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Course QOutline

Session: TOPIC:

DAY 1

Session 1 INTRODUCING MULTIVARIATE ANALYSIS AND R
Session 2 USING R FOR BASIC ANALYSIS

DAY 2

Session 3 USING R FOR AN(C)OVA

Session 4 USING R FOR REGRESSION ANALYSIS

DAY 3

Session 5 USING R FOR SCALING AND FACTOR ANALYSIS
Session 6 USING R FOR SEM and PLS PATH MODELING
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Overview over Data Analysis Tools for Marketing Research
Malhotra (2010); Pallant (2016)

Data Analysis Tools

Multivariate Analysis Univariate/Bivariate
Tools Analysis Tools

Dependence Techniques Measurement Level
Interdependence Techniques Number of Groups (“Samples”)
Sample (In)dependence
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Univariate/Bivariate
Analysis Tools

Measurement Parametric Tests Nonparametric Tests

Level

Number of Groups

2 “Samples”
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o> Number of Groups
“Samples”

One “Sample” 2 or more “Samples”

.

) Sample
(In)Dependence

NIGR 12 test (Crosstabs) | McNemar Test (MH)

One sample x? test I3

One sample t test YR

P 16

=Xk Independent samples
t test

Paired samples
t test
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Hypothesis Testing Procedure

Malhotra (2010); Pallant (2016)

B B 8 8
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Data Analysis Tools
Hair et al. (2018); Malhotra (2010)

Multivariate Data Analysis Tools

Dependence Interdependence
Techniques Techniques

v v

* Factor * Cluster

AN(C)OVA Metric Nominal

Regression

Analysis Metric Metric

Analysis Analysis

Conjoint
Analysis

* Perceptual
Mapping

Nominal
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Refresher: Comparing Frequencies: ¢ Tests

Malhotra (2010); Pallant (2016)

One-Sample y? Test “Two-Sample” y? Test
for Cross-Tabulations

X X

Y
% Maastricht University



v? Tests

Malhotra (2010); Pallant (2016)

» One-Sample y? Test

» Assumptions
» Independent (Random) Sample
» Nominal Data with two or more categories

» Theory for Expected Distribution

» Hypotheses

H,: Expected Frequencies (E) = Observed Frequencies (O)
H,: Expected Frequencies (E) = Observed Frequencies (O)

% Maastricht University
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v? Tests

Malhotra (2010); Pallant (2016)
» One-Sample y? Test

» Limiting conditions one-sample chi-square test
» df =1 (ork=2)
Each Expected Frequency (E) should be > 5

» df >1 (ork>2)

No more than 20 percent of Expected Frequencies (E) <5
No Expected Frequencies (E) < 1

SPSS evaluates these limiting conditions
o3

«q Maastricht University
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v? Tests

Malhotra (2010); Pallant (2016)

» “Two-sample” y? Test for Cross-Tabulations

» Assumptions
» Independent (Random) Samples
» Nominal Data with two or more categories (for X and Y)

» Theory for Expected Distribution (Independence!)

» Hypotheses

Ho: X and Y are independent
H,: X and Y are not independent

% Maastricht University
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v? Tests

Malhotra (2010); Pallant (2016)

» “Two-sample” 2 Test for Cross-Tabulations

» Limiting Conditions
» df =1 (2*2 cross-table)
N =20 — Fischer Exact Test
20<N <40 = E;25 — y?Test

— E;<5 — Fischer Exact Test

N > 40 — 2 Test with continuity correction
» df > 1 (r*k cross-table)

E;<5  — Fewer than 20% of the Cells
E;<1 — NoCell

SPSS evaluates these limiting conditions and

presents the appropriate test

% Maastricht University
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SPSS Data File: Internet Usage Data

Malhotra (2010, Table 15.1)

43 Table 15.1 Inputsav [DataSet1] - [BM SPSS Statistics Data Editor
File Edt View Dala Transform Analze DireciMarkeling Graphs  Utiities Extensions Window Help

;@-@‘m e Bl AEEBLT 100 %

|visivie: 9 of 9 variavies

& rumber | & sex | & familiar | & iusage | & iattitude ¢ tattitude | & ishopping| ¢ ibanking | ¢ iusagegr|  var | var | var var var var
“ 2.00

