or located in the women population — the

specified population. If average incomes of men and women are the
same (HU :istrue). 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 the
median income of women population of 25 and minus (=) if it is
equal to or less.

+if greaterthan25

Thus, income =4 |
—if equal to or lessthan 25

Income | 30 [ 28 | 36 [ 34 | 27 | 24 | 29
Sign + + + + - = +
Income 333198 |26 (23132
Sign + + + + - +

Basing on the above table, the numbers of positive and negative
signs are summarized as: B* =11, B- =2 and hence n =13 . In

the language of binomial probability distribution, there are 7 =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 (Hp), the proportion of obtaining a positive
(negative) number of signs is p = Y.
Consequently,

i = Prob(B' SB=n-B":B=~binomial(n =13, p = %)) or

-3 )ore 073 -

[ e ) er

=0.011+0.011=0.022

“’M

(6)  Conclusion: Since @, =0.022 is smaller than @ = 0.05 then Ho is

rejected, implying that there is gender income discrimination among
fulltime employees in the industry understudy

e e
The computations for a binom;
] .
2 omialtest approximation (one tailed test) implies are respectively equal to
z < B -mp  11-13x1 )
= =224
np) O P) 13 x%x% 496 and zZ,= 1.96 and this implies that Ho

1S 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 Hy- 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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FEED A 1416 [12[15[17 ] 18 | 11
FEED B Ml15113|11 |16 19] 10
FEED A 13[15]19[26 [ 22 [ 10
FEED B 18] 8122520 9

Solution 2.2.1

Again following the statistical testing framework we have:

(1)

(3)

The null hypothesis is Ho: the two samples come from identical
populations, so that the two feeds have equal nutritional ingredients
with respect to gaining weight. The alternative hypothesis is H.: the
two samples come from different populations, which imply that the
two types of animal-feeds have different nutritional ingredients.

Test statistic: Since the null hypothesis does not claim about
knowledge of the true value of the difference in the gain of weight,
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.  Given that B" = number of positive signs and

B™ = number of negative signs then, the sum B=B* + B isa
binomial variable, which tests the nul| hypothesis.

Level of significance is a = 0.05.
Decision rule: The critical value of the binomial test statistic B is
B = max(B*,B“). The decision rule for a two-tailed test is to

accept H, iff Pr ob(B' <B<n- B‘)> @ and reject Hy otherwise.

® Note that for a meaningful difference of w
same for all subjects considered.

eight gained, initial weight must be the

28

Computations: If the null hypothesis is true, the expected gain of

weight that is associated with the two types of feed is equal. in that

respect the difference in weight gained between the two types of
feeds would be zero. Testing the null hypothesis is accomplished by
signing the differences in weight gained using the following rule:

+ if gain from A exeeds that fromB
s {— if gain from A is equal to or less than from B

The above assignment rule is summarized in the table below:

FEED A wml1el12116 17 .18 11
FEED B 4115 |13 | 11167119 10
_ﬁg“ o + - + + - +
FEED A 18] 15 19 [ 26 [22 ] 10
FEED B 13 |.-8.[-12-{ 25 {20 | :9
Sign + + + + + +

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

and n=B"+B =13.1fHyis 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 Hois B = max(B", B")z max(lO, 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 = -f,_-)) or
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LI e

a,. =0.0461+0.461=0.0922

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

Ho: is accepted in favour of the alternative hypothesis. This resuit
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
B —np 10-13x1 B
o = 941 =
\/np(l 2) \/13>< '(l—j and 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 1 2 {3 |4 |5 |6
Attitude | Before | 14 1 16 | 15|18 | 15 | 17
After 14 118 {16 | 17 | 16 | 19

Individual 7 |8 |9 18 ¥ 12
Attitude | Before | 19 |17 | 17 {16 | 19 | 15
After 20118 (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 tl2l314 18 '16
Preference | Before |4 18 |2 | 4 5 3
After 6/8/6|5 (4 |3
Subject 7| 8lo| 10| 11 12
Preference | Before |6 {3 |7 | 6| 2| 4
After 8 7i3] 91 831 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.

L Category N Observed | Test Exact sign
prop prop (2-tailed)
INCOME Group1 <=25 2 A5 .50 0.022
Group 2 | >25 11 .85
Total 13 1.00
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N R R R
To e
produce ihe above output, choose the following commands from the

menu: Probiem Set Two
Analyze Question 2.1
Nonparametric tests A hot debate exists regarding reported Government Environmental

Binomial (test proportion is byttt set.at 0.50=1) Management Agency (GEMA) gasoline-mileage figures for new cars

Test 3 : entering the country. This is because the government tests only simulate
st 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 drivin conditions. The results

foll produce the SPSS output for the problem in example 2.1.2, choose the . X
ollowing commands from the menu: S

u:

" 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)

[Carmake [ 1] 2[3|4]5[6]|7|8|9]10]|11]12
[Testresults |G |G |O|P[G[G|G|GJ|0] G| P| G

Binomial (test proportion is by default set at 0.50 = 1)
Test variable: DFEED’ .
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

R i

DFEED Group 1 | <=
Group 2
Total

under normal conditions?

[ Obsarvad | TosT—
 Prop | prop

23 .50
10 ilT

13 w

Exact sign

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.

This va iub]e is com | =4
= s pllll.d from the data ed itor as the (f’if‘ere Ve t
and feed B g o that DF, EE o F ! th 1 nce betw ‘cén Change in weigl fi {
om feed A
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Production sector | Average production index (%
(GDP at factor cost) Before reirm After reforr{nJL
Manufacturing 11.6 48.0
Construction 9.4 SIT
Min?ng 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
p?rogramme. 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 m's employees in various exercise activities prior to the firm-
Sponsored exercise programme.

Hours in Vigorous exercise | Number Before Number after
No Sreoes Programme Programme
Some but less than 3 hours - 5
3 hours to 6 hours 29 -
6 hours to 9 hours [ 1 e
Over 9 hours g j
B

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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3

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.

3.1 Two—unpaired Sample Median-Test
This test is applicable when two samples are neither paired nor correlated.

and therefore , #n,. The null hypothesis being tested is Ho: the two

Samples come from identical population with equal median and the
alternative hypothesis is H.: 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 g 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, = Zolj
Sample 2 0,, 0y, R, = Z"z;

2
¢ :Z"’H G, :Z"fz NZZZOJ

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

Sample 1 0, o,

LTotais (Cj.)

frequencies will not differ significantly from the observed number of counts or
frequencies 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 o, =observed frequencies, e; =expected frequencies such that

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

e, =—=+

i N

2
2 —_
% _ : (or'f eij
ne=2 2

i ij

The following computational procedural steps accomplish the median

test described above®.
¢ 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 g isti thesis-testing framework.
® Note that these steps are associated with statistical hypo a

at




* Compute row total (R,.); column total (C; J; grand total (N); and

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

contingency table using the formulae: e; = i\L

* Compute the Chi eyylze)
ompute the Chi-square: x. =ZZ‘—— and compare it

e

i J i

with the theoretical gj_,, at an appropriate degree of freedom,

v :(r—IXc—l). 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 Zf > ;{3 .- This would imply that

observed frequencies are significantly  different from expected. The
conclusion that js being inferred here is that the tw
different populations.

O Example 3.1.1

O samples come from

Do the data provide sufficient evidence (a =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 Hy: 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 2x 2 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 & = 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

0, and e; 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

. 22 2N (Off_eff)z
the Hy: is accepted iff: ¥ <y, . ' x. = ZZ—;—— And
i if

since @ = 0.05 and v = (k —1)=1, then using Chi-square table
appended 7. , zgfo‘oj‘l =3.841 (Table 3).
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Computations: Testing the null hypothesis is accomplished b,

J
preparing a combined signed-ranking, finding a common median
and settingup a 2 by 2 contingency table as follows.

Sign-ranked 9L | 10H 15L
Sign- 18L | 20L [ 227 25(]
Ranks 1 2 3 4 5 6 7
Sign-ranked 41L | 42H | 55H
L 60L | 60H | 65L | 70H
Ranks 8 9 10| 115 11.5 13 14
Sign-ranked sales | 90L | 1204 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

equal, pricing strategy is independent of firm performance,

measured by average annual sales.

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
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 | 2221 220 | 303

Trad. exports

the test statistic is = iiw =0.833.
i

Percentage | 100 97 96 | 120
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

Trad. exports

TAS 000

272

299

273

282

Percentage | 131 119 | 123 | 129

e..
i
Price Strategy | Below-median Above-median Totals ( R )
Low-priced 7 (6) 56) 2
High-priced 3 (4) 5 (4) 5
(6) Conclusion: Conclusion: Given the decision rule, which

22
s Xe <X v. and the sample results as 77 = 0.833, the nul

hypothesis H, 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 identi:

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 belowo
above the pooled sample median.

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

that are below or above median is presented in the kx2 contingency tabk

below.
Sample Below-median | Above-median | Totals (R,)
3
S le 1
ample 0, O R, = Z"u
Sample 2 o
21 2y RE = 203'
L h j
° L]
Totals (Cj) .= Zo“ C, = Zo,.z N—‘—ZZ%
e Pl TSRO |

If Hy is true the expected number of counts or frequencies (e,.j)én each
cell of the contingency table will not differ significantly from the observel
number of outcomes or frequencies (oij). Any significant difference will b¢

detected by a test-statistic based on

(05 =, )2

ZZ . the appropriate degree of freedom of the Chr

Chi-square given D0

square is v:(k—l). The computational procedures are as indicele

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 |50136]28 |[90]|64]|70
B 100 {89 | 80|53 | 40|25

e 75 |45 |85 |60 |90[30]20
D 105 | 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 medlan 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)

J

the four channels) iff; ;(f < Zi‘,:zc ZZ . Note

that o0 and e, are observed and expected frequencies
respectively. Given that & = 0.05 and v = (k — 1)= 4-1=3,
then as per Table 3, ¥, = g2 =181,
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(9) Computations: The signed ranking of combined sample s

summarized below :

Signed-scores

Sign: 20c | 25b | 28a| 30c | 35d ] 36a] 40b |
1] 2] 3} #] 5] & 7
,S?:agnr;(ed-scores 45¢c 50a | 53b | 57a ] 60c | 64a| 65d |
8 91 o] FHI 12 13) 14|

Si a
R;gnr;(ed scores 72; 75c | 80b | 85c | 89b [ 90a ] 90c |
16] 17] 18] 19] 205] 205]
2;gn?(ed-scores 100b | 105d | 150d | 285d | | ] l]
22 23| 24| 25| | 1 l

Th i i
e combined sample Median s 64, and based on this result, a

——
ontingency table of observed frequencies is prepared as follows:

Advertising channels

Below Median | Above Median | Total ]
7

4 (3.36) 3 (3.64)
3 (2.88) ‘ 3(3.12) ;

:t 3.36 3 (3.64) 7
2.40 4 (2.60) 5
12 13 25 |

The computed Chi-square is zf ——-iiM:Z 049

J €

which i
S less than the theoretical value Zz ='7.81
005, 3 — 1«

(6) Conclusion: Gj
- Given the decision rule, which is J~ <%, and the
< a, v

sample results gag .
[4]

=2.049, the null hypothesis H, is

depend on other factors such as COSIS, €IC, rauier wai DUSIiEss

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- .
geometric Probabili ;
Median Test ility Model as Alternative to the
Let %, x,. o0
1> X2, "7, X, be arandom sample of size m from cumulative densj
ty

function [ ith ndi en n X
v (') with  corresponding d sity function f( ) Let al
x). also

y] 3 ,,V_ 3 T,
5 __y” be another rando sample of size n from cumulati
dellSity functi i n n :
on 1;_1‘ (.) with de Slfy function QiVEﬂ byf(}’) ssume th
. Assume at

,\'( ) ! ()
y

hypothesis /7 - F (> /
o i (.{)H f,(l) V Z against the alternative hypothesis

H, : F /
P FA(Z) % 7, (Z) Jor at least one &

a

ZI < A < < 7
= 7~ > e f;,, ) T .
T J f t cor bjned Samp!e iS 23 W] iCl JS

equal to the smzn e ™
S+ th obs rvation. Let M  be the numb f X /
o er o valies

above Z ang N
. b
» D€ the number of Y —values above 7 Given that
. Given tha

random Samplir r
pli ro i
g procedure IS used tg select observations fi t
rom the two

population
s, M (or Nt,) is a random variabje

’n a sSa i ey T T 1 O}
n pfe Of SJZE 2in
b 5 y

hyper-geometri
ric deﬂsfty fUnCt'
'0n described py-
y:
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hY
[m J[ n ]
m+n
m, 3 n,
m-+n
m+n
2

Thus, if H,: is true, there will be m  X-values (or n, Y-values) in a

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

random sample of size “3*, and m, (or n“,) will be approximately

M (or N_\‘) can be determined such that Pqu —’;—"2 k)= a . Having
mﬂ|2k and

(or%). Thus, given a level of significance of «, a critical value k of

determined the critical value then H, : is accepted if lM.: 5

rejected otherwise®.

The hyper-geometric probability test for median can be extended to three
samples from cumulative density functions F_\,(-), F},(-) and F, (-) 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, (N ,or R,) has a hyper-geometric probability density function

of a multinomial form:

i s s . T 47
I'o allow for finite computations, a restriction is imposed that suppresses %L, '—.,', and L',—"" to an

integer, thatis, M, = mt(‘—;’), n, $1nt(l_-_;) and int(m;_r”)
47




N 4 ) 19

[ m+n+p
M &My 21,

" H : i p i pp 3
r v ] Jf‘

be determined such that =
POM.\- —TIE k)-:af. Having determined the

critical value then H, : is a i =
" ccepted if 'M .= 7] 2 k and rejected otherwise.

Example 3.3.1

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

mm
M 57 ] 90
(Method B | 67 | 70 1541 25] 186536 [ 05

verify the iti
y Proposition that the two teaching methods have the same effect on
Scores obtained by students (@=0 05)

Solution 3.3.1

The null hypothesis to be tested is, Ho: th

same effect e two teaching methods have

on  scores obtained by students

m=0, and n = In this example

8 and
therefore the median is the 22t} op 7th score

when the data set !
$ arranged in order of magnitude. If the hypothesis is true

the number of
Scores of students under methods A and B that are below
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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_r =m, ) = g(m“, ) =

possible values of m_ .

m.{' n V 6 8 P(M\ = ’nr)
m.t 7 = m.T
0 7 1x8= 8 0.002331
1 6 6x28= 168 0.048951
2 5 15x 56 = 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 ia| 2b| 3a| 4a| 5b| 6a| T7b

Signed-scores | 57a | 65b | 67b 70b | 89a | 90a | 95b
Rank 8a Sb | 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 hypotﬁesis is

accepted.
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Example 3.3.2

The accompanying table gives data on performance of SME'’s in terms of m,|n, | (128 PM, =m,)
sales volume under two advertising channels. Use hyper-geometric me 10-m,

probability model as alternative to sample median test to verify the 2 8 66x1= 66 0.0003572

proposition that the two advertising channels have the same effect on SME 2 (-3’ 4;20;232: 1?3;28 ggggg?gg

performance (a = 0.05). 5 |5 | 792x56=44352| _ 0.2400571

Cha T 6 4 924 x 70 = 64680 0.3500833

nne . Performance (in mil. TAS) j 7 3 792 x 56 = 44352 0.2400571

36 |28 | 90 [ 64 [ 70 [ 458053 [40]25] 8 2 | 495x28 = 13860 0.0750178

105 | 75 |89 [ 85 (60 | 90 | 30 } = | - . <] 9 1 220x8= 1760 0.0095260

10 |0 66x1= 66 0.0003472

Solution 3.3.2 Total 184,756 1.0000000

The null hypothesis to be tested is, Ho: SME 'S do not differ in their pricing

: Based on the computations above, the number of 1 _gross-sales-items in
Strategies. In the above example m =12, and n = B <9

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

m+n

medi i
ST i th or 10th  gross-sales when the combined data set is s
arranged in order of i ;
Magnitude. Thus, if a sample of size 10 is randomly The signed ranks of the sales volumes are:
obtained there is expect = n Signed sales | 25a | 28a [ 30b | 36a [ 40a [ 45a | 50a | 53a | 57a | 60b
pecied to be =-=6 and 5:4 observations in the Signed-ranks [1a [ 2a [3b [4a [5a |6a |7a | 8a | 9a 10b
sample representin i
g each pricing category. The probability of selecting Signed sales | 64a | 70a | 75b | 80a | 85b | 89b | 90b | 90a | 100b | 105b
/i gross-sales-items from the first pricing category is given by: Signed-ranks | 11a | 12a | 13b | 14a | 15b | 16b | 17b | 18a | 19b | 20b
12 8 The number of times that sales volume under Channel-A advertising strategy
PM_ = )—g(m ) (m, JL10—m are below median in the sample of size 10 is eight (8); hence the null
¥ S c J= x
' 20 hypothesis is rejected.
10

Exercise 3.3.1 (optional)

ondin iliti . )
possible values of 1 i e 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 (0: =0.05).
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3.4 Kolmogorov-Smirnov Goodness-of-fit Test

Researchers often confront a problem of ascertaining the extent to which
observ.ed cumulative frequency distribution fits well to a hypu:;tfm'IC
-theorettcai cumulative frequency distribution. In such situations, the rolsallﬂad
Is about testing a hypothesis that there is no difference betwe’en ogse e:
:2:(1 ‘:heore:k:al distribution. This problem lends itself to the tesh’ng:V E;f
: ess-of-fit, which is about ascertaining the extent t '
difference between observed and expecte ' '0 o ”?e
therefore about testing variation of obpservecc; :ZZEZZ?;SW;; :;O' ': ,
:.-:tp;ected frequencies. If the difference is small across all the possibl .

e factor under consideration, there s a good fit S

Given that i i
goodness-of-fit test Is about testing variation of observed

question of the g

distribution to o f'?OW close is observed cumulative frequency

Kolmogorov-s 9 theoratical cumulative distribution? This is because
v-Sm ‘

Imov tests the extent to which there is a difference between

Given that g -
« = Observed relative cumulative frequency and

', =expected i
e relative cum ’
T fr juency, then the statistic that is used

by the K-S test |
is: D =
n maxIFe “F,',I The null hypothesis under the

KO]HIOQOI’OV*SHI'H!() es H 1 1 oDse
i ;i d
v test 1S a- there is good fit befwee b.
rved an

theoreﬁcal cum ive fre en of D for the
ulat (St r
| Vi qu Cy dist, beﬁOﬂS. C itical values t
OQOrov-S!nirrlo GOOdI] # : r
Kolm f-f I [ n from Table

appended. For jnst i
ance, given a leve| of significance of o =0.05 (one
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tailed) and a sample size of n = 20, the critical value of 1, =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
critical value is D, ;s = =0.17. The null hypothesis of goodness-of-
* = o4

, is greater than the

FG _Fﬁ

fit is rejected if computed value, D, = max

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

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

Z,=Dn|>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
A =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:

B, , Jearn =358

D, =<1.36 .
—— otherwise

Jn

In the present case, given that n =120, and o =0.05 then,

1.36
D =———=10.124. The goodness-of-fit hypothesis is accepted if

120, 0.05 M

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:
o Computing probabilities, P(X; A= 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 x

e
P(X;,»I:S):Z o or reading these probabilities from

appropriate cumulative Poisson probability table.
. Computing expected frequencies using the

formulae f, = n P(X; A= 8),
. Computing relative cumulative observed and expected frequencies

e

and denote these as F, and F, respectively.

. Computing the K-S test statistic; D, = max'F = i
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X Plx;1=8) £. | £ F, F, F,-F,

0-4 0.0996 6 | 11.952 | 0.0500 | 0.0996 0.0496
5-9 0.6170 29 | 74040 | 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|F6 —FD|: 0.4249 , and

this is larger than the critical value of D)y o5 :ﬂzo.ué}. This
= 20

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, = 0.42494/120 = 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 3|24
Probability A0 .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 vacant rooms ) 1 2 3
Number of days | 15[ 30[50] 18

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, involves 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 £ and F, respectively.

*  Computing the K-S test statistic; D, = max|F,, - J7,

X PX) £ | L ]E TR TIF-F)
(13 0.00[ 15 120125 [0f0] 0025
1 0257 301 5010375 [035] 0.2
2 0351 50 | 42 [0.792 [0.70 | 0.002
IR : 2410942 [090 | _ 0.042
. ove 0.10 71 12 {1.000 | 1.00 0

otal 1.00 | 120 | 120 q - 'O(E
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=0.092, and

From computations in the table above, D, = max‘Fe -

1.36
this is smaller than the critical value of D,y 05 = —== = 0.136. This
4100

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, = 0.092+120 =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
In attempting to describe the distribution of age, a

and/or structure.

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

istribution of age-groups for 10,000 randomly selected respondents in @

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

distribution).

Uﬂ«ge-group Frequency |

[ 00— 09 121 %
10— 19 1390
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

el
[ Below- |
LOW-HIGH Low-priced 7]

PRICING High-priced 3
Total

58

Chi-Square Tests

Value | df [Asy Sig (2-Exact Sig (2-| Exact Sig
sided) sided) (1-sided)

Pearson Chi-Square? .833] 1 .361
Continuity Correction ° .208] 1 648
Likelihood Ratio 840 1 359 E
Fisher's Exact Test .650 325
Linear-by-Linear 792 1 374
Association
N of Valid Cases 20 j

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); BELCW-
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
CHANNEL Channel A 4 3 7
Channel B 3 % 6]
Channel C 4 3 7|
Channel D 1 4 5
Total 12 13 25
Chi-Square Tests
Valuel df Asy Sig (2-sided
Pearson Chi-Square® 2.049 3 562
Likelihood Ratio 2174 3 537
Linear-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 Std D Minim| Maxim
CARARRIVAL 120 12.3750 5.06937 2.00 22.00
VACANTROOMS 120 1.7667 1.04305| .00 4.00
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CARARRIV]  VACTROOMS
N 120 120
Normal Parameters = ° Mean 12.3750 1.7667
Std D 5.06937 1.04305
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
CARARRIV] VACTROOMS
N 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
Asymp. Sig. (2-tailed) 000 .000]
a Test distribution is Uniform.
b Calculated from data.
One-Sample Kolmogorov-Smirnov Test 3
CARARRIV| VACTROOMS
N 120 120,
Poisson Parameter > ° Mean 12.3750 1.7667
Most Extreme Differences \iAbsolute 2171 .098
Positive 217 1052
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

CARARRIV|  VACTROOMS

N 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.
¢ 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=1)
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.

i6 —rnr 2y .
" For grouped distributions midpoints are entered in the Data editor.
i Gnl;en that the two examples are dealing with arrival of cars or visitors, it is prudent to assume a test
istribution as being Poisson. The other test distributions i [ :
‘ i are displayed here 3 f
comparison. P HAF HiE lpese 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 |48

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
225 225 220 224
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: Wiicoxon 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
pefore-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 Hq: 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?

« 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 (-) = F_‘, (0) then
the number of observations with positive ranks will be equal to the number of
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observations with negative ranks. In this case, the difference between sum
of positive ranks (R+) and sum of negative ranks (R') will be small. Thus, if
the null hypothesis is true, the statistic 7" = min(R*, R') has the following

asymptotical parametric characteristics with respect to mean and variance

(n = sample size = number of pairs without ties in rcmking).

E(T)=i(ai9 and V(T):o-;:f(igfiﬂ

Hence, the test statistic for the Wilcoxon non-parametric test is
7 T-E(T) T-E(T)

. The accept area for the null h othesis js
r—ﬁ*V(T) o, p yp

—1.96 < Z <1.96. The decision ruleis: reject H, iff /ZC[ >1.96.

However, for small samples critical values of T, above which HG is
accepted, are tabulated (Table & appended) for each relevant level of
significance and sample size n. For instance, a critical value of T for a two-

tailed test (i = 10, g = 0.0S) Lpy 1.} Furthermore, a critical value of

T for a one-tailed test (n=30, a =0.05) is Ts3 =152, In all the

cases, the null hypothesis is accepted if the computed T-value s greater

than the theoretical T-value, i.e., =T

"ot

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 41 and
treatment 2),

606

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 K.

