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CHAPTER 17

CHI-SQUARE TEST

J. Oladele

Statistics is a type of mathematical anal
representations, models and summaries for a given s
research or real world observations or a measure bas
of a sample commonly used in qualitative research.
of collecting and analyzing data (quantitative or qu
into a numerical form or facts.

A statistic computed from a sample ma

corresponding value in the population from which the sample is selected. The information
about a population may also be determined by it's parameters than a statistical test and this
brings about the parametric and non-parametric statistics.

Parametric methods are those whose population is approximately normal;
few students do very well and a few do very poorly which makes a bunch of the scores end up
clumped around the mean score. Different tests may result in different means and standard
deviations, but the shape of the graph is nearly always the same; commonly called the bell
curve. Parametric methods are typically the first methods studied in an introductory statistics
course. Non-parametric methods on the other hand are statistical techniques for which
assumption of normality for the population under study is not made and so this method does
not have any dependence on the population of interest and can therefore be referred to as
distribution free methods (Alarape, 2005). A few parametric methods include: T-test, Z-test,
F-test, and Analysis of Variance (ANOVA) while some commonly used parametric methods
are Spearman's rank order correlation test and Chi-Square; Chi-Square being the focus of
this chapter.

In the simplest cases, the data are organized into two categories, such as yes and no,
high and low, for and against (Frankel & Wallen, 2000). Although, less statically powerful,
chi-square statistics is becoming popularized because it becomes one of the safe options
when the assumption of normality cannot be made and as such, it is used to test whether the
observed are stati stically different from what is expected (Coakes & Steed, 2011).

ysis involving the use of quantified
et of empirical data used i quantitative
ed on observations of the characteristics
S'tau-stical analysis involves the process
alitative) and then summarizing the data

y be used to estimate a parameter, the

thatis, a

CONDITIONS FOR USING CHI-SQUARE ]
I. Whenaresearcher uses nominal data for comparison : - it
2. When the observations are not limited by sample size, 'th:s makes the test useful in
rare situations and by their nature contains few observations Mg
3. When the variable under study is categorical and the resgarch questions LDVOl:hees:
collecting data on a single variable used for comparison based on how

observations are categorized
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imes ; sample.
4 ThepopulationisatlcaslIOtlmcsaslmgcasthcqa p

\ FCHI-SQUARETEST .
ASSIUM(I))Sslc(r)vl:t(i?)ns are randomly selected from a large population else genery]

result should be done with caution because the sample may not represent ¢
Z ?:cll):[lygxt:g:nce of observations which ensures that eélch Jobservation sh
gengrated by a different subjectand no subjectis counted twice . .
3. The number of expected observation in any given category should be large With at
least five (5) observations in each category in any given 3_“31)’515 .
Chi-square can be used to test either goodness of fitor test of independence,

iZing 1hc
he Whole

ould pe

COMPUTATION PROCEDURES FOR CHI-SQUARE :
1. Determine whether the data were collected using nominal or ordinal scale
2. Statethenull (H,) and the alternate (H,) hypothesis
3. Perform the analysis using statistics and determine whether to r
hypothesis
4. Interpretresults inline with the stated hypothesis
5. Calculate the chi-square score ([ ]")

eject or retajn the

FORMULAFOR CALCULATING X
The formula for calculating Dz is given as:

2 _ (fo - fe)2
L7 = ) s B0

e

f: Observed frequency ina given category
f.: Expected frequency ina given category ~

Note that the calculation of [T can beeasily accomplished by presenting it in tabular form.

CHI-SQUARE ([ T) GOODNESS OF FIT

Chi-square goodness of fi
fit a statistical model to the obse
observed values to those whic
commonly used to test associati
of independence js evaluated ag

t test method is appropriate when a researcher attempts to
rved data if he or she wants to determine how close are the
h would be expected under the fitted model. This test is

on of variables in two-way tables, where the assumed model
ainst the observed data.

EXAMPLE USING MANUAL CALCULATION
A researcher is interested in determinin

?;:i“of‘sbﬁ'om the teacher during lessons compared to those who do not. To get the data on
anables, a questionnaire could be develo

. . ich
: ped to collect the information after whi
assumpt;;el);,l 44 reported that they sought help from library staff while 30 students did not.
Cally, one would expect that the number of students who sought help would be

g whether there are more students who ask
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imilar to the number who did not and so the number will be 37 e, A% presented i the 1|
2 ’ » LeRE g )0
bcIOWZ
Table 1
Number of Students f, (
Asked questions |44 37
Did not ask question 30 37

The data presented in Table | above d
The[ ] enables the researcher to conclude wheth
The calculation.off 7 can be easily acco

eviates markedly from what is expected
crthef are significantly different fromf,
mplished by presenting it in the tabular form

asshownin Table 2.
Table 2
Number of Students | f, [f, G- |G-LF | T
Asked questions 44 (377 49 Lfouin. -
Did not ask question |30 [37[-7 49 132 5 il
9 (fo- fe)2
fe
= 2_64

In column 6, the final quotient resultin g from the decision of each squared score with
the frequency expected is determined by summing each of the quotients.

