ﬁe problem arises when there are more than tvh
groups and we want to identify the differences

between them We' mpare two groups
e would have to

- A&D - B&C -

at a time, So If
make 6 compari
B&D - C&D Th robability of error

m:reases /




One Way Anova

A test to dete ean of several

Independ ual or not

Note that th IS conducted

& between two groups only /




Ge iIdea of the variance test is that the gro@

represent one comm d therefore the total

variance of the gr lated once and the
variance test on
Null hypothesis rences)

Alternative hypo

@fe rences)

t equal (there are

%




/ Example: The following data represent the scores of three groups of \
students in the Applied Criminal Statistics course, and it is required to

determine whether the averages of the students' scores in the three

\_ groups are equal or not? W




Null Hypothesis

/

The averages of th groups are equal

\

The averages of the three groups are not

equal (there is difference)
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sum of
Squares

Between Groups 250.000 125.000

Within Groups 120.000 10.000
Total 370.000
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Statistical decision
The resulting probabilistic value of 0.001

IS less tha he level of

significa t the null

hypothesi scores for
the three al, and we
accept the alternative hypothesis that

the average scores of the three groups

\ are unequal /
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.

It remains to de
groups res
that are
which gr

existence of

Post Hoc tests

words,
for the
Tukey Test

~

Ine which of the

Ifferences

%

22



:Tﬁ *Output? [Document2] - [BM 5PS5 Statistics Viewer

File Edit View Data Transform Inset Format Analyze DirectMarketing Graphs Utilities Add-ons Window Help

= B 9@ &

B+ & Output [ Total 370000 | T4 ] I
(8 Log
& [E] Oneway
{E Title Post Hoc Tests
[ Motes
=] Active Dataset

Multiple Comparisons

DependentVariable: Grades

-[& Multiple Com Mean 95% Confidence Interval

Difference (-
-{&] Homogeneaou )
E.::I Tiﬂe (1) Groups  (J) Groups Jy Std. Error . Lower Bound | Upper Bound

(B Grades Tukey HSD  Group 1 Group 2 -5.00000 2.00000 .06 -10.3357 3357
Group 3 5.00000 2.00000 . -.3357 10.3357

Group 2 Group 1 5.00000 2.00000 . -.3357 10.3357

Group 3 10.00000° | 2.00000 . 4 6643 15.3357

Group 3 Group 1 -5.00000 2.00000 . -10.3357 .3357

Group 2 -10.00000" | 2.00000 . -15.3357 -4.6643

Dunnett T3  Group 1 Group 2 -5.00000 2.00000 . -10.9160 89160
Group 3 5.00000 2.00000 . -9160 10.9160

Group 2 Group 1 5.00000 2.00000 . -9160 10.9160

Group 3 10.00000" | 2.00000 . 4.0840 15.9160

Group 3 Group 1 -5.00000 2.00000 . -10.9160 9160

Group 2 -10.00000" | 2.00000 . -15.9160 -4.0840

* The mean difference is significant atthe 0.05 level.

Homogeneous Subsets

Grades

Suhsetforalpha=0.05
Groups 1 2

IBM SPSS Statistics Processoris ready




Post Hoc Tests

Multiple Comparisons

Mean
Difference {I-

Std. Error

Group 3 Group 1

Group 2 2.00000
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Statistical decision
Looking at the results of the post-tests, we find
that the resulting probabilistic value between

the second grou Ird group is 0.001

which | e level of
significa there are
statistically sig ces between the

second group and t group, and that the

differences between the rest of the groups are
\ not statistically significant. /
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Nationality

Gender
Male

Female

Education level

Less than
Secondary

Secondary

Graduate

Postgraduate

City
Cairo

Alex

Aswan

Hurghada




X1 X2

Strongly Strongly
Disagree Disagree

Disagree Disagree
Not Sure Not Sure
Agree Agree

Strongly Agree Strongly Agree

Satisfication
Satisfication with place with services

Strongly Strongly
Disagree Disagree

Disagree Disagree
Not Sure Not Sure
Agree Agree

Strongly Agree Strongly Agree

performance Satisfaction with
satisfaction the employees




X1

2
=
c
o
=
=]
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>
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Study hypotheses test

1- There are no statistically significant differences at the significance level (0.05)

between Satisfaction with place according to the variable (City - Gender -

2- There are no statistic significance level (0.05)

between Satisfacti able (City - Gender -

3-There are no statisti ignificance level (0.05)
between Performance variable (City - Gender -
tionality).

