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How is the Chi-square test calculated?

The Chi-square test is a statistical method used to determine the relationship between two
categorical variables. It is calculated by comparing the observed frequencies of a particular
variable to the expected frequencies, assuming there is no relationship between the variables. This
is done through a formula that calculates the sum of the squared differences between the observed
and expected frequencies, which is then compared to a critical value from a Chi-square table. If the
calculated value is greater than the critical value, it indicates that there is a significant relationship
between the variables. The Chi-square test is commonly used in various fields, such as social
sciences, biology, and market research, to analyze data and draw conclusions about the
relationship between variables.

Calculation of Chi-square test

In this section, we will learn how to calculate the chi-
square test in SPSS. To calculate the chi-square test,
we will open our Data set by going to the File menu,
then go to Recently used Data as follows:
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Q Untitled2 [DataSet2] - IBM SPSS Statistics Data Editor
File [Edit View Data Transform Analyze Graphs Utilities Extensions Window  Help

New
Open
Import Data
(B close
M save
Save As
P Save Al Data
Export
. Mark File Read On
Revert to Saved File
M Rename Dataset...
Display Data File Information
B Cache Data...
Collect Variable Information
. top Proce
&% Switch Server...
Repository
I Print Preview
. Ennt
Welcome Dialog...
Recently Used Data
Recently Used Files

Exit

Ctri+F4

»

Iiﬁl EEEFD

|D«:lmds\ Label | Values | Missing |Coh.|mns| Align Measure Role

u |
25
26

1 CWUsers\ASUS\Deskiop\Employee Data sav ‘
2 C\Wsers\ASUS\Desklop\bankloan.sav

3 C\Users\ASUS\Deskiop\advert sav

4 C\Users\ASUS\Desidop\Exira.sav

5 C\WJsers\WSUS\Desklop\Employees data.sav
B C'Wsers\ASUS\Desklop\diabetes_costs sav
7 CUsers\ASUS\Desktop\SPSS File sav

8 C\WUsers\ASUS\Desklop\SPSS file 2.sav

| CUsers\ASUS\Desklop\Employee Dah.savl

9 D\SPSS File1.sav

Now we will click on the above Employee Data option

and see our Employee Data set as follows:

PSYCHOLOGICAL SCALES

scales.arabpsychology.com



https://scales.arabpsychology.com/?p=149857
https://scales.arabpsychology.com
https://scales.arabpsychology.com

How is the Chi-square test calculated? 4

@ *Employee Data.sav [DataSet1] - IBM SPSS Statistics Data Editor
EFile Edit View Data Transform Analze Graphs Utilities Extensions Window  Help

SR W e BLEA0 H B 496
|

27:
&id I &4 gender | o educ [ & jobcat | & salary [& salbegin| fjnhtime [ & prevexp | & minarity [ var ” var var
1 1m 15 3 $57.000 $27.000 98 144 0
2 I 2m 16 1 $40,000 $16,000 98 36 0
3 3f 12 1 $21,000 $15.000 98 381 0
4 4f 8 1 $21,500 $15,000 98 190 1
5 Sm 15 1 $45,000 $30.500 98 138 0
6 6m 15 1 $32,000 $20,000 98 67 0
7 7m 15 1 $35,000 $29,000 98 114 0
8 8f 12 1 $21,900 $16,000 98 0 0
9 9f 15 1 $27.900 $20,500 98 115 0
10 10f 12 1 $24,000 $15,500 98 244 0
" 1 f 16 1 $30,000 $21,000 98 143 0
12 12m 8 1 $28,350 $12,500 98 26 1
13 13 m 15 1 $27,750 514,000 98 34 1
14 14f 15 1 $35,000 $16,000 98 137 1
15 15m 12 1 §27.300 $20.443 97 66 0
16 16 m 12 1 $34,000 519,334 97 24 0
17 17 m 15 1 $27.000 $17.550 97 48 0
18 18 m 16 3 $102,000 $50,000 97 70 0
19 19 m 12 1 $32,759 $21,000 97 103 0
20 20f 12 1 $42,000 $34,600 97 48 0
21 21f 16 1 $39,000 $25,000 97 17 0
22 2m 12 1 $35,000 524,000 96 315 0
23 23f 15 1 $43.648 $36.000 96 75 0
24 24f 12 1 $48,093 $37,555 96 124 0
25 25f 15 3 $90,378 $70.000 96 171 0
26 26 m 15 3 $98,367 $79,000 96 14 0
217 2T m 15 3 $107,293 $89.000 96 96 0
T an | 4 a eonnan. &0 G a ey A

