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Chi - square Test

(T_he chi-square test is an important test amongst the several tests of significance developed by
statisticians. Chi-square, symbolically written as xz (Pronounced as Ki-square), is a statistical
measure used in the context of sampling analysis for comparing a variance to a theoretical variance.

- Asanon-parametric” test, it “can be used to determine if categorical data shows dependency or thi
two classifications are independent. It can also be used to make comparisons between theoretical
populations and actual data when categories are used.” Thus, the chi-square test is applicable in
large number of problems. The test is, in fact, a technique through the use of which it is possible for
all researchers to (i) test the goodness of fit; (ii) test the significance of association between two
attributes, and (i) test the homogeneity or the significance of population variance.

Ty

; 3 :
CHI-SQUARE AS A TEST FOR COMPARING VARIANCE

The chi-square value is often used to judge the significance of population variance i.e., we can use
the test to judge if a random sample has been drawn from a normal population with mean () and
with a specified variance (G ). The test s based on %" istrbution. Sucha distribution we encounter
when we deal with collections of values that involve adding up squares. Variances of samples require
us to add a collection of squared quantities and, thus, have distributions that are related to
xz -distribution. If we take each one ;)f acollection of sample variances, divided them by the known
population variance and multiply these quotients by (1 - 1), where n means the number of items in

4 ! 2 B 2 !
the sample, we shall obtain a xz distribution, Thus, 9-2’-(;1 -1)= E’z‘" (d.f.) would have the same
: o o ;
P P

distribution as % distribution with (n - 1) degrees of freedom.

*See Chapter 12 Testing of Hypotheses-1I for more details.
'Neil R. Ullman, Elementary Statistics—An Applied Approach, p. 234,
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T :
The X" distribution is not symmetrical and all the values are positive. For making use of this

distribution, one is required to know the degrees of freedom since for different degrees of freedom
we have different curves. The smaller the number of degrees of freedom, the more skewed is the
distribution which is illustrated in Fig. 10.1:

0 5 10 15 20 25 30
3 —Values
Fig. 10.1

Table given in the Appendix gives selected critical values of 1 for the different degrees of

- 2 e -
freedom. X -values are the quantities indicated on the x-axis of the above diagram and in the table
are areas below that value.

In brief, when we have to use chi-square as a test of population variance, we have to work out

“the value of xz to test the null hypothesis (viz., Hy: crf 2 ﬁi] as under:
2
g
LAgn
%

where 62 = variance of the sample;

- :
’p = Variance of the population;
(’" 1) = degrees of freedom, n being the number of items in the sample.
: Then by comparing the calculated value with the table value of X° for (1 - 1) degrees of
reedom al a given level of significance, we may either accept or reject the null hypothesis. If the

. I

calcul?led va]lue OF X is less than the table value, the null hypothesis is accepted, but if the calculated
value ‘:}ﬁ:ﬁ Or greater than the table yglye, the hypothesis is rejected. Al this can be made clear by
an exa

Hiustration |
Weight of 10 swdents is as follows:
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5. No. L 0. 2iionci s Vel e DAL, 6 ) oo BLe s 1
Weight (k)s.) B © & S &4 8 S & 2 ®

: Can we say that the variance of the distribution of weight of all students from which the above
mple of 10 students was drawn is equal to 20 kgs? Test this at 5 per cent and | per cent level of
"ﬁcaﬁce.

lutiox. First of all we should work out the variance of the sample data or Gf and the same has
worked out as under: '

Table 100

X (Weight in hgs.)

5. No. X~ X) Y
I »® T 81
2 €0 7 o
3 s ) o
4 3 +6 4 36
5 @ 0 w
6 @ 4 i6
7 55 8 o
8 8 + ol
9 2 45 P
0 o ) 0
=10 TX; =470 3(x, — %) =280
X= 2K il 47 kgs.
n 10
=3 T
GS = = = 3}”
n-1 10-1
62 =311

- : 2
 Let the null hypothesis be H: o = 6. In order to test this hypothesis we work out the X




RS

[236

Research Methodology |

3L11
=22(10 - 1) =13.99.
= (10-1)

Degrees of freedom in the given case is (n - 1) = (10 - 1) =9. At § per cent level of significance

2
the table value of X~ = 16.92 and at 1 per cent level of significance, it is 21.67 for 9 d.f. and both
?esovnh.:cs are_grealcrthanmecalculmd value of x2 which is 13.999. Hence we accept the null
ypothesis and conclude that the variance of the given distribution can be taken as 20 kgs at 5 per

cent as also at | per cent level of significance. In other words
: - , the sam i
taken from a population with variance 20 kgs. S A WIS M

Hlustration 2
A sample of 10 is drawn randomly from a certain ion
: ‘ population, The sum of the squared deviations from
gnmmofﬁr. glangmpieasSO. Test the hypothesis that the variance of the population is §
per cent level of significance, j <1l
Solution: Given informationis
n=10

}:(x; -X) =50

n-1

il
9
Take the null hypothesis as Hy: 63 = a7 In order to test this hypothesis, we work out the X
value as under: -

g
g

la,

] X 50
" = 1) L1022
X =—gn=1)=(10-1)="x

b

Degrees of freedom = (10 1) =9.