4- There are no statistically significant differences at the significance level (0.05)

between Satisfaction with employees according to the variable (City - Gender -

Educational level - Nationality).
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ANOVA

Sum of
Squares

Mean Square

Satisfication with place

Between Groups
Within Groups
Total

533
41 467
42.000

533
1.481

Satisfication with sernvices

Between Groups
Within Groups
Total

300
55.200
55.500

300
1.8971

Ferformance satisfication

Between Groups
Within Groups
Total

300
52.000
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1.857
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employees

Between Groups
Within Groups
Total

2.700
58.000
60.700

2.700
2.071




Study hypotheses test

Gender
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Qtﬁ *Output] [Decument1] - [BM SPSS Statistics Viewer
File Edit View Data Transform Insert Format Analyze DirectMarketing Graphs Utiliies Add-ons

window  Help

ANOVA

Sum of
Snuares

Mean Square

Satisfication with place Between Groups 974
Active Dataset Within Groups 41.026

Total 42000
&-{E PostHoc Tests

487
1518

E Title Satisfication with services  Between Groups 12.474
L& Multiple Com) ‘Within Groups 43.026
&+ {& Homogeneol Total 55500

; Title Performance satisfication  Between Groups 100
L satisfica Within Groups 200

Satisfica Tatal 300

Perform
Satisfica Satlslﬂcallon with Between Groups
smployees Within Groups

5
5

7
9
700

6
\ Total 0

J

Post Hoc Tests

Multiple Comparisons

Tukey HSD

Mean
Difference (I-
Dependent Variable () Nationality ¢J) Matignality J

Stad. Error

95% Confidence Interval

Lower Bound | Upper Bound

Satisfication with place Egyptian Arab 04861
Fareigners - 46250

-1.2249 1.322
-2.0284 1.1034

Arab Eqgyptian -.04861
Fareigners EEARRA

-1.322 1.2249
-2.2158 1.1936

Foreigners Egyptian 46250
Arab 51111

-1.1034 0284
-1.1936 158

Satisfication with senices  Eqyptian Arab 55139
Foreigners 166250

215
-.3528 .265

5

.2

0589

Arab Egyptian -95139
Foreigners 71111

g
)
-2.2585 35
-1.0347 2.4569

G
3
2
G

Foreigners Egyptian -1.66250
Arab

-.0589
1.0347
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Less than 0.05 (the level of
significance)

Satisfication with place Between Groups
Within Groups
Total 42.000

Satisfication with services  Between Groups

Within Groups
Total

Between Groups

Within Groups
Total

Between Groups
Within Groups
Total

43



Study hypotheses test
Nationality

44



Post Hoc Tests

Tukey HSD

Multiple Comparisons

Dependent Wariable

(I) Mationality

()1 Mationality

Mean
Difference (I
J)

Std. Error

95% Confidence Interval

Lower Bound

Upper Bound

Satisfication with place

Egyptian

Arab
Foreigners

04861
- 46250

-1.2244
-2.0284

1.322
1.1034

Arab

Egyptian
Foreigners

-.04861
51111

-1.322

-2.2158

1.2248

.

—
—_
[ L]
adl
.

Foreigners

Egyptian
Arab

46250
A1

-1.1034
-1.1936

[=x]
[ B O

Satisfication with services

Egyptian

Arab

Foreigners

95139
1.66250°

-.3528

| == PFa
R R
i

—

Arab

Egyptian
Foreigners

-895138
J1111

1
el

Lo B I = 7
[ L B

B

Foreigners

Egyptian
Arab

-1 GE250
-T1111

1
L

Ll
Lo I o I 7

= =
e ]
[{=]

1.0347

Performance satisfication

Egyptian

Arab
Foreigners

-08333
- 15000

L
oom| e ra| o ra

1.353
16163




7 \

Statistical decision

Looking at the results of t t-tests of the satisfaction

with services, we fin probabilistic value
and those with

5 (the level of

between the res
Foreigners is 0.
significance), so we
differences between t Egyptian and those

with Foreigners and that erences between the rest of

.

the respondents are not statistically significant

4
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QTﬁ *Qutput [Document1] - IBM SPSS Statistics Viewer
File Edit View Data Transform Insett Format Anahze DirectMarketing Graphs Utilites Add-ons  Window