«  Find T =min(R*,R").

e Compute mean E(T) and Variance V(T) using the sample

ata.
d T-E(T) 1-E(T)
W) o

o Obtain computed value of Z, = using

the sample data; Accept Hy iff ‘Zcf <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 |61 |71 |67 |75 90 |
[After |66 |65 |68 |67 |65 |73 |66 |71 |93

Solution 4.1.1
(1) The null hypothesis is Hy: 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(Rﬂ R"). For large samples this statistic has

a normal distribution with respective mean and variance being equal
> n(n - 1)(211 + 1)

rin+1 )
to: E(T)=———(———), and V(T)= o} . In that
4 24
T —-E\T
respect, the test statisticis Z = _—(——)
Or

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

(4)  Decision rule: In the present case n =38, 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 7,,=4. The null hypothesis Hy: is accepted if 7, >4.
However, for large samples, the decision rule is to accept Hj if
computed value of the test statistic is Zc! <1.96.

(5)  The resuits 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| 73| 66| 71| 93
Difference -4 +2 0| +2| +4| +2 -1 -4 | +3
Signed ranks 7. 3N T 7. T T 71 5

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

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

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

negative ranks: R™ =1+7+7=15.
e T =min(21, 15)=15 and the valid sample sizeis n =8 .

_8(B+1) _

E(T) "

18

68

Q 1 !
v(r)= b(8+‘)§i><8+]):51:> o, =7.14

1518
e

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

- Z = —0.424

the hypothesis Hy 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

i 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 resuits,

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 #n, 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 K, (or Rz)

assigned to observations in the first (or second) sample. Thus, the useful

statistics in the U-test are:

U, =nmn, -Ff‘—(n—;;_—ll—R1 and U, =n,n, +£(g_+1_)}{j

If the null hypothesis, Ho: the two samples come from identical populations is
U, if n, <n,

true, the test statisticis U =
U, otherwise

This test-statistic has the following asymptotical mean and variance given
by:

nn , nmnl\n+n,+1
=22 gnd V(U)= o} = A ‘12 - ) Based on Central

E(U)

— I} =
Limit Theorem, the statistic #E—GJT):Z has a standard normal
oy

distripution; Z = NV (O, 1).

Thus, given two samples the computed U and Z values are obtained as

follows:
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U if n,€n irst sample
e« Define U statisticas: U = 7 _2 (f L )
U, otherwise

o Rank all observations from the two samples while retaining sample
identity.
« Compute sum of ranks R, and R, assigned to observations in the

first and second sample respectively.

e Compute

nn +1 n,\n, +1
U] =nn, +_1_(~12——)-—R1 and U2 = n,n, +“—2‘(—§—)‘R2
« Compute the mean and variance of the U statistic -

E(U) and V(U)=o;,

_ U-E{U)
Oy

e Compute the value of test-statistic: ZC and this

computed value is compared with the theoretical value Z% at the

appropriate level of significance.

For-smaH"samples, critical \;allzje U, can be obtained from the table of
sarﬁph;ng distribution. of U (Table T appended)' for sample sizes M, aﬁd
n, (1, < n,); such that, .Pr ﬂob{U‘S U,)<a. Forinstance, U, = 10 is a
criticél value of U for m =6, n27= 8 because of the fact that

Prob(U <10) = 0.0406, which is less than a = 0.05. Note also that
Prob(U £11)=00539. - -~

An alternative to the Mann-Whitney test for small samples is Wilcoxon

rank-sum T-test for two independent sémpfes. The Wilcoxon rank-sum T-test .
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(R, if n, <n,

statistic is defined as: T = i

L

© and the critical values, T, and
R, otherwise

T,, are obtained based on a sampling distribution of 7 (Table 8

appended). For instance, given that n, =7, n, =10, a = 0.05, then critical
value of 7, (one-tailed) is either 7, = 46 when reject area is the left tail or
T,, = 80 when reject area is the right tail. However, the interval bounded by
the critical values T, = 46 and T,, = 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| 817 | 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: Hy: the two sample come from the same

population. The alternative hypothesis is H,: the two samples come
from different populations.

L7 if my<n,

(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:

did

nl(nl +1)

+1
U, =nn, + - R, and U, =nn, +ﬂ"22_._)_R2. For
- EWU , ,
large samples; Q—g-—) = Z and this is a two- tailed test.
GU

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(USUO)S @ . 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 8g 9p 104 114 12g 12g 134
Rank 1 2 3 4] 55| 55 7

Scores 14A 145 15A 154 163 175
Li?.':ll'll»( 85| 85 10.5 10.5 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 13so
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that the sum of ranks R, =44.5. Given that the sample sizes are

n{n +1
ILZA_)MRJ =16.5, and thus,

1 and n,, then U, =nn, +-

the computed value of U is U, =16.5, which is larger than U,=8.

Thus, Hy is accepted.

Alternatively, the computation for the Z-test is as follows:

E(U)= ”';2 =21 and V({U)=0o? =" (r, + m, e i
| 12 ’
; 16.5-21
.Finally, Z_= N e —0.64, which lies in the accept area.

Conclusion: The null hypothesis Hy: 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, =445=U, =U_=255, and

consequently, Z_ = 25.5-21
-

=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 (optional)
Does the use of parametric t-test on Exercise 4.2.1 change the resuits

findings and conclusions?

4.3 Kruskal-Wailis H test
The objective of Kruskal-Wallis H test is to ascertain the extent to which

three or more (k z 3) independent random samples possess a specified set

of attributes and thus considered to come from identical populations. The
null hypothesis being tested is Hy k-samples come from identical
populations and the alternative is H,. k-samples come from diffsrent
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, 1, =sample size, and a = an then the above nuli hypothés_is is

fested by H-statistic, which is computed as:

H L {Z(%J—B(nﬁ-i)

B n(n+1)5

If the null hypothesis Hg: is true, the statistic H has a Chi-square

sampling distribution with &k —1 degrees of freedom. The computatiﬁn;l‘

L
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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 Ry, R,..., and Ry assigned to observations of

sample one, two, ..., and k respectively.
* Compute size of combined sample: n = Zn,. .
*+ Compute the H statistic based on the sample data — thereby
obtaining the computed value of Chi-square - ;{’Cz .
Compare the computed value of Chi-square with the critical

theoreti ich i %
oretical value, which is g, ,. Accepted the null hypothesis if

ol ool

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 v
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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 H,: 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, kK =3.

Level of significance is & = 0.05.

Decision rule: The critical value of the Chi-square is j(_f)s,z =5091.

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 | 69¢c | 69c | 72¢ 79 | 80g
Rank 1 25 (25 14 5 6

Signed-scores 845 | 85g | 87a | 89¢ 91, | 94a
Rank 7 8 |9 0 |11 [ 12

The sums of ranks assigned to observations in each sample are as

follows:
Sample A: R, = 9+11+12=32

Sample B: Ry —1+5+6+7+8=27
Sample C: R, =25+25+4+10=19

From the sample data: n=n, + 1y + Ac =3+5+4=12,thus
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3 12 k Ri2 e = S
== m ;[?] . 3(’1 * 1) Solution 4.3.2

(1)  The null hypothesis Hq: the mean kilometre per litre is the same for

12 - 2 2
= TR [32 EY 27 e 19 J_3(12 % the six gasoline brands, and the alternative H,: at least one of the
12+1)| 3 5 4 gasoline brands has a different mean kilometre per litre.
H =4441-39=54] :Zrz <Z§ (2) Test statistic: The appropriate nonparametric technique is the

Kruskal-Wallis H test-statistic. If the null hypothesis is true the H

(6) Conclusion: Since the computed value of the e statistic has a Chi-square with &k —1 degree of freedom; in the

presentcase, k =0.

statistic is smaller that the critical value, the null hypothesis cannot

be rejected. This result implies that the three teaching methods are P [PessiorepRma e o =

identi i .
ical in terms of academic achievement for the schools (4)  Decision rule: The critical value of the Chi-square is By LLOE,
considered in the pilot '
pilot teaching programme. The null hypothesis is rejected if computed Chi-square value is
Example 4.3.2 greater than 11.07.
A (5) Computations: The ranked observations/scores and ranks that are

A study i . ;
Yy is conducted to compare auto-gasoline mileage (y ) for different associated with each sample are summarized in the tables below.
" ;'l'

brands of gasolj ; g
gasoline using six automobiles. Each gasoline brand was tested in

each automobile, so P Signed-score 25f | 27e | 28e | 28e | 29e | 29c | 30a | 30b
T i ’dtaSto eliminate (blocking out) the auto-to-auto variabilty Rank 1] 2] 35| 35| 55| 55] 85| 85
9 data, in kilometre per litre
, ar
S Rresented belaw, Signed-score | 30e | 30| 31a | 31b | 31c] 32b | 32b [ 32b
[ Rank 85| 85| 12| 12| 12]155]155] 155
Vi Automobile _
Gasoline Signed-score 32e | 33a| 33a| 33b| 33c| 34c | 34d | 34de
A |35 2 | Rank 15.5 | 195 | 19.5 | 195 | 195| 23| 23| 23
B 30 3;_ — 37 37 33 35 30|
c 38 31 32 35 33 28 32 | Signed-score | 35a | 35a | 35d | 35d | 35e | 35b 36d | 36d
D 35 gg 34 37 37 38 A 31 | Rank 275 | 275 | 275 | 275 | 275|275 32| 32
5 2 a9 2o ¥ 40 3 3 I
F 39 28 30 34 35 28 27 Signed-score 36f | 37d | 37c| 37c | 37a| 37a| 38b | 38¢c
4 36 30 42 45 40 25 | Rank 32| 36| 36| 36| 36| 36405405
Do these d ; .
. ata provide sufficient evidence to indicat ; in the Signed-score 38c | 38d | 39f| 40d | 40f | 41if | 42f | 45f
mean kiIometreperlitreforthesixbr d : % o Sl Rank 405|405 | 43|4451445| 46| 47| 48
ands of gasoline?
79
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The sums of ranks assigned to observations in each gasoline-sample
are as follows:

R,=85+12+19.5+19.5+27.5+27.5+36+36=186.5
R, =85+12+15.5+15.5+15.5+19.5+27.5+40.5=1545
Re=55+12+19.5+23+36+36+40.5+40.5=213

R, =23+27.5427.5432+324+36+40.5+44.5+ =263
Ry =2+3.5+3.5455+85+15.5+23+27.5=89

Ry =14+8.5+32+43+44.5+46+47+48 =270

From the sample data: n =1, +n, +n-+n, +n,+n, =48, thus

12 k(2
G i
n(u + 1) Py [ n, ]_ 3(" o 1)

H:£[186.52+154.52+2I32 263> 892 2707
197] 8 8 8 +8+8+8J%3(49)

v B =811 147~ 14.17 :JKZ 5 /1’2
¢ a
(8) Conciusion: Si
SiLE:.ltlct‘u.mon. Since the computed value of the Chi-square test
istic i "
Ic is larger than the critical value, the null hypothesis cannot be

accepted. i ; i
. ?i . This result implies that the six gasoline brands are not
identical in terms of the mean ki

the study. lometre per litre brands reported in

Exercise 4.3.1

Use k-sample megi
edian test to test th
e hypothesis that the si [
have the same mean kilometre per litre T
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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 leveis of blocking factor (k=3,p= 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
nypothesis tested is (Hoz), and this is being associated with the extent fo

which p-levels block affects the response variable.

Thus, the typical null hypotheses being tested are; Hox: Treatment
levels have no effect on the response variable-phenomenon and Hog: Block
levels have no effect on the response variable-phenomenon. The test is
hased on ranking of observations; being based on treatment if Hoq 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

total is R; =Z(-); and ranking within block that is curly bracketed by [¢] and

whose column total is R; =ZZH.
Typically data from randomized-block designed experiments are

tabulated as follows:
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Biock

! Treatments | X | loY j | Z 4’ R:Z.)
g | Xy () fel | vio () [o] ] 213 (o) [e] Ry,
!C L Xor (o) [e] | yop (o) [e] | Zps () [o] R,
B X () [e] |y (o) o] | 229 (o) [o] Ry
| £ ST !, X1 () Iml; Va2 (8) [o] | Zaz () [o] | R
| . J R ’
l S J j-z R o) 1

The computational steps that are involved for carrying out the Friedman
test are:
* Rank the k observations within block leveis — curly bracketed by (e).

* 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

~
® “~Ompute sum of ranks for each block and assign the sumas R
5

: R
»  Compute variation of treatmentrankings; S. iRz (121: J
k

M‘a
=
\—ﬁ—/.u

* Compute variation of block rankings: S, ZRz ( .

* If the null hypotheses are true, the statistics o and
ph(k +1)

128,
ha i . o
kp(p ) ve a Chi-square sampling distribution with & — ] and

P-1 degr
grees  of freedom respectively. The statistics
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125, 125,
F,=——T—and F,, =———%—=are also computed by using
ph(k +1) Ap(p +1)

the following respective expressions:

12
A | - P
T pk(k+1)[z CaplEs 1)

[ZR |-3k(p+1)

=78

Ap(p—Ll

Example 4.4.1
Four varieties of wheat were planted randomly under three types of fertilizers

with the following average vyield results presented below. Use appropriate

nonparametric statistical test to ascertain the claim that wheat variety and

fertilizer type have effect on yield.

Wheat\Fertilizer X Y Z

A 51 52 | 47

B 50 43 | 42

C 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: Hyy: wheat variety has no
effect on yield and: Hyy: 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

(4)  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 y.,, =7.81 for testing the wheat type effect (Hy) and

;g’jp_i = 5.99 for testing the fertilizer effect (Hos).

Computations: Results of computations for the Friedman

nonparametric test are summarized in the table below {treatment

ranks are curly bracketed as R, = Z(-) while blocking ranks are

embraced by R, :Z[O]

Fertilizer
Wheat X Y 7 =21
A 51 (4) (2] 52 (4) 31| 47 @) (] 12
B 50 (3) [31| 43 (1) (2] | 42 (1.5) [1] 55
C 46 (1) [2.5] | 46 (2) [2.5] | 42 (1.5) [1] 45
D 49 (2) [25] | 49 (3) [2.5] 46 (3) [1] 8
@_ :E.] 10 10 4 NA

=258.5-225=33.5.

Variation of fertilizer rankings is computed by:

s :iaf_@

1 p

=216-=190= 24

~.
Il

The computed values of the Chi-square for Hy; and Hg, are

12§, 12%35.3

respectively equal to 32 = = =6
" opk(k+1) 3x4(4+1) &

a

(6)

value that is smaller than the theoretical value of x>, , =7.81;

128, _ 12x24
kp(p+1) 4x3(3+1)

the theoretical value of ;(__";5,2 =5.99.

and = = 6.0, which is greater than

Conclusion: Results indicate that Hyy: is accepted while Hog: 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.

y. Automobile

S 1 2 3 4 5 6 7 8
Gasoline
A 35 31 33 37 37 33 35 30
B 30 32 31 32 35 33 38 32
Cc 38 33 34 37 37 38 29 31
D 35 36 35 38 40 36 34 37
E 32 29 28 30 34 35 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—8ona

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 infiluenced by road attribute.

(1)

(2)

The gasoline brand represents the treatment and the road attribute
typifies the block. Thus, the null hypotheses are; Hy: mean
kilometre is the same for six gasoline brands and Hy: road
attribute has no effect on mean kilometre per litre for the gasoline
brands.

Test statistic: The envisaged research design of the experiment s
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 = 6 levels and

road has three attributes, then p = 3 levels, then the critical value
of the Chi-square is zi‘k_, =11.07 for testing the gasoline brand

type effect (Hy;) and ,1’5‘971 =5.99 for testing the road effect
(HDZ)-

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 s

35+31+33
5 =33. Results of computations for the Friedman

nonparametric test are summarized in the table below {treatment

ranks are curly bracketed as (*), while blocking ranks are
embraced by []}
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Road R :2.)

Gas 1-3 4-5 6—-8
A 33 (3)[2] | 37 (4.5) [3] | 32.7 (2.5) [1] 10
B 31(2)[1]1 ] 33.5 (2) [2] 34.3 (4) [3] 8
& 35(4)[2] | 37 (4.5) [3] | 32.7 (2.5) [1] 11
D 35.3(5) [1] 39 (8) [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] 15
15 11 NA
R =31 ®

Variation of gasoline-rankings is computed by:

k 2
o (2
R? ~%—=775—661.5 =113.5

ST:Z i

i=1
Variation of road-rankings is computed by:

o 57

Sp=YR ———p—:446—432=14
1

S

i

The computed values of the Chi-square for Hoy and Ho, are

125~ 12x1135

- =10.81,
pk(k+1)  3x6(6+1)

respectively equal to: ;gf_:

which is smaller than the theoretical value of y g s =11.07; and

. 128, 12x14

5 = o(p+1) 6x3(3+1)

o = 2.33, again it is smaller than the

theoretical value of y g5, =5.99.

Conclusion: Results indicate that both the null hypotheses, Hg;,

and Ho,, are accepted, implying that the mean kilometre per litre is
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independe 2 ] ‘
cpendent 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
rands
nds A, B, C and D are extracted by a technology that is different from the

one us
ed to extract brands E and F. How will this piece of new information
affect the analysis and results?

Exercise 4.4.2

The %ypnfsg speeds, in words per minute, for each secretary-typewriter
;:omiznat:on, basled on a study undertaken to determine the relative typing
thpeeeacsc :):n four .dlfferent brands of electronic typewriters are summarized in

panying table. Each typewriter was assigned to each of eight

secretarie i
s, the order of assignment conducted in a random manner

Typewriter "
— cre
Brz nd 71 > 2 7 agy . -
8
B 7491 ?8 L 51821771 78 | 78
C 82 86 73 |70 |76 .78 | ‘72 74
D 7o 5 o2 | 79 181 |80 80 | 84

(a) Do the d i ici
ata provide sufficient evidence to indicate that the mean

typin
YPing speed for the secretaries varies from brand to brand of

( ; .
ypewriters? Test by using 5% level of significance.

(b) Suppose it
p it is later revealed that the secretaries are graduates from

four diffe
rent VETA Colleges such that: 1-2 are from College |

secretaries 3-
4 from College 11, secretaries 5-6 from College IIl, and

secretaries 7-
7-8 from College IV. How would this additional
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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 Dby

demonstrating the sequence of commands from the menu that generates the
output.

451 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 Std D) Minim Maxim
EGHTA 9 70.0000 8.61684 61.00 90.00)
EIGHTB 9 70.4444 8.88976 65.00) 93.00

Ranks

[ Nl Mean rank 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
¢ 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 D Minim i
M
EIGHTGAIN 13 12.7692] 274329 8.00 1?')“0”8
13 1.54 519 1 2

Ranks
EIGHTGAIN Sum of Fi%ngg
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.)] .534 7

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

45.3 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 D Minim Maxim

SCORES 12 80.00 10.251 61 94

TEACHMETHQOD 12 2.08 793 1 3
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Ranks
TEACHMETHOD N Mean Rank
SCORES 1 3 AL
2 5 5.40
3 4 4.75|
Total 12
Test Statistics *°
SCORES
Chi-Square 5.433
Df 2
Asymptotic Significant .066
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 TYPE N Mean-Rank|
MILEAGE 1 8 23.31
- 2 8 19.31
3 8 26.63
oo 4 8 32.88
5 8 11.13
6 8 33.75
Total 48
Test Statistics > °
MILEAGE
15.087
- 5
symptotic Significant 010

a Kruskal-Wallis Test
b Grouping Variable: GASOLINE TYPE
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To produce the above output, choose the foliowing 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; Hm: 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.

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 wheat yield problem

Ranks
Mean Rank

WHEATA 4.00
VHEATB 1.83
WHEATC 1.50
WHEATD 2.67
Test Statistics ®

N 3
Chi-Square 6.931
f 3
Asymp. Sig. 074

a Friedman Test
Ranks
Mean Rank

FERTILIZERX 2.50
FERTILIZERY 2.50
FERTILIZERZ 1.00
Test Statistics ®

N 4
Chi-Square 6.857
af 2
Asymp. Sig. .032

a Friedman Test

The mileage-gasoline-road problem

Ranks
Mean Rank

GASOLINEA13 3.33
GASOLINEB13 2.67
GASOLINEC13 3.67
GASOLINED13 5.33
GASOLINEE13 1.00
GASOLINEF13 5.00
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Test Statistics

i 3
Chi-Square 11.019
f 5

a Friedman Test

[Bgnks
} Mean R
AUTO13 L 3'1”‘67
IAUTO45 > 50
IAUTO68 783
Test Statistics ®
N
Chi-Square | :
: 2.333
af ]
symp. Sig. 311

a Friedman Test

Wi

Analyze
Nonparametric
K-Related Samples
Test Variable L jst: (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 7, = 10 residents from low-income
area and n, =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.

Low-income 85[95[90|75180[85]|100]50|65]75
High-income 40(35(55[65|7.0[60| 20|50 /|45]|55
3.0]/65]90]50

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
emplioyee 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 j
5.0% increase | 10.0% increase
Salary 35 49

Improved medical

lan 14 20

Fully paid retirement pian 22 i

Increase in life insurance benefits 8 -
Full cover of social securit 17 >
Increased annual leave period 2 1;

Paid disabilit

2 | A

Is there a sufficient evidence to indicate a difference in the employee’s

com ! i
pensation preferences when total amount of compensation is increased
from 5% to 10%7?

Question 4.3

Organizati i i '
g IZEitIO'nS are increasingly placing greater demands on their employees
to be adaptive to a changing work environ

: ment. According to many students
of organizational behaviour y :

these demands may be contributing to

increased incj
dence of employee stress reactions. To measure the effects of

stress in tw i :
0 different settings, an analyst asked several employees from

private firms an
d several others from public service to indicate, on a seven-

point Likert g A
cale, the degree to which organizational factors have caused

. 5 tEn) he
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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 reacticns 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
attribute is measure of acceptability for which the associated Likert scale appears as follows:
Opinion: complerely unacceptable acceptable completely acceptable

] ] 1 1 1 U i



Insurance plan Employee

1 2 3 4 5 6
Plan | 6.0]155]70|75]95]90
Plan li 40,;30/90|85]|80]7.0
Insurance Plan Employee

7 8 9 10 | 11 | 12
Plan | 858090 |55]35[95
Plan |l 6.0/80|65|70]45]|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 | 51 [ 6.1 (55| 7.0 | 6.0 | 6.6 | 4.9 | 45
50]6.5][33
Managers 30|24 |35|43[54[28|54 38|70

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
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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 accempanying table, with a response of 1
implying strong disagreement and 6 implying strong agreement.

Worker-owners | 45 3.0 )32 |37)24|18|40
Managers 501401465544

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 brang
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, &
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

w
EN
S

6
314

—_

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 experimen
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

evi indi i ;
iden.ce to mdlcatg a difference in the average variable cost per km of
operation for the three makes of trucks?
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Make A | 254 | 279 | 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
1,600,000 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
result of several major studies conducted by GEMA during the past five
years. Separate legislation developed by other Government agencie
provides even stiffer limits for the TEL content of gasoline. s
For yeafrs, refiners had used TEL as an addition to gasoline as a cheap
and convenient way to improve the octane rating of gasoline, thus reducin
thé potential for harm to motor vehicle engines. In the abs;:nce of TEL:
‘reﬂnery must reprocess some of the low-octane components of gasoline t
increase their octane ratings. This can be accomplished either by breaki ;
:;acr;the hydrocarbon chains, through processes known in the tr:de as ::r;gt
. ;;gp:};’czisd;c;—zr:“c:ng or iby rearranging the bonding in the chains,
oty et o o e rr-jrformrng or alkylation. All four processes are very
e provide rr-lore variability in results than simple addition
. ;?rove the octane ratings of a blend.
o C:::ﬂt:;dzfl Itrnpact of federal regulations on TEL and the more
mefinery i oo ::her Government agencies, officials at Richmond
e s prolgramme to determine the most efficient means
W requirements. Experiments were undertaken using

each of the four k
nown methods of increasing octane ratings without

exceeding ma 5
g ndated limits on the use of TEL. In their study, gasoline from

ichmond i I h
R Ill’. nd refir ery was reprocessed in a way such that tt e costs were
equalized by usir rimen r r r
q Y using each experimental procedure he data in the tabl
& he table show

the octane ratin .
s
gs 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 Reformin 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
7 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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S

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.

5.1 The Runs Test

A run 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 a run 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 n, successes and n,

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 Hy: 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:

2n.n . 2nn(2nn —-n-—n)
R sl ed 1 dVR — ot — 1522 1502 1 2
E( ) e ( ) - (nl+n2)2(n,+nz—l)

T,

R-E(R)

Og

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 n, is found in Table 9 appended, which is
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limited to samples withn, n, <10. For instance, given that
n, =8, n, =10, and a =0.05 then the critical value of R such that

Prob(R<R,)<a 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:
HHHHHDDDHHHHHHHHHDDHHDDDDDHHHH .