@ @ o e w -

L P O I AL AL L I O L
DD O NN OB N R RS DD E DWW RN W W N~
I I S I I A I I I S I I I
DD W AN RN RO R WL ERNDE WO R RGN B NDWWD

Lo s A N R MR S S e R S NN NR S SRR s s s
S AN AN SN SN AR RNN SN RN R RN SN
"

[ I |

Kl

[ IBM SPSS Statistics Processorisready | | [Unicogeon | | |
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x2 Tests One-Sample y2 Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

3 Table 15.1 Inputsav [DataSet1] - IBM SPSS Statistics Data Editor

File Edt View Data Transform Analyze Graphs  Utiliies Window  Help
Regorts »
SRR ..  AERBLHEI0S %
[ | Tables » | / Visible: 9 of 9 Variables
& oumber | & sex ||  Compare Means »  |tatttude | & ishopping| & ibanking | & iusagegr | var | v | var var v | v | v [ e [ o |
1 1 1| General Linear Model » 6 1 =
2 2 2 Generalized Linear Models » 3 2
3 3 2| uaedbosels » 3 1
4 4 2N i 5 5 1
5 5 1[N Reaesaion y 7 1
6 6 Bl s ¢ 4 1
7 7 2 5 2
= 3 5| Mewrainetsons : 7 3
9 9 2| Classw - . 4 1
10 10 1| enson e 6 1
1 1 7 [ L a 2
2 12 2 Nonparametric Tests Y | A oneSample...
3 13 1| Fosecasing " | A independent samples
1 4 1 S o & Related Samples...
15 15 1 Myttiple Response ¥ Legacy Dialogs ¥
B 16 2 | issing Value Analysis... 3 7
1 1 1| muiple Imputation » 3 1
18 18 1 Complex Samples » 4 1
19 19 1 | B simulation... 6 1
20 20 2| QuaityControl » 4 2
21 21 1 | & Roc cune.. 2 2
= 2 1| E3 Ranfor Preciction 4 2
2 3 bl =t g 2 2
2 2% 1 6 1
2 2 2 ‘Spatial and Temporal Modeling... » 3 1
% % 1| (RS S Amoe 6 1
27 27 2 5 4 5 5 1

[Chi-square... [I8M SPSS Statistics Processoris ready | [Unicode:ON [
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)
T pamm EXACT TEST

File Edit View Data  Transfor i Graphs  Ufilities Exensions Window Help

AEHE M « = Eéﬁ REE BaE /@g Ta. Limiting Conditions!!!

bf 9 Variables

& number | & sex | & familiar | & iusage & iattitude | & tattitude | & lshuwnq & ibanking /& iusagegr var var | v | ver var var | var | var var
1 1 1 7 14 7 6 2.00
2 2 2 2 2 3 3 2 2 1.00
3 3 2 | &R cni-square Test 2
4 4 2 2
Test Variable List
3 : : &R dent Numb. & Sex[sen !
espondent Numb...
U b 2 & Familiarity [lamiliar] @ 2
7 7 2 | | & intemet Usage Hrs/... 2 >
8 8 2 | | & Attitude toward Inter... 2 O | T t
9 ) 2 | | # Attitude toward Tech m 2 ne's a.l I l p e x eS
0 10 1 & Intemet Shopping [i 2
& Internet Banking [ib.. H . M—300/ F—?OO/
&l " 2| | & Intemet Usage Grou 2 0 . - 0 y - 0
12 12 2
13 13 1| [ Expected Range Expected Values
L3 4 1 @ Getfrom data © Al categories equal
15 15 1 © Uge specified range ® yalues:
1 1 2 — &
30
17 17 1 A o —
8 18 1 —
19 19 1
20 20 2
21 21 1
z 2 o) e o o) o
23 23 2 o7 - = =
24 24 1 7 |5 6 6 1
25 25 2 6 6 5 k) 1
26 26 1 6 13 6 6 1
27 27 2 5 4 5 5 1

1BM SPSS Statistics Processor is ready Unicode ON |
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