SHE R 0 AELE 00 &

= {E output
; Log
& & Oneway
Title
MNotes
Active Dataset L~
{§ ANOVA f ANOVA
& Post Hoc Tests Sum o
Title Squares
L& Multiple C
& E] Homogen

% Oneway

[DataSet2] C:\Users\Dr.al Faisal\Documents\25-6-2021.sav

Mean Square
Satisfication with place Between Groups G138 3.046
Within Groups 32.862 1.264
Total 42.000
Satisfication with services  Between Groups 5710 1.903
Within Groups 49.790 1.915
Total 55.500
Performance satisfication Between Groups 14.210 4737
Within Groups 38.000 1.465
Total 52300
Active Dataset Satisfication with Between Groups 2,752

[ warnings i employees Within Groups £7.948
LEL@ ANOVA, Total 60.700
0g
B [E] Oneway

Post Hoc Tests
[ Active Dataset

8 Multiple Comparisons
PostHoc Tests

[E] Title Tukey HSD
-L& Multiple Com
B ] Homogeneot

Mean

_ 95% Confidence Interval
Difference (-

Titlg Dependent Variable () Education Level (J) Education Level J Std. Error ig. Lower Bound | Upper Bound
1 satisfica Satisfication with place Less than Secondary  Secondary 01429 55403 -1.5056 1.5342

g satishica Graduate 128571 | -2.9343 3828
L& Perform:

Postgraduate 04762 -1.6662

L& Satisfica
Secondary Less than Secondary -.01429 . -1.5342
Graduate -1.30000 . -2.8189
Postgraduate 03333 K -1.6583
Graduate Less than Secondary 1.28571 R -.3628
¥ Secondary 1.30000 -2199
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Less than 0.05 (the level of
significance)

ANOVA

sSum of
Squares

Mean Square

Satisfication with place

Between Groups
Within Groups
Total

9.138
32.862
42.000

3.0486
1.264

Satisfication with semnvices

Between Groups
Within Groups
Total

5710
49.780

55.500

1.903
1.915

Ferformance satisfication

Between Groups
Within Groups
Total

14.210
38.080
52.300

4.737
1.465

Satisfication with
employees

Between Groups
Within Groups
Total

2752
57.948
60.700




Study hypotheses test

Educational Level

Satisfaction with place Not statistically significant

Satisfaction with services Not statistically significant
Performance Satisfaction Statistically significant
Satisfaction with employees Not statistically sig

50



Fostgraduate
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/ Statistical decision \

Looking at the results of the post-tests of the performance

satisfaction, we find t Ing probabilistic value

between the respon level students and
those with Graduat han 0.05 (the level
of significance e statistically
significant differen ndents Secondary
level students and t uate and that The

differences between the rest of the respondents are not

\ statistically significant /

52



Study hypotheses test
City

53



Study hypotheses test

1- There are no statistically significant differences at the significance

level (0.05) between Sati according to the variable

(City - Gender - Educ

at the significance
level (0.05) betwee rding to the variable
(City - Gender - Educati o statistically significant
differences between Satisfaction with services according to Nationality
variable, and this is due to the presence of differences between Egyptian

and Foreigners .

54



Study hypotheses test

3- There are no statistically significant differences at the significance

level (0.05) between Perfor ion according to the variable

(City - Gender - N tistically significant
differences be ccording to the

educational level ence of differences

between responden alification and those

4- There are no statistically significant differences at the significance
level (0.05) between Satisfaction with employees according to the

variable (City - Gender - Educational level - Nationality).

55



Statistics
Satisfication
Satisfication Satisfication Performance with
with place with services satisfication

Valid

Missing

Mean
Std. Deviation 1.20344

56



Satisfaction with place

satisfaction with services
Performance Satisfaction
satisfaction with employees
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Two Way Anova

/
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A test to de
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ndependent
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'.t,-‘ Untitled1 [DataSet0] - IBM SPSS S@tistics Data Editor — b4
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»
12 100 3 Monparametric Tests
i »
13 1.00 1] Forecasting
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16 200 2 Missing Value Analysis
17 2.00 2 Multiple Imputation 3
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19 Quality Control 3
20 ROC Curve
21
22
23
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1.00 34.00 t-l Univariate
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Age
1.00 61.00 < Production
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1.00 2500 Post Hoc.
Save.
100 3200 Random Factor(s): [L]
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SHe M e~ HhA H HE BAE 19
Visible: 3 of 3 Variables
Gender Age Production v v v V v v V v v v V v v v V var var