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 Hq: 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) = ﬂ +1 and V(R) = cr; e 2nn, (2”1"2 -n - "z)
R ("1 +n, )2 (”i +n - 1)

Hence, given large samples, the statistic Z = R;_—E-@ 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 Probd(R<R,)<a. In
that case the null hypothesis is accepted iff R, > K,,. 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 HHHHH | DDD | HHHHHHHHH | DD | HH | DDDDD | HHHH

Count 1 2 3 4 5] 6 7

Given that n, =20, n, =10 then: E(R)=14.33, 0, =2.38, and
consequently Z =-3.08.
(6) Conclusion: The null hypothesis (H,) 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:

28 20, 17, 22, 25 71, 75. 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) The nuil 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.

2 e §

(2)  Test-statistic is based on run R — the number of changes of pulse
rat i

e from below to above median. If Hy is true and given a large

R-E(R)

Op

sample, th isti =
p e statistic Z = has a standard normal

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

(4) Decisi el
on rule: Given that z has a standard normal distribution, a

decision rule j . ; ;
rule Is to: Reject Hj if ]Zc]<1.96. Alternatively, since

nl = 7 g iy = 6 H H
2 and  considering the probability distribution of R in

Table 9
©9: Prob(R <4)=0.043 (which is less than & = 0.05). Thus
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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 d 2 3 4 5 6 7 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
IZC| <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

ltem i i i
s emerging from a continuous production process were classified as

defective (D) or non-defective (N) A sequence of items observed over

time was as follows:

DNNNNNDDNNNNNNDDDNNN NNDNNNDDNNNDD

Do these data suggest lack of process control in the production system?

Solution 5.1.3

(1)

(2)

(3)
(4)

(5)

The null hypothesis Hy: the sequence of items observed over
time is random and the alternative hypothesis is H,: the
sequence is non-random. ]
Test-statistic is based on run R - the number of changes of
defective/non-defective items. If Ho is true and given a large
R-E(R)
Or

sample, the statistic Z = has a standard normal

distributi Gy ;
istribution, which is the situation in the present case, since
n =11, n, =22. |
Level of significance is e = 0.05
Decisio 1 Gi '
. n rule: Given that Z has a standard normal distribution, a
decision rule is to: Reject H, if lZ I <1.96
5 96.
Computations:
putations: The number of runs in the sequence of events D
and N is R =11 counted as follows:

DN
NNNNDDNNNNNNDDDNNN NNDNNNDDNNNDD
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Run D NNNNN DD NNNNNN DDD NNNN |
Count 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:

n, =11, n, =22, E(R)=15.67, V(R)= 0?2 =6.2639 = Z, =-1.865

(6)

Z,|>1.96.

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 su

mmarizes 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 |aboured in capital market theory?



Years Month

J F M A M J
2000 555 | 555 550 550 575 | 575
2001 550 560 | 560 565 585 | 595
2002 1135 | 1250 | 1337 | 1513 | 1637 1600
2003 1575 | 1337 | 1514 | 1420 | 1630 1635
Years Month

J A S O] N D
2000 636 560 550 550 550 | 550
2001 595 | 685 765 780 | 1000 | 1063
2002 1475 | 1337 | 1425 [ 1600 1688 | 1625
2003 1600 | 1650 | 1615 | 1640 1650 | 1670

5.3 SPSS Tutorial on Randomness Test Technique
The table below is the SPSS output for randomness test for the examples

5.1.1, 5.1.2 and 5.1.3 for the variables, PINETREE, PULSERATE and

VARITEMS

Descriptive Statistics

To produce this output, enter the data on tree-pine distribution as PINETREE
(0 = Diseased, 1 = Healthy); the pulse-rates of astronauts as PULSERATE;
and data on production of items as VARITEMS (0 = Defective, 1 = Non-
defective). Choose the following sequence of commands from the menu:

Analyze '

Nonparametric tests
Runs test

Cut Point: Median for all variables, PINETREE, PULSERATE and
VARITEMS
Statistics: Descriptive

Problem Set Five

Question 5.1
The Random Walk Hypothesis in Financial Economics suggests that the

movement of certain security prices is completely random and follows no
discernable pattern over time. Listed in the table are daily closing prices over
30 consecutive weeks for a certain security listed on the Dar es Salaam
Stock Exchange (DSE). Do these data support the random walk hypothesis?

SNETREE N Mean Std D] Miniml Maxim
UL 30| .6667] 47946 .00 1.00
AR]TEN?STE 15 20.4667] 4.98378 12.00f 30.00
33 .666 47871 .00 1.00|

Runs Test

PULSERATE] VARITE

est Value® 1.0000) 21.0000; 1 OOMOS
ases < Test Value 11
ases >= Test Value : 1
otal Cases 8 =
umber of Runs 19 =
L 11
0%

e e

a Median
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Week 1 2 3 4 5 6 7 8

| Price 255| 267 | 240] 235] 270] 310 305| 280

| Week 9 10 11 12 13 14 15 16

Price 290 | 275] 300] 310] 320 315[ 305| 300
Week 17 18 19 20 21 22 27 24
_Price 295| 330 280 | 285| 260 290 300] 325
Week 25 26 27 28 29 30

| Price 280 | 285 275]| 270] 260 ] 290
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Question 5.2
A financial analyst set to investigate the effects of isolated factors that may

systematically affect stock prices and, as a result, cause market model
residuals to vary in a non-random manner. The observed market model
residuals over a twenty-day period are shown in the accompanying table. Do
the market model residuals indicate lack of randomness over time and,

hence, the presence of some isolated factor that systematically affect stock

prices?

Day 1 2 3 4 H 6 7
Residual | -.008 | -.008 | -.017 | -.006 | .013 | -.019 | -.014

Day 8 9 10 11 12 13 14
Residual | .003 | -.003 | .008 | .006 | .015| .022 | .004

Day 15 16 17 18 19 20
Residual | .010 | -.007 | .005| .002 [ -.012 | .003

Question 5.3

A quality control chart has been maintained for a certain measurable
characteristic of items taken from a conveyor belt at a certain point in a
production line. The measurements obtained today, in order of time, are:
68.2 717 683 716 704 650 63.6 64.7 653

64.2 676 686 66.8 68.9 66.8 701 69.2 721

Do these data suggest lack of stability in the production process?
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Question 5.4

It is now over fifteen years since Tanzania economy embraced the financial
and capital market operations. Following the rapid advancement of
information, communication and technology in most economic sectors,
financial experts posit that Dar es Salaam Stock Exchange (DSE) operations
are not far from being efficient in the informational sense. To underscore this
belief a researcher has conducted a study of stock prices, and the monthly
average share prices of a particular stock for the years 2004 - 2007 is
summarized in the accompanying table. To what extent do these data on
prices reflect the random walk hypothesis so much laboured in capital
market theory?

Years Month

2004 595 | 555 | 550 | 550 | 575| 575
2005 950 | 560 | 560 | 565| 585 | 595
2006 | 1135 | 1250 | 1337 | 1513 | 1637 | 1600
2007 | 1575 | 1337 | 1514 | 1420 | 1630 | 1635

Years Month

2004 636 | 560 | 550 | 550 | 550 | 550
2005 995 | 685 | 765 780 [ 1000 | 1063
2006 | 1475 | 1337 | 1425 | 1600 | 1688 | 1625
2007 | 1600 | 1650 | 1615 | 1640 | 1650 | 1670
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6

CORRELATIONAL INFERENCE METHODS

As noted in the introductory remark of this book, correlation technigues
enable one to unveil causal relationship between two sets of population
attributes, which may be reconstructed as independent on the one hand and
dependent on the other. The focus in this book is on correlation indices that
are based on nominal and/or ordinal data. Given this broad focus, this
chapter presents statistical correlation indices that are computed from
contingency tables or cross-tabulations. Contingency tables or cross-

ta i i i
bulations are most widely used techniques for summarizing and analysing
nominal and/or data in research.

g.‘l’ Measures of Correlation for Cross tabulation
ommon statistical measures of association for contingency tables are

divided into three categories. First, measures that enable to discern the
degree of correlation between two variables, X. and Y.. Second are
m :

easures that enable to ascertain the strength of a relationship between

observ i
ed group membership Y. and expected or predicted group

memb i isti
ership E(YJ Statistical measures in the first case are Chi-square-

based co 1 i
rrelations and those in the second case are referred to as

ro I ; ;
proportional reduction in error and thus PRE-based correlations. These

PRE- indi
based indices are analogous to coefficient of determination R>
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A third category of correlation measures include; the Spearman rank

correlation that is based on ordinal data, Kendall’'s tau, Goodman and

Kruskal gamma, and Sommer’s a’), - coefficients, which are computed on the

basis of ordered contingency tables.
A contingency table is a two-way cross-classification of qualitative

data. It is a table in which study observations are classified according to two
criteria of classification; vis-a-vis criterion A with rows representing its
dimensions 4,, 4,, -+, 4, and criterion B with dimensions B,, B,, ", B,

represented as columns. Dimensions on each factor may differ in kind
implying that the two factors are nominal scale-measured, thereby leading to
unordered contingency table. However, if the dimensions differ in degree
that characterizes ordinal-scaled measurement, an ordered contingency
table is obtained.
Performing statistical analysis using contingency tables or cross-
tabulations often take the following forms.
¢ Testing homogeneity of proportions while answering the research
question: Are the counts consistent with the hypothesis that true

proportion of individuals from group A, having characteristics B, is

the same from the A, group?

+ Testing independence in which a general research question posed
is: To what extent are two factors A and B correlated?

e Testing association that enable to understand the nature and extent
of a relationship being studied, while answering a general research

question: How strong is the observed relationship between factors A

and B7?

In the first two cases, Chi-square statistic is used to test both

homogeneity of proportions and independence of two factors, and hence the
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use of chi-square-based statistical indices. PRE-based statistical indices are
used to test degree of association and/or relationship between two study
factors, while symmetric measures of correlation, which are; tau, gamma
and sommer's d, determine the degree of monotonic relationships betweer;

two contingency tabie factors.

6.2 Chi-square-based Indices of Associations
Data presented in contingency tables enable researchers to perform

descriptive analysis. Apart from performing descriptive analysis, researchers
oftfen perform quantitative analysis using contingency or cross-tabulations
This is done by computing correlation coefficients that seek to ascertain thel
extent to which factors/variables, with ordered or unordered categories, are
associated or correlated. '

I : , ;
applied work, Chi-square is commonly used to test homogeneity of

; ; :
proportions or independence between two factors. High values of ZZ are

associate'd with statistical significance, and this implies rejecting the null
:Zpoth‘esus of homogeneity of proportions or independence and thus
’ ::5;1:?Oint :Iternatlve hypo?hpjsis. Rejecting the independence proposition

e dependence is indeed accepting that the two factors under

considerati ot
eration are statistically correlated. It is in this respect that Zl &

meas i i
ure of correlation, independence, and goodness-of-fit

The fo ; .
undation of Chi-square-based measures of association is

distributio i o
n theory in statistics, which states that sampling distribution of

second moment ;
sample estimators, is g Chi-square. Since correlation in

squared-form, j ' ; .
» Just like variance, is g second moment property of estimators

Chi-square is y
g I
ed to ascertain its statistical significance. Given a

contingenc ;
HEER, 1US willy i following  characteristics: 0. = observed
ij
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frequencies, R, =row totals, CJ. =column totals and ¢; = expected

frequencies such that: e, =%L then the computed Chi-square value is:

SR wh § (oa‘i_eaj)z
A I
i €ij

6.2.1 Testing Homogeneity or Equality of Proportions

The Pearson -,1'2 statistic is used to ascertain homogeneity or equality of

proportions in a 2x 2 contingency table. The basic question posed is: Are
observed frequencies or counts consistent with the hypothesis that
proportion of individuals from group A, having characteristic-property B, is
the same for those from A, group? Thus, if P, probability of individual from
A, having characteristic-property B,, and P, is probability of individual from
to tested s

A, having property B,, then the null hypothesis

Ho :P, =P, =P. If independent samples from A, and 4, are available,

0 o) 0, +0 )
such that P,=—*, P, == and P =2 "2l. then the appropriate
n, n, n, +n,

normal approximation to test Hois: Z = e = N(0,1).
-]

n

The alternative to the above homogeneity or equality of proportions

(0, -¢,)
0; —€;

2.2
\est-statistic is the Pearson z®, computed as . =Y. 7. ,
- . e..
! ] ;

Y

Equality of proportions using ‘Chi-square measures the relative risk for a
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prospective research design. However, for a retrospective research design
adds ratio approach is used.

Testing equality of proportions also emerges when before-after
research designs are used. The purpose of such designs is to test the exten
to which there are changes in proportions for a variable considered before

and another considered after treatment applications fora 2x2 contingency
table as follows.

[ Variable 2
Variable 1 | BE | 0 Tl
%n * O12 0 0y,
— o ' 0y, O ¥
Total By Hithyy ‘ (O N

The proportion of YES on the first variable s PSl :Mand the

corresponding proportion on the second variable is Hiy, = ko ke | The
.

null hypothesis being tested is i, :PS, = PS, against the alternative

h ' :
ypothesis H , : PS, # PS5, . If the null hypothesis is true, there is no

change in proportions, the test s accomplished by Z- test (with

- O +03 +0,, +0
PZHL‘—IL_L‘A)EISJCDHOWS:Z: PS]—P.5’2
N+ N .
‘F;z (l_Piz)#‘f”“i,\T
Example 6.2.1

To take
an example, a study was conducted to determine the extent to which

oliti i iti
political awareness of ordinary citizens has changed after implementing &

political awareness programme aired by

the Nati .
Corporation ( ational Broadcasting

NBC). A question posed to respondents, befg
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re and after

implementing the awareness programme, was “Is political pluralism better
for our economic development?” The accompanying table gives a
summary of the “YES — NO " responses of 1600 randomly selected people
across a multitude of the population. Do these data present sufficient

evidence to indicate a changed perception towards political pluralism?

After political

awareness Total
Before political Yes No
SEEISHEES Yes | 350 | 150 | 500
No 630 | 470 | 1100
Total 980 | 620 | 1600
Solution 6.2.1

The proportion of YES on the before-political-awareness and the
corresponding proportion of the same on the after-political-awareness are

respectively equal to:

= (.6125.

i 980
o Oy 0 I o iy s B,

PS
‘ N 1600 N 1600

The null hypothesis being tested is H, : PS, = PS, against the aiternative

hypothesis of the form H _ : PS, # PS,. Given that the overall proportion is

P§, = L e il = (0.4625, the test-statistic applicable is:
i 1600+ 1600
3 0.6125-0.3125 0.3000

" J04625(1-0.4625)(; + &) ¥0.0003107

This result indicates that the null hypothesis, H, : PS, = PS§, is

rejected and this implies that there is a change in proportions in awareness
before and after a political awareness programme. This means that the

political awareness programme did influence the understanding and ultimate
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awareness of ordinary citizens regarding political pluralism reported in the

study,
Based on Chi-square test of equal proportions, leads to the following:

2% (Oii _‘g’r;r')2
z. = Zze—— = 23.46, which is larger than Z_gs‘, = 7.88. This
I .

if
result supports that alternative proposition that there is a change in
perception regarding politics and development after the awareness

programme,

6.2.2 Testing Independence between Two Factors
In addition to testing equality of proportions, Pearson zz also tests the

extent to which two factors displayed in a rxc¢ contingency table are
statistically independent or not. The concept of statistical independence
means that probability of realizing one factor does not affect the probability

of realizing another factor. In the language of probability theory, 4 and B
are independent if Prob(A,B)=Prob(A)Prob(B). The computed Chi-

square under the hypothesis that two given variables or factors are

independent is: zf = iiM
i €;

The Chi-square-based correlation coefficients are considered

appropriate than the usual #’for comparing tables with varying sample

si i i g

zes and dimensions. Since causal association is not implied, the Chi-
s .

quare based correlations are referred to as symmetric measures of

correlations. ;
s. The most common chi-square-based correlation coefficients
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are: phi (#), Tschuprows (T), Cramer’s {v), contingent coefficient ().

correlation of attributes (r), and Yule's (Q) coefficient.

2
r [ Or" i e”
Given that y* = ZZ(——J—L) the chi-square based correlation
el e.
£ if

coefficients are computed as follows:

+  The phi coefficient' ¢ = .
N
ZZ
° Contingent coefficient ¢ = /_z_"
V y +N
. Correlation of attributes coefficient™ » = £
N(r - l)
® Cramer's = - 4 = g ¢
Nmin(r—1,¢ -1) mm(f‘—i,c—l)
X o ¢’

o  Tschprows coefficient T = N\/(T— De-1) - Jo - 1)(c-1)

U 0T

° vule's Q coefficient” O = =

0,09 + 0,05 °
The above, chi-square based, correlation coefficients are interpreted

as estimated probabilities of getting observed frequencies, under the null

3 Eora 2x 2 table, this coefficient is equal to
0,05 — 079

'\/(011 0y, )(021 T 0 Xon +0, Xolz + Ozz)
“ This is applicable fora ¥ X r contingency table.
' This is a special case of Goodman and Kruskal gamma coefficient (}/ = c_:g)

that is associated witha 7 X ¢ contingency table for ordinal data
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hypothesis that there are no differences in population proportions. In this
respect, Chi-square based correlations have probabilistic interpretations.
However, the exact probability of obtaining the observed frequencies under
the null hypothesis is given by Fisher’s Exact Test. For instance, the
probability of getting exactly @ and b frequencies in the two cells of the top

row is given by:

P(a,b) = (2+CJ(Z+dJ _(a+b)(c+d) (a+c) (b+a)
i bj Nlalblcld!

Example 6.2.1
Medical science experts have, for a long time, associated cancer with
smoking behaviour. In a health survey study, a researcher has recorded. in a
contingency table, the following data on cancer-infected status and smoking
behaviour of adult population in a given district (N=1360). Use non-

parametric measures of association to determlne the relationship between
cancer and smoking behaviour.

Smokin Non-smoki
Infected cancer 410 kégg
No- cancer 450 270
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Solution 6.2.1
The following table summarizes the data, in a contingency table, required for

computing measures of associations (numbers in brackets are expected

frequencies —e#.).

0. (e».) Smoking | Non-smoking | Total
ij i

Infected cancer | 410 (405) 230 (235) | 640

No- cancer 450 (455) 270 (265) | 720

Total 860 500 | 1360

2
Given N =1360 and 7’ ZZ( ) =.317, then the Chi-

square based correlation coefficients are:

1 2 317
i =0.01527
s \/N \/1

. _ S 0015267
7 +N 17+1360

5D
I I 317 00152654
N(-1) V1360(2-1)

2
« = 24 = =217 00152654
Nmin(r-1,c-1) V1360x1

2
_ £ - = 0.000233

NS -De-1)  1360x /1))

0= 0,05 — 0,0, _ 410x270-450x230 _
T 0,0, +0,0, 410x270+450x230

0.0336
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The results of the above measures of association indicate that there is
insignificant substantive correlation between cancer and smoking behavioyr
-in the studied population. In probability terms, these results imply that there
rs- a small chance or probability that smoking and cancer can occur joint]
Differently put, the probability that smoking does lead to cancer is very sm I
It is unlikely that cancerous patients are necessarily smokers. .
Ho.wever, evaluating the exact probability of obtaining the observed
frequencies under the null hypothesis using Fisher's Exact Test

arithmetic intricacies, particularly with large observed frequencies

has

Exercise 6.2.1

The f-ollowing tabie summarizes data on subjects who were not usi

::sect:cides Treated Nets (ITN) and therefore exposed to malaria attack al:j

un«;seer ::: ’:;s;;da :;tloa:n:f thl.JS not exposed to the deadly tropical disc;ase,

e j n ermltt.ent Preventive Treatment of Malaria in Infants

- i ro;ec't.. These subjects, chosen from high malaria transmission

dise.a sv:t:t?f tc:i:assn‘.led as being diseased if they contracted malaria or not
ey did not contract the disease over the project period.

v
Di n

Exposed (No ITN use) 'seaggg Not diseased | Total

Not Exposed (ITN use) 98 S55 o1

S u . l T H T Z

1 l
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Exercise 6.2.2
A business firm wishes to determine whether quality of its product is the
same at all the five of its production units. The results of 100 items from each

line that were tested for quality are shown in the accompanying table.

Production unit
Quality 1 2 3 4 5
Satisfactory 80| 93] 89| 92| 81
Below-quality | 20 71 11 8| 19
Totals 100 | 100 | 100 | 100 | 100

Test the claim that the proportions of satisfactory quality items produced by

each of the five production units are equal.

6.3 PRE-based measures of associations
As noted above, PRE-based measures of association enable to ascertain

the strength of a relationship between observed group-membership Y; and

expected or predicted group membership E (K ) It is about improvement of a

model in predicting a given factor, considered as dependent, upon
knowledge of the other, considered as independent. If improvement is
possible, there is a proportional reduction in error. Thus, PRE-based
correlation indices enable to determine a gain in predicting one categorical
table factor when value of another factor is known or made to be known
relative to when it is unknown. In that respect, PRE-based coefficients are
directional measures of correlation as they indicate direction of one factor
upon knowing another.

PRE-based correlation coefficients measure degree of accuracy of
prediction in predictive, classificatory or selective models. In prediction
models cases may be homogeneous; and an attempt is made to predict or
classify cases on the basis of knowledge of some criterion factor. For

instance, predicting political orientation with a stated proportional reduction
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in error on the basis of knowledge of ethnicity. Given a population of
homogeneous cases, identical treatment is permissible in predictive
research designs. Probability models such as probit, normit and logistic
regression models are the typical predictive research models.

In classification models cases are truly heterogeneous so that a
model has to classify as many cases into each category as are actually
observed. Put differently, the number of cases observed to be in each
category should be the same as the number of cases predicted to be in each
category. Identical treatment is not a viable option in classification research
designs. Typical classificatory models in social science research include
discriminant analysis models.

Cases in selection models are “accepted” or “rejected” for inclusion in
a group based both on whether they satisfy some criterion for success in the
group and on the minimum required, maximum allowable, or specified
number of cases that may (or must) be included in the group. Factor,
cluster and multi-dimensional scaling analysis models are the typical
selective research models in social sciences.

Th . g ) ;
ere I1s a link between the conventional R’ and PRE-based

correlation coeffici i it 2 |4 )
lents. By definition, R? is explained variation, which

measures the proportion or percentage by which use of regression equation

reduces the error of prediction relative to predicting using mean (}’) As

-
such, R is a PRE-based statistic and on account of this, PRE-based

The common PRE-based measures of associati
Kruskal lambda-p (lp)

on are Goodman and

for prediction models, Goodman and Kruskal tau

(rp) for classification models, and Kendall’s phi-coefficient (¢ ) for
P
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selection models™®. A proportional change in error indicator is computed
using the following expression:
Errors without model — Errors with model

Errors without model

Predictiveefficiency =

The errors with model are simply the cases for which predicted value
of the dependent variable is incorrect when a model is used. The number of
such errors is analogous to the error sum of squares due to treatment in
regression analysis. Furthermore, the errors without model are the cases
misclassified when no model is used, and the number of these errors is
analogous to total sum of squares. The number of errors without model will
differ depending on whether prediction, classification, or selection model is
used.

Improved prediction of a dependent variable based on a model implies
that there is proportional reduction in error or PRE. If the model does
worse in predicting value of the dependent variable, the predictive efficiency
is negative, in which case, there is a proportional increase in error. Thus,
PRE-based correlation coefficients are interpreted as the proportion of
expected errors reduced by a predictive, classificatory or selective model.
Put differently, PRE-based correlation coefficients indicate the proportion by
which a model improves prediction. Both cases imply that there is a
correlation between the two contingency table factors under consideration.

In literal terms, predictive efficiency of a model is about reducing the
number of expected errors when using a model. A predictive efficiency of
zero indicates that the model enables to reduce all the expected errors and

this imply that all cases are correctly predicted, classified or selected.