TEST OF STATISTICAL SIGNIFICANCE

The chi-square statistic may be used to test the hypothesis of no association between

tWo or more groups, populations, or criteria whereby observed counts are compared to
€xpected counts.

Recall that the hypothetical example used for the computation expects that the level
of students who ask questions from the teacher during lessons compared to those who do not
are the same, the hypothesis can therefore be state as: _

: There is no significant difference in the number of students who ask questions from the
teacher during lessons compared to those who do not. . _

The test of statistical significance is therefore to determine whether to l‘ejECE orretain
the nuj| hypothesis (H,) stated above. To make a decision, the calculated value (*) will be
Compared with the table value; traced using the degree of freedom (df) for the goodness of fit
testgivenas: K- , therefore:
df=k-1
=2-1=1
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p— S LE VALUES » .
DE,Clhll('_)tlzclttllaﬁqlﬁ:?aﬁ:’;: I:qual or greater than the critical value, then reject the H,and

e H‘:Va::(ij\ :I:(c::cdvfcg"sl{l}t;ulmcd as | and [:]2 value: 2.64, the critical value is: 3.84, H, can be

i ) 2 = =3 84
¥ ally presented as:[ ] (1)=2.64 < 3. . - o
statistic T}?ifshows that l[h_—clcalculated value is less than thf: critical value s}o tf_le answer is to
accept the Ho stating that: there is no significant difference in the numlt:er 3 studtemsdwhq ask
questions from the teacher during lessons compared to those who do not and this g

mathematically presented as:

‘(1)=2.64,p>0.05 o _ o
L_J’lgh; non-signiﬁcance of thc:[:]2 test statistics implies that there is no Statistically

significant difference between students who ask questions from the teacher during lessons
compared to those who do not.

EXAMPLE USING SPSSMETHOD |
Aresearcher is interested in determining whether there are more students who seek

ask questions from the teacher during lessons compared to those wh_o do not. To get the data
on the variables, a questionnaire could be developed to collect the m_fonnat:on after which
assumptively, 44 reported that they sought help from library staff while 30 students did not.
This can be presented in tabular form as shown in Table 3:

Table 3
Attitude of students towards asking questions durin g | Frequency of
lessons - ' responses
Asked questions 44
Did not ask question - 30

Computational Procedure
I. Selectthe Data menu
2. Click on Weighed Cases to open the Weighed cases dialogue box
3. Click on Weighed cases by radio button
1. Select the variables required (i.e freq) and click on the » button to move the
variables into the F requency Variable: box as shown below:
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m weight Cases

-

|
|

-

T T R o
' i(:)mmwco:u
@ Yyeiont cases by

IS e —

- paste

1. Clickon OK. The message Weight On should appear on the status bar at the bottom

of the application window

2. Selectthe Analyze menu
3. Click on Nonparametric Test and then Chi-Square to open the Chi-Square Test

dialogue box

4. Select the variable requires (i.e. attitude) and click on the P button to move the
variable into the Test Variable List box as shown below:

Bl Chi-Square Test

® Get rom dele

Lower:

QO Une specinied renge

wper ]

9. Click OK
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Test Statistics
SQH
2.462°
Chi-Square
df _ 1
‘ Asymp. Sig. A7

a. 0 cells (.0%) have expected frequencies less than 5. The
minimum expected cell frequency is 52.0.

 TEST OF STATISTICALSIGNIFICANCE

Recall that the hypothetical example used for the _computation expects that the
numbers of students who ask questions from the teacher during lessons compared to thoge
who do not are the same, the hypothesis can therefore be state as:

H: There is no significant difference in the number of students who ask questions from
the

teacher during lessons compared to those who do not.

The test of statistical significance is therefore to determine whether to rejector retain the null

hypothesis (H,) stated above. This decision will be made using the output Assump. Sig Value
(0.117).

DECISION RULE USING TABLE VALUES
If the assump. Sig. valueis e

qual or less than the significance level 0.05: then rejects
the H,and accepts H,and vice versa.

This shows that the assump. Sig. value is greater than the critical value so the answer
is to accept the Ho stating that: there is no significant difference in the number of students

who ask questions from the teacher durihg lessons compared to those who do not
~_ The non-significance of the *test statistics implies that there is no statistically
significant difference between students

who ask questions from the teacher during lessons
compared to those who do not.

L]
CHI-SQUARE( *TESTOF INDEPENDENCE

'The Cbi-Square test is used where a researcher 1s interested in more than one
categorical variable; which is useful for testing whether variables are independent ot on¢

another or dependent of each other. Chi-Square therefore indicates whether the frequencies

associated with two variables are statistically significant independent of or dependent upon
one another. Note should be taken that thj

C s statistics examines the variables with two or more
categories in each other.