: :
The table value of X~ at 5 per cent level for 9 d.f. is 16.92. The calculated value of x: is less

than this table value, so we the null h i i
b accept ypothesis and conclude that the variance of the population

CHI-SQUARE AS A NON-PARAMETRIC TEST

. . . .

size of the sample) for using this test. As a non-parametri : i
o g e e e e e
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As a test of goodness of fit, %" test enables us to see how well does the assumed theoretical
diwiMﬁm(MasBimnﬁa!tﬁm'lhﬁm.Poismdisﬁbuﬁmoermldism'buﬁon)ﬁmﬂ!eobwved
M.Whmwmnmeﬁcddiaﬁbmionisﬁmdtothegivendm.wearcalwaysinwemdin
knowing as to how well this distribution fits with the observed data. The chi-square test can give
answer to this. If the calculated value of s less than the table value ata certain level of ignificance,
the fit is considered to be a good one which means that the divergence between the observed and
expected frequencies is attributable to fluctuations of sampling. But if the calculated value of s
greater than its table value, the fit is not considered to be 2 good one.

As a test of independence, 1’ test enables us to explain whether of-not two attributes are
umcmﬂ.hmsm.wemayuimmedinkmwingwhet}mamw medicine is effective in
controlling fever or not, X test will helps us in deciding this issue. In such a situation, we proceed
mmnuummBMMmem(m.wmﬁmmmam)miw~
which means that new medicine is not effective in controlling fever. On this basis we first calculate
the expected frequencies and then work out the value of x2..1f the calculated value of 7" is less
lhanlhclablc\ralucalacena.inIevelofsigniﬁcanceforgivendcgrecsof&wdom.weconciudethm
null hypothesis stands which means that the two attributes are independent or not associated (i.c., the
ew medicine is not effective in controlling the fever). But if the calculated value of 1’ is greater
tlmnitstablevﬂue,ominfemmenwmﬂdbcﬂlatmﬂhypothesisdo:snmhold_goodwhkhm '
the two attributes are associated and the association is not because of some chance factor but it
exists in reality (i.c., the new medicine is effective in controlling the fever and as such may be
prescribed). It may, however, be stated here thal x* is not:a measure of the degree of relationship
umefumdmlﬁmﬁipwmmwihM&MBﬂmﬂyammdjmuﬁgniﬁam
ofmhassodaﬁmorrelaﬁondﬁpbetwmmmibum

horduthatwemayapptymechi-squmwsleimerasa&stofgoodnessofﬁtorasamw
judge the significance of association between attributes, it is necessary that the observed as well as
themnﬁcalmexpeuedﬁuqmmustbegmupodinﬂmamewayxndﬂwmeorcﬁcaldisn-ibution
muaheadjustedmgiwﬂnmmtalfmqumweﬁndinmécofbbwwddisuimﬁm x s
then calculated as follows: :

(0 - .Ei.f )2

E;

r=1

where
0, - observed frequency of the cell in ith row and jth column.
E,= expected frequency of the cell in ith row and jth column.
1f two distributions (observed and theoretical) are exactly alike, x* =0; but generally due to
sampling errors, xl is not equal to zero and as such we must know the sampling distribution of L
50 that we may find the probability of an observed x: being given by a random sample from the
hypothetical universe. Instead of working out the probabilities, we can use ready table which gives
probabilities for given values of %" . Whether or not a calculated value of x* is significant can be
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ascertained by looking at the tabulated values of L for given degrees of freedom at a certain level
of significance. If the calculated value of 12 is equal to or exceeds the table value, the difference
between the observed and expected frequencies is taken as significant, but if the table value is more
than the calculated value of X , then the difference is considered as insignificant i.¢., considered to
have arisen as a result of chance and as such can be ignored.

