16.3.1 Definition of Chi-square ()

Chi-square (y?) is a descriptive measure of the magnitude of the discrepancies between the
observed and expected frequencies. x> may be defined as the sum of ratios of squared devia-
tions of observed frequencies (£ from the corresponding expected frequencies (f.), and the
respective f; values. Thus, the formula for the chi-square statistic (x?) is

xz =Z(fo }fe)

where
f,=observed frequencies of a category
f.=expected frequencies of the corresponding category
¥ =directs one to sum over all the categories

As the above formula indicates, the value of * is computed by the following steps:
(i) Find the difference between f, and f; of each category.
(ii) Square the difference (f,-f.). This ensures that all values are positive.

(iii) Divide the squared difference of a particular category by its respective f..
(iv) Finally, sum the values from all the categories.

An alternative formula for chi-square reads as:

2
x2=Z%‘;—)ﬁ—N
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102
pection of the above formula for ,
ns

StatjstiC!
@ Since x* s a descriptive mea

? leads to the following characteristics of the chi-square

! reater the discrepancy between the £, and f,,
relative to f;, the greater is the amount of y2 If no discrepancies exist and the observed
and expected frequencies are the same, x> will be 0.

m x*is always positive, since the difference be
should note also that 42 js always 0 or a po
occur.

tween f, and f; is squared. The reader
sitive number. Negative values cannot

positively skewed, and it is a continuous prob-
ability distribution at its right tail. The shape and form of the distribution depend on
the df of the chi-square.

163.3" Assumptions of Chi-square (2

€€ ¥*isa non-parametric statistical test, most of the assum
Othe assumptions of 42 The following are some of the i

@ Observations must be in
the population and the
Impartial.

The variable under study must have underl
O population, the trait is absent.

The measurements or data should be in terms of nominal (categorical) scale of meas-
Urement. For example, the subjects are required to give their responses in different

Categories, such as ‘Yes, Neutral or No’, ‘Favourable, Neutral or Unfavourable’, ‘Positive,
Neutral or Negative, etc.

The data are in terms of frequencies, percentage or proportions.

Number of samples should be less so that maximum df would be 30 [df=c_1 or
df=(r-1) (c-1))

als

ptions of non-parametric tests are
mportant assumptions of y2 test:

dependent. It implies that the selection of the samples from
assignment of scores to the observations must be unbiased or
(b) ying continuity—nowhere in the sample
(c)
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. 2.1 Parametric Statistical Tests (PST)
6.4

r a mea-

i is a characteristic o
will recall from our discussion in Chapter 1 that a parameter &

' on popul

jo? fa population(A parametric inference test is one that depend§ C(')nsll?esrtails)lc}l’efin gd ES, ‘A

e Oharacteristics, Or parameters for its use. Thus, a paramet.rlc statls't%ca e P AT

ior etric statistical test is a test whose model specifies certain coxlld'mons abou d'tpons oo

i aﬂf1 the population from which the research sample was drawn.” Since these condi f1 -
éi grdinarily tested, they are assumed to hold. The meaningfulness of the results of a p

etric test depends on the validity of these assumptions. The following are some of the
::Sumptions of the parametric tests,

1621.1  Assumptions of Parametric Statistical Tests

The assumptions of the parametric statistica] tests are:

(i) Theobservations must be independent. That is, the selection of any one case from the
population for inclusion in the sample must not bias the chances of any other case for
inclusion, and the score which is assigned to any case must not bias the score which is
assigned to any other case. In brief, independence of observation implies two things,
that is, selection of samples from the population must be random, and assignment of
scores to the observation must be unbiased.

(i) The observations must be drawn from normally
words, the trait or the dependent variable that ther

be normally distributed in the population fro
drawn.

i) These populations from which the research sa
geneity of variances or same variance (or in
1atio of variances).

iv) The variables involved must have been measured in an interval or ratio scales of

Measurement, so that it is possible to use the operations of arithmetic (adding, divid-
ing, finding means, etc.) on the scores,

) The populations from which the research samples are drawn must have homoscedas-
ticity of variances, which means the equality of variances between columns and rows,
The means of these normal and homoscedastic populations must be linear combina-
tions of effects due to columns and/or rows. That is, the effects must be additive.