One-sample x? Test
Ho: M=30% (=9), F=70%(=21)

a0 cells (0%) have

expected frequenci
less than . The

ES

minimum expected cell

frequency is 9.0

% Maastricht University

Se
Obszetved M QExpected M| Residual
Male 15 [ ! 9.0 B0
Fermale 15 21.0 -6.0
Tatal 30
2 — —
N x? (1)=5.714 (p=0.017)
7 2 = z (0ij=Eij)*
Chi-Square 27142 E;j
df 1
Asymp. Sig. o7 XZ — ﬁ + ﬁ = 5714
Exact Sig. 026 9 21
Paint Probakility 018

Sex
Observed M | Expected M | Residual
Male 15 145.0 a
Female 15 15.0 a
Total 30
Test Statistics
Sex
Chi-Sguare aaongd
of 1
Asymp. Sig. 1.000
Exact Sig. 1.000
Faint Probability 144

8.0 cells {0%) have
expected fregquencies
less than 8. The
minirmum expected cell
frequency is 15.0.
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

&

12

x* (1)

1.0

0.8

0.6

04

0.2

0.0

%2 (1)=5.714 (p=0.017)

0

Maastricht University

5 6

Rejection Region [3.84,—]

7
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x? Test for Crosstabulations

v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1) Hy: Sex and Internet shopping
are independent |

IQ Table 15.1 Input.sav [DataSet1] - IBM SPSS Statistics Data Editor /
File Edt View Data Transform Analyze D ing  Graphs  Utilities né  Window  Help
) Reports » (4]
SRE M = A i 7 TR ) $|
| [ Tables » [visible: 9 of @ Variables
& number | & sex || Compare Heans » | iusagegr | var | var | var v [ e [ v [ e [ v [ v |
1 1 1 General Linear Model » 2.00 =
2 2 2 Generalized Linear Models 3 1.00 [
.3 3 2| MixedModels |l IR AGSiyeis 1.00 \
| 4 4 2| [ v Ratio... 1.00 |
| 5 5 1 Regression | B E-PPos.. 2.00 I
|6 6 2 Loglinear » |EoaPits.. 2.00 |
| ; ; : Neural Networks » Two-Variable or Group Q-Q Plot ;gg ‘[
== 5 2 Classify » Calculate Adjusted P Values ) |
| 0 10 1 Dimension Reduction > 6 5 2 2.00 ‘
o 11 2| S ' 3 2 2 1.00 |
[ 12 2| RoipemenicT st ‘ 4 2 2 100 ‘
[ 13 1] [ EeEceskng ' 5 2 1 200
| u i 1 [ o 2 2 2 2 2.00
| 15 15 1 Muttiple Response » 4 1 2
.16 16 2 |2 missing Value Analysis... 3 2 2
| 17 17 1 Multiple Imputation » 3 1 1
| 18 18 1 Complex Samples » 4 1 2
19 19 1 | BB simulation... 6 1 1
2| 2 2| QualiyControl > 4 2 2
| 21 21 1 ROC Curve... 2 2 2
L& 2 L Ranfor Prediction N 2 1
| = - < RanFor Estimation... < B 4
D 24 1 6 1 1
‘ 25 2 2 Spatial and Temporal Modeling... 3 3 1 2
. % 2 1 IS e 6 1 1
e 27 2 5 4 5 5 1 1
gaoos ﬂ — 20 — N — O — a 2%
Datviw Varae e
[Crosstabs... [IBM SPSS Statistics Processorisready | |  |UnicodeON | | |
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

&

Crosstabs -

Row(s):

f Respondent Mumber [nu...
& Familiarity [familiar]

& Internet Usage HrsWee...
& Attitude toward Internet[i...
f Attitude toward Technolo...
& Intemet Banking [ibanking]
& Internet Usage Group [iu...