1.00 64.00
1.00 43.00
2.00 74.00
2.00 36.00

1.00 .00 E& Univariate e
200 55.00 r
1.00 57.00 Dependent Variable

1.00 38.00 & Production l E

1.00 61.00 Fixed Factor(s):

2.00 73.00 @b Gender
1.00 25.00 ol Age

o= | & wh =

w

=]

1.00 32.00
1.00 42.00
2.00 75.00
1.00 22.00
2.00 43.00 Covariate(s):
2.00 30.00
2.00 21.00

Random Factor(s)
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File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help

A N EE Bl g
Gender Age Production

1.00 £4.00
1.00 43.00
2.00 74.00
2.00 36.00
1.00 3400
200 £5.00
1.00 57.00 @ Custom

100 3800 ——
1.00 £1.00
2.00 73.00
1.00 25.00
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Visible: 3 of 3 Variables
Gender Age Production V v v V v v v v v v v v v v V var var

1.00 64.00
1.00 43.00
2.00 74.00
2.00 36.00
1.00 34.00
200 55.00 Specify Model
1.00 57.00 © Full factorial
1.00 38.00
1.00 61.00 I

1! Gender
2.00 73.00 |1 Age
1.00 2500
1.00 32.00
1.00 42.00
200 7500 Interaction
1.00 2200
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2.00 21.00

tp‘ Univariate: Model

= o||m| & w k=

_
Factors & Covariates: Model:

=]

Build Termis)
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-

Sum of squares’ |Type [l © i) Include interceptin model
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SHE il A Y Bad d9
Visible: 3 of 3 Variables
Gender Age Production v v v v v v v v v v v v v v v var var

1.00 64.00
1.00 43.00
2.00 74.00
2.00 36.00
1.00 34.00
200 RA.00 Specify Model

t-\ Univariate: Model

1.00 57.00 @ Full factorial ® Custom

100 38.00 Factors & C t Model:
1.00 61.00 Factors ovanates Mode
|ﬂ Gender
2.00 73.00 Iﬂ Age
1.00 25.00

1.00 32.00
1.00 42.00
2.00 75.00
1.00 22.00
2.00 43.00
2.00 30.00
200 21.00

@~ |o o e

==

Build Term(s)

Sum of squares: | Type Il * = Include intercept in model
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Visible: 3 of 3 Variables
Gender Age Production v v v v v v v v v v v v v v v var var

1.00 64.00
1.00 43.00
2.00 74.00
2.00 36.00
1.00 34.00
200 A5.00 Specify

1.00 57.00 © Full factorial @ Custom

1.00 38.00

100 6100 Fa?ors & Covariates: Model
\ Gender Gender

2.00 73.00 o Age Age

1.00 25.00

1.00 32.00

1.00 42.00
2.00 75.00 Main effects ~

t,-\ Univariate: Model

| = ;| & w h| =

=6

Build Term(s)

Type:

1.00 22.00
2.00 43.00
2.00 30.00
2.00 21.00

Sum of sguares: | Type lll ™ ' Include intercept in model
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File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help

SHE 2 0 HE BAE i
Visible: 3 of 3 Variables
Gender Age Production = = Y . = = . = = . = = . = = = =

1.00 64.00
1.00 43.00
2.00 74.00
2.00 36.00
1.00 34.00
200 5500 Specify Model

1.00 57.00 © Full factorial @ Custom

1.00 38.00
Factors & Covariates: Model

1.00 61.00

' Gender Gender
2.00 73.00 il g
1.00 25.00

1.00 32.00
1.00 42.00
2.00 75.00
1.00 22.00
2.00 43.00
2.00 30.00
2.00 21.00

#2 Univariate: Model

@ ~||o||o] | wm) =

alle

Build Term(s)

Sum of sguares: | Type Il = ¥ Include intercept in model
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200 36.00
1.00 34.00
200 55.00 Specify Model
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2 0
100 £1.00 ' Gender Gender
20 r3.00 i1 Age Age
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1.00 32.00 Build Term(s)
1.00 42.00
2.00 75.00 Interaction ~
1.00 22.00
2.00 43.00
2.00 30.00
2.00 21.00
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o=~ &w|m) =

=

Type:

Sum of squares: Type lll ~ il Include intercept in model
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SHES Bl b EE BN G
Visible: 3 of 3 Variables
Gender Age Production y Jar var Jar var y var var Jar var y var var Jar var v var