® Other PRE-based statistical indices of predictive efficiency are Light-Margolin measure, Cross-product

ratio (9) , and kappa (K)and eta (?7) coefficients. The first three are presented in the next section.
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Ordinarily, a PRE-based coefﬁcient of 0.50 imply that the model reduces the
number of expected errors to half, while a coefficient of 0.75 means that
number of errors are reduced to one-fourth of the expected
Correspondingly, a coefficient equal to unity indicates that no errors are
reduced by having knowledge of the factor or by using a model and in that

case the model is useless.

PRE-based coefficients are analogous to R? as a measure of
substantive significance. As a rule of thumb, substantive significance is

associated with R* being at least 0.30, while p < 0.0001 indicates that the
coefficient of determination is statistically significant. For a statistical

significance of the pseudo Rz, an analogue to [ statistic is the normal
approximation to binomial test, which is computed as:

P -
d — ( e pe)
P(-~A
N
Where: £ = errors witl;;)ut mod e/ — errors with model
‘ N

The d-statistic tests the proportion of cases that are correctly or
incorrectly classified by the model. It indicates whether the proportion
incorrectly predicted with model (which is by assumption, dependent on the
model, and thus variable) differs significantly from the proportion incorrectly
predicted without the model (which is dependent only on the marginal
distributions, not on a model, and thus assumed fixed). A final word on the
relationship between goodness-of-fit and predictive efficiency indices is that
the latter provide quantitative estimate of how well the cases are classified
by the model. Fhey indicate the extent to which an independent variable
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allows to classify cases into categories of a dependent variable with a high
degree of accuracy.

Researchers, however, are more often interested in good-ness-of-fit of

a model ( x> or RZ) than in accuracy of prediction, classification or
selection of a model as indicated by A4,,7,,0r ¢,. This interest by

researchers is no accident especially for theory-testing in which goodness-
of-fit is more important than accuracy of prediction, classification, or
selection. Certainly accuracy and therefore, predictive, classificatory, or
selective efficiency of a model is very pertinent in theory-building, which
mainly uses qualitative research data.

Thus, the basic and fundamental research questions in predictive,
classificatory or selective design models are: Does it pay to have a
predictive, classificatory or selection model when predicting a variable on the
basis of knowledge of a given variable considered as independent? What is
the proportional reduction in error when a model (predictive, classificatory or
selection factor) is used to predict a dependent factor? How much does a
predictive, classificatory, or selective model improve prediction of the
dependent factor based on knowledge of an independent factor?

6.3.1 Goodman and Kruskal lambda index for prediction models
This statistical index is used to test the degree of association between two
factors in @ ¥ x ¢ contingency table. The number of errors without model is

computed on the basis of the mode of dependent variable or factor as the

predicted value for all cases. A value of ip =1 indicates that all cases are

correctly classified; and positive values have the same interpretation of R
meaning the percentage of cases correctly classified. The mode of

independent factor (MODIV) is defined as the sum of modal-row
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frequency, and the mode of the dependent factor (MODDV) is the modal
column-total or max (column-total). Thus, the lambda-p coefficient is
computed as follows:

_ MODIV - MODDV
? " Total frequency — MODDV

To ascertain the statistical significance of the lambda-p coefficient, the

following computations are considered. First, to compute the variance of

lambda-p, crz( L ) and second is to determine the (1—0:)% confidence

interval, which is 4, + Z,_ %cr(?tp ) The variance of the lambda-p is:

g (,1

): (N = MODIV )(MODIV + MODDY — 2 x max (DVColFrg))
(N —~MODDVY

P

Given that: N = fotal frequency; 0, = frequency; R, = rowtotal ;

C; =columntotal ; o, = max(o;) Vi and 0, = max(o;) V,, then the

general computational procedure of the Goodman and Kruskal lambda is

given by the following expression:

)

. A

N — max(Cj )

g o i

i=1

(N - max(Cj ))?
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The following example from marketing field illustrates the use of
Goodman and Kruskal lambda index. A market survey study is investigating
the extent to which there is a relationship between age of a buyer and choice
of option package of a new product. Below is a summary of the observed

number of respondents (oy) from the survey.

Option package |
Age A B C Total
Under 30 200 | 180 | 325 | 705
30 orabove | 2565 | 320 | 230 | 805
Total 455 | 500 | 555 | 1510

The problem at hand is about testing a null hypothesis: Ho:lp =0;

against the alternative, Ha : /?.p > (). Based on the above data, the following

computations are in order (& = 0.05)"

;0"" -max(C)) 3254320-555 90
. 4 = = -
» N-max(C,) 1510-555 955

m](Zo,m+max(C) 20,.,”J
(v -max(c, ))*

_[1s10- (325 +320)][(325 + 320) + 555 — 2x 325]
(1510-555)’

: o'l(/lp)_

=0.000546

7 Note that mode of the dependent variable/factor (choice of option package in this case), is
max(C, )= max(455, 500, 555) = 555
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= The 95% confidence interval for the Goodman and Kruskal lambda

s 2,7, ,0(2,)=>0.09421.96 x /0.000546 .

= The 95% i [ [
e 95% confidence interval for A, is (0.0482, 0.1398), which

does not include the zero value specified in the null hypothesis, and

on account of this result, the null hypothesis is rejected.

* Conclusion: The result indicates that the proportional reduction in

error in predicting choice of package option based on knowledge of

age is 9.4%. This result provides sufficient statistical evidence that

there is a correlation between age and choice of package reported in

this study. However,

option package from knowledge of buyer-age s

(2, =0.094 < 0.30)

insignificant.

the proportion reduction in error in predicting
small

and thus considered substantively

Not '
ote that the alternative test of statistical significance of 1 s
r

ascertained by computing a o

R*, as follows: P =

d :_L—pc

— Sstatistic , which is analogous to F-test for

645 __ 5 ik
sig =043 = 22 =038 and hence

iiay ~ 092 Thus, although, the value of 4 =0.094 is
l] & ]

N
substantively insignificant it

probability value of p < 0.05 .

is however statistically significant with 2
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6.3.2 The Goodman and Kruskal tau index for classification models
As a PRE-based index Goodman and Kruskal tau (Tp) index enables to
evaluate the extent to which it is possible to predict one factor upon

knowledge of the other. The index has a probabilistic interpretation and the

basis of prediction is number of errors without model versus number of

errors with model.
In literal terms, tau-p is about determining the number of errors

reduced when using a classificatory model to make prediction. A value of
zero for tau-p (rp =O) indicates that the model helps to reduce all the
expected errors and this implies that all cases are correctly classified.

Ordinarily, 7, = 0.50 implies that the model cuts the number of errors to

half, while 7, = 0.75 means that number of errors are reduced to one-

fourth of the expected. Correspondingly, 7, =1.00 indicate that no errors

are reduced and in that case the model is useless. As noted above, the

Goodman and Kruskal tau index is computed as:
Errors without model — Errors with model
T =
g Errors without model

In applied work, if R; = rowtotal representing the number of cases

observed in category i of the independent factor, ;= columntotal for

the dependent factor and o0, is the frequency of cell Cg.f-, then:

c N - Cf.
« The number of errors without model is & = ch T

J=

A R, —o;
«  The number of errors with model is 0 = Zzoﬁ [~—R-—’J .

i=1 i=l i
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Hence, Kendall’s tau-p is computed as follows:

B[54

=l j=I ,-
- T
Se[52)

To take an example, suppose that it is desired to evaluate the extent to
which knowledge of religion (independent factor - row) allows to predict

%

political orientation (dependent factor - column), based on data summarized
in the table below.

Political orientation
O 04-,-. | Conservatism | Liberal Cosmopolitan | Total
Chns_tlanity 300 600 300 | 1200
Judaism 600 100 100 | 800
Total 900 700 400 | 2000

The number of errors without model and the number of errors with
model are respectively equal to 1270 and 1075 computed as follows:

c N-C.
&= G, | sempa™
$e (5]

o[ 2000 =900 2000 - 700
. 900( e JJ, 700[_____ +400[2000-400Y_ .
2000 2000
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£t

i=l j=I1

D 1200—300}(600 1200 - 300
1200 1200

+600(800—600J+100[800—100)+100 800-—100)21075
800 800 800

(1200 - 600) D

£-06 1270-1075
£ 1270

result indicates that we have saved ourselves 195 errors out of the expected

The Goodman and Kruskal tau is T,= =0.154. This

1270, and thus we have reduced our errors by 15.4%. The proportion of
cases that are correctly classified by the model has increased by 15.4%,
indicating that knowledge of religion helps to predict political orientation

by about 15.4%.
To ascertain statistical significance of this pseudo coefficient of

determination d — statistic is used. The computations for the statistic are

as follows: P, =11 =10.6350; p, =182 =0.5375 and hence,

e

d.= %‘%— = 9.06 and its probability value is p < 0.05.
I3 Ni e

6.3.3 The Kendall’s phi coefficient for selection models
The Kendall’'s phi coefficient'® is appmopriately applied with selection

research design models for a 2x 2 contingency table. The number of errors

without model is the sum of expected frequencies in cells C,, and Czw

"® Note the difference between ¢ as a measure of symmetric measure of correlation and ¢p asa

predictive or directional measure of correlation
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while the number of errors with model is the sum of observed frequencies in

the two cells. Thus, Kendall’s phi coefficient is equal to:

(011 "*"012)(012 +021)+ (011 +021)(021 +022)_(0 9 )
12 T 0y
¢ =
g (011 T 0, )(012 +022)+ (011 +021)(021 +022)
N N
é = i G ¥ 5
P

3 (011 +012)(012 +022)+(01| +021)(021 + 0, ]

Higher orders of contingency tables may be used in computing
Kendall’s phi coefficient provided that the definitions of the number of errors

with and without model are extended to include all off-diagonal cells. A value
of unity for ¢P indicates that all cases are correctly predicted or classified

given the specified attributes.

Example 6.3.1

A bank lending system uses discriminant model to assess its borrowers and
thus classify them as either potential defaulters or non-defaulters. The
following is a summary, in a contingency table, of performance of the bank-

lending assessment model in terms of actual versus predicted number of
non-defaulters (ND) and defaulters (D).

B | Predicted | Total
ND D

Actual | ND 5 4 9

D 71 9 16

Total 12| 13 25

Use appropriate cross-tabulation technique to evaluate the predictive
efficiency of the bank-lending assessment system.
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Solution 6.3.1
The probiem above is a classic application of PRE-based correlation

technique, in which it is desired to evaluate the strength of relationship
between observed and predicted group membership of bank loan applicants.
Specifically, it is desired to evaluate the extent to which discriminant model i

able to discriminate non-defaulters (ND) and defaulters (D). This in essence

is a selection research designed model. The essential computations for a

2% 2 contingency table are as follows:
The essential computations for computing the Kendal’s phi coefficient

(gép ) using data on the performance of bank lending model, are given below

(numbers in brackets are expected frequencies).

o. Predicted Total

! ND D
Actual | ND | 5(4.32) | 4(4.68) 9
D 7 (7.68) | 9 (8.32) 16
Total 12 13 25

Thus, the proportion in error reduction when bank lending model is used to
oredict loan repayment performance is given by:

_ Expectederrors — observederrors _ (4.68 + 7.68) - (4 + 7) _ 011
- (4.68+7.68) o

b

Expectederrors

This result indicates that the bank lending model improves prediction of loan

repayment performance by 11%.
The significance of this pseudo-coefficient of determination is

ascertained using d — statistic. Given that P, =13 =0.4944 and

=0.4400, then d, = £ P = (0.544 with a probability value of

£(-5)

1
D=5

y
p<0.05. It is thus concluded that although the bank lending modei
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improves prediction by about 11%, statistically it has limited predictive or
classification efficiency.

Howéver, based on a classificatory model, numbers of errors with and
without model are respectively equal to:

S = 5(%2)+ 7(-‘-313—;1)+ 4(i3]—;i)+ 9(%‘-9—)= 11.371 and:

3

£=9(22)+16(2:£)=11.520, so that 7, =424=0,0129,

£
The value of tau-p, being less than 0.30, is substantively insignificant. The d-
statistic is used to ascertain its statistical significance. This is done by

computing proportion of errors with and without model as follows.

— 11520 _ ) ¥
F, =138 = 0.46; P, =57 =0.458 . Therefore, the test-statistic of 7, is

o € —P. = i s "
L _—“_—'fi.(l—&) 0.02 ; whose probability value is p < 0.05 . The conclusion
N

is that the lending model is statistically inadequate in classifying default and
non-default in this particular reported case.

Exercise 6.3.1
To what extent is it possible to predict political orientation based on

knowledge of ethnicity as summarized in the table below? Use a = 0.05

0; African | Non-African
Conservative 20 30
Radical 50 70

Exercise 6.3.2

MB -
’ A graduates were cross-classified on the basis of undergraduate liberal
a . - .
$ major, humanities versus social/natural sciences, and their orientation of
the graduate Programme, quantitative versus qualitative
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Undergraduate | MBA Programme orientation
major Quantitative Qualitative
Social/natural 36 14
Humanities 12 18

Test the claim that nature of undergraduate major is independent of the

selected MBA Programme orientation (use & = 0.05).

Exercise 6.3.3
Basing on data reported in Exercise 6.2.1, use PRE-based indices of your

choice to check efficiency of Insecticides Treated Nets in the prevention of

malaria in infants in higher transmission area

Exercise 6.3.4
A large corporation was interested in determining whether there is an

association between commuting time of employees and stress-related
problems observed on the job. The study was restricted to assembly line
employees who work an 8-hour shift of mostly repetitive tasks. Below is a
summary of the survey of 120.

Commuting time

Stress-related

Observed | Not observed
Under 15 minutes 12 21
15 — 45 minutes 20 33
Over 45 minutes 24 10

Use PRE-based index of your choice to predict stress based on commuting
time.

6.4 Other PRE-based Coefficients
In addition to the three common indices of predictive efficiency, Light-

Margolin measure, cross product-ratio, and kappa index are also being used
to evaluate predictive efficiency of predictive, classificatory, or selective

designed models.
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6.4.1 The Light-Margolin measure
This PRE-based statisticai index is a pseudo R?, which determines the
extent to which variation of frequency in one factor considered as dependent
(column) is explained by the other considered as independent (row). The
computational procedure has the same structure as with linear regression
analysis. The numerator is synonymous to the sum of squares due to
regression (SSR), and the denominator resembles the total sum of squares
(SST). H

In computing the Light-Margolin measure, however, the following

definitions are adopted. SS7 = total frequency minus average of squared
column totals; SSR =sum of average of row-squared frequency; R. =row-
total; . = - ;

CJ_ column-total; and N = total frequency. The Light-Margolin

statistical index is computed with the foliowing formula:

i oSSR (Zl ZO”J%’%EC’?
e SST B
N-L%'¢?
‘f“ g

To take an
example, a summary of the observed number of respondents

;] from th
( i ) € survey of age and choice package option considered is given

below.

Total
705

230 | 805
555 | 1510

-200

s variation of the choice of package explained by the age factor? The Light-

Margolin measure is used to answer this question as follows:
Z 20 N
J=1
A 2
Y Z Cf
J=l

(200% + 1807 +325%) _ (2557 +320* +230°)

2 3
1 2 =
Z R 2.0 705 K 805

=253+274 =527

3., 4552 +500° + 555
2KV =507
v 2.5 1510

2 T—
;sda == 52 507 = 20 = 001994
1510-507 1003

The results indicate that only about 1.99% of the variation in choice of
package is explained by the age factor, a result that is hardly considered as
being substantively significant. It is thus concluded that age factor does not
determine choice of option package for the respondents reported in this
study. The significance of this pseudo coefficient of determination is
ascertained using d — statistic as follows:

L Pe _q06.

P(1-E.)
N

P =321=0.349, p, =% = 0.336; hence, d=
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The probability value, corresponding to the d — statistic, is p > 0.05. |tis

thus concluded that the knowledge of buyer-age has limited predictive
efficiency regarding choice of option package.

6.4.2 Cross-product ratio
The cross-product ratio (or ratio of odds) is a PRE-based statistical index
that is used to explore the nature and extent of a relationship between two

factorsina 2x 2 contingency table. This statistical index is appropriate for a

retrospective and/or cross-sectional study designs'®. The design starts with
an event and looks backwards for a factor of interest that is purported to
have correlation with the event. The purpose is to determine the extent to
which there is association between the factor and the event. The research
question is “Does knowledge of a factor help to predict an event?” This
design is different from the prospective study design that starts with 2
factor and follows it, in order to determine its association with g given event,
The corresponding research question in a prospective study design is “Does
knowledge of an event help to predict a factor?”

The cross-product ratio is computed as @ = 21%2 and its variance in
205,
logarithmic form is &% (¢5 0) = — 1 :

= . Given the
ZZ% 011+0|2+021+022

null hypothesis that Ho: ¢ng = 0 and @ =0.05

evidence that knowledge of an event helps in predict

there is sufficient

ing a factor if the

confidence interval t
nf+ Zl_fo(fn 0) does not cover the number zero,

19
The cross-product ratio is the ratio of odds (9 = (O—“— +2n )) i
o), o, // and the relative risk is measured by

the ratio of incidence rates of an event (rjsk g ( 9y )__( 0y, ))

o+
1+0; 03140y,
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implied in the null hypothesis. This literally means a factor can be predicted
upon knowledge of another factor called the event.

To give an example, suppose that opinions were sought, from both
rural and urban citizens, regarding introduction of a national policy strategy
on poverty reduction. A study of the type was considered appropriate given
that there is a marked difference in the incidence of poverty between urban
and rural areas. Accordingly, such difference is thought a priori to translate
itself into difference in opinions between urban and rural population
regarding poverty reduction strategies. The results of an opinion poll, in

terms of the number of respondents (oy.). are summarized in a contingency

table below.

Domicile
Attitude | Urban | Rural | Total
Favour | 672 588 1260
Oppose | 928 612 1540
Total 1600 [ 1200 | 2800

The problem at hand is about testing the extent to which attitude of citizenry
regarding incidence of poverty and its reduction strategy is correlated with
domicile. More formally, it is about answering a research question: “Who are
likely to support (oppose) poverty reduction strategy policy, urban or rural
population?” Operationally, it is about testing a null hypothesis
Ho : fn@ = 0, against the alternative hypothesis Ha : fn@ > 0 . Based on
the data above on domicile and attitude of citizenry towards poverty

reduction strategy, the following computations and conclusions are
made(cx = 0.05):
_ 0,10, 672x612

=0.7537
0,0,  588x928

e 0
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)=~ 1 :
ZZO{? Oy F0y V0 105 2800

e o’(tn0 =0.000357

o InO+7Z .o(tnf)= —0.2828+1.96x+/0.000357
1-£ /

« The 95% confidence interval for @ is (—0.3198, — 0.2458)and this

does not include the number zero specified in the null hypothesis or
Ho :&n =1,

e Conclusion: The results provide sufficient evidence that there is 2
negative correlation between domicile citizenry and attitude on the
poverty reduction strategy for the respondents reported in this study.

It is thus concluded that attitude can be predicted on the basis of
knowledge of domicile.

6.4.3 Kappa index
The kappa index (f{‘) ascertains the extent to which multiple ratters display

perfect agreement or disagreement. The research question posed is: Are
those receiving the same rating from multiple ratters differing from the
expected by chance alone? Given that; P =observed (expected)

proportions in the main diagonal cells, the computation of the index is:

= =P _ ZOH_ZEH
1-F, ZZOU __Zeii
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As noted earlier, the directional ccefficients range from 0 to 1. The
interpretations of the cocefficients differ from cne another. For instance,
values of kappa (x )} greater than 0.75 indicate that there is excellent
agreement beyond chance, and values less than 0.40 indicate insignificant
substantive agreement. Thus, as a PRE-based correlation coefficient, kappa
indicates the extent to which a model, based on several attributes acting as

ratters, is able to correctly or incorrectly ciassify cases or objects.

Examples 6.3.1
Use correlational techniques that are based on Goodman and Kruskal
lambda, cross product ratio, and kappa index to evaluate the predictive

efficiency of the bank-lending model presented in Example 6.2.1.

Solution 6.4.1
(a) Goodman and Kruskal lambda index

The computations for the Goodman and Kruskal lambda index are as

follows.

) Z,O —max(c-")z 549-13 1

= —=0.083
= N-max(C,) ~ 25-13 12

e A

L,y [25=(+9)ll(5+9)+13-2x9]
o*(%)- (25-13)
4 119

23

= 0.005635; o4, )=0.0751

s The 95% confidence interval for the Goodman and Kruskal

jambda is: 4, +Z, % a(2, )= 0.083 £1.96x+/0.0751
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(b)

e The 95% confidence interval is (—0.0642, 0.2302) which

includes zero specified by an

hypothesis H :/?.p =0.

implied  ny

Conclusion: The results indicate that bank-lending moge
reduces errors in predicting default or non-default by 8.3%. In
this respect, the bank lending model improves prediction. It is
however concluded that the proportion by which bank lending

model reduces errors in predicting defaulters or non-defaulters is
statistically insignificant.

Cross-product-ratio

The steps involved are as follows.

0= 1% _ 3%9

0,0, 7x4

=1.6071; ¢n(0)=0.4744; and

O'Z(Ené’)_

1
ZZO,, =35 =004 = o{tng)=020.

cC :
onsequently, the 95% confidence interval for the cross-product

rato is /n@+ Z]_%O'(E’n 0) = 0.4744 £1.96x/0.04 . The

numb i ;
€r zero specified in the implied null hypothesis of

H : — 1 .
0:fn@ =0, lies outside the 95% confidence interval of
(0.0824, 0.8664).

The
Yo conclusion is the bank- -lending system model is able to
riminate between non- -defaulters and the defaulters.
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Example 6.4.2
Use cross product ratio to ascertain the correlation between cancer infection

and smoking behaviour given a survey data summarized in the table below?

0; Smoking | Non-smoking | Total

Infected cancer 410 230 | 640

No- cancer 450 270 | 720

Total 860 500 | 1360
Solution 6.4.2

Cross-product is used given thatitis a 2 x 2 contingency table

. 0= 0,09 _ 410x 270
0,0, 230x860

=1.0696;  /n(f)=0.0673; and

1

2 P 1 _
= Bl SS o, 1360

e« The 95% confidence interval for the cross-product ratio in log-
form is tn@+Z,_ o(tn8)=>0.0673+1.96x~0.000735,

=0.000735 .

leading to the interval of (0.0142, 0.1204). This interval does
not include the number zero specified in an implied null

hypothesis Ho : {n@ = 0.
The conclusion is that there is a correlation between cancer

infection and smoking behaviour for the respondents in reported

in the study.

Light-Margolin measure may be used to answer the implied research
question: what proportion of cancerous disease is explained by smoking
behaviour? In this case, rows represent independent factor and columns
represent the dependent factor in the contingency table. The result of

computations for the Light-Margolin measure is:
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2

S4Sa)+3c

LG >
R 2 = A= J= ET
psdo 3

N—#Zcf

=1
410° +450%) (2307 +2707) (640° +720%)
640° + 7202
_ 860 = y

500 1360
640% + 7202

1360

1360 -

: _431+252-682 _ 1
pPsdo =
1360-682 678

=0.001475

The result indi
Icates that only about 0.15% of cancerous disease is explained

P, =—6-§3—: -
. =13 = 0502 p, =2 = 0.501 and hence, d = 1e=Pe _

R(-r)
N

and its probabili i
lity value is p >0.05. 1 is, therefore, concluded that the

Light-Margolin m

ea .
substant sure of 0.15% is considered to be insignifi
antively and statistically. IS Icant, Lost

Exercise 6.4.1

example 6.2.1; politi
4.1, politic i i
el orientation - and ethnicity described in exercise

6.3.1; under
_ graduate maj
ajor and MBA pProgramme orientation described in

exercise 6.3.2 (o = 0.05)

B 152

Exercise 6.4.2

Use Light and Margolin R? to evaluate the extent to which it is possible to

predict dependent factor upon knowledge of the independent factor using

data presented in exercises 6.3.1 to 6.3.4 above.

Exercise 6.4.3
A large consumer testing organization is interested in evaluating the

durability of different brands of batteries used in autos. Three different
brands of batteries are tested: Yuasa, GS, and Chloride-oxide batteries. In
addition to studying differences among the battery-brands, the testing
agency wished to determine whether durability of the various brands of

batteries differ for various auto models: saloon car, pick-
umber of respondents in a survey of city

up car, and a truck.