As already stated, degrees of freedom’ play an important part in using the chi-square distribution
and the test based on it, one must correctly determine the degrees of freedom. If there are 10
frequency classes and there is one independent constraint, then there are (10 —-1) = 9 degrees of
freedom. Thus, if »’ is the number of groups and one constraint is placed by making the totals of
observed and expected frequencies equal, the d.f. would be equal to (n - 1). In the case of a
contingency table (i.e., a table with 2 columns and 2 rows or a table with two columns and more than
two rows or a table with two rows but more than twoeolumnsnramb!amthmemantwom
and more than two columns), the d.f. is worked out as follows:

df=(c-1 =1
where ‘c’ means the number of columns and *r’ means the number of rows.

CONDITIONS FOR THE APPLICATION OF X' TEST
" The following conditons should b satisfied before % test can'be applied:
(i) 'Observations recorded and used are collected on a random basis.
/(i) All the itmes in the sample must be independent.
(iii) No group should contain very few items, say less than 10, I case where the frequencies
are less than 10, regrouping is done by combining the frequencies of adjoining groups so

that the new frequencies become greater than 10, Some statisticians take this number as 5,
. but 10 is regarded as better by most of the statisticians.

(iv) The overall number of items must also be reasonably large. It should normally be at least
50, howsoever small the number of groups may be.

" (v) The constraints must be linear. Constraints which involve linear equations in the cell
frequencies of  contingency table (i.e., equations containing no squares or higher powers
of the frequencies) are known are know as iinw constraints.

\_\

STEPS INVOLVED IN APPLYING CHI-SQUARE TEST

The various steps involved are as follows:

*For d.f. greater than 30, the distribution of 2y® approximates the normal distribution wherein the mean of /2y’
distribution is ﬁ 1 and the standard deviation = 1. Accordingly, when d.f. exceeds 30, the quantity
[F ﬁdf }myhemdnlmdvmmﬂlumlmm.

' -a.=JEF—Jzﬁ

[ Chi-square Tost . : 239 |

(i) First of all calculate the expected frequencies on the basis of given hypothesis or on the
basis of null hypothesis. Usually in case of a 2 x 2 or any contingency table, the expected
frequency for any given cell is worked out as under:

(Row total for the row of that cell) x
(Column total for the column of that cell)

(Grand total)

Expected frequency of any cell =

(ii) Obtain the difference between observed and expected frequencies and find out the squares
of such differences i.c., calculate (O~ EJ). ;

(iii) Divide the quantity (0, - E,* 0hlamed as stated above by the corresponding expected
frequency 1o get (0, Eq)‘IE and this should be done for all the cell frequencies or the
group frequencies.

2
: Q. ~E:
(iv) Find the summation of (O, - E,/E, values or what we call Z(—UE—"'] . This is the
required xl value. :
The %° value obtained as such should be compared with relevant table value of %’ and then
inference be drawn as stated above.
We now give few examples to illustrate the use of 1 test
Hlustration 3.
A die is thrown 132 times with following results:

Number turned up 1 2 - ALy | 9 6
Frequency 16 0 -] 14 2 -
Is the die unbiased?

 Solution: Let us take the hypothesis that the die is unbiased. If that is so, the probability of obtaining

any one of the six numbers is 1/6 and as such the expected frequency of any one number coming

- upward is 132 x1/6 = 22. Now we can write the observed frequencies along with expected frequencies
and work out the value of xz as follows:

Table 10.2
No. Observed Expected (O-E,) (O-EJ (O~ E JIE,
turned frequency frequency
up ey E;
t 16 2 -6 E 2
2 2 - -2 4 42
3 o] 2 3 9 922
4 A4 2 -8 B4 622
5 2 n 7 » 4922
6 p..} b 6 % w2
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L1(0,- EYIE] = 5.

Hence, the calculated value of %* =9,
-+ Degrees of freedom in the given problem is
(n=1)=(6-1)=5.
The table value® of % for 5 degrees of freedom at § per cent level of significance is 11.071.
Comparing calculated and table values of X’ , we find that calculated value is less than the table

value and as such could have arisen due to fluctuations of sampling. The result, thus, supports the
hypothesis and it can be concluded that the die is unbiased. :

Hlustration 4

Find the value of X for the following information:

" Class A B e D
Observed frequency y. i 15
Theoretical (or expected) frequency 3 b » » 7

- Solution: Since some of the frequencies less than 10, we shall first re-group the given data as
follows and then will work out the value of 1 '

Table 10.3

Class Observed Expected o0&, (0, - EY/E,
Jrequency 0, frequency E,
Aand B (8+29)=37 (1+24)=31 6 3631
c #“ k] 6 - 3638
Dund E (15+4)=19 (4+7)=31 -12 14431
2
0 -E
r= 2(—5—'1- = 676 app.
Illustration 5

Genetic theory states that children having one parent of blood type A and the other of blood type B
will always be of one of three types, A, AB, B and that the proportion of three types will on
anaveragebe as 1 : 2: 1. A report states that out of 300 children having one A parent and B parent.
30peroenlwetefoundtobctypcsd,45percempercemtypéAQandmmaindcrtypeB.Testlhf
hypothesis by % test.