K1

ota Vi VatabeVew

Look at this data set. In this data set, we have the
recode of various employees with their ID, gender of the
employee, education, job category, current salary,
beginning salary, job time, previous experience and
minority classification. In gender, m stands for males
and f stands for females. In minority classification, 0
means No, which shows the person is not from a
minority background, and 1 means Yes, which shows
the person belongs to the minority background. 9 is for
the missing value.
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@ *Employee Data.sav [DataSet1] - IBM SPSS Statistics Data Editor

Data  Iransform  Analyze  Graphs

File  Edit

View

Utilities ~ Extensions  Window

Help

FHE - B A B

| Name Type ‘ Width ‘ Decimals ‘ Label | Values ‘ Missing | Columns | Align | Measure | Role
2 Jgender String 10 0 Gender {f Female}... Mone 12 = Left & Nominal ~ Input
3 educ Numeric 2 0 Educational Level {0, 0 (Missi... None 8 = Right ol Ordinal N Input
4 jobcat Numeric 8 0 Employment C... {0, 0 (Missi... None 8 = Right & Nominal N Input
5 salary Dollar 8 0 Current Salary {50, missing... None 8 = Right & Scale ~ Input
6 ] salbegin Dollar 8 0 Beginning Salary ({$0, missing... None 8 = Right & Scale “ Input
7 jobtime Numeric 8 0 Months since H... {0, missing}... None 8 = Right & Scale “ Input
8 prevexp Numeric 6 0 Previous Experi... {0, missing}... None 8 = Right & Scale “ Input
9 minority Numeric 1 0 Minority Classif... {0, Noj... None 8 = Right & Nominal “ Input
10
1 Value Labels X
12 - Value Labels
13 .
T (speting. |
Label: | f
15 ]
—‘15 0="No"
| 1="Yes"

17 aod

:l 9 ="Missing value™
18 Change
19 ::T
20
21 N 4

-z Lok cancel [ Hep |
23 T

Using this data set, we want to test if there is a

significantly higher number of males as compared to

females from minority communities. So the researcher

Is currently interested in the gender variable and its

relationship with the minority classification.
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@ *Employee Data.sav [DataSet1] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analze Graphs  Uilities Extensions  Window  Help

SHe @l e B0 8 B .96
o

1: gender
&£id ‘ &4 gender ‘ ol educ [ &b jobcat | & salary I & salbegin | fjubtime [ fprevexp ‘ & minority I var H var
1 1m 15 3 §57.000 $27.000 98 144
2 | 2m 16 1 $40000  $18.000 98 36 0
3 3f 12 1 $21,000 $15.000 98 381 0
| 4 ] 4f 8 1 $21.500 $15,000 98 190 1
5 5m 15 1 $45.000 $30,500 98 138 0
6 6m 15 1 $32,000 $20,000 98 67 0
7 Tm 15 1 $35,000 $29.000 98 114 0
| 8 §f 12 1 $21,900 $16,000 98 0 0
g 9f 15 1 $27.900 $20.500 98 115 0
10 10 f 12 1 $24,000 $15,500 98 244 0
L 1f 16 1 $30.000 $21,000 98 143 0
| 12 12m 8 1 §28.350 §12,500 98 26 1
13 13 m 18 1 $27.750 $14,000 98 34 1
| 14 14 f 15 1 $35.000 $16,000 98 137 1
15 15'm 12 1 $27.300 $20.443 97 66 0
16 16'm 12 1 $34,000 $19,334 97 24 0
17 17'm 15 1 $27,000 $17.550 97 48 1]
| 18 18 m 16 3 $102.000 $50,000 97 70 0
19 19m 12 1 §32,759 $21,000 97 103 0
20 20 f 12 1 $42,000 $34,600 97 48 0
21 21f 16 1 $39,000 $25,000 97 17 0
2 2m 12 1 S3000 524,000 % 315 0
| 2 23f 16 1 $43,648 $36,000 9 75 0
24 24 f 12 1 $48,093 $37.555 96 124 0
25 25 f 15 3 §90.378 §70.000 96 171 0
26 26'm 15 3 §98.367 §79.000 96 14 0
| & 2Tm 15 3 $107,293 $89,000 9% 96 0
T A | an an A _ronnan 20000 ac 4n a
E1”

Ot viw Varsl i

The question could be whether there is a significant
difference between the number of males and females
belonging to the minority classification. So, in this case,
we will use the chi-square test. We will use the chi-
square test because both variables, gender and
minority classification are nominal variables or
frequency variables. They are frequency variable, so
any other parameter stats like t-test cannot be applied.
The question is, should we consider one variable as an
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independent variable and another variable as a
dependent variable while calculating chi-square. The
answer is yes. Yes, we can select a variable as an
independent variable. We can see whether it impacts
the dependent variable significantly by using the
Crosstab option.