Table below reports data on the n

car-owners.
Type of auto Life of batte
Battery brand | Saloon | Pick-up Truck | Short | Long
Yuasa 180 166 140 203 258
GS 125 102 94 300 102
Chloride-oxide 150 142 120 47 165
(a) To what extent does type of auto enable a person to predict

preference of battery type?
To what extent does knowledge of battery brand enable a

(b)
person to predict life of the battery purchased?
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Exercise 6.4.4

The nutritional heath status of Tanzania's population has failed to make
great strides over the years 1995 to 2007, particularly in regard to the most
vulnerable within society — the children. The table below reports data on
child nutritional status between rural and urban areas for a survey of 250
children in primary schools in selected regions. To what extent does

knowledge of place of residence enable a person to predict heath status of
children?

Rural | Urban
Height-for-age 60 40
Weight-for-height 30 70 |

Exercise 6.4.5

The table below reports data on individuals, who were cross-classified on the

basis of sex (A), place of residence (B), and preference for domestic or
foreign cars.

Sex Residence Domestic | Forej
| Foreign
Male Urban 218 29
Rural 155 14
Female | Urban 65 16
Rural 26 7
Total 464 66
(a) To what extent does knowledge of sex enable a person to
predict residence?
(b) To what extent does knowledge of residence enable someone to

predict car preference?
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Exercise 6.4.6

Understanding the relationship between [ (percent of consumers who
express an intention to buy branded goods) and U (percent of consumers
using branded goods) pre-occupies marketers of branded goods. The central
concern is to provide an answer to the question: Do consumers’ expressed
intentions-to-buy branded goods predict future changes in their usage
behaviour? An answer to this pertinent marketing question has implication
for the kind and type of marketing strategies that a company ad.opts for
branded goods. To explore the / —U relationship, a market researcher has
collected data on users and non-users of a brand, and the survey data are
summarized in the accompanying téble.

Percent who in 2007expressed an | Users in 2007 | Non-users in 2007
intention to buy branded goods
Users in 2008 75 27
Non-users in 2008 77 15

6.5 Correlational techniques for ordinal data
So far, non-parametric techniques with ordinal data have focused on

ascertaining relative magnitude of sample observations for the purpose of
determining effects of treatments. The rank-sum techniques in chapter three
are important in this regard. The cardinal purpose of the said chapter is to
test the extent to which sample observations display attributes of a
hypothesized target population.

Ordinal data are also used for testing monotonic relationships between
two-ranked variables. A rank correlation provides a measure of the degree of
linearity or a coefficient of agreement for preference data. These correlations
are interpreted as follows: correlation equal to unity is for a perfect
agreement in ranking system; correlation of negative unity is for perfect
disagreement in the ranking system; and a correlation of zero for a
completely unrelated ranking system. The common rank correlation
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coefficients are Spearman (rs). Kendall's tau (T,,, 7, and rc)z",

Goodman and Kruskal gamma (}') and Somer’s (d y) coefficients.

6.5.1 The Spearman rank correlation
The Spearman rank correlation is calculated by using ranks as the paired

measurements on two variables, say, X and Y. Thus, if x, and y_ are

the respective ranks of X and Y observations, then the Spearman rank
correlation coefficient is:

- NY% 9, -2 85X 9
VIV - ) vy -0, )7)

When there are no ties in the X observations or the Y observations,

the above expression for r, algebraically reduces to a simpler expression

given below.

r,o=1- 6Zdi2
NiN"-li

As a test of the null hypothesis of no relationship in the population, 2

where: d, =x, -y,

standard normal statistic is computed as follows: Z = — s _— _ provided

1/vN -1

that N >10. Alternatively, a critical correlation r = r, based on sampling

distribution of Spearman rank correlation can be obtained from Table 10

20
Kendall's tau-a and tau-b are for un

data presented in an 7 X C ordered cmgrouped ordinal data and Kendall's au-c is for grouped ordinal

d tingency table. Note that Kendall's tau coefficients are for ordinal
ata whereas, Goodman and Kruskal tau coefﬁcient( T )
P
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are for nominal data,

appended, and thus accept Ho if computed value is less the critical value,

ie, r.<r.

Example 6.5.1
The wisdom from capital market theory dictates that there is a positive

relationship between investment return and risk inherent in the investment.

earnings

In business, earnings-per-share (EPS = J and its coefficient of

no. shares

EPS

O eps

variation {CV= J are respectively used to measure return and

inherent risk of corporate investment. The accompanying table reports data

on ten companies for the year 2008.

Company A B C D E
EPS 9.96 3.25 3.77 9.50 2.30
C¥. 5.82 25.30 150 | 35.20 8.00
Company F G H / J
EPS 4.80 3.58 12.65 1.08 10.25
CV s 9.90 14.70 32.40 2.50 18.90
(a) Calculate the Spearman rank correlation between earnings-per-
share and the EPS coefficient of variation.
(b) Do these data present sufficient evidence to support the capital

market theory that the higher the return the higher the risk?
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Solution 6.5.1
The intermediate computations are summarized in the table below,

Company | EPS CV,, | Ranks Difference
EPS|CV]| 4 d?
A 9.96 5.82 8 3 5 25
B 3.25 25.3 3 8 5| 25
C 3.77 1.5 5 1 4 16
D 9.50 35.2 71 10| -3 9
E 2.30 8.0 2 4 -2 4
F 4.80 9.9 6 5 1 1
G 3.58 14.7 4 6 -2 4
H 12.65 32.4 10 9 1 1
\I} 1.08 25 1 2! -1 1
10.25 18.9 9
Total £ g 93
(a) The Spearman rank correlation coefficient is:
6> d?
rs ] 1 —_— ! —) 1 — ﬂ_— o
NV 1) 10(100-1) -
b '
(b) Referring to Table 10, on Spearman rank correlation test, the

critical correlation is 7, = 0.564 and hence Ho is rejected for all

values greater that 0.564. Since in the present case, r, =0.455

the i

i N Ho is accepted, thereby supporting the capital market
ec'yr.y that investors must be compensated for assuming

additional investment risk.
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6.5.2 Other correlational techniques for ordinal data
The Kendall's tau-a, tau-b and tau-c, Goodman and Kruskal gamma, and

Somer's coefficient (z'ﬂ, Ty Tos¥s ond y) are computed on the basis of

concordant pairs®'. A pair (X , Y ) is said to be concordant (discordant) if

the rank of X exceeds (less than) the rank of Y. Thus, let:
C = Number of concordant pairs in which rank of X exceeds rank of Y

D = Number of discordant pairs in which rank of Y exceeds rank of X

T, = Number of pairs tied on X but noton Y

Ty = Number of ties on Y but not on X

m= min(r, c) for an r x ¢ ordered cross-tabulation
N = Total number of paired observations
c-D 2(c-D)
T = =
IN(N=-1) N(N-1)
;= CcC-D
’ J(C+D+TJ(C+D+T,,)
o (c-p) _2m(C-D)
AN (m-1)/m] N*(m-1)

€=l
¥ C+D
C-D C-D
or d

y=C+D+ﬂ * 4 D4T,

The Kendall's tau-a and tau-b are applicable for ungrouped ordinal

data, with tau-a being appropriate when there are no ties in the rankings of

' Somer’s d}, - coefficient is a directional correlation, while the others are symmetric measures of

correlation
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both factors. Kendall's tau-c is applicable for grouped ordinal data, i.e., for an
r x ¢ ordered cross-tabulation.

The sampling distribution of S =C —Dunder a null hypothesis
(Ho:S =0 = 7, =0) is approximately normal provided that, N >10and

there are no ties. Given these two conditions, the test-statistic for Kendall's

tau coefficient is Z =

-0
— i where o = Vi N(N =1)(2N +5). Atthougn
s

the normal approximation holds only when they are no ties, it can be safely
applied when the number of ties is relatively small.

- The procedure of computing number of concordant and discordant
pairs is as follows. First; ranks of the first factor are arranged in ascending
order and considered fixed. This is followed by arranging ranks of the
second factor alongside with their corresponding ranks of the first factor.
Then, count number of ranks that are above (below) to the right of the first-
rank-entry, second-rank-entry, and so on up to the last-rank-entry of the
second factor. The sum of such counts represents the number of
concordant (discordant) pairs.

The above computational procedure is also applicable with an
rxcc?rdered cross-tabulation or contingency table. When a contingency
table-a is unfolded into two marginal frequency distributions, the ordered
entries of the first factor represent a ranked-fixed-set and'lhose of the
second factor represent the corresponding ranked entries. Thus, the number
of concordant (discordant) pairs can be determined for the‘ purpose of
computing Kendall's tau and Goodman and Kruskal p
contingency table. Pt

Howev P :
er, a computational algorithm that is considered convenient for

an r x ¢ ordered cross-t ion i
-tabulation is in i
place. For instance, given that o, are
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frequencies in a F % ¢ contingency table, then the numbers of concordant

(C ) and discordant (D) pairs are respectively equal to:

r

c:iﬂ o,_.,.[zr: iokm) and D=§ioﬁ[z iom}

k=i+l m=j+] i=1 j=2 k=i+l m=1

i=t j=1
Note that in computing the number of concordant pairs start at the

north-west corner cell (o”) in the first column and move forward to the

right. The starting point in computing the number of discordant pairs is the

north-east corner cell (o,c) in the third column and then moving backward

to the left. The following exercise illustrates the use of the above formulas for

computing the number of concordant and/or discordant pairs for a 3x3

contingency table given below.

0; J
1 12 |3
11 .51 9}27
il2]110}113 16
3110] 8 7

r=1 ¢=1 r c
¢ =ZZ%(Z Zom} = 011(022 + 0y + 0y +033)

i=1 j=! k=i+l m=j+l
TOy (03, + 055 )+o, (02 +05; )+ 0 (033)
= 5(13+8+16+7)+10(8+ 7)+9(16+7)+13(7)
=220 +150+207 +91= 668

r-1 ¢ r o J-l
D= 0 E Zokm = 013(022 + 03, 0y +031)

+ 0y (032 b 031)+ 012(021 + 05 )"" O, (03!)
= 27(13+8+10+10)+16(8+10)+ 9(10 +10)+13(10)

=1107 + 288 +180+130 =1705
161



Example 6.5.2
Consider the ranks of the earnings per share and coefficient of variation
factors in example 6.4.1.

Solution 6.5.2
To compute Kendall’s tau coefficient, we arrange the ranks of EPS in
ascending order along side with their corresponding CV ranks as follows:

LEPSTT 23145
[CV T2[4]8]s 1!‘2 13 313{18

We compute the number of concordant pairs by considering the number of
ranks that are above (or below) to the right of 2™, 4™, 8", and soon up to 9"
rank. For instance, the number of CV-ranks that are above 2 is 8; above 4 is
6; above 8 is 2, and so on, above 9 is 0. The total number of concordant
pairs is C=8+6+2+3+5+3+0+2+1+0=30.

. We also compute the number of ranks that are below CV-ranks to the
right of 2™, 4™ 8" and so on to 9" rank. For instance, the number of CV-
ranks that are below 2 is 1; below 4 s 2, below 8 is 5; and so on, below 9

is 0. Then, D=I+2+5+3+0+1+3+O+O+O=15 is the total number

=-C=D. . 30-15
PNV -1) " Txioxg ~ 033

o
|

_C-D 30-15
C+D :30+15

'd

0.33
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The normal approximation for S = C — D under a null hypothesis that

; where o mJﬁN(N—l)(2N+5). in the

Ho:5=0is Z=
GS

present case o =11.18 and Z =1.34; indicating clearly that 7, = 0.33

is statistically insignificant at the conventional level of @ = 0.05 .

Example 6.5.3
Does security price risk vary according the size of issuing firms? To answer
this question, a researcher randomly selected 25 small, 30 medium, and 50
large manufacturing enterprises from the manufacturing industry database.
The average weekly price changes of the selected enterprises were
recorded over a period of six months. The results on the number of observed

frequencies (0,.,.) are shown in the table.

0. Size of Manufacturing Enterprises
i
Security Price Change Small Medium Large
Low-risk: < 2 points 5 9 27
Moderate-risk: 2 to 5 points 10 13 16
High-risk: > § points 10 8 7
Total 25 30 50
Solution 6.5.3

The two factors, presented in the contingency table above are ordered from

small to large along the size of manufacturing enterprises factor; and from

low to high along the price-risk factor. Kendall's tau-c and Goodman and
Kruskal gamma are used to determine the extent to which price-risk varies

with size. The intermediary computations are:
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Number of Concordant pairs (C) Number of Discordant pairs (D)
5(13+8+16+7) =5 x 44 | 220 | 27 (13+8+10+10) =27 x 41 | 1107
10 (8+7)=10x15| 150 16 (8+10) =16 x18 | 288
9 (16+7)=9x23 | 207 9 (10+10)=9x20 | 180
13(7)=13x7 91 13(10) =13 x 10| 130
Total 668 Total 1705

_2m(C-D) 2x3(668-11705) 6x(-1037) -6222
" Ni(m-1)  105*(3-1)  11025x2 22050
,-C=D _-1037

C+D 2373

T =—(.28

= ~0.437

The resuits indicate that there is a negative correlation between price
risk and size of a manufacturing enterprises reported in the study. The

normal approximation under a null hypothesis that Ho:5=0 is

T
O

0 .
, Where o = JﬁN(N —1)(2N +57. In the present case

05 =361.16 andZ =-2.87; indicating clearly that 7, =-0.282 is

statistically significant at the conventional level of & = 0.05 .

Example 6.5.4

A researcher investigated whether there is really a relationship between 2
person’s performance in a company training programme and ultimate
success in the job. The accompanying table summarizes data on
performance in training programme and" success in the job from a random

sam
ple of 400 cases taken from Company’s very extensive files of
employees who completed the programme.
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Performance in training programme
Success in the job | Below average | Average | Above average | Total
Paoor 23 61 29 | 113
Average 28 78 60 | 166
Very good 9 49 63 | 121
Total 60 188 152 | 400

Use appropriate correlational techniques for ordinal data to ascertain the
extent to which success in the job is associated with performance in training

programme.

Solution 6.5.4
Given an ordered contingency table, the appropriate correlational technique
is to compute Kendall's tau-c and Goodman and Kruskal gamma coefficients
as follows:
N =400, m=3
C = 23(78 + 60 + 49 + 63) + 28(49 + 63) + 61(60 + 63)+ 78(63) = 21303
D =29(28 +9 + 78+ 49)+ 61(28 +9)+ 78(9) + 60(9 + 49) = 11195
o= 2m(C-D) _ 2x3(21303-11195) _ 60648 _ —

N (m-1) 4002 (3-1) 320000
- 21303 -11195 _ 10108 0311

21303+11195 32498

There is a positive correlation between success in the job and
perfformance in the training programme reported in this study. The

significance of this result is checked by the normal approximation under a

In the present case

S —
null hypothesis that Ho: S =0, which is Z = =
ny

o, = T'EN(N —1)(2N +5)=2671.64 and thus Z =3.78; indicating
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clearly that 7, = 0.1895 s statistically significant at the conventional jeye

of & =0.05.

Exercise 6.5.1

Pro-rich and pro-poor political parties are vigorously marketing their policies
to the public in the wake of democratic elections to be held next year
Evaluating the extent to which public opinion is supporting a given economic
pollicy orientation is critical at this stage. A survey study is seeking public
opinion on the acceptability of the pro-rich political party policies before the
elections. The following table reports data on the number of people surveyed
from four different economic regions: very poor, poor, rich and very rich who
su.pport its economic policies. Do these data on opinion polls provide
evidence on the support of the pro-rich policies of the party?

Low support | Moderate su i
ort | High
l\;ery poor 400 pZSO . Supgggﬂ
oor
Rich 1 ggg 0 B0
' 500
Very rich 900 2050 12(5)8

Exercise 6.5.2

Is it possibl - _
know,:; e t.o predict marriage adjustment by individuals through
ge of their educational level? To answer this research question, date

on education i j
S _ . . and marriage adjustment were collected and the results are
ummarized in the following table:

Education I\Mama e adjustment
i Very low [ Low [ High | Very High | Total
18] 29] 70 115 | 232
17| 28] ap 41| 116
111 0] 11 20 52
46 | 67 ] 111 176 | 400
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Exercise 6.5.3 i
Book-reading habit is often being associated with educational level. The

contention held is that the higher the educational level, the higher the desire
for more knowledge and this desire translates into book-reading behaviour.
To examine this aspect, a random sample of adults was obtained, and each
member of the sample classified according to educational level and
according to the number of books one has read within the past year. The
results of the classification are summarized in the accompanying table. Do

these data support, at 5% level of significance, the proposition that education

is associated with book-reading habit?

Educational level
Books read | 12 years | 12 — 16 years | More than 16 years
None 330 50 20
One 50 100 50
Two 100 150 50
3 or more 20 30 50

6.6 SPSS Tutorial on Correlation Techniques

The following set of SPSS output are for problems that have been solved in
the chapter. These problems focus on the degree of association or
correlation between two categorical variables that are associated with:
political awareness programme; cancer-smoking; age-package option;
religion-political orientation; earnings per share and its variation; risk and firm
size; and job success and performance in training programme. Data on

variables considered for analysis are entered in the data editor as

summarized in the table below.
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[
= ! T Chi-Square Tests *°
| AWARE AETER G : yes; l:=no [ Value | df | Asy Sig | Exact Sig | Exact Sig
J . AFTER  (column) O=vyes; 1=no i (2-sided) | (2-sided) | (1-sided)
CANGER (row) 0= infected; 1 = not infected Eﬁi;:ﬂl cgcl)-r?:;;r: Zg'ggg : -ggg
! s (eeilimal 0 = smoking: 1 = no smoking Cielinood Rati 23.941 1 0
3 AEE ikelinoo i0 : .000
.j _ (row) 0 = under 30; 1 = 30 and above Fisher's Exact Test .000 .000
; | PACKAGE pgsceers , inear-by-Li iati
. BTG {column) 0 = option A; 1 = option B; 2= = opfion C hlﬁ;;% lér;izrsAssomatlon 231'233 ! 000
S {row) 0= conservative; 1 = liberal; 2 = cosmopolitan
RELIGION (column) 0 = Christianity; 1 = Judai a Computed only for a 2x2 table
' S b 0 cells (.0%) have expected count less than 5. The minimum expected count is 193.75.

¢ Pearson Chi-square for linear models; Likelihood ratio for log-linear models; Linear-by-linear

ACTUAL PAYMENT (row)

0 = non-default; 1 = default

PREDICTED PAYMENT (column) | O = non-default; 1 = default

o] o

';PS (row) Scale-measured
Vees (column)
| Scale-measured
E:’ 7 :r.r:K {row) 0 = low; 1 = moderats; 2 = high 6.6.2 Cancer Infection and Smoking Behaviour
j M SiZE (column) :
0= 5 = i . = ”
& [ JoB success (row) 0 small; 1 = medium; 2 = large CANCER * SMOKING Cross tabulation
= poor; 1= average; 2 = ve Count
PE ' ry good
L RFORMANCE (column) 0 = below average; 1 = e e SMOKING Total
age; 1 = average; 2 = above average Smoking Not smoking
To Br . ICANCER Infected 410 230 640
produce SPSS output, invoke the followi Not infected 450 270 720
wing commands from the menu:
Analyze ' Total 860 500 1360
Descriptive
Chi-Square Tests
Cross tabs f Valuel d] Asymp Sig | Exact Sig| Exact Sig
Test variables: CA . (2-sided) (2-sided) | (1-sided)
husting ' NCER (rOW-varlable), SMOKING (column-variable) Pearson Chi-Square .356 1 .551
tatistics: Preferred choice Continuity Correction 292 1 .589
LLikelihood Ratio 356 1 551
6.6.1 Fisher's Exact Test .573 295
6. Politi LLinear-by-Li 3561 1 551
tical awareness before-after a programme isnse;cri:tsilolr.\mear
N of Valid Cases 1360

AWARE BEFORE *
ek AWARE AFTER Cross-tabulation

e —— ——

AWARE AFTER | Total
E-m X —
-E_ 150] 500
- R — p— (| B[

620] 1600
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for quantitative variables

a2 Computed only for a 2x2 table

b 0 cells (.0%) have expected count less than 5. The minimum expected count is 235.29.
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Symmeiric Measures

I Valug|

Nomiinal by Nominal Phi .016

| Cramer's V .016
Contingency .016
Coefficient

N of Valid Cases 1360

a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.

6.6.3

{-_‘:GE * PACKAGE Cross-tabulation

nt

Age and package option choice

Option A

a Ocells (.0%)

Option B [ Option C ]

200 180 325 705
255 320 2300 805
500 55 1510)

Asymp Sig (2-sided)

.000

.000

.000
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have
expected count less than 5. The minimum expected count is 212.43,

Directional Measures

[ Value jAsy s.e| Approx | Approx
T Sig

Nominal [Lambda Symmetric 111 023 4.711 000

oy

Nominal

( IAGE Dependent 135 .031] 4.054 .000

I PACKAGE .094 023 3.8586 .000
Dependent

‘f Gagdman  JAGE Dependent .037 .010 .000

| land Kruskal

| tau
PACKAGE 019 .005 .000
Dependent

Uncertainty [Symmetric .021 005 3.784 .000
Coefficient

AGE Dependent 027 .007] 3.784 .000
PACKAGE .017 .004] 3.784 .0C0
Dependent

a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis.,

¢ Based on chi-square approximation

d Likelihood ratio chi-square probability.

6.6.4 Religion and Political Orientation
POLITICS * RELIGION Cross-tabulation
Count
* RELIGION Total
| Christianity Judaism
POLITICS Conservative 300 600 900}
| Liberal 600 100 700)
{ iCosmopolitan 300 100 400
Total 1200 800 2000
Chi-Square Tests °

Value df Asy Sig (2-sided)
Pearson Chi-Square 497.024 2 .000
Likelihood Ratio 522.290 2 .000
Linear-by-Linear Association 318.989 1 .000
N of Valid Cases 2000

3 0 cells (.0%) have expected count less than 5. The minimum expected count is 160.00.
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ab

Chi-Square Tests

Directional Measures
Value] Asy s.e| Approx T| Approx Sig Value dfi Asy Sig |Exact Sig |[Exact Sig {1-|
Nominal [Lambda Symmetric 316] .023]  12.734 .000) (2-sided) | (2-sided) | sided)
by RELIGION 273 .023]  10.260 .000 Pearson Chi-Square 322 1 571
Nominal Dependent IContinuity Correction 023 1 .881
Likelihood Ratio .322 1 570 |
POILITICS 375 .030 10.260 .000 Fisher's Exact Test .688 440
Dependent Linear-by-Linear .309 1 578
Goodman and [POLITICS .154 .012 .000 Association
Kruskal tau Dependent N of Valid Cases 25
RELIGION .249 .019 .000
Dependent a Computed only for a 2x2 table
Uncertainty ISymmetric 152 012 12.373 000 b 2 cells (50.0%) have expected count less than 5. The minimum expected count is 4.32.
Coefficient
SSFI,_;IdC;Sr‘:t 125 .010 12.373 .000 Symmetric Measures - 5 .
alue pprox Sig
el RS Ll Nominal by Nominal __[Phi A13 571
Cramer's V 113 571
a Not assuming the null hypothesis. Contingency 113 S71
b Using the asymptotic standard error assuming the null hypothesis. Coefficient
¢ Based on chi-square approximation N of Valid Cases 25
d Likelihood ratio chi-square probability.
a2 Not assuming the null hypothesis.
6.6.5 Bank lending evaluation b Using the asymptotic standard error assuming the null hypothesis.
ACTUAL * PREDICTED Cross-tabulation 6.6.6 Investment returns and risk*
Count
PREDICTED Total Correlations
Non-default Default EPS CVEPS
ACTUAL Non-default 5 4 9 Kendall's tau b |EPS |[Correlation Coefficient 1.000 .333
Default 7l 9 16 Sig. (2-tailed) : 180
il 12 13 25 N 10 10
Spearman's rho |[EPS _|Correlation Coefficient 1.000 455
ISig. (2-tailed) ] 187
N 10 10
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# The sequence of SPSS commands for this output is: analyze - correlate = bivariate correlations >
variables (EPS, CVEPS) = correlation coefficients (Kendall’s tau-b, Spearman)
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6.6.7 Price risk and firm size

RISK * FIRM SIZE Cross-tabulation
Count

FIRM SIZE Total
Below average| Average Above
average

RISK Low 5 9 27| 41

Moderate 10 13 16 39

High 10 8 7 25
Total 25 30 50 105
Chi-Square Tests
Pearson Chi-Square 1}1/21':? Cg i (2-S]doe;2)
Likelihood Ratio 11.548 4 ‘021
Linear-by-Linear Association 10.641 1 '001
N of Valid Cases 105 .

a 0O cells (.0%) have expected count less than 5. The minimum expected count is 5.95.