Solution: The observed frequencies of type A, AB and B is given in the question are 90, 135 and 75
respectively.

*Tabje No. 3 showing some critical values of 12 for specified degrees of freedom has been given inAwendiutﬁ\““d
of the book.

I —————

Chi -y Test.
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The expected frequencies .' ;
b é’:y‘ °“YP°4-43WBfaswtﬁfscmucmeory)sbmwhmhems.

We now calculate the value of xz as follows:

Table104
Tvpe ?b.termd f.'xpen'ed 0~E) (0, -EF (0, EJ/E
FEYy Z 4 b | |
0, £ "
A s D 7 15 «
25 | =
;s 135 150 -5 25 | 225.«2?:,07: 1.:
L s 0 0 075=0
2
- 1 (Q > Ei)
X=X =3+15+0=45

df=(n-1)=(3-1)=2.
Table value of X" for 2d.f. at 5 per cent level of significance is 5,991,

The calculated value of X is 4.5 which is less than the table value and hence can be ascribed

to have taken place because of chance. This ical hypothesis
- Lhis supports the theoretical h f ic theory
IhatmaaavemgetypcA.ABmsttandindJepmportionofI:_2:]. fiseng:

Hlustration 6

‘The table given below shows&wdaaoblaineddnﬁngmnbfcakofmmﬂpor
!

Attacked Not attacked Total ¥
Vaccinated 3l 40 50
Not vaccinated 185 1315 150
Total 216 1784 2000

ution: Let us take the hypothesis that vaccination is not effective in preventing the attack from

PoX L.¢., vaccination and attack are independent. On the basis of this hypothesis, the expected

'5_.-_ “duency corresponding to the number of persons vaccinated and attacked would be:

" Expectation of (AB) = (A x(8)
N

'

When 4 represents vaccination and B represents attack.
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(A)=500
(B)=216
N =2000
16
Expectation of (4B) = 500 1L
Now using the expectation of (AB), we can write the table of expected values as fo]lows {

Attacked: B Not attacked: b Total
Vaccinated: A (AB)=54 @Ab)=46 |7 50
Not vaccinated: @ (aB)=162 (ab)=1338 1500
Total 216 174 2000

Table 10.5. Calculation of Chi-Square
Group  Observed Expected (0,-E) (0,-Ef = (0,~EJE,

frequency  frequency
% o S :
AB IO -2 . 529/54=919
Ab M M6 23 59  529144=1.186
aB 18 162 23 53 529/162=3.265
ab 1315 1338 -3 59 5291338=0395
2
e ELO"*E—E“) = 14.642

Y
-+ Degrees of freedom in this case = (r— 1) ¢~ 1)=2-D(2-1)=1

The table value of X for I degree of freedom at S per centlevel of significance is 3.841. The

calculated value of % is much higher than this table value and hence the result of the experiment
does not support the hypothesis. We can, thus, conclude that vaccination is eﬂ'ecttve in preventing
the attack from smallpox.

. Mustration 7

Two research workers clasmﬁed some people in incomte groups on the basis of samplmg studies-
Their results are.as follows:

Investigators Income groups Total
( Poo '

=

5

150

[ _
: o
= e e Y
k 0

sy \

e
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Show that the sampling technique of at least one research worker is defective.

Solution: Let us take the hypothesis that the sampling techniques adopted by research workers are
similar (i.e., there is no difference between the techniques adopted by research workers). This being
s0, the expectation of A investigator classifying the people in

(i) Poor income group = 211)5;}3!1} =120

200 x 150
500

200 x 50
il 500
Similarly the expectation of B investigator classifying the people in
300 x 300
500

300 x 150
500

(i) Middle income group = -6

=20

(iii) Rich income group =

(i) Poor income group = =180

=90

(i) Middle income group =

300 x 50

R

(iii) Rich income group =

We can now calculate value of 12 as follows:

Table 10.6
 Groups Observed Expected 0,-E, (0,- E‘)’ E,
frequency frequency : i
i £
Investigator A
classifies people as poor 160 120 0 1600120=1333
classifies people as
middle class people 0 (i1] =30 900/60=15.00
classifies people as rich 10 20 -10 © 100220=5.00
Investigator B * f
classifies people as poor 140 180 40 1600/180=8.88
classifies people as
middle class people 120 D 0 900/90=10.00
- classifies people as rich 4 0 10 100/30=3.33
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(0,-,)
Hence, 0=l 25554
E, i
-+ Degrees of freedom = (c - 1) (r= 1)
=3-D@-1=2

The table value of xz for two degrees of freedom at 5 per cent level of significance is 5.991.