1.00 64.00
1.00 43.00
2.00 74.00
2.00 36.00
1.00 34.00 Estimated Marginal Means

2.00 55.00 Factor(s) and Factor Interactions Display Means for:
1.00 &7.00 (OVERALL) (OVERALL)

1.00 38.00 Gender Gender

1.00 61.00 Age Age

200 73.00 Age*Gender Age*Gender
1.00 25.00
1.00 32.00
1.00 42.00
2.00 75.00
1.00 22.00

2.00 30.00 - ——

preadve. ave

t-‘ Univariate: Opticns

o =i|a| | |w =

=)

| Compare main effects

2.00 21.00

| Obsewed power | Residual plot

| Parameter estimates | Lack of fit

| Cantrast coefficient matrix | General estimable function

significance level: Confidence intervals are 95.0%
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Visible: 3 of 3 Variables
Gender Age Production Jar var var var \ Jar var var var var \ Jar var var var var var

1.00 64.00
1.00 43.00
2.00 74.00
2.00 36.00
1.00 34 00 Estimated Marginal Means
2.00 55.00

t-‘ Univariate: Options

Factor(s) and Factor Interactions: Display Means for:
1.00 57.00 (OVERALL) (OVERALL)
1.00 35.00 Gender Gender

1.00 61.00 Age Age

200 73.00 Age*Gender Age*Gender
1.00 25.00
1.00 32.00
1.00 42.00
2.00 75.00
1.00 22.00
2.00 43.00
2.00 30.00
2.00 21.00

| = ;| =

=l|we

| Compare main effects

Display
| Descriptive statistics -J_’é_umugenelty es 3
| Estimates of effect size | Spreadvs. level plot
| Observed power | Residual plot
| Parameter estimates | Lack of fit
| Contrast coefficient matrix | General estimable function

Significance level Confidence intervals are 95.0 %
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1.00 38.00

1.00 61.00
2.00 73.00
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Equal Variances Assumed
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Levene's Test of Equal_ily of Error
Variances®

DependentVariable: Production

_F-

Tl:":t*~ ’[hl-' null h-.-rul’[hE'Eh thatthe error
variance ofthe dependentvariable is equal

dClIoss I:||II|.||II"-

a. Design: Intercept + Gender + Age +

Gender ™ Age

There Is homogeneity In the errors of the

variances




Tests of Between-Subjects Effects

Dependent Variable: Production

Type lll Sum

Source of Squares

Corrected Model
Intercept 29547 408 29547 408
402112 402112

) =
—]

i

-]

1 Fd

W) = PJ P2
[m =] —_—
Fd

i

209503

i
| ]
oo

2000 550
Total
Corrected Total

a. R Squared = .

N\

dehere are no statistically significant differences

between gender (male - female) and production

rate

~

4




Tests of Between-Subjects Effects

Dependent Variable: Production

SOLIGE
Corrected Model

Intercept

Erraor
Total

Corrected Total

a. R squared =

Type lll Sum
of Squares

29547 408
402112

209503

2000.550

e i R R et e R

I

L = b2 b

~
) =
]

i

249547.408
402112

-]

1 Fd
[m =] —_
Fd

i

)
| ]
oo

]

005

-

There are statistically significant differences

_between the age group and the production rate )

~

81



Tests of Between-Subjects Effects

Dependent Variable: Production
Type Il Sum
Source of Squares
Corrected Model 4247

Intercept 29547 408 29547 408 177.236

Gender 402112 402112 2412

Age 2795568 1397.784 8.384

209503 104,752 B2E
Erraor 2000.550 166.713
Total

Corrected Total

-

There are no statistically significant differences in the interaction

between the two variables: gender and age group

~




Post Hoc Tests

Age

Dependent®ariable: Production

Scheffe

Multiple Comparisons

(1] Age

(J) Age

Mean
Difference (-
J)

std. Error

95% Confidence Interval

Lower Bound

UpperBound

Less than 20

20-40
Maore than 40

f8.6000
31 2667

7.56033
7.81843

-12.4750
8.4722

29.6750
53.0612

20-40

Less than 20
Maore than 40

-8.6000
BEET

7.56033
718342

-28.6750
2.6423

12.4750
2.6910

Mare than 40

Less than 20
20-40

™

m

6

7.81843
7.18342

-53.0812
-42.6910

-9.4722
-2.6423

Based on observed means.

The errorterm is Mean SquarefError) = 166.713.

* The mean difference is significant at the .05 level.
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