Directional Measures

Value |Asys.e| Approx T Approx
t()fl)rdinal Somers' d |Symmetric -.292 .082 -3.555 S'(E)IOO
. RISK Dependent ~296] 083 -3.555 000

FIRM SIZE -.288 .081 -3.555 .000
s Dependent ' .

a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis

Symmetric Measures

Kendall's tau-c

P M
a Not assuming the nul| hypothesis.

Gamma |
—-_ﬁ

s.e | Approx T | Approx Sig

.082

-3.555 .000
.079 -3.555 .000
114 -3.555 .000

b Usin i
g the asymptotic standard error assuming the null hypothesis
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6.6.8 Success in jeb and performance in training programme

SUCCESS IN JOB * PERFORM TRAIN Cross-tabulation

Count

[ PERFORM-TRAIN Total

! Average | Moderate | Abcve-average

'SUCCESS |Poor 23] 61 29 113

IN JOB Average 28 78 60 166

‘ Very good 9 49 63 124
Total 60 188 152 400
Chi-Square Tests

| Value df [ Asy Sig (2-sided)
Pearson Chi-Square 20.395 4 .600
Likelihood Ratio 21,155 4 .000
Linear-by-Linear Association 19.051 1 000
N of Valid Cases 400

a 0cells (.0%) have expected count less than 5. The minimum expected countis 16.95.

Directional Measures

Value|Asy s.e

Approx T | Approx

Sig
Ordinal by |[Somers'd [Symmetric 199 .042 4.666 .000
Ordinal
SUCCESS IN .206 044 4.666 .000

JOB Dependent

PERFORM-
TRAIN
Dependent

192 041 4.666 .000

a Not assuming the null hypothesis.

b Using the asymptotic standard error assuming the null hypothesis.

Symmetric Measures

\Value [ Asy s.e

Approx T |Approx Si

Ordinal by Ordinal __ [Kendall's tau-b .199 042 4.666 .000
Kendall's tau-c .190 .041 4.666 .000
Gamma 311 .064 4.666 .000
N of Valid Cases 400

2 Not assuming the null hypothesis.

Using the asymptotic standard error assuming the null hypothesis.
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Problem Set Six

Question 6.1

Researches in marketing management have revealed that lower-income
shoppers do not appear to be taking advantage of unit pricing, perhaps
belcause they do not understand the unit-price labelling system compared to
middle-income and upper-income shoppers. In a follow-up study to provide 2
check on this expert opinion, an economist observed the purchase selection
of n=1000 shoppers in large super-markets. The supermarkets were
located in three different areas of a city where the buyers were respectively
of lower-income, middle-income and upper-income households. Packages o;
the same brand but with different unit prices were placed adjacent to one

another
| on the store shelves. The data were classified according to decision
and income group as shown below.

Number of Shoppers Income group Total
a
T -
Understand unit-price label ngg Mlicge .
l_‘?c}t n'ot understand unit-price label 26 2; 2031 e
o 56
275 520 205 | 1000

Do the a -
bove data present sufficient evidence to support the ket
management research findings? marketing

Question 6.2

Worker participation i
! ! participation in management decision-making is more of rule than
xception in Tanzani
e zania. To study the effects of worker satisfaction with worker
5 . . .
pation in managerial dectsmn-making a researcher interviewed 200
. erviewe

= .
participation in management decision—making' the other did
: id not. Each

selected work heth h
er was asked whether s/he generally approved managerial
d geria
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decisions made in the firm. The results of the interviews are shown in the
table. Do these data support the hypothesis that those workers in a firm with
participative decision making more generally approve firm's managerial

decisions than those employed by firms without participative decision-

making?
Approval of Managerial Participative No Participative
Decisions Decision Making | Decision Making
Generally Approve 103 ]
‘Do Not Approve 52 74

Question 6.3
rted that the amount of television ciutter may

Many researchers have repo
Reduced attention,

. o . 23
impact unfavourably on advertising effectiveness™.

recall, and brand awareness have heen found to be caused by an increase

in TV clutter®*. To explore the effects of TV clutter on brand awareness, an

agency conducted telephone surveys among 300 households following each

of three different 60-minute television programmes. The results of the survey

are reported in the table.

[ Level of Clutter

Brand Recall Light Moderate Heavy
(less than 10 minutes) | (10to 15 minutes) | (15 minutes or more)

At least  half 139 133 127
advertised brands
Less than half 161 167 173
advertised brands

[ Total 300 300 300

Do these data suggest that brand recollection decreases with increased

levels of TV clutter?

2% TV Clutter includes all non-programme materials such as public service announcements and

commercials. 3
search

¥ Webb, P. and M. Ray (1979), “Effects of TV Clutter,” Journal of Advertising Re
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Question 6.4

A survey of the opinions of the stockholders of a corporation about z
proposed merger was undertaken to determine whether the resulting opinion
was independent of the number of shares held. Are the results that are
summarized in the accompanying table providing sufficient evidence to
indicate that opinions concerning merger are dependent on number of
shares held by a stockholder?

]

f Opinion

| Shares Held | /n favour | Opposed | Undecided
Under 1000 370 160 | 50

| 7000 ~ 5000 300 220 80

| Over 5000 320 | 440 | @

Question 6.5

Researchers on consumerism and marketing management have noted that
the level of support for consumerism and perceptions about the movement
may vary among different segments of a society%. In examining this aspect,
the researchers conducted a survey among 340 students, 150 housewives,
and 170 businessmen to measure the strength of their conviction regarding
product information provided on common consumer sundry items. The
results of the study were that 290 students, 110 housewives, and 120
businessmen rated this aspect as extremely important. Do these data

present sufficient evidence to indicate that the fraction of people favouring

explicit product information on sundry items differs among students

housewives, and businessmen?

Question 6.6
Women, in many parts of the country, are launching their own savings and

lending institutions that are intended to provide women with easier access to

“ Kangun, N, K. Cox, J. Higginbotham, and J. By

Management’” Joursial o Wharkeritiy rton (1975), “Consumerism and Marketing
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credit and banking careers. The move is seen as a search for fair treatment
and to eliminate discrimination in banking practices against women. The
CEO of a large women's bank conducted a survey to determine the attitudes
of women of different ages toward the concept of a bank owned and
operated by women. The results of the survey are shown in the
accompanying table. Do these data present sufficient evidence to assume
that the proportion of women favouring the concept of a bank owned and

operated by women differs among women from different age groups?

Age Group
Attitude 21-30 | 31-40 | 41-50 | 51-60 | Over 60
| Support women bank concept 50 60 40 35 30
Do not support women bank concept 70 40 50 75 55
Question 6.7

The City Authority conducted a survey to determine whether the incidence of
various types of crime varied from one part of the city to another. Presently
the city has four administrative districts and crimes are classified as car-theft,
homicide, larceny, sex-offences, and other. An analysis of cases showed
results that are given in the accompanying table. Do these data present
sufficient evidence to indicate that the occurrence of various types of crime

depends on city district?

City District | Car-theft | Homicide | Larceny | Sex offences | Other

North-east 250 15 190 100 40
| North-west 160 20 110 130 60
| Central 60 £ 280 40 20
| South-east 90 3 310 200 70
_ South-west 110 30 40 35 10
Question 6.8

The relationship between worker productivity and quality of work-life
environment is well recognized in business management theories. For
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instance, management concessions such as improved lighting, attractive
office facilities, and positive attention to worker grievances have often
enhanced worker productivity. To determine management attitudes on this
subject, a researcher questioned managers and executives from several
different organizations. The results of the study are summarized in the
accompanying table. Do these data provide sufficient evidence to indicate
that the probability that a manager or executive favours improving the quality
of employee work-life to increase productivity is independent on the type of

organization?

Type of Organization | Number surveyed | Percentage favouring |
Quality-of-work-life |
Improvement

Public service 180 30

Manufacturing 220 35

Wholesale 300 32

Retail business 140 25

Tourism 160 40

Question 6.9

The usual assumption in marketing management is to identify similar market
segments for a wide variety of consumer durables and services on the basis
of ability to buy and social class. This assumption has been questioned on
account of empirical evidence. For instance, members of lower socia
classes tend to buy large cars and other durables similar to those purchased
by members of a higher income and social class. In exploring this aspect,
recent purchases of new autos were categorized according to their social
class and the price class of the auto purchased. The results of the study are
shown in the accompanying table. Do these data present sufficient evidence

to indicate that the price of auto purchased depends on social class?
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Auto Price Class
Social Class Low-priced | Moderately-priced | High-priced
Professionals 40 25 15
Executives 170 100 20
Politicians 200 220 60
Businessmen 20 40 50
Commercial Farmers 10 35 25

Question 6.10

Employee ownership of company shares as a way of increased employee
commitment to a firm is widely encouraged. However, workers and
management often perceive the relationship between employee ownership
and commitment differently. To examine this aspect, a researcher conducted
a survey of employees of a large corporate body who owned shares of the
company. Each respondent was asked to state the reason for owning
company shares. The results are summarized in the accompanying table. Is
there a sufficient evidence to indicate that the reasons for employee

ownership of a share differ among employees groups?

Reason Blue- White- | Middle Top

collar collar | Management | Management
Believe in employee 40 25 20 7
ownership
To save my job 80 30 15 5
As investment 35 15 10 8

Question 6.11

Many researchers have reported that the amount of television clutter may
impact unfavourably on advertising effectiveness. Reduced attention, recall,
and brand awareness have been found to be caused by an increase in TV
clutter. To explore the effects of TV clutter on ordered-brand awareness, an

agency conducted telephone surveys among 300 households following each

of three different 60-minute television programmes. The results of the survey .

are reported in the table.
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Level of Clutter ]
Brand Recall B Light Moderate Heavy
(less than 10 minutes) | (10- 15 minutes) | (15 minutes or
more)
Less than half 161 167 173 |
advertised brands |
At least  half 139 133 127 |
advertised brands
Total 300 300 300 |

Do these data suggest that brand recollection decreases with increased
levels of TV clutter? How does your answer differ from that on question 6.3

posed previously?

Question 6.12

Women, in many parts of the country, are launching their own savings and
lending institutions that are intended to provide women with easier access (0
credit and banking careers. The move is seen as a search for fair treatment
and to eliminate discrimination in banking practices against women. The
CEO of a large women’s bank conducted a survey to determine the ordered-
support of women of different ages toward the concept of a bank owned and
operated by women. The results of the survey are shown in the
accompanying table. Do these data present sufficient evidence to assume

that there is correlation between type of support and age of women?

Support of women- Age Grou

E\(;vy;\zd banr‘k 21-30]31-40] 41-50 | 51-60 | Over 60
-Support women 50 30

bank concept > 4 >

High-support women 70 5

bank concept 0 %0 75 3
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Question 6.13

The usual assumption in marketing management is to identify similar market
segments for a wide variety of consumer durables and services on the basis
of ability to buy and social class. This assumption has been questioned on
account of empirical evidence. For instance, members of lower social
classes tend to buy large cars and other durables similar to those purchased
by members of a higher income and social class. In exploring this aspect,
recent purchases of new autos were ordered-categorized according to their
income-level and the price class of the auto purchased. The results of the
study are shown in the accompanying table. Do these data present sufficient

evidence to indicate that the price of auto purchased depends on social

class?
Auto Price Class
Social Class | Low-priced | Moderately-priced | High-priced
Low-income 220 125 55
Middle-income 200 220 60
High-income 50 80 120
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APPENDIX I: ANSWERS TO SELECTED QUESTIONS

2.2; Binomial test is appropriate, with th i
i : . ! 1e following characteristics:
target variable is the difference in production index after and beforéc(sbggP)

with a cut-off point of zero, so that n =8, p = 2:B =4, B =4 B =4
Given that o = 0.05, and that : o
a, = Prob(B <B<n-B":B =~ binomial (n, p)):: 1.00 =1.00, then the

data provide sufficient evidence that the economic reforms have had a

significant impact on average industri ion i
= o e g strial production in the key sectors

Category N Observed TestProp. Exact Sig.
DIFGDP  Group 1 <=0 4 Prc:sp' e
o = g .50 .50 1.000
Total 8 1'gg
3.2: The k- i i
e r‘E}tammkgss:;;r:qplle r'r;edlgn test is used: The 28 observations are ranked
ik ple identity. The Median = 222; and the contingency table

[

0
Above Median perator £, OperatorB  Operator C Operator D Tota
3

Equal and below 3 4 2 13
Median 3 5 4 15
Total
7 7 7
7 28

Chl‘ -~ g. —_— p
i 6 . 1l 1S

operators being equally productive is accepted

4.2: The differences between
sums of ranks are: negative rank

n:7,r05‘7:2,j:‘

for the Wilcoxon Signed Ranks Test indicate

C_ompensation plans 2 and 1 ranked:; the
o .s = 16.50; positive ranks = 11.50
== > , S )

Ince 7. > Ty ,. The normal approximation
- s that equal productivit
hypothesis is accepted as 7 — I;E—'(];) = 250014 y

O-T 5916 = _0424 . Both
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results indicate that there is no difference in the employee's compensation
oreferences on the two plans.

44: The differences between Insurance plans 2 and 1 are ranked; the

sums of ranks are: negative ranks = 50.50; positive ranks = 15.50,
n=11, Tps,, =11, T, =15.50, a null hypothesis of no difference in
employee attitudes towards the two insurance plans is accepted since
I.>Ts,, - The normal approximation for the Wilcoxon Signed Ranks Test
indicates that equal productivity —hypothesis is accepted as

_T-E(r)_15.50-33 _
o, 1125

-1.56.

Z

4.6: Responses on perception of workers and managers who own at
least 100 shares of stock are ranked while retaining sample identity. The

sums of ranks are: R, = 30.50 for workers and R, = 47.50 for managers.
Given that n, = 7, n, =5 then U, = 6 (see Table 6 appended). This value

is the critical below which H , is rejected at 5% level of significance. Based

on R, that corresponds to the smaller sample,

m(n +1) R, = 2.50. This result indicates that the null

[ =n,n, +
ual distribution of corporate power is rejected.
tion, the abpve null hypothesis is again rejected
2.50-17.50
gven that: E(U)=17.50, o, =6.16 and Z =———-——= —2.44

nypothesis on perceived eq
Based on normal approxima

= p 005 -

4.8: Responses on the nine housewives are ranked while retaining

identity. The sums of ranks are: R, =21.50for brand switchers and

R, =23.50for brand loyalists. Given that n,=4,n,=5 and

o =005 then U, =2 (see Table & appended). This value is the critical
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below which /{, is rejected. Based on R, that corresponds to the smaller

sample, U_ =nn, -i—f-’—g%~+—l)—1’€1 = 8.50. This result indicates that the

null hypothesis on perceived cleaning power of the laundry detergent being
equally effective is accepted at 5% level of significance. Based on normal

approximation, the above null hypothesis is again accepted given that

8.50-10

U510, o <408 a7 =
©)=10,0, = 4.08

=-0.37.

4.10: The average credit usage for the three types of credit cards is
ranked and Kruskal-Wallis H-Test used as summarized in the table below.

Test type: Kruskal-Wallis Test
TYPE OF CARD NMean Rank Total rank

Master card 8 9.88 79
Visa 6 8.33 50
Both cards 4 10.50 42
Total 18
12 2.l B
2
Xo=——=> |~ |-3(n+1
n(n + 1) ;( n; ( )

T 18x19

12 792+502+422 — ’
18<19| & . 7 x19 = 0.466

Basing on this result, the nul| hypothesis of e

. qual use of credit cards is
accepted since ., =5.99 .

-5.2: The tables below give a summar
‘ . ] y of the Runs Tests based on
median and mean of the market model residuals. In both cases, the null

hypothesis of randomness is accepted and thy ~
. s
factors in place that influence stock prices. here are no systemaic

Runs Test 4
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RESIDUAL
Test Value 002500
Cases < Test Value 10
Cases >= Test Value 10
Total Cases 2{_)
Number of Runs '
z -.230
Asymp. Sig. (2-tailed) 818
Runs Test 2
RESIDUAL

Test Value -.000150
Cases < Test Value g9
Cases >= Test Value 11
Total Cases 20
Number of Runs 10
Z -.186

.853

Asymp. Sig. (2-tailed)

8.2:  The contingency table for the problem (expected frequencies are

bracketed; independent= decision-making; dependent = approval) is:

Total

Frequencies Participation in | No participgt!on
decision in decision
making making

Approve 103 (90) 71 (84) 1;;

Do not approve 52 (65) 74 (61) 100

Total 155 145 | 3

2 2
(103-90)  (71-84) (52-65)"  (74=61)" _g 16 1ne o
90 84 65 61
difference in decision-making hypothesis among workers of both firms is

7 =

i : 2 o
rejected in favour of the alternative since ¥ s, = 3.84.

64:  This problem is about predicting shareholder opinions concerning a
1
merger proposal on the basis of known number of shares heid by

shareholders. Considering that the number of shares held is an independent
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variable, Kendall's tau-p and Light-Margolin index are the appropriate
statistical index for ascertaining the extent to which shareholder opinions can
be predicted or made to be predicted from knowledge of the shareholding
g0 1156—-954
e 1156
that knowledge of shareholding status enables to reduce prediction errors on
opinion about the merger proposal by about 17.5%. The Light-Margolin
et B R;wd& . 284 +241+365—-844 _ 46
2000 —-844 1156

indicate that 4% of shareholder opinion about the merger proposal is
explained by shareholding.

status. In the present case, 7, = =0.175, indicating

=0.04, which

6.6: The problem is about testing equality of proportions, and the
appropriate statistical index is the Chi-square. The null hypothesis is that
proportions of those supporting the women bank concept is equal
irrespective  their age group, which if formally stated as:
Hy:R=P,=P =P =P,

Frequencies 21-30 31-40 41-50

- 51-60 Over 60 | Total
Support 50 (51.1) | 60 (42.6) | 40 (38.3) | 35(46.8) | 30 (36.2) | 215
Do not support | 70 (68.9) | 40 (57.4) | 50 (61.7) | 75(63.2) | 55 (48 8) | 290
Total 120 100 90 110 85 ' 505

2
. _(50-51.1) " (60-42.6) it (55-48.8)

‘ 51.1 42.6 T agg " 19:58, which is
2 -
greater than ;. , =9.24 . This result indicates that the null hypothesis is
rejected.
6.8:

This problem is a direct application of Chi-square test of equality of

proportions, testing the null hypothesis of equal proportion of managers of
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executives favouring improved quality of work-life for employees irrespective

of the type of organizations they belong to. More formally:

H,:P=P,=P,=P, =P,

Frequencies Favouring | Not favouring | Total
Public service | 30(29.16) | 150(150.84) | 180
Manufacturing | 35 (35.64) | 185(184.36) | 220

Whole sale 32 (48.60) | 268(251.40) | 300
Retail business | 25 (22.68) | 115(117.32) 140
Tourism 40 (25.92) | 120(134.08) | 160
Total 62 838 i 1000

2 Z 2
zz___(so—29.16) +(150—150.84) +_“+(120~»134.08) I
‘ 29.16 150.84 134.08

which is greater than x4 =9.24. This result indicates that the null

hypothesis is rejected at & = 0.05.

6.10: The problem is an application of chi-square test of independence.
PRE-based correlation indices (lp, 7, and R;m) may also be used to

ascertain the extent to which employee commitment (dependent) can be
predicted on the basis of employee-category (independent) as perceived by

respondents in this study.

Frequencies Blue- White- Middle Top Total
collar collar management | management

Believe in | 40(49.17) | 25(22.21) 20(14.28) 7 (6.34) g2
employee

ownership

To save my | 80(69.48) | 30 (31.38) 15(20.17) 5(8.97) | 130
job

JAs 35 (36.35) 15 (16.41) 10 (10.55) 8 (4.69) 58
investment

Total 155 70 45 20| 290
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2 2 2
, _(40-49.17) +(25—22..21) +...+(i”i69_)=11_433

Ae 49.17 2221 4.69
. _80+30+420+8-130 _ 8 _
’ 290130 160

- 92(290 —92)+130(290 —130) + 68(290 — 68) _ i
290

_ 40(155 — 40)+80(155 — 80) + 35(155 — 35)

- 155
+25(70—25)+---+7(20—7)”_

70
. _£-6 _187-182 5
P 187 187

7

o

=182

=0.027

9225 175G 725 138 29988
+ + +

R 155 70 45 20 290
pseudo
100 29988

290

= 0.027

The result on Light-Margolin measure indicates that 2.7% of worker-

commitment is accounted for by employee ownership.

6.12: The problem is a direct application of correlation analysis with

ordinal grouped data, and thus the appropriate statistical indices are the
Kendall's tau-c and the Goodman and Kruskal gamma:

C = 50(40 + 50 + 75 +55)+ 60(50 + 75 + 55) + 40(75 + 55) + 35(55)
=11000+10800 + 5200 +1925 = 28925

D =30(75 + 50+ 40 + 70)+ 35(50 + 40 + 70) + 40(40 + 70)+ 60(70)
= 7050 + 5600 + 4400 + 4200 = 21250
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__amlC- D) _ 2x2(28925-21250) _ 4x 7675 _
“" N:(m-1) 5052(2-1) 255025

C-D 28925-21250 7675 0.153
¥ = = = =1}
" C+D 28925+21250 50175

1204

Gven thatt N =505, o, =,5N(N-1)2N+5)=3788.4 and
S—-0 _ 7675
o, 37884

since S=C—-D=7675,then Z = =2.026.

The result is considered insignificant substantively (rc <O.30), but

statistically the result is significant at the conventional level of 5%. Overall it
can be concluded that there is a positive correlation between type of support

and age of women regarding the establishment of women-owned bank.
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APP :
ENBIXIE STATISHAAL TABLES Table 2: Percentage Points of the t Distribution

Fabis 4= Areas undar e Nonnai Curve This table gives the value of ¢, ; the 100a percentage point of the t

distribution for v degrees of freedom. The tabulation is for one-tail only.