The calculated value of ¥’ is much higher than this table value which means that the calculated
value cannot be said to have arisen just because of chance. It is significant. Hence, the hypothesis
does not hold good. This means that the sampling techniques adopted by two investigators differ and
are not similar. Naturally, then the technique of one must be superior than that of the other.
[Hustration 8
Eight coins were tossed 256 times and the following results were obmned

Numbers of heads 0 ! 2 8 A T8

Frequency 2 6 0 2 67 5 n 0 1

Are the coins biased? Use xz test.

Solution: Let us take the hypothesis that the coins are not biased. If that is so, the probability of any
one coin falling with head upward is 1/2 and with tail upward is 1/2 and it remains the same whatever

be the number of throws. In such a case the expected values of getting 0, 1, 2, ... heads in a single
throw in 256 throws of eight coins will be worked out as follows".
Table 10.7
T Events or Expected frtq.ieneies
No. of heads
0 L]
0 'c.,(%) G) X256 =1
1 17 .
1 'c,(%) [é] X256 =8
RS BN
2 ‘c,( ) [5) x 256 = 28
contd

*The probabilities of random variable i.e., various possible events have been worked out on the binomial principle ViZ*
through the expansion of (p + g)* where p = 1/2 and g = 1/2 and n = 8 in the given case. The expansion of the
'Cp‘f"hlsgwenlhcreqnmdprohabchtmwhnchmbeenmwplldhylﬁmobmutinnpecwdfrcqucm“
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Events or Expected frequencies
No. of heads
o (V1Y
; (2] () <530
'y
4 ‘C‘[E] (2) x 256 =70
i 1 5 1 3
5 c,(-z-) [] X256 = 56
a {3 e
2) \2
7 COORE
2) \2
g 'c,(-'-J'(i)ox 256=1
2)\2

- § \
The valuc of 1° can be worked out as follows:

o .

Table 10.8
No. of heads Observed Expected 0~E (O,~E J/E,
[frequency frequency
0 E

0 2 1 1 I/1=1.00
1 6 8 -2 4/8=050
2 0 b3 2 428=0.14
3 2 5% — 16/56=0.29
4 67 0 -3 9770=0.13
5 % % 0 W56=0.00
6 2 2 4 1628=0.57
7 10 8 2 4/8=0.50
8 1 1 0 W1=0.00

2 {O: e Er }2

=2 g =3
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- Degrees of freedom = (n~1)= (9~ 1)=8 '
The table value of xt for eight degrees of freedom at 5 per cent level of significance is 15.507.

The calculated value of 1 is much less than this table and hence it is insignificant and can be

ascribed due to fluctuations of sampling. The result, thus, supports the hypothesis and we may say
that the coins are not biased.

ALTERNATIVE FORMULA

“There is an alternative method of calculating the value of 1’ in the case of a (2 x 2) table. If we
write the cell frequencies and marginal totals in case of a (2 x 2) table thus,

a b {a+b)
c><d (c+a
(arciipea N

then the formula for calculating the value of x: will be stated as follows:

3 (ad - be)*- N
(@+c)(b+d)(a+b)(c+d)

where N means the total frequency, ad means the larger cross product, bc means the smaller cross
product and (a + ¢), (b + d), (a + b), and (c + d) are the marginal totals. The alternative formula is
rarely used in finding out the value of chi-square as it is not applicable uniformly in all cases but can
be used only in a (2 x 2) contingency table.

YATES’ CORRECTION

E Yates has suggested a correction for continuity in xz value calculated in connection witha (2 x 2)
table, particularly when cell frequencies are small (since no cell frequency should be less than 5 in

any case, through 10 is better as stated earlier) and xz is just on the significance level. The correction
suggested by Yates is popularly known as Yates’ comrection. It involves the reduction of the deviation

or observed from expected frequencies which of course reduces the value of xi . The rule for

cc:rection is to adjust the observed frequency in each cell of a (2 x 2) table in such a way as to
reduce the deviation of the observed from the expected frequency for that cell by 0.5, but this
adjustment is made in all the cells without disturbing the marginal totals. The formula for finding the

value of xz after applying Yates’ correction can be stated thus:

| Chi - square Test

N -(|ad - be|-05N)’
(@a+b)(c+d)(a+c)(b+d)
In case we use the usual formula for calculating the value of chi-square viz.,

%" (corrected) =

2
2 o0 -Ey)
x—Z—fﬁ :

then Yates’ correction can be applied as under:
[, - E|-0s] - [0, - E,|-05]
Ei E,

It may again be emphasised that Yates’ correction is made only in case of (2 x 2) table and that
too when cell frequencies are small.