Allthe aboye conditions[except Assumption (iv), which states the measurement requirement]
A€ elements of the parametric statistical model. Assumption (v) regarding the homoscedastij

Opulatiop js found only in case of the analysis of variance model (the Ftest). With the poss
e

distributed populations. In other
esearcher is going to measure must
m which the research samples are

mples are drawn must have the homo-
special cases, they must have a known

C
i-
Xception of the assumption of homoscedasticity (equal variances) th_ese conditions are
'Narily not tested in the course of the performance of a statistical analysis. Rather, they are
presUmptions which are accepted, and their truth or falsity determines the meaningfulness of
the PIobability statement arrived at by the parametric test,
€n we have reason to believe that these conditions are met in the data under analysis,
then we should certainly choose a parametric statistical test, such as ‘t’ or F, for analysing
th})se data. Such a choice is optimum because the parametric test will be most powerfy] for
"tjecting H; when it should be rejected. _ .
Ut when the assumptions constituting the statistical model for 3 test are in fagt not met,
' When the measurement is not of the required strength, then it is difficult if not Impossible
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i i i i tent tO 'Cl
osay whati even difficult to estimate the ex whi
t what is real]y the power of the test.Itis e : : I o h c

probability statement about the hypothesis llication i st Al Phytighisomme it lty

statement results from the unacceptable appieviations in meeting the assumptions Underly-

thered to show that slight ¢ : S )
?:; ;c)flrtla?rslger?? t%?ts may not have radical effects on the obtained probability figure, there j as

St ‘slight’ deviation.
yet no general agreement as to what constitutes a sligh

16.2.2 Non-parametric Statistical Tests (NPSTs)

A non-parametric statistical test, on the contrary, isa test.who}s;e modelc(liloseasnrllolte S;peclfy con-
ditions about the parameters of the population from whlch the resear ortanFt) : are drawn,
For non-parametric statistical tests, the shape of the population is llllnlfir};; o d or example'
it is not necessary that the samples be random samples frqm normally dis nuu lf Populations
as with the parametric statistical tests. For non-parametric §tat15t19a1 tests all t at_xs Qece§sa

is that the sample scores be random samples from populat.lon having the same d1§tnb}1tlons,
For this reason, non-parametric inference tests are sometimes referred to as dzstrzbutlon-ﬁee

tests.

16.2.2.1 Assumptions of Non-parametric Statistical Tests

The following are certain assumptions which are associated with most non-parametric tests,

(i) The observations are independent. The independence of observation implies two
things—one, the selection of samples from the population must be random and,
second, assignment of scores to the observation must be unbiased.

(ii) The trait or the dependent variable under study has underlying continuity. This
means that the variable under study must be present in any amount in each and
every element of the population from which the research samples are drawn; nowhere
in the population, it is absent.

(iii) The variables involved must have been measured in an ordinal scale or in a nominal
scale. In other words, the given data should be in terms of ranks or in categories. Non-
parametric tests do not require measurement so strong as that required for the para-

metric tests; most non-parametric tests apply to data in an ordinal scale and some
apply also to data in a nominal scale,

16.2.2.2 Advantages of Non-parametric Statistical Tests

The following are some of the advantages of the non-parametric statistical tests.

(i) Probability statements obtained from most non
probabilities (except in the case of large samples
available), regardless of the shape of the popu’l
random sample was drawn. The accuracy of t
depend on the shape of the population, altho
assume identity of shape of two or mor:

-parametric statistical tests are exact
Where excellent approximations are
ation distribution from which the
he probability statement does not
ugh Some non-parametric tests may

they share with parametric tests, In brief exa :
f ’ Ct prob iti ; the
help of non-parametric statistical tests, probabilities can be determined by




(ii)

(i)

(vi)
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If the sample size is small, as sy

n-parametric statistica] re i ' i
2’(1)0 uI/)n axsetly test unlesg the nature of the l;onp(i:laz::'ema(tiwe bt 2
) lon distribution is
There are suitable Non-parametrijc Statistical tests for ¢
! r

observations from several differen, Populations, None - '8 $amples made up of
. ne

tests can handle such datgy without - of the parametric statistical
tions requiring us to mak i :
assump > € seemingly unrealistic

all as N=6 are used, the

Non-parametric statistical tests are avai]
tory or categorical, that is, are measur
technique applies to such data,

Non-parametric statistical tests are typically much easier to learn and to apply than
are parametric statistical tests.

able to treat data which are simply classifica-
ed in a nominal scale. No parametric statistical

16223  Disadvantages of Non-parametric Statistical Tests

hspite of the so many advantages as cited above, the non-parametric statistical tests have the
following disadvantages:

(i)

(i)

If i f the parametric statistical model are in fact met in the data,
aniini?glgs Isllllcglspl:rlgrrrllsegt is OIP the required stren.gth: then non-parametric statistical
tests are wasteful of data, because the primary objectives of research are: (il)i ptre'glcti:}o[]
about future outcomes and (b) drawing inference _about. p_ogluzat;gn stribution.
These two objectives are not met with non-parametric statistical tests.

The degree of wastefulness is expressed by the power egf;fée;:%sgiaﬂisil ﬁl;s
Parametric test. It will be remembered that if a nOn'plellrt;r?conditions of the para-
Power efficiency of, say, 90%, this means has .where : metric test would be just as
Metric statistical test are satisfied the appropriate Pﬁri \isedin €hie Tion-parametie
effective with a sample which is 10% smaller than tha

analys;s,

lnferaction effects among variables or fad

Parametric statistical tests. In o.ther wor s,1

Ods for testing interactions in the ana

aSsumptions are made about addlthlt); inst non-parametric methods is that the
iecti i 105 idely scattered

that has been raised agair ve been widely

:\elslt(;t?ﬁi (t)}l:(]:i:;: ta:gcr:lompanying tables of 51gn1f1c51?tr‘r’:;1;‘tlse_5£:ny are highly specialised

i : icati ear in different formars havioural scientists.