This table gives the 100a percentage point of a standardized Normal

. , Fi—gy _ % | b .20 10 05 | .025 01 .005 .0005
distribution defined as Z = . The tabulation is for one tail only. A
o 111.000 | 1.376 | 3.078 | 6.314 | 12.706 | 31.821 | 63.657 | 636.619
2| 816 | 1.081 | 1.886 | 2.920 | 4.303 | 6.965 | 9.925 | 31.598
z | .00 01 02 03 : 3| 765 | 978 | 1.638 | 2353 | 3.182 | 4541 | 5841 | 12.941
b6 T E005 o e et 05 | 06 | 07| 08 | .00 4| 741 | 041 | 1533 | 2132 | 2776 | 3.747 | 4604 | 8610
byl T | T e | 4801 | 4761 | 4721 | 4681 | 4641 5| 727 | 920 | 1476|2015 | 2571 | 3.365 | 4.032 6.859
0.2 | 4207 | 4168 | 4129 | 4090 | 4 4404 | 4364 | 4525 | 4286 | 4247 6| 718 | 906 | 1440 | 1.943 | 2447 | 3.143 | 3707 | 5.959
o3 | mee1 | 3783 | 3745 | 3707 -Sggg 4013 | .3974 | .3936 | .3897 | .3850 7| 711 | 896 | 1415 | 1.895 | 2.385| 2998 | 3.499 | 5405
0.4 | 3446 | 3400 | 3372 | 3336 | 330 .3632 | .3594 | .3557 | .3520 | .3483 g| 706 | .880 | 1.397 | 1.860 | 2.306 | 2.896 | 3.355 5.041
: : 3300 | .3264 | .3228 | .3192 | .3156 | .3121 o| 703 | .883 | 1.383 | 1833 | 2262 | 2.821| 3230 4.781
587
g.g .gggg ,gggg '321 5| 2081 | 2046 | 2912 | 2877 | 2843 | 2810 | 2776 10| 700! 879 | 1372|1812 | 2228 | 2764 )| 3.169 4.58
v et o -2322 gggg 2611 | 2578 | .2546 | .2514 | .2483 | .2451 1| eo7 | .876 | 1.363 | 1.796 | 2.201 | 2718 | 3.106 4.437
on |z | Hece | B | 2296 | .2266 | .2236 | .2206 | .2177 | 2148 12 | 695 | .873 | 1356 | 1.782 | 2179 | 2681 ) 3.055 4.318
od | aps | e | e e .foos 977 | 1949 | 1922 | .1894 | .1867 13| 94 | 870 | 1.350 | 1.771 | 2.160 | 2.650 | 3.012 4.221
. - 1736 | 1711 | 1685 | .1660 | .1635 | .1611 14 | 692 | .868 | 1.345 | 1.761 | 2.145 | 2624 | 2.977 4140
1.0 | .1587 | .15 15| 691 | .866 | 1.341 | 1.753 | 2.131 | 2.602 | 2.947 4.073
175 | stoez .13% lg?g 12;; 1492 | 1469 | 1446 | 1423 | 1401 | 1379 16| 690 | .865 | 1.337 | 1.746 | 2120 | 2583 | 2.921 4.015
12 | 1151 | 1131 | 1112 | 1093 A271 | .A25% | 1230 | 210 | 190 | 400 17 | B89 | .863 | 1.333 | 1.740 | 2110 | 2567 ; 2.898 3.965
3| 0ons | Dot | $6as | e 1075 | 1056 | .1038 | .1020 | .1003 | .0985 | 18 | 88| .862 | 1.330 | 1.734 | 2.101 | 2.552 | 2.878 3.922
1.4 | 0808 | 0793 | 0778 | 0764 .0901 | .0885 | .0869 | .0853 | .0838 | .0823 19 | 88| 861 | 1.328 | 17290 | 2093 | 2.539 | 2.861 3.883
: : 0749 | .0735 | .0721 | .0708 | .0694 | .0681 20| 687 | .860 | 1.325 | 1.725 | 2.086 | 2528 | 2.845 3.850
1.5 | .0668 | .0655
156 | 0548 | ‘0537 '8232 -gg?g 0618 | .0606 | .0594 | .0582 | .0571 | .0559 21| 686 | .859 | 1.323 | 1.721 | 2.080 | 2518 | 2.831 3.819
1.7 | 0446 | 0436 | 0427 | oa1s 0505 | .0495 | .0485 | .0475 | .0465 | .0455 22 | 686 | .858 | 1.321 | 1.717 | 2074 | 2508 | 2.819 3.792
1.8 | 0359 | 0351 | osas | omms 0409 | .0401 | .0392 | .0384 [*.0375 | .0367 23 | 685 | .858 | 1.319 | 1.714 | 2.069 | 2.500 | 2.807 3.767
1.9 | 0287 | .0281 | .0274 | 0258 .0329 | .0322 | .0314 | .0307 | .0301 | .0294 24 | 685 | .857 | 1.318 | 1.711 | 2,084 | 2492 | 2397 3.745
- : 0262 | .0256 | .0250 | .0244 | .0239 | .0233 o5 | 684 | .856 | 1.316 | 1.708 | 2,060 | 2.485) 2787 3.725
2.0 | .0228 | .0222 | .0217 | .0212 | .02 26 | 684 | 856 | 1.315 | 1.706 | 2.056 | 2.479 | 2.779 3.707
21| .0179 | 0174 | 0170 | 0166 | | 07 | .0202 | .0197 | .0192 | .0188 | .0183 27 | .84 | .855 | 1.314 | 1.703 252 | 2473 | 2771 3.690
22| .0139 | 0136 | 0132 | 012 0162 | .0158 | .0154 | .0150 | .0146 | .0143 28 | 683 | 855 | 3.313 | 1.701 | 2.048 | 2467 | 2763 3.674
2.3 | 0107 | 0104 | 0105 'oogg .81 25 1.0122 | .0119 | .0116 | .0113 | .0110 20 | ‘683 | .854 | 1.311 | 1.699 | 2045 | 2462 | 2.756 3.659
2.4 | 0082 | .0080 | 0078 | 0075 -Og?g 0094 | .0091 | .0089 | .0087 | .0084 30 | 683 | .854 | 1.310 | 1.697 | 2042 | 2457 | 2750 3.648
: 0071 | .0069 | .0068 | .0066 | .0064
2.5 | .0062 | .0060 | .0059 | .0057 40| 681 | 853 | 1.308 | 1.684 | 2021 | 2423 | 2704 3.551
2.6 | .0047 | .0045 | .0044 | .0043 -0055 | .0054 | .0052 | .0051 | .0049 | .0048 60 | 679 | 848 | 1.206 | 1.671 | 2000 | 2.390  2.680 3.460
2.7 | .0035 | .0034 | 0033 | 0032 -8841 -0040 | .0039 | .0038 | .0037 | .0036 120 | 677 | .843 | 1.280 | 1.658 | 1.980 | 2358 | 2617 3.223
2.8 | .0026 | .0025 | .0024 | .0023 '002; -0030 | .0029 | .0028 | .0027 | .0026 w | 674 | 842 | 1.282 | 1645 | 1.960 | 2.326 | 2.576 3.291
g.g 0019 | 0018 | 0018 | 10017 | ‘0016 | ‘0013 | ‘waaz | 2021 | 0020 | .utd T o
: .0013 | 0013 | .0013 | .0012 .‘0(}12 -0816 .0015 | .0015 | .0014 | .0014 Source: This table is abridged from Table Iil of Fisher and Yates; Statf_sﬁcal tables for Biological,
< | D012 | 0011 | .0011 | .0011 | .0010 | .0010 | Agricultural and Medical Research, published by Oliver & Boyd Ltd Edinburgh and by
permission of the authors and publishers.
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Table 4; Values of F

0.05,v,v,

Table 3: Percentage Points of the ¥~ Distribution This table gives the value of the 5-percentage point of F— distribution having
This table gives the value of 12 ; 100a percentage point of the Chi-square v, degrees of freedom in the numerator and v, degrees of freedom in the
distribution for v degrees of freedom denominator. The tabulation is for one tail only.
L\@ | 995 99 .95 10 .05 .025 [ .01 005 [ [ 1 2 3 4 5 6 7 8 9 10
| Y2
1 ]0.0393 | 0.0°157 | 0.0%393 | 2.71 3.84 502 [ 663 7.8 | 1] 161 | 200 216 | 225| 230 234 | 237 | 239 | 241 | 242
2 | 0.0100 | 0.0201 | 0.10259 | 4.61 5.99 7.38 | 921 | 1060 | 2|185|19.00 | 19.16 | 19.25 | 19.30 | 19.33 | 19.35 | 19.37 | 19.38 | 19.40
3100717 0115| 0352 625 7.91 935 | 1134 | 1284 | 3/101]| 955| 928 | 912| 901 | 894 | 889 | 885 881 | 879
41 0207 0207 o0.711 7.78 | 949 | 1114 | 1328 | 14.86 | 4]771| 694 659 | 639 | 626 | 616 | 6.09| 604 | 6.00 | 596
5/ 0412 0554 1145 924 | 1107 | 12.83 | 1509 | 1675 5|661| 579 | 541 519 | 505 | 495 488 | 482 | 477 | 474
6| 0676 0872 1635 | 10.64 | 1259 | 14.45 | 16.81 | 1855 6159 | 514 | 476 | 453 | 439 | 428 | 421 | 415| 4.10| 4.06
71 0989 | 1.239 217 | 1202 | 14.07 | 16.01 | 1848 | 2028 7550 | 474 | 435| 412 | 397 | 387 | 379 373 | 368 | 364
B | 1344 | 1646 273 | 1336 | 1551 | 17.53 | 2009 | 219 | 8[532| 446 | 407 | 384 | 369 | 358 | 350 | 344 | 339| 335
9| 1735 2.09 3.33 | 1468 | 16.92 | 19.02 | 2167 | 2359 9512 | 426 | 3.86| 3.63 | 348 | 337 | 320 323 | 318 | 3.14
10 2.16 2.56 394 | 1599 | 1831 | 2048 | 2321 | 2519 ‘ 10 | 496 | 410 | 3.71| 348 | 333 | 322 | 314 | 307 | 3.02| 298
11 2.60 3.05 457 | 17.28 | 1968 | 21.92 | 2473 | 2676 | 11|484| 398 | 359 | 336 | 320| 309 | 301 | 295| 292 | 285
12 3.07 3.57 5.23 | 1855 | 21.03 | 2334 | 2622 | 27.30 | 12|475| 389 | 349 326 | 311 | 3.00| 291 | 285| 280 | 275
13 3.57 4.11 5.89 [ 19.81 | 2236 | 2473 | 2769 | 2982 | 13|467| 381 | 341 318 | 3.03| 292 | 283 | 277 | 271 | 267
14 4.07 4.66 6.57 | 21.06 | 2368 | 2612 | 2914 | 3132 | 14|460| 374 | 334| 311 | 296 | 285 | 276 | 270 | 265 260
15 4.60 5.23 7.26 | 2231 | 2499 | 2749 | 3058 | 32.80 151454 | 368 | 329 3.06| 2900| 279 | 271 | 264 | 259 | 254
;lf,i 5.14 5.81 7.96 | 2354 | 2630 | 28.85| 3200 | 3427 16 | 449 | 363 | 324 | 301 | 285 | 274 | 266 | 259 | 254 | 249
- 5.70 6.41 8.67 | 2477 | 2750 | 3019 | 3341 | 3572 | 17 |445| 359 | 320| 296 | 281 | 270 | 261 | 255 | 249 | 245
18 6.26 7.01 9.39 | 2599 | 2887 | 3153 | 3481 | 37.16 | 18| 441 | 355| 316 | 293 | 277 | 266 | 258 | 251 | 246 | 2.41
1 s.z; 7.63 1012 1 2720 | 3014 | 3285 | 3619 | 3858 | 19 |438| 352| 3.13| 290 | 274 | 263 | 254 | 248 | 242 | 238
. 8.26 10.85 | 2841 | 3141 | 3417 | 3757 | 4000 20 (435| 349 | 310 | 287 | 271 | 260 | 251 | 245| 239 | 235
21 8.03 8.90 | 1159 | 2961 | 3267 | 3548 i 232
' : : . 38.93 | 41.40 21 | 4.32 A7 | 307 | 284 | 268 | 257 | 249 | 242 | 237 :
g; 8.64 9.54 12.34 | 30.81 | 3392 | 3678 | 4029 | 4280 22 | 4.30 g 44| 305| 282 | 266 | 255| 246 | 240 | 234 | 230
2 926 | 1020 | 1309 | 3201 | 3517 | 3808 | 4164 | 4418 23| 428 | 342 | 303 | 280 | 264 | 253 | 244 | 237 | 232 | 227
24 9.89 | 1086 | 13.85| 3320 | 3642 | 3936 | 4298 45.56 24 | 426 | 340 | 301 | 278 | 262 | 251 | 242 | 236 230 | 225
26| 1gaa| 1152|1461 3438 | 37.65 | 4065 | 4431 | 48.03 25 (424 | 339| 299 | 276 | 260 | 249 | 240 | 234 | 228 | 224
28 11161 1220 | 1538 | 3556 | 38589 | 41.92 | 4564 48.29 | 26|423| 337 | 208 274 | 259 | 247 | 239| 232 227 | 222
i 1 ; 811 1288 1615| 3674 | 40.11 | 4219 | 46.96 49.65 | 27|421| 335| 296 | 273 | 257 | 246 | 237 | 231 | 225| 220
oo | A2l 1956} 41863 | 3700 anss| ad4s| de2s | Sass | 28|420| 334 | 295| 271 | 256 | 245| 236 | 229 224 | 219
2 B2l nas oAl 3909 | 4256 | 4572 | 4959 | 5234 | 29|418| 333| 2903 | 270 | 255 | 243 | 235| 228 | 222| 218
: . 49| 4026 | 4377 | 4698 | 5089 | 5367 | %0 [447| 332| 292 | 269 | 253 | 242 | 233 | 227 | 221| 216
40 | 2071 | 2216 |
50| 2790 | 32670 gg-?g 51.80 | 5575 | 59.34 | 6369 | 66.76 40 | 408 | 3.23| 284 | 261 | 245| 234 | 225| 218 | 212 2.08
o] S . 6316 | 67.50 | 71.42 | 7615 | 7949 60 | 400 | 315| 276 | 253 | 237 | 225| 217 | 210 | 204 | 199
: 3748 | 4318 | 7439 | 79.08 | 8320 | s : : : : . 217 | 200 | 202| 19| 191
70| 4327 | 4544 | 5173 | pess | ool : 37 [ 91.95 120 | 392 | 307 | 268 | 245 | 229 | 2 : o8 | 4'a
80 | 5117 | 5354 | 6039 | 96,57 | 101 00 132'23 :?g'gg oo —- 18] s00] 260 237 | 221 2101 2011 18412 |
9 | 5920 | 6175 | 69.12 | 107.55 ' : ; 116.32
: : : 113.14 | 118.13 | 124.11
100 | 6733 | 700 : 128.29
8| 77.92 | 11849 | 124.34 | 12955 | 135.80 140.16

Sourc;.e: ‘ “Tables of P:rcentage Points of the y*- Distribution,” Biometrika Tables for
Statisticians, Vol. 1 3" edition (1966). Reproduced by permission of the Biometrika Trustees
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Table 4: Values of Fo, . (continued) Table 5: Critical Values of D in the Kolmogorov-Smirnov

Goodness-of-Fit Test

—T 35T 15 | 20 | 2 0 2 ©
A 12 15 20 24 30 40 6 120 jl
74
1 | 244 246 248 249 250 251 252 | 253 | 244 ! Sample size n Level of Significance for [ = rnax|Fc - Fa
5 | 19.41 | 19.43 | 19.45 | 19.45 | 19.46 | 19.47 19.48 | 19.49 | 1950 | 50 15 0 o5 T
3| 874 | 870 | 866 | 864 | 862 | 859 8.57 | 855| 853 : e 22 ks ; ;
g i . ] k .975 995
4| 591 586 | 580 | 577 | 575| 572| 569 566 563 2 =
; 440 | 436 684 726 776 842 929
5| ap8| 462 | 456 | 453 | 450 | 446 443 ;
6| s00| 304 | 387 | 384 | 381 | 377] 374 | 370 3& | 3 -565 597 .642 708 828
7| 357 | 351 | 344 | 341 338| 334| 330 327 323 4 494 .525 .564 624 733
8| 3.28 3.22 3145 | 3.12 3.08 3.04 | 3.01| 297 | 29 5 446 A74 510 .565 669
o! 307 | 3.01 og4 | 200 | 286 | 2.83| 279 | 275 | 27
10 | 2.91 2g5 | 277 | 274 | 270 | 266 | 262| 2.58| 25 | 6 410 436 470 521 618
7 .381 405 438 .486 577
4] o279l 292 | 265 | 2861 257 | 253 | 249 | 245 240 ‘ 8 .358 .381 411 457 543
12 | 289 | 2621 254 251 247 | 243 | 238 234| 230 9 .339 .360 .388 432 514
13| 280| 253 | 246 | 242 | 238| 234 | 230 | 225} 221 10 322 342 .368 410 490

14| 2531 246 | 239 | 235| 231 | 227 | 222| 218| 213
15| 248 | 240| 233| 220| 225| 220| 216 | 21 2.07i 11 307 326 352 391 468

16 | 242 | 235 | 228 224 | 219 | 245 211 | 206 201 12 295 313 338 375 450
17 | 238 | 231 | 223| 219 | 215| 210| 206 | 201 | 1% 3 584 302 305 361 433
18 2.34 2:27 219 2 15 0.5 ' 2.06 2.02 197 | 182 | 14 274 292 314 349 418
19 2.31 2.23 215 2.1 2.07 2.03 1.98 1,93 | 1.88 | 15 266 283 304 338 404
20| 228| 220| 212 | 208 | 204 | 199 | 195| 190 | 18

‘ ; . : 3 392
21| 225 | 218 | 210| 205| 201 | 196 | 192 187 | 18 13 §§§ 322 322 3?2 381
22| 223| 215| 207 | 203 | 198 | 194 | 18| 184 | 178] 18 544 559 278 300 371
23| 220| 213| 205| 201 | 196 | 191 | 18| 181 | 176| - 537 252 [ 272 |.301 363
24| 218! 241 | 2oz | 198 | 194 | 18| 184 178 | 103 o St = e 563 356
gg 3.16 200 | 201 | 196 | 192 | 187 | 1.82| 177 | 171 - : - : -
45| 207 | 19| 195| 190 | 185 | 1.80| 175 | 169
27 | 213 | 206 | 197 | 193 | 1838 | 184 | 179 | 173 | 167 = 210 220 | 240 1270 | 587
28| 212 | 204 | 196| 191 | 187 |1.825| 177 | 171 | 165 30 190 | .200 f.220 .24 '
29 | 210 | 203 | 194 | 100 | 185| 181 | 175 170 184 35 180|190 1.210 [ .230 1.270
30| 209 | 2.01 1.93 1.89 1.84 179 | 174 | 168 182 i
Over 35 1.07 1.14 122 136 1.63
40 | 200 | 192 | 184 179 | 174 | 169 | 164 | 158 | 15 Jn Ju Jn n n

160 192 | 184 | 175| 170 | 165 | 159 | 153 | 147 | 13

22 1?3 tdo 1.66 | 1.61 1.55 150 | 1.43| 135| 125 Note: The values of D given in the table are critical values associated with selected values of n.
05 | 1.67 157 1.52 1.46 139 | 1.32] 122] 100 4ny value of D that is greater than or equal to the tabulated value is significant at the indicated

— ‘ . level of significance.
Source: Fisher and Yates: Statistical tables for Biological, Agricultural and Medical Research

published by Oliver & Boyd Ltd Edinburgh and by permission of the authors and publishers.
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Table 6: Critical values of T in the Wilcoxon signed-rank test: Table 6: Continued

n =5(1)50 Critical values of T in the Wilcoxon signed-rank test:
n=5(1)50
a n (24 n
One-sided | Two-sided 5 6 7 8 9 10 One-sided | Two-sided 29 30 31 32 33 34
.05 10 1 2 4 6 8 11 .05 10 | 141 | 152 | 163 | 175 188 | 201
025 05 1| 2 4 5 8 .025 .05 | 127 [ 137 | 148 | 159 171 | 183
.01 .02 0 2 3 5 .01 .02 | 111 ] 120 § 130 | 141 151 | 162
.005 01 0 2 3 .005 .01 [ 100 [ 109 [ 118 | 128 138 | 149
a n (24 n
One-sided | Two-sided 11 12 | 13 14 15 16 One-sided | Two-sided 35 36 37 38 39 40
.05 10 14 17 | 21 26 30 36 .05 10 | 214 [ 228 [ 242 | 256 271 | 287
-.025 .05 11 14 | 17 21 25 30 .025 05 | 195 [ 208 [ 222 | 235 250 | 264
.01 .02 7 10 | 13 16 20 24 .01 02 | 174 [ 186 [ 198 | 211 224 | 238
.005 .01 5 7110 13 16 19 .005 .01 | 160 [ 171 [ 183 | 195 208 [ 221
[#4 n a n
One-sided | Two-sided 17 | 18 19 20 21 22 One-sided | Two-sided 41 42 43 44 45
.05 10 41147 54| 60 68 75 .05 .10 303 | 319 336 | 353 371
.025 .05 35 140 | 46 | 52 59 86 .025 .05 279 [ 295 311 | 327 344
.01 .02 28 | 33 | 38| 43 49 56 .01 .02 252 | 267 281 | 297 313
.005 .01 23 [ 28] 3271 a7 43 49 .005 .01 234 | 248 262 | 277 202
a 7] a n
One-sided | Two-sided | 23 [24 | 25 | 26 27 One-sided | Two-sided a6 | 47 a8 | 49 50
05 10 28 466
83|92 [ 101 | 110 120 130 .05 .10 389 | 408 427 | 446
025 .05 73181 | 90| o8 107 117 025 .05 361 | 379 397 | 415 434
.01 02| 62[69| 77 85 93 102 01 02 329 | 345 362 | 380 398
.005 .01 55 [ 68 | 68 | 76 84 9 005 01 307 | 323 339 | 356 373

Source: Wilcoxon F. and R. A. Wilcox (1964:28), “Some Rapid Approximate Statistical
Procedures,” Reproduced with the kind permission of American Cyanamid Company.
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Table 7: Distribution function of U
PU<U,):n <n,;3<n <10

Table 7: Continued

Distribution function of U

P{U<U,):n <ny;3<n, <10

n, =6
UU \ n, 1 2 3 4 5 6
0 1429 | .0357 | .0119 | .0048 | .0022 | .0011
1. 2857 | .0714 | .0238 | .0095 | .0043 | .0022
2 4286 | 1429 | .0476 | .0190 | .0087 | .0043
3 5714 | .2143 | .0833 | .0333 | .0152 | .0076
4 3214 | .1310 | .0571 | .0260 | .0130
5 4286 | .1905 | .0857 | .0411 | .0206
6 5714 | .2738 | .1286 | .0628 | .0325
7 3571 | .1762 | .0887 | .0465
8 4524 | .2381 | .1234 | .0660
9 5476 | .3048 | .1645 | .0898
10 3810 | .2143 | .1201
11 4571 | .2684 | .1548
12 5429 | .3312 | .1970
13 3961 | .2424
14 4654 | .2944
15 5346 | .3496
16 .4091
17 .4686
18 .5314

n, =3
LNy o1 F2 18
0 25 | .10 | .05
1 .50 | .20 | .10
2 40 | .20
3 .60 | .35
4 .50
n, =4
Uy\n, | 2 3 %
0 .2000 | .0667 | .0286 | .0143
1 -4000 | .1333 | .0571 | .0286
2 6000 | 2667 | .1143 | .0571
3 4000 | .2000 | .1000
4 6000 | .3143 | .1714
5 4286 | 2429
5 5714 | .3429
7 4429
8 5571
n, =35
U \n, |’ 2 3 2 5
0 1667 | .0476 | .0179 | .007
1 3333 | .0952 | 0357 .0153 :gg;g
2 .5000 | 1905 | .0714 [ .0317 | 0159
2 2857 | 1250 | .0556 | .0278
4286 | 1964 | .0952 | 0478
g 5714 | 2857 | .1429 | .0754
G 3929 | .2063 | .1111
z 5000 | 2778 | .1548
5 3651 | .2103
= 4524 | 2738
i .5476 | .3452 |
i 4206
5000

200
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Table 7: Continued Table 7: Continued
Distribution function of U Distribution function of U

PU<U,):n <n,;3<n <10 PU<U,):n, sn,;3<n <10

Lol e =it
U \n 01 2 3 7 5 B 7
0\ AIE z 3 4 5 3 7 8
0 1250 | .0278 | .0083 | .0030 | .0013 | .0006 | .0003 o\
1 2500 | .0556 | .0167 | .0061 | .0025 | .0012 | .0006 3 1111 | .0222 | .0061 | .0020 | .0008 | .0003 | .0002 | .0001
2 3750 | 1111 | .0333 | .0121 | .0051 | .0023 | .0012 1 2222 | .0444 | .0121 | .0040 | .0016 | .0007 | .0003 | .0002
3 -5000 | 1667 | .0583 | .0212 | .0088 | .0044 | .0020 2 3333 | .0889 | .0242 | 0081 | .0031 | .0013 | .0006 | .0003
4 2500 | 0917 | .0364 | .0152 | .0070 | .0035 3 4444 | 1333 | .0424 | .0141 | .0054 | .0023 | .0011 | .0005
5 3333 | 1333 | 0545 | .0240 | .0111 | .0055 ) 5556 | .2000 | .0667 | .0242 | .0093 | .0040 | .0019 | .0009
E -‘5‘2‘5‘; ;ggg -‘1’?;2 -gg% 0175 | .0087 5 2667 | .0970 | .0364 | .0148 | .0063 | .0030 | .0015
5 ' s TEe T osas o ol 5 3556 | 1394 | .0545 | .0225 | 0100 | .0047 | .0023
5 e o e T 7 4444 | 1879 | .0768 | .0326 | .0147 | .0070 | .0035
' - : : e 8 5556 | .2485 | 1071 | .0466 | .0213 | .0103 | .0052
10 5000 | .2636 | .1338 | .0688 | .0364 - : : - ' -
9 3152 | 1414 | 0637 | .0296 | .0145 | .0074
11 3242 | 4717 | .0003 | 0487 10 3879 | .1838 | .0855 | .0406 | .0200 | .0103
12 .3939 | .2159 | 1171 .0641 o
13 4636 | 2652 | 1474 | .0825 L 4606 | .2303 | .1111 | .0539 | .0270 | .0141
14 5364 | 3194 | .1830 | .1043 12 5394 | 2848 | 1422 | 0708 | .0361 | .0190
15 3775 | 2206 | 1297 113 ] 3414 | 1772 | .0906 | .0469 | .0249
16 4381 | .2660 | .1588 . — 4040 | 2176 | .1142 | .0603 | .0325
1; -5000 | 3141 | .1914 —jg——ﬁ 4667 | .2618 | .1412 | .0760 | .0415
fs e T — e AE SRR
20 4726 | .3100 (18] e 405 | 0803
) ; B i 4165 | 2454 | .14 .
2] P 4716 | .2864 | 1678 | .0974
= 5274 iggi L 5084 | .3310 | .1984 | 1172
23 :4508 E—E—_—*— = 393
8 5000 (22— 3773 | 2317 | 1
55—l 4259 | 2679 | .1641
5— 4749 | 3063 | .1911
S 5251 | 3472 | .2209
o 3894 | .2527
e SN 4333 | .2869
28— ] 4775 | 3227
(25— 5225 | .3605
3—— 3002
3] 4392
[t | 4796
&‘——‘__ .Szoij