Wi

x* (corrected) =

Hlustration 9
The following information is obtained concerning an investigation of 50 ordinary shops of small size:

Shops Total
In towns ] In villages
Run by men 17 - 18 K
Ruﬂ by women 3 12 15
ol : P 2 0,

Can it be inferred that shops run by women are relatively more in villages than in towns? Use
1 test E .

Solution: Take the hypbthesis that there is no difference so far as shops run by men and women in
towns and villages. With this hypothesis the expectation of shops run by men in towns would be:

B
Expectation of (AB) = {—4%
where A = shops run by men

B = shops in towns :

(A)=35;(B)=20and N=350

35><20=14
50

Thus, expectation of (AB) =

Hence, table of expected frequencies would be
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Shops in towns Shops in villages Total
Run by men 14(AB) 21 (Ab) ¥
Eun by women 6(aB) 9 fab) 15
Total 2 X 3

Calculation of x: value:

Table 10.9

Groups Observed Expected (0,-E) (0,~EIE,
[frequency frequency
0'. Eﬁ.
(4B) n 14 3 914=0.64
(Ab) 18 2 _ -3 921=043
(aB) 3 6 -3 9/6=1.50
@) ) 9 3 99=1.00
2
0; - E,
1 =Z———~( e ) =357
if

As one cell frequency is only 3 in the given 2 x 2 table, we al J
; : ; so work out %~ wval ilyi
Yates’ correction and this is as under;. : iy

eomeaedy < |- 1410 [18-210-05] [3-6-05f [rz-9]-0f
14 21 6 9

5, 28 s
14 21 P
=0.446 +0.298 + 1.040 + 0.694
=2478
* Degrees of freedom=(c-1) (r- )= (2-1) 2-1) =1

2
Table value of X for one degree of freedom at 5 per cent level of significance is 3.841. The

, ; ;
calculated value of X~ by both methods (i.e., before correction and after Yates' correction) is less

than its table value. Hence the h i
i ypothesis stands. We can conclude that there is no diff
between shops run by men and women in villages and towns. 3 g

Addin’vz property: Animportant property of %’ is its additive nature. This means that several
values of X" can be added together and if the degrees of freedom are also added, this number gives
the degrees of freedom of the total value of X~ . Thus, if a number of X’ values have been obtained

e S A AT T TR O e e v~ T
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from a number of samples of similar data, then because of the additive nature of x: we can combine
the various values of %’ by just simply adding them. Such addition of various values of X’ givesone
value of %* which helps in forming a better idea about the significance of the problem under
consideration. The following example illustrates the additive property of X\

| Chi-square Test

Hlustration 10
The following values of xz from different investigations carried to examine the effectiveness of a
recently invented medicine for checking malaria are obtained:

T2

Investigation X df.
1 25 !
2 32 !
3 41 !
4 37 1
5 45 1

What conclusion would you draw about the effectiveness of the new medicine on the basis of the
five investigations taken together?

Solution: By adding all the values of %%, weobtaina value equal to 18.0. Also by adding the various
d.f, as given in the question, we obtain the value 5. We can now state that the value of 1’ for 5
degrees of freedom (when all the five investigations are taken together) is 18.0.

Let us take the is that the new medicine is not effective. The table value of x2 for 5

degrees of freedom at 5 per cent level of siguificance is 11.070. But our calculated value is higher
than this table value which means that the difference is significant and is not due to chance. As such
the hypothésis is rejected and it can be concluded that the new medicine is effective in checking
malaria. :

CONVERSION OF CHI-SQUARE INTO PHI COEFFICIENT (0) |

Since 11 does not by itself providean estimate of the magnitude of association between two attributes,

any obtained ¥~ value may be converted into Phi coefficient (symbolized as &) for the purpose. In
other words, chi-square tells us about the significance of arelation belween variables; it provides no

answer regarding the magnitude of the relation. This can be achieved by ¢smputing the Phi coefficient,

which is a non-parametric measurt of coefficient of correlation, as under:
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CONVERSION OF CHI-SQUARE INTO COEFFICIENT OF CONTINGENCY (C)