;Ir]l(;, ?}r]lou; pUbilkfa;:f);Sealile?esggmparatively inaccessible to the be /

ey have, the )

by the help of non-
annot be measured )

Ctoﬁére are as yet no non-parametric met.h-
ysis of variance model, unless special
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16.2.3 Difference between Parametric and

The following are some of the import
non-parametric statistical tests or simply st

(i)

(i1)

(i11)

(iv)

(vi)

(vii)

(viii)

(ix)

(x)

L SCIENCES

Non-parametric Statistical Tests

ant points of difference between parametric anq
atistical inference tests.

A parametric statistical test depends considerably on Pf)PUlatlon characteristics or
parameters, for its use, whereas a non-parametric statistical test does not depend sq

much on the population characteristics or parameters for its use.

The model of the parametric statistical tests specifies certain conditions about the
parameters of the population from which the research samples are draw.n‘. However,
the model of the non-parametric statistical tests does not specify conditions about
the parameters of the population from which the samples are drawn.

ical tests, the shape of the population is important but for non-

For parametric statist _
parametric tests, the shape of population is unimportant.
which are in terms of either inter-

Parametric statistical test can be applied to the data

val or ratio scales of measurement, but when measurements are in terms of nominal
or ordinal scales, the use of non-parametric tests will be more appropriate.
Non-parametric statistical tests have fewer requirements or assumptions about popu-
lation characteristics compared to the parametric statistical tests.

Many of the parametric statistical tests are robust with regard to violation of underly-
ing assumptions. A test is said to be robust if violations in the assumptions do not
greatly disturb the sampling distribution of its statistic. Thus, the ‘t-test is robust
regarding the violation of normality in the population. Even though, theoretically,
normality in the population is required with small samples, it turns out empirically
that unless the departures from normality are substantial, the sampling distribution
of t remains essentially the same. Thus, the ttest can be used with data even though
the data violate the assumptions of normality. This is one of the reasons of preferring

parametric tests to non-parametric tests.
The main reasons for preferring parametric to non-parametric tests are that, in gen-
eral, they are more powerful and versatile than non-parametric tests. We can see an
example of the higher power of parametric tests when we will compare the t-test with
the sign test for correlated groups (see Chapter 17). The factorial design discussed in
Chapters 13-15 provides a good example of the versatility of parametric tests. with
this design, we can test two, three, four or more variables and their interactions. NO
comparable statistical technique exists with non-parametric statistics.

As a general rule, investigators will use parametric statistical tests whenever
However, when there is an extreme violation of an assumption of the parame
or if the investigator believes the scaling of the data makes the parametric test inap”
propriate, a non-parametric statistical test will be employed.

Prediction about future outcomes and drawing inferences about population di
tions, which are the two basic objectives of research, are met with parametrics
cal tests but not with non-parametric statistical tests.

Non-parametric statistical tests are typically much easier to learn and to apply than
are parametric statistical tests./

possib]e.
tric test

stribu-
tatisti-
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424 Precautions in Using Non-parametric Statistical Tests

(i)

[n situations where the assumptions underlyi

both parametric and non-parametric tests can be applied, the preference should be for
the parametric test because most parametric tests have greater power in such situations.

When measurements are in terms of interval or ratio scales, the transformation of the
measurements on nominal or ordina] scales will lead to the loss of much information.

Hence, as .far as possible, parametric tests should be applied in such situations; no non-
parametric test should be used here, unless it is asked for.

The non-parametric tests, no doubt, provide a means for avoiding the assumption of
normality of distribution. But these tests do nothing to avoid the assumptions of inde-
pendence of observation or homoscedasticity wherever applicable.

The Ftest and t-test are generally considered to be robust test because the violation of
the underlying assumptions does not invalidate the inferences about the population
parameters. It is customary to justify the use of a normal theory test in a situation where
normality cannot be guaranteed, by arguing that it is robust under non-normality.

Behavioural scientists should specify the null hypothesis, alternative hypothesis, sta-
tistical test, sampling distribution and level of significance in advance of the collec-
tion of data. Hunting around for a statistical test after the data have been collected
tends to maximise the effects of any chance differences which favour one test over
another. As a result, the possibility of rejecting the nu}l hypothesis (Hp) v_vhen itis true
(Type I error) is greatly increased. However, this caution is equally applicable to both
Parametric and non-parametric statistical tests.

In the following sections of this chapter, we shall present some i;nportant and commonly
fon-parametric statistical tests. Let us begin with chi-square (x*) test.

e -