202

203



Table 7: Continued

Distribution function of U

PUSUO):n, sSmidsm 210

Table 7: Continued

Distribution function of U

PU<U,):n, <n,;3<n <10

204

7 n,=9
(4)th T2 3 4 5 6 7 8 9 ]

0 1].0182 | .0045 | .0014 | .0005 | .0002 | .0001 | .0000 | .0000
1 .2 | .0364 | .0091 | 0028 | .0010 | .0004 | .0002 | .0001 | 0000
2 3 | .0727 | .0182 | 10056 | .0020 | .0008 | .0003 | .0002 | 0001
3 4 | 1091 | .0318 | .0098 | .0035 | .0014 | .0006 | .0003 | .0001
4 .5 | 1636 | .0500 | 0168 | .0060 | .0024 | .0010 | .0005 | 0002
5 2182 | .0727 | .0252 | .0095 | .0038 | .0017 | .0008 | 0004
6 2909 [ .1045 | .0378 | .0145 | .0060 | .0026 | .0012 | 0006
7 -3636 | .1409 | .0531 | 0210 | .0088 | .0039 | .0019 | 0009
8 4545 | 1864 | .0741 | .0300 | .0128 | .0058 | .0028 | 0014
9 -5455 | .2409 | .0993 | 0415 | .0180 | .0082 | .0039 | 0020
10 -3000 [ 1301 |~.0559 | 0248 | .0115 | .0056 | 0028
11 .3636 | 1650 | .0734 | .0332 | .0156 | .0076 | .0039
12 :4318 | 2070 | 0049 |.0440 | .0209 | .0103 | .0053
12 .5000 | .2517 | 1199 | .0567 | .0274 | .0137 | .0071
L -3021 | .1489 | 0723 | .0356 | .0180 | .0094
15 3552 | .1818 | .0905 | .0454 | .0232 | .0122
I 4126 | 2488 | 1119 | .0571 [ 0206 | .0157
2 4699 | 2502 | 1361 | .0708 | .0372 | .0200
18 .5301 | .3032 | 1638 | .0869 | .0464 | 0252
19 3497 | 1942 | 1052 | .0570 | .0313
Z 3986 | .2280 | 1261 | .0694 | .0385
21 4491 | 2643 | 1496 | .0836 | .0470
22 .5000 | .3035 | 1755 | .0998 | .0567
2 .3445 | 2039 | 1179 | .0680
24 3878 | 2349 | 1383 | .0807
s 4320 | 2680 | .1606 | .0951
28 4773 | 3032 | 1852 | .1112
7 5227 | 3403 | 2117 | .1290
2 3788 _| 2404 | 1487
2 4185 | 2707 | .1701
3 4591 |"3029 | .1933
- .5000 | 3365 | 2181
= 3715 | 2447
2 4074|2729
= 4442 | 3024
2 4813 | 3332
= 5187 | 3652
- 3981
5 4317
- 4657
_ | 5000

n, =10
AYHE “ 3 4 5 6 7 8 CHE T
0 0909 | .0152 | .0035 | .0010 | .0003 | .0001 | .0001 | .0000 | .0G00 | 0060
1 1818 | .0303 | .0070 | .0020 | .0007 | .0002 | .0001 | .0000 | .0000 | .00C0
2 2727 | .0606 | .0140 | .0040 | .0013 | .0005 | .0002 | .0001 | .0000 | .00C0
3 .3636 | .0909 | .0245 | .0070 | .0023 | .0D09 | .0004 | .0002 | .0001 | .0000
4 4545 | 1364 | .0385 | .0120 | .0040 | .0015 | .0006 | .0003 | .0001 | .0001
5 5455 | .1818 | .0550 | .0180 | .0063 | .0024 | .0010 | .0004 | .0002 | .0001
6 2424 | 0804 | .0270 | .0097 | .0037 | .0015 | .0007 | .0003 | .0002
7 .3030 | .1084 | .0380 | .0140 | .0055 | .0023 | .0010 | .0005 | .0002
8 3788 | 1434 | 0529 | .0200 | .0080 | .0034 | .0015 | .0007 | .0004
9 4545 | 1853 | .0709 | .0276 | .0112 | .0048 | .0022 | .0011 | .0005
10 5455 | .2343 | .0030 | .0376 | .0156 | .0068 | .0031 | .0015 | .0008
11 2867 | .1199 | .0496 | .0210 | .0093 | .0043 | .0021 | .0010
12 3462 | .1518 | .0646 | .0280 | .0125 | .0058 | .0028 | 0014
13 4056 | .1668 | .0823 | .0363 | .0165 | .0078 | .0038 | .0019
14 4685 | .2268 | .1032 | .0467 | .0215 | .0103 | .0051 | .0026
[15 5315 | .2697 | .1272 | .0589 | .0277 | .0133 | .0066 | .0034
[ 16 3177 | .1548 | .0736 | .0351 | .0171 | .0086 | .0045
17 3666 | .1855 | .0003 | .0439 | .0217 | .0110 | .0057
18 4196 | .2198 | .1099 | .0544 | .0273 | .0140 | .0073
19 4725 | .2567 | .1317 | .0665 | .0338 | .0175 | .0033
20 5275 | .2970 | .1566 | .0806 | .0416 | .0217 | .0116
21 3393 | .1838 | .0966 | .0506 | .0267 | .0144
22 3830 | .2130 | .1148 | .0610 | .0326 | .0177
23 4206 | .2461 | 1340 | .0729 | .0394 | .0216
24 4765 | .2811 | .1574 | .0864 | .0474 | .0262
25 5335 | 3177 | .1819 | .1015 | .0564 | .0315
26 3564 | 2087 | .1185 | .0667 | .0376
27 3962 | 2374 | .1371 | .0782 | 0446
28 4374 | 2681 | .1577 | .0912 | .0526
29 4780 | 3004 | .1800 | .1055 | .0615
30 5211 | 3345 | .2041 | .1214 | .0716
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Table 7: Continued
Distribution function of U

PU<U,):n <n,;3<n, <10

n, =10 continued

Table 8: Critical Values of 7, and 7, for the Wilcoxon Rank

Sum Test: independent Samples

(a) a =.025 one-tailed; o =.05 two-tailed

UO \ n, 112]|3(4|5|6]|7 8 9 10

k) .3698 | .2299 | .1388 | .0827
32 4083 | .2574 | .1577 | .0952
33 4434 | .2863 | .1781 | .1088
34 4811 | .3167 | .2001 | .1237
35 .5189 | .3482 | .2235 | .1399
36 .3809 | .2483 | .1575
37 4143 | .2745 | .1763
38 4484 | .3019 | .1965
39 4827 | .3304 | .2179
40 5173 | .3598 | .2406
:; .3901 | .2644
= 4211 | .2894
= .4524 | .3153
e 4841 | .3421
= .5159 | .3697
= .3980
28 4267
e .4559
50 .4853

.5147

206

n, 3 4 5
T, Ty T, I, |1, | 1, /4 T,
3 5 16 6 18 6 21 Fi 23
4 6 18 11 25 12 28 12 32
5 6 21 12 28 18 AT 19 41
6 7 23 12 32 19 41 26 52
7 7 26 13 35 20 45 28 56
8 8 28 14 38 21 49 29 61
9 8 31 15 41 22 53 31 65
10 9 33 16 44 24 56 32 70
[ 8 9

o |25 T, T, Iy I, Iy T, 1,

3 7 26 8 28 8 31 9 33
4 13 35 14 38 15 41 18 44
5 20 45 21 49 22 53 24 56
6 28 56 29 61 31 65 32 70
7 37 68 39 73 41 78 43 83
8 39 73 49 87 a1 93 54 98
9 41 78 51 93 63 108 66 114
10 43 83 54 a8 66 114 79 131
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Table 8: Continued istri
T ; Table 9: Distribution of the number of runs R in samples of size
c I, and T, for the Wilcoxon Rank Sum Test: (n,,n,) :P(R < a)
1272) -

Independent Samples

f— . [l a
(b) - a =.05 on4e-talfed; a =.10 two-tailed (mom,) | 2 3 4 5 6 7 8 9 10
5 R 12
n T a T 2.3) 200 | 500 | 500 | 1.00
- £ v : | |, |, |T, |1, 2.4) 133 | .400 | .800 | 1.00
2 ? 15 7 17 7 20 5= 2.5) 095 | .333 | .714 | 1.00
= z ;g :g 24 13 27 14 % (2.6) 071 | .286 | .643 | 1.00
5 3 3 NS S I e oo s 00
7 9 24 15 N 7 T R o) 036 | .200 | 491 | 1.00
: 2 = 18 36 24 T (2,10) 030 | 182 | 455 | 1.00
: 39 25 50 | 33
10 11 31 18 42 26 54 | 35 g; .3) 400 | .300 | .700 | 900 | 1.00
(3.4) 1057 | .200 | 543 | .800 | 971 | 1.00
- (3.5) 036 | 143 | 420 | .714 | 929 | 1.00
. = 8 ) T (3.6) 1024 | .107 | 345 | 643 | 881 | 1.00
2 L i3 T T (3.7) 017 | 083 | .283 | 583 | .833 | 1.00
5 5 "24 - v T, Iy 1'% |5 (3.8) 012 | .067 | 236 | 533 | .788 | 1.00
2 35 = 9 27 10 29 11 0 (3.9 009 | .055 | 200 | 491 | .745 | 1.00
5 >3 22 = 36 17 39 T (3,10) 007 | .045 | 471 | 455 | 706 | 1.00
6 25 25 50 26
7 gg 24 32 58 33 63 53 gﬁ .4 029 | 111 | .371 | 629 | 886 | .71 | 1.00
8 = 6 41 71 43 76 25 5 (4,5) 016 | 071 | 262 | 500 | 786 | .929 | .992 | 1.00
5 = Z 52 84 54 0] 5] % (4,6) 010 | .048 | .190 | 405 | 690 | 881 | .954 | 1.00
0 - 6 54 90 &6 05 —e @.7) 006 | .033 | .142 | .333 | 606 | 833 | .954 | 1.00
80 57 95 89 [ 111 R (4.8) 004 | .024 | .109 | 279 | 533 | .788 | .929 | 1.00
Source: Wilcoxon F. and (,9) 903 | 018 | .085 | .236 | 471 | .745 | .902 | 1.00
C .and R. A, Wil By & . _ : 874 | 1.00
Procedures,” Reproduced with th;i?:d(Lz?;'.28?' Some rapid Approximate Statistical 2.10) 002 | .014 | .068 | .203 | 419 | .706
1ssion of American Cyanamid Company. 5.5) 368 | 040 | 467 | 357 | 643 | 833 | .960 | .992 [ 1.00
(5. 6) 004 | 024 | .110 | 262 | 522 | .738 | 911 | .976 | .998
(5.7) 003 1015 | .076 | .197 | .424 | 652 | .854 | 955 | .992
(5.8) 002 | 070 | .054 | .152 | 347 | 576 | .793 | 929 | 984
(5.9) 001 1007 | 039 | .119 | 287 | 510 | 734 | 902 | 972
(5,10) 5017 1005 | 029 | .095 | .239 | 455 | 678 | .874 | 958
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Table 9: Continued

Distribution of the number of runs R in samples of size

(nms) 1 P(R = )

a

D 3 4 5 6 7 8 9 10

(n,,n,)

5, 6) .002 | .013 | .067 | .175 | .392 | 608 .825 | 933 | .087
| (6, 7) .001 | .008 | .043 | .121 | .206 | .500 .733 | .879 | .966
(6,8) -001 | .005 | .028 | .086 | .226 | .413 .646 | .821 | .937
{6, 9) .000 | .003 | .019 | .063 | .175 | .343 .566 | .762 | .902
(6,10) 000 | .002 | .013 | .047 | 137 | .288 | 497 | .706 | 864
7.7) 001 | .004 | .025 [ .078 | 209 | .383 | .617 | .791 | 923
(7.8) 000 | .002 | .015 | .051 | .149 | 296 | 514 | .704 | 867
7.9 000 | .001 | 010 | .035 | .108 | .231 | .427 | .622 | .808
(7,10) :000 | .001 | .006 | .024 | .080 | .182 | .355 | .549 | 743
(8, 8) -000 | .001 ; .009 | .032 | 100 | .214 | .405 | 595 | 786
(8,9) .000 | .001 | .005 | .020 | .069 | .157 | .319 | .500 | 703
(8,10) 000 | .000 | .003 | .013 | 048 | .117 | .251 | .419 | 621
1{9.9) -.000 | .000 | .003 | 012 .044 | 109 | .238 | .399 .601
(9, 10) -000 | .000 | .002 | .008 -029 | .077 | 179 | 319 510
(10, 10) 000 | .000 | .001 [ .004 | .019 | .051 | 128 [ 242 414
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Table 9: Continued

Distribution of the number of runs R in samples of size
(n,n,) :P(R<a)

e o ives,
From “Tables for Testing Randomness of Grouping in a Sequence of Alternativ

[ a
11 12 13 14 15 16 17 18 | 19 | 20

(m,1,)

(4.4)

4.5

(4.6)

4,7)

(4. 8)

(4,9)

(4,10)

(5,5)

5,6) 1.00

5,7) 1.00

(5, 8) 1.00

(5,9) 1.00

(5, 10) 1.00
| (6,8) 998 [ 1.00

(6,7) .992 | .999 | 1.00

(6, 8) 984 | 998 | 1.00

(6,9) 972 | 994 [ 1.00

(6,10) .958 | .990 [ 1.00

(7..7) 975 | 996 | .999 | 1.00

7,8) .949 | 088 | .98 | 1.00 | 1.00

7,9) 916 | .975 | .994 [ .999 | 1.00

(7,10) 879 [ .957 | .990 | .998 | 1.00

8,8 900 [ .968 | .991 | .999 | 1.00 | 1.00

(8.9§ 843 | .939 | .980 | .996 | .999 | 1.00 -

(8, 10) 782 | .903 | .964 | .990 | .998 | 1.00 ;

9.9 762 | 891 | 956 | .88 | .997 | 1.00 | 1.00 | 1.0

(9.13)) 681 | .834 | 923 | .974 | .992 | .999 1.8(93 ].8 1:8 -
L(10, 10) 586 | .758 | .872 | .949 | .981 | .996 | .9 :

" F. Swed and

ith the kind
C. Eisenhart. Annals of Mathematical Statistics, Volume 14(1943). Reproduced wi
permission of the Authors and of the Editor.
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Table 10: Critical values of Spearman’s rank correlation coefficient SELECTED REFERENCES
Berenson, Mark L., David M. Levine and Mathew Goldstein (1983)

n\qg |05 |025 | 01 .005 Intermediate Statistical Methods and Applications: A Computer Package
5 0.900 - - E Approach, Englewood Cliffs, New Jersey: Prentice-Hall, Inc.
5] 0.829 | 0.886 | 0.943 - Blalock, Hubert (1972) Social Statistics, International Student Edition,
7 0.714 | 0.786 | 0.893 R Kokakusha Ltd, Tokyo: McGraw-Hill.
8 0.643 | 0.738 | 0.833 | 0.881 Canover, W. J. (1980); Practical Nonparametric Statistics, Second edition,
9 0.600 | 0.683 | 0.783 | 0.833 New York: John Wiley & Sons.
10 0.564 | 0.648 | 0.745 | 0.794 Freur:g, John E. and Garry A. Simon (1992), Modern Elementary Statistics,
8" Edition, Englewood Cliffs, New Jersey: Prentice-Hall, Inc.
1; gig? g'gg? 8;82 8:%8 Gummesson. Evert (2000) Qualitative Methods in Management Research,
13 0"475 0:566 0.673 1 0.745 2" Edition, Beverly Hills, California: Sage Publications.
14 0457 1 0.545 | 0.646 | 0.716 Kendall, M. G. and A Stuart (1987) The Advanced Theory of Statistics, Fifth
15 0.441 | 0.525 | 0.623 | 0.689 edition, London: Charles Griffin and Company Limited. o
Menard, Scott (1995) “Applied Logistic Regression Analysis”, Quantitative
16 0.425 | 0.507 | 0.601 | 0.666 Applications in the Social Sciences, Sage University Paper, No. 106.
17 0.412 | 0.490 | 0.582 | 0.645 Mendenhall, Wiliam and James E. Reinmuth (1982) Statistics for
18 0.399 | 0.476 | 0.564 | 0.625 Management and Economics, Fourth edition, Belmont, California: PWS
19 0.388 | 0.462 | 0.549 | 0.608 Publishers, Duxbury Press.
20 0.377 | 0.450 | 0.534 | 0.591 Mihanjo, Adolf (2005), Falsafa na Ufunuo wa Maarifa, Morogoro: Salvatorian
institute of Philosophy and Theology.
21 0.368 | 0.438 | 0.521 | 0.576 Mood, Alexander M., Franklin A Craybil and Duan C Boes (1974)
22 0.359 | 0.428 | 0.508 | 0.562 Introduction to the Theory of Statistics, Third edition, Kokakusha Ltd,
23 0.351 | 0.418 | 0.496 | 0.549 ) Tokyo: Mc Graw-Hill
24 0.343 | 0.409 | 0.485 | 0.537 Ndunguru, P. C (2001) Basic Concepts of Probability Theory, Mzumbe
25 0.336 | 0.400 | 0.475 | 0.526 sitng. Rl v '
University: Research and Publications.
26 0.329 | 0.392 | 0.465 | 0.515 Ndunguru, 'P. C. (2007) Econqmetrics: A Science of lNoq—experimental Data
27 0.323 | 0.385 | 0.456 | 0.505 Analysis, Mzumbe University: Research and Publications. '
28 0.317 | 0.377 | 0.448 | 0.496 Ndunguru, P. C. (2007) Lectures on Research Methgdology for Social
29 0.311 | 0.370 | 0.440 | 0.487 Sciences, Mzumbe University: Research and Publications.
30 0.305 | 0.364 | 0.432 | 0.478 Pierce, A. (1970); Fundamentals of Nonparametric Statistics, Belmoq?,
California: Dichenson. :
From “Distribution of Sums of Squares of Rank Differences for Small Samples”, E. G. Olds, Rees, D.G. (1987) Foundations of Statistics, London: Chapman and Hall.
Annals of Mathematical Statistics. Volume 9(1938). Reproduced with the kind permission of the Stigler, S. M., (1986) The History of Statistics, Cambridge, Massachusetts:

Editor, Annals of Mathematical Statistics. Harvard University Press

Triola, Mario F. (1998), Elementary Statistics, Seventh edition, Reading,
Massachusetts: Addison-Wesley Longman, Inc.. ‘
Wilks, S. S. (1962) Mathematical Statistics, New York: John Wiley & Sons.
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A

alternative hypcthesis, 12, 14, 15, 20, 24, 28,
30, 36, 39, 46, 65, 67,72, 107, 108, 110,
112,120, 122,123, 148

Asymmetric relationship, 8

B

biromial process, 21
binomial test, 23, 26, 27, 28, 30, 31, 65, 132

C

classification models, 130, 137

coefficient of variation, 157, 162

composite hypothesis, 12, 16, 20

conceptualization, 1, 3, 20

concordant, 159, 162

contingency tables, 118, 119, 120, 130, 140

contingent coefficient, 125

correlation of attributes, 125

correlational techniques for ordinal data,
159, 165

Cramer’s, 125

cross product-ratio, 144

cross-sectional study, 146

cross-tabulations, 118, 119, 120

D

degree of accuracy, 129, 133
Descriptive hypothesis, 7

directional measures of correlation, 129
discordant, 159, 162

d-statistic, 132

E

errors with model, 131, 137,138, 140
errors without model, 131, 133, 137, 138
139

L]

F

Fisher's Exact Test., 126
Friedman test, 04, 81, 82, 83,86

G
Galileg, 7

INDEX
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Gocdman and Kruskal gamma, 119, 125,
156, 159, 162, 163, 165

Goedman and Kruskal lambda-p, 17

Goodman and Kruskal tau, 130, 137, 139,
156,171,172

good-ness-of-fit, 60, 133

grounded theory, 11

H
hyper-geometric probability test, 47

I

interval-scaled, 6

K

kappa index, 144, 148, 149

Kendal's tau-a, 162

Kendall's phi coefficient, 139, 140, 141

Kendall’s tau, 17, 119, 138, 156, 159, 162,
163, 165,173, 188, 190

Kendall's tau-c, 156, 160

Kolmogorov-Smirnov test, 36, 52, 54, 36

Kruskal lambda-p, 130

Kruskal-Wallis H test, 64, 75,77, 79

k-sample median test, 41, 42, 43, 59, 80, I¢

E

level of confidence, 13 .

level of significance, 13, 17, 20, 22, 29,4.:
48,52, 56, 66, 68, 71, 72, 83, 86, 88, 167.
185, 186, 197

Light-Margolin measure, 131, 144, 145, 15"

152, 188, 190

M

Mann-Whitney U test, 64, 70, 75, 90
Measurement-scales, 5
Median Test for Randomness, 109

N

nominal-scaled., 6
Non-parametric techniques, 16, 17
non-randomized, 20
Non-randomized tests, 13

null hypothesis, 10, 12, 13, 14, 15,13,

(0]

operationalization, 2, 3, 20
ordinal-scaled, 6

P

parametric techniques, iii, iv, v, 8, 9,16, 17,
18,19, 20, 36, 155

phi, 17,125, 130, 139, 140, 141

Power of a test, 14

FRE-based correlations, 118

prediction models, 129, 130

primary qualities, 7

primitive concepts, 2, 3

probability, 22, 25, 29, 73, 107, 109

proportional reduction in error, 118, 129,
130, 131,133,136

R

Random Walk Hypothesis, 115

Randomized test, 13

randomized-block designed experiments,
81

rank correlation coefficients, 156

rank-sum tests, 36, 64

ratio-scaled, 6, 7

Reciprocal relationship, 8

Relational hypothesis, 8

Runs-test, 106

S

sample median tests, 36
secondary qualities, 7
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selection models, 130, 131, 139

Sommer’s - coefficients, 119

Spearman rank correlation, 17, 119, 156,
157, 158

statistical hypothesis, 12, 13, 14, 20, 37

statistical significance, 20, 120, 132, 134,
136,139, 142

substantive significance, 20, 132

symmetric measures of correlations, 124

Symmetric relationship, 8

T
Testing equality of proportions, 122
theory-building, 11, 133
Tschuprows, 125
Two-paired sample sign test, 27
type | error, 13, 14
type Il error, 13, 14

8]

unbiased estimate, 36

1'%
variable typology, 3

w
Wilcoxon rank-sum T-test, 71
Wilcoxon T test, 64, 90

Y

Yule's coefficient, 125



Inference problems in qualitative research focus on
theory-buiiding that emphasizes on describing and
determining relationships among study variables on the basis
of data rather ihan reviewed theories. In testing descriptive
and relational hypotheses, theory-building starts with
identifying a difference in kind and/or in degree regarding
presence or absence of a property or set of properties in
study objects or events. Both aspects of difference are within
the realm of measurement levels that are associated with
classification and/or ordering. These measurement levels
lend themselves to non-parametric statistical analysis.
Non-parametric Statistics: Inference Methods for Qualitative
Research, is a book that is solely dedicated to this specific
theme, focusing mainly on business and management
research. The inclusion of SPSS tutorial sections in solving
problems makes the book a unique one, enabling readers to
practise their skills in applying the statistical package.
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