Chi-_square value may also be converted into coefficient of contingency, especially in case of a
contingency table of higher order than 2 x 2 table to study the magnitude of the relation or the degree
of association between two attributes, as shown below:

c=|-L

T Y +N

Wh’ile finding out the value of C we proceed on the assumption of null hypothesis that the two
am'lblnes are independent and-exhibit no association. Coefficient of contingency is also known as
coefficient of Mean Square contingency. This measure also .. e nnder the category of non-
parametric measure of relationship. ‘

IMPORTANT CHARACTERISTICS OF %° TEST

(i) This test (as a non-parametric test) is based on frequencies and not on the parameters like
mean and standard deviation,

(i) The test is used for testing the hypothesis and is not useful for estimation,
(@) This test possesses the additive property as has already been explained.

(iv) This test can also be applied to a complex contingency table with several classes and as
such is a very useful test in research work.

(v) This test is an important non-parametric test as no rigid assumptions are necessary in
mgardmmelypeofpopmzﬁommnwdofpmmvalmaudmhﬁvdylessmamemaﬁcd
- details are involved.
CAUTION IN USING X*TEST

The chi-square test is no doubt a most frequently used test, but its correct ap;Iicaﬁon is equally an

uphi]ltask.Iishouldbebomeinmindﬂ:auhetestislobeapp!iedoﬁiy,whcntheindividmlobmaﬁons _

of sample are independent which means that the occurrence of one individual observation (event)
has no effect upon the occurrence of any other observation (event) in the sample under consideration,
Small theoretical frequencies, if these occur in certain groups, should be dealt with under special
care. The other possible reasons concerning the improper application or misuse of this test can be (i)
neglect of frequencies of non-occurrence; (ii) failure to equalise the sum of observed and the sum of
the expected frequencies; (iii) wrong determination of the degrees of freedom; (iv) wrong computations,
and the like. The researcher while applying this test#nust remain careful about all these things and
must thoroughly understand the rationale of this important test before using it and drawing inferences
in respect of his hypothesis. -
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Chi - square Test

(&

i

- What is Chi-square text? Explain its significance in statistical analysis.
. Write short notes on the following:
() Additive property of Chi-square;
(i) Chi-square as a test of ‘goodness of fit';
(iii) Precautions in applying Chi-square test;
(i) Conditions for applying Chi-square test.
. An experiment was conducted to test the efficacy of chloromycetin in checking typhoid. In a certain
hospital chloromycetin was given to 285 out of the 392 patients suffering from typhoid. The number of
‘typhoid cases were as follows:

Typhoid No Typhoid Total
Cﬁiommycetin s 250 05
No chloromycetin 50 57 17
Total 85 307 392

With the help of %, test the effectiveness of chloromyeetin in checking typhoid.

(The 12 value at 5 per cent level of significance for one degree of freedom is 3.841).
d (M. Com., Rajasthan University, 1966)

4. On the basis of information given below about the treatment of 200 patients suffering from a disease,

state whether the new treatment is.comparatively superior to the conventional treatment.

No. of patients

Treatme / Favourable No Response
B Response

New &0 20

Conventional o 20

" For drawing your inference, use the value of 12 for one degree of freedom at the 5 per cent level of
significance, viz., 3.84.

5. 200 digits were chosen at random from a set of tables. The frequencies of the digits were:

Digit o] e sl R o ST g | B SN
Erequency 8 N P GCUN R M A
Calculate 7.

6. Five dice were thrown 96 times and the number of times 4, 5, or 6 was thrown were
Number of dice throwing ;
4,50r6 f 5 4 3 2 1 0
Frequency 8 18 3 A 10 1

Find the value of Chi-square.
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* : : Condition of home
Condition of child + ! k Total

| ll Clean | Dirty

' Clean ) El 120

I Fairly clean —® .| 100
Dirty 15 45 ‘l‘_ 2
Total | 18 | 115 300

1 \

State whether the two atiributes viz., condition of home and condition of child are independent (Use
Chi-square iest for the purpose). :

8. Inacertain cross the types represented by XY, Xy, xY and xy are expected to occurina 9 : 5 : 4 2 ratio. The
actual frequencies were:

XY Xy ¥ xy
180 110 & 50
Test the goodness of fit of observation to theory.-

9, The normal rate of infection for a certain disease in cattle is known to be 50 per cent. In an experiment with
seven animals injected with a new vaccine it was found that none of the animals caught infection. Can the
evidence be regarded as conclusive (at 1 per cent level of significance) to prove the value of the new
vaccine? :

10. Result of throwing die were recorded as follows:
Nuniber falling upwards 1 by 4 5 6
Frequency 7 B I k] M
Is the die unbiased? Answer on the basis of Chi-square test.