EXAMPLE USING MANUAL CALULATION

A researcher is interested in finding out whether students in their 1, 2",3" and L
year ask questions from th

: . : t
¢ teacher during lessons; and so he is interested in finding 0!
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r this belizulon s allsetad b}{ th? St.udcf“'-% level o!‘sludy. To
whcthf-“ vere randomly sampled with mdtcull(m:iof‘lhcirlcvCI r
Swdc!ltb‘: from the teacher during lessons. The (afy collecteq {I)

cit.::)i:}hc contingency table 2 _ y
shov

' dccomplish thg task, 267
rsludy and whether they ask
ased on thejy responses are

LE2: Contigency Table 2a

TAB
m Asked Questions mw
\ C
Second C_42 M\ﬁ
Third E_27 F 37 i
Fourth G 20 H 29 DT —
Column Total | 142 125 S —————

The number in each cell is called the observed frequency (f,), the formula below is used to
calculate the expected frequency (f)).

Column Total * Row Total

142+ 83 .t 25
(f)A= . .14 (f)B= =28 - 3346
1l . _ ~ e
(fe)C — 142263;4 37.76 (fe)D-— —35—- = 35.11
e JA2664 _ 142+64
(f)E = 2= 30.04 (f)F = 28— 5996
- 244 .
(£)G-= 22 = 2606 (foH= 222 = 59

Please, note that the sum of expected frequency (f.) for all the ells as the case may be,
§ in this example must be equal to the total number (N). This is because in Chi-Square, the
total sum of the observed frequency must ALWAY'S equal the sum of the expected frequency.
Thisalso implies that the sum of the row and column total should be equal to N.
Contingency Table 2b shows the expected frequencies.

Table 2b: Contingency Table 2b
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Cell [T, fo fo-fe | (fo—f | @
A |53 586 (7850 i
B |30 7886 | 886 |7850 202
- (42 |3776 |424 |1798 [048
D |29 3511 1611 |3733 | 1.06-
B2 3004 | -304 |9.24 031
F |37 996 704 4956 165
G |20 2606 606 |36.72 |14l
H |29 2294 1606 |3672 | 1.60
7 =1031

Therefore, the Chi-Square value is:[]'=10.31

Note that Chi-Square score measures the discrepancy between the fo and fe scores,
The larger the Chi-Square score, the larger the discrepancy and the more likely it is that the
two variables being studied are related.

Recall that the null hypothesis (H,) assumes that there is no relationship between the
two variables, thus the larger the [T, the smaller the probability that H_ is true.

TEST OF STATISTICAL SIGNIFICANCE

Like the Chi-Square goodness of fit was tested for statistical significance, Chi-
Square test of independence also needs to be tested for statistical significance. This will
enable the researcher to determine whether to reject or retain the stated hypothesis.

Recall that the hypothetical example used for the computation expects that the level
of students; whether in their first, second, third and final year does not affect student's
questioning habits during lessons; the hypothesis can therefore be state as: .
H,: There is no relationship between the student's level of study and their asking

questions from their teacher during lessons.

The test of statistical significance is therefore to decide on rejecting or retaining ‘h;
null hypothesis (H,) stated above. To do this, the calculated value ((T") will be compared Wit
the critical values; also referred to as table values.
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RULE USING TABLE VALUES
Recall that if the calculated value is equal or less than the probability value, then:
t the Hy. ‘ o e
Having calculated the[]" score, the next step is to calculate the degree of freedom
using the formula: df= (r—] )(c-1); where: r=number of rows and; ¢ = number of columns
Using the contingency Table 2a, r is 4; representing the 4 levels of students study

eriods and ¢ =;; repres_enting students who asked questions during lessons and those who
Jonotask questions during lessons. . :

Therefore:df =(4-1)(2-1)

=3*1=3

With the df calculated as 3 and []' value: 10.31, the critical value is: 7.81, H,can be
statistically presented as: [1°(3)=10.31 >7.81

This shows that the calculated value is greater than the critical value so the decision
is to reject the Ho stating that: there is no relationship between the student's level of study and
their asking questions from their teacher during lessons and this is mathematically presented
as:

[71(3)=10.31,p<0.05

The significance of the[T test statistics implies that there is statistically significant
difference between the level of students and their questioning behavior to their teachers
during lessons.