But all in all, while calculating the chi-square test, IBM
SPSS does not make a distinction between the
independent and dependent variables. It calculates an
interaction between the two frequency variables that we
choose and derive inference based on our
interpretation. So before moving into that, let us see
how we can calculate the chi-square test. So we can
calculate the chi-square test in many ways. For
example, we can calculate the chi-square test using
Descriptive statistics and the Crosstabs option that we
are going to use currently.

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=149857
https://scales.arabpsychology.com
https://scales.arabpsychology.com

How is the Chi-square test calculated?

ﬁ *Employee Data.sav [DataSet1] - IBM SPSS Statistics Data Editor

File Edit View Data TIransform Analze Graphs

Utiliies  Extensions

Window  Help

o b =

144

36
381
190
138

67
114

115
244
143

26

137
66
24
48
70

103
48
17

315
75

124

o o O O O O O O 0O 0O <4 4 a4 00 0 0 0 00O <2 9 00O

' Reports » ra
SHE e ™ =EETeYr)
3 == Descriptive Statistics * | [E Frequencies...
27: _ | § Bayesian Statistics v T -
1 | i s @a gender ;anles . : A Explore.. lohtlmga.
ompare KMeans EQHJSSHDS
2 2m General Linear Model + TURF Analvel 98
al S
3 J 3f Generaliged Linear Models » . e 98
4 | 4f Mixed Models , | Ratio.. 93
5 5m Ot » |EP-PPIots.. 98
. 6 ] 6|m Regression » |6 g-QPiots.. 9
—— s Laginex |
b Meural Networks » :
9 | 9f - , 00 520500 98
0 | 10 fansly _ L oo 15500 98
11 1 Dimension Reduction ©jo 521,000 98
2 12m oG 50 $12,500 9
13 13'm bioaparameic Tests " ts0 514,000 98
14 14f e ' oo s16.000 93
15| 15 m Survival P joo  s20443 97
% | 16 m Multiple Response oo s193% 97
17 17 m [ missing Value Analysis... 00 $17.550 97
L] 18 m Multiple Imputation P )00 $50,000 97
19 19 m Complex Samples » 159 $21,000 97
20 20f % Simulation... [30 $34 600 97
21| 21§ Quality Control » 00 525,000 97
22 2m Spatial and Temporal Modeling..  * 00 $24.000 %
23 23§ Direct Marketing , B8 536,000 96
[ 24 24 f = %5093 $37.555 96

Alternatively, since we know, chi-square is a non-

parametric test. So we can also calculate the chi-square

test by going to Non-parametric tests, and then we can

go to Legacy Dialogs, and then we can calculate the

Chi-square test.
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Q *Employee Data.sav [DataSet1] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analyze Graphs Ulilities Exensions Window  Help

Reports » - *
SHE M « A B
: H i Descriptive Statistics N ﬁ 1 @ 4
27: | Bayesian Statistics »
| &id | dagender Taples by | & salbegin | & jobtime = & prevexp | &b minority var
1 1m Compare Means » )00 527,000 98 144 0
2 2m General Linear Model (3 00 $18,000 98 36 0
3 3f Generalized Linear Models 00 $15.000 93 381 0
4 | 4f . y 00 515000 98 190 1
5 5m Comretate . Joo $30.500 98 138 0
6 6m - , Joo $20.000 98 67 0
7 Tm i 00 $29,000 98 114 0
Loglinear »
8 8f 100 $16.000 98 0 0
3 Neural Networks »
g | 9f Crasay , o 520500 93 115 0
10 | 10f U . foo $15,500 98 244 0
11 "F Dimension Reduction 00 $21,000 98 143 0
Scale »
T‘ 12 m i} €12 500 Q8 26 1
13 13 m S —— " | A onesample.. u r
14 14f Forecasling ’ A Independent Samples.. 137 1
15 | 15m Survval ' @ Related Samples... 66 0
Multiple R »
% | 16'm u _;:de esponse _ T, v @
17 17'm [ Missing Value Analysis. . U ST7.550 57| 2 ginomial
inomial...
18 18'm Multiple Imputation b )00 $50,000 o7 =
19 19'm Complex Samples » 159 $21.000 g7 | Runs..
20 20f &5, simulation... 00 $34.600 g7 |l 1-Samplek-s..
21 | 21§ Quality Control » J00 525,000 97 |l 2Independent Samples..
2 22m Spatial and Temporal Modeling..  * 00 $24.000 9 | [l KIndependent Samples..
23 23f Direct Marketing y 48 $36.000 9% 2 Related Samples...
o 24 f Z T 07093 $37,555 % | g K Related Samples..
25 25 f 15 3 590,378 $70,000 96 — =

So currently, we are going to demonstrate a chi-square
test using the Crosstab option. To calculate chi-square
using cross tab options, we will go to Descriptive
statistics and then go to crosstabs. After clicking on the
crosstab option, we can see all our variables populated
like this:
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@ *Employee Data.