11. The Theory predicts the proportion of beans, in the four groups A, B, Cand Dshould be 9:3:3: L. Inan
experiment among 1600 beans, the number in the four groups were 882, 313, 287 and 118. Does the

experimental result support the theory? Apply xl test.
(M.B.A., Delhi University, 1975)

12. Youare given a sample of 150 observations classified by two attributes A and B as follows:

K A

: A, A, _Total
B, % 15 80
B, n % 8 45
B, 9 9 7 5
Total @ @ EY 0

Use the xz test to examine whether A and B are associated.
(M.A. Eco., Patiala University, 1975)

13. A survey of 320 families with five children each revealed the following distribution:

| Chi - square Test

No. of boys 5 4 < 2
No. of girls 0 M 2 3
No. of families 14 56 10 88

Is this distribution consistent with the hypothesis that male and female births are equally probable?
Apply Chi-square test.

I-1. Whatis Yates correction? Find the value of Chi-square applying Yates’ correction to the following data:

Passed Failed Toral
Day classes ? 10 2 k1]
Evening classes 4 &6 o
Total 4 8% 100

Also state whether the association, if any, between passing in the exammauon and smdymg in day
classes is significant using Chi-square test.

15, (a) 1000 babies were born during a certain week in a city of which 600 were boys and 400 girls. Use X

test to examing the correctness of the hypothesis that the sex-ratio is 1 : 1 in newly born babies.

(b)m percentage of smokers ina certaincity was 90. A random sample of 100 persons was selected in-
which 85 persons were found to be smokers. Is the sample proportion significantly different from the
proportion of smokers in the city? Answer on the basis of Chi-square test.

16. A college is running post-graduate classes in five subjects with equal number of students. The tota! ;
number of absentees in these five classes is 75. Test the hypothesis that these classes are alike in
absenteeism if thc actual absentees in each are as follows:

History =19
MWy =18
Mmm =15
Commerce =12
Chemistry =11

(M.Phil. (EAFM) Exam. Raj. Uni,, 1978)

17. The number of automobile accidents per week in a certain community were as follows:

12,8,20,2,14,10,15,6,9,4
Are these frequencies in agreement with the belief that accident conditions were the same during the
10 week period under consideration?
18. A cermu chemical gﬂant processes sea watex to collect sodium chloride and magnesium. From scientific
analysis, sea water is known to contain sodium chloride, magnesium and other elements in the ratio of
[ 62:4:34. A sample of 200 tons of sea water has resulted in 130 tons of sodium chloride and 6 tons of
- magnesiuni. Are these data consistent with the scientific model at 5 per cent level of significance?

l? An oil company has explored three different areas for possible oil reserves. The results of the test were
* as given below:
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20.

2,

22.
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Area Total .
A B C
Strikes 7 10 8 5
Dry holes 10 - S k1)
Total number of test wells 17 .. 17 @

Do the three areas have the same potential, at the 10 per cent level of significance?

While conducting an air traffic study, a record was made of the number of aircraft arrivals, at a certain
airport, during 250 half hour time intervals. The following tables gives the observed number of periods in
which there were 0, 1,2, 3, 4, or more arrivals as well as the expected number of such periods if arvivals per
half hour have a Poisson distribution )= 2. Does this Poisson distribution describe the observed
arrivals at 5 per cent level of significance.

Number of observed Number of periods Number of periods
arrivals (per half hour) observed expected (Poisson, L = 2)
0 47 M
1 % 68
2 Al 68
3 44 45
4 or more 2 k4

A marketing researcher interested in the business publication reading habits of purchasing agents has
assembled the following data:

Business Publication Prefermoeg (First Choice Mentions)

Business Publication Frequency of first choice
A k]
B E |}
£ 45
D 55

(i) Test the null hypothesis o =0.05) that there are no differences among frequencies of first choice of
tested publications.

(ii) If the choice of A and C and that of Band D are aggregated, test the null hypothesis at ot = 0.05 that
there are no differences.

A group of 150 College students were asked to indicate their most liked film star from among six different
well known film actors viz., A, B, C, D, E and F in order to ascertain their relative popularity. The observed
frequency data were as follows:

Actors A B c D E F Total
Frequencies 24 2 K7J 5 ] 21 150
Test at 5 per cent whether all actors are equally popular.

X Forllndminquesﬁon 12, find the coefficient of contingency to measure the magnitude of relationship
between A and B.

24. (a) What purpose is served by calculating the Phi coefficient (§ )? Explain.

(b)1f X" =16 and N=4, find the value of Phi cocfficieat.