Having established that there is relationship between the 2 variables; asking
questions form teachers during lessons and level of study, the pattern of relationship should
be established and this can be done by comparing observed frequencies to expected
frequencies. This can be best established by setting up a single task to compare the f, and f,

accep

clearly.
Table 3
Level of Study Asked Questions | Did  not  ask | Row Total
Questions

First 53 (44.14) - 30 (38.86) 83

Second 42 (37.76) 29 (35.11) 74|

Third 27 (30.04) 37 (29.96) 64

Fourth 20 (26.06) 29 (22.94) 49
Column Total 142 125 267

The comparism can cither start from those who ask questions and to those who do

not.
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v ~ 3. viN L] )n
EXAMPLE USING SPSS MET I.IO_I 3 b g el el o
A rescarcher is interested in finding out whether students in their 17,2 3744 fivil

year ask questions from the teacher during lessons; anfl S0 hg Is mlcreslc.d In ﬁnding out
whether this behavior is affected by the student's level of study. To accomplish this tag 267
students were randomly sampled with indications of their level of study and whether they agk

questions from the teacher during lessons.

Computational Procedure

1. Selectthe Analyze menu
2. Click on Descriptive statistics and then click on Crosstabs to open Crogstyp

dialogue box
3. Selectarow variable (i.c. attitude) and click on on the P> button to move the varigbe

~intothe Row(s): box
4. Selectacolumn variable (i.e. levels) and click on the P> button to move the variables

into the Column(s): box

Nf] Crosstabs

Layer 1of 1-

{ ‘ | Preyvious I I Mot I

i &)

[ Cisplay chustered Lar charts
() suppress (ables

T [

& C-th on the statistics command push button to open the Crosstab: Statistics sub-
dialogue box

6. Click on the Chi-Square check box
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( Crosstabs ’ 2 )
prmm——————1 E Crosstabs: Statlstlc: L .
(] Cosetone
Nomina| ~—————eey - Ordinal \|
(] Cortingency coetficient | | ] Gamma i
(] eri and Cramer's v () Somers' d |
(] Lambda [] Kendairs tau-b
([ uncertainty coetficient | | [] Kendas teug

‘Nominal by Interval —— [ Keppa
[:] Ba D Risk
| ] McNemar
[[] Cochran's and Mantel-Haenszel stalistics
Test coermon odds ratsd equals: l:l
[0 suppress tatls -

7. Click on Continue

8. Click on Cells command pushdown button to open the Crosstabs: Cell Display sub
dialogue box

9. Inthe Columnbox,clickonthe Observed and Expected check boxes

10. Inthe Percentages box, click on Rows, Column and Total check boxes

S IS, T PR - - - — Gt ]

Cro::tab.

| Display clust

1

{
\ [ | Suppress ta

! Continue. |
{ i

| |
cancel || Help |

126

-1 Cro,stub. Cell Display " l_......_""’g*_"!J i
) W g Exact .. |
_lt-mml:a ., o |
! [v] Observed -
| [v] Expected = - ]
[ Percentages [ Residuals 1
E; [«] Row [ ] unstandardized 5|
l'l [v| Column | !| [ ] Standardized .‘
:: 14[]__0!@] | [ ] Adjusted standardized |
Noninterger vwelghts
| | (s Roupd cell courts . Round case yrelghts |
| ' Truncote cell counts Truncote case welghts |
No adjustients
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11. Click on Continue and then OK
Chi-Square Tests

Asymp. Sig. (2-
Value df sided)
Pearson Chi-Sauare 10.931” 3 012
Likelihood Ratio 11.000 3 012
~ |Linear-bv-Linear Association 9.825 1 . 002
N of Valid Cases 267

a. 0 cells (.0%) have expected count less than 5. The minimum

expected count is 22.94.

TESTOFSTATISTICALSIGNIFICANCE _
Recall that the hypothetical example used for the computation expects that the

numbers of students who ask questions from the teacher during lessons compared to those

who do not are the same across the levels of study, the hypothesis can therefore be state as:
H,: There is no relationship between the student's level of study and their asking

questions
habits from their teacher during lessons

ermine whether to rejector retain the null

nce is therefore to det
put Pearson statistics,

The test of statistical significa
This decision will be made using the out

hypothesis (H,) stated above.
which is short for Person's chi-square.

In the above example, Pearson has a value of (10.931°) with a significance of (.012).

DECISION RULE USING TABLE VALUES
If the significant value is equal or less t

and reject H,and vice versa.
From the analysis, the signi

han the alpha level 0.05; then accept the H,

ficant value the sig. (.012) is less than the alpha level

0.05 so the answer is to accept the Ho stating that: there is a significant difference student’s
level of study and their questions asking habits from their teacher during lessons; this implies
that the higher the level of the students, the better their question asking habits.

ificance of the ’ test statistics implies that there is no statistically

The non-signi
significant difference between students per level who ask questions from the teacher durng

Jessons compared to those who do not.

arrived at whether using the manual or SPSS

AFTER NOTES
| method, students arc

Please, note the same result should be
methods. Current trends supports the use SPSS method over the manua

advised to familiarize themselves with the SPSS packages.
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