File Edit View Data

sav [DataSet1] - IBM SPSS Statistics Data Editor
Transform  Analjze  Graphs

Utilities  Extensions  Window  Help

10

SHE W~ 3L i BH 494
|

27:
&id [ &QE 13 Crosstabs o jvar }

1 1m

: o e Ema )

3 3f & Employee Code [id] ‘ |

2 ' @4 Gender [gender] @ @
4l Educational Level [educ] E L

5 §m & Employment Category jobcat]

6 | 6m & Current Salary [salary] - ) E

7 7m & Beginning Salary [salbegin] ORI @ [

Months since Hire [jobtime] [ ~—

: 8if f Previous Experience [prevexp] @ S

9 9f & Minority Classification [minority]

10 10 f

11 1Mf Layer1of1 - -

12 12m = =

13 13m

14 14/f

15 15'm E

16 16'm

17 17'm

18 18'm Il Display layer variabf€s in table layers

19 18'm "] Display clustered bar charts

20 20 f [”] Suppress tables

21 21f

= 2lm Lo ) e (mesat | gancal) (e

23 23 ¢ 15| 1 s43648  $36,000 9% 75 0

Now we want to see whether males and females are

significantly different in number in reference to their

minority classification. So we will take gender as an

independent variable for all practical purposes in this

study. So if we want to take a variable as an

independent variable, we can take it in a column dialog

box. So we will take gender in our column dialog box.
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mployee Lata.say |[Latasetl] - 1BV 5P STaTsTICs Lata EaItor

Edit View Data Transform Analyze Graphs Ulilities Extensions Window  Help

IHE H e~ Bl i BE i9(4
|

I f id | &geﬂ Crosstabs X pvar |
1 im
: i et Leme
Zl 3f 69 Employee Code [id] m L
*l nG ol Educational Level [educ] @
= &> Employment Category [jobcat] m L
5 5m & Current Salary [salany] @
6 6m f Beginning Salary [salbegin] Col i
7 7m f Months since Hire [jobtime] Column(s): @ |
(e 8f & Previous Experience [prevexp] | Gender [gender) |
Zl olf &> Minority Classification [minority] @ - |
10 10f
1" 11f rLayer 1 of 1 I
12 12m Previous hext_g
13 13 m
14 14
15 15 m @
16 16 m
17 17 m
18 18 m [l Display layer variablgg in tabi@iayers
19 19 m [~] Display clustered bar charts
20 20f [”] Suppress tables
21 21§ —
= e cocte [ Reset] (cance] (_Hep |

|

Our dependent variable is minority classification. So
take minority classification in our row dialog box. But
practically it's going to make no difference in the result
either we choose gender in a column dialog box or row
dialog box or visa versa. It's only going to tell us the
interaction between frequencies.
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@ *Employee Data.sav [DataSet1] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analyze Graphs Utilities Extensions Window  Help

SHe e BLEE 0 BF 19[4

27:
I &id & gen @ Crosstabs
1 im
2 2m Row(s):
3 It & Employee Code [id] & Minority Classification [minority]
: o 4l Educational Level [educ] @
&> Employment Category [jobcal]
5 5m & Current Salary [salany]
6 6m & Beginning Salary [salbegin] - 7
7 7m & Months since Hire [jobtime] Column(s):
T af & Previous Experience [prevexp] a Gender [gender]
g o («)
10 10f
1 1Mf rLayer 1of 1
12 12m p Rvent 4
13 13 m
14 14f
15 15 m -
16 16 m
17 17 m
18 18 m M Disp! | t
19 19m [ Display clustered bar charts
20 20f [7] Suppress tables
21 21f

2m (oK J paste || Reset | cancel|_Heip |

15 1 $43,648 $36.000 96 75 0

i

Note: Chi-square is just a test of association, and it
does not matter whether we are taking our independent
variables in row or column. But as a convention, if we
hypothesize an independent variable, then take it in the
column. The dependent variable will be taken in a row.
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