[/ Display clustered bar charts
[] Suppress tables

]
[»]

Layer1of1

Previous Next

£y

f Sex[sex]

Column(s)
& Internet Shopping [isho... w

Il Display 1ayer variables in table layers

(oK J[ paste J{ Reset | cancel[_Heip |

s Crosstabs: Statistics . | P
g
[¥/ Chi-square [T] Correlations
Mominal Crdinal

[¥/ Contingency coefficient| | [[] Gamma

[/ Phi and Cramers V [7] Somers'd

[] Lambda [] Kendall's tau-b
["] Uncertainty coefficient [] Kendall's tau-c

rMominal by Interval [] Kappa
[ Eta [ Risk
] McNemar

[T] Cochran's and Mantel-Haenszel statistics

IE‘St commaon

(Continue [ canc |{_rep |

s ratio equals: |4

Maastricht University
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

#& Crosstabs =) CM‘I Display I\_.> 2X 2 X )
Row(s): s N st -
f Respondent Number [nu... f Sex[sex] O s
? Familiarity [familiar] [¥ Obsemved [ Compare column proportions
Internet Usage Hrs/Wee... g X H
& Atitude toward Internet .. . [ Expected [+ ‘Adjust pvalues (Bonferroni method}
&P Attitude toward Technolo... & Internet Shopping fisho... &} Hide small counts
& Internet Banking [ibanking] . Less than |5
& Internet Usage Group [iu... =
STRFUCHL rPercentages rResiduals
o bleg [+ Row [] Unstandardized
[ Column [”] Standardized
H ] Total [ Adjusted standardized
M Display laye es in table layers rMoninteger Weights
[/| Display clustered bar charts @ Round cell counts  © Round case weights
LEpresFies © Truncate cell counts © Truncate case weights
OK Paste Reset || Cancel H.e_lE @ No adjustmems
|Cmﬁ.|.'me I Cancel He_IE

EXACT TEST

Limiting Conditions!!!
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

Sex * Internet Shopping Crosstabulation

Crosstabulation

Ho: Sex and Internet shopping are
independent

v2(1)=3.394 (p=0.065)

*%cc(1)=2.172 (p=0.141) — (2*2)

a. 0 cells {0%) have expected count less than 5. The minimum expected countis B.50.

b. Computed only for a 2x2 table

% Maastricht University

EXACT TEST

Limiting Conditions!!!

Internet Shopping
Ves Me— | Total
Sex hale Count 11 4 14
% within Sex 73.3% 26.7% 100.0%
% within Internet 64.7% 30.8% 50.0%
Shopping
Female  Count G 9 14
% within Sex 40.0% 50.0% 100.0%
% within Internet 35.3% 69.2% 50.0%
Shopping
Total Count 17 13 20
% within Sex 56.7% 43.3% 100.0%
% within Internet 100.0% 100.0% /nm
Shopping
/@s
Asyimp. Sig. Exact Sig. (2- Exact Sig. {1-
/ Walue of (2-sided) sided) sided)
Pearson Chi-Sguare 329449 [06A
Continuity Correction? 2172 A4
Likelihood Ratio 3.466 063
Fisher's Exact Test +34 i |
Linear-ky-Linear 323 o7
Association
M ofvalid Cases a0

26



v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

sex * ishopping Crosstabulation

&

ishopping
1Yes 2 Mo Total

SEx 1 Male Count 22 g 30

% within sex 73.3% 26.7% 100.0%

% within ishopping G4.7% 30.8% 80.0%

2Female  Count 12 18 30

% within sex 40.0% 60.0% 100.0%

% within ishopping 35.3% 69.2% A0.0%
Total Count 34 26 60

% within sex 56.7% 43.3% 100.0%

% within ishopping 100.0% 100.0% 100.0%

Chi-SquareM
/ Asymptotic
Significance Exact Sig. (2- Exact Sig. (1-
/m( df (2-sided) sided) sided)

Pearson Chi-Squa{ 6.787 1 .0og
Continuity Correction® 5,498 1 019
Likelihood Ratio 6.932 1 .008
Fisher's Exact Test 018 .009
Linear-hy-Linear 6.674 1 .010
Association
M of Valid Cases 60

a. 0 cells (0.0%) have expected countless than 5. The minimum expected count is 13.00.

h. Computed only far a 2x2 table

Maastricht University

Crosstabulation
Double Sample Size

H,: Sex and Internet shopping are
independent

v2(1)=6.787 (p=0.009)

%%cc(1)=5.498 (p=0.019) — (2*2)

27



v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

(04j—Eij)*
0= )

Sex * Internet Shopping Crosstabulation

Internet Shopping
Yes Mo Total
> e :puen;ed Count 811.' ] : 15?3 E = —(15*17):8 5
: : : 11 30 .
Fesidual 24 -245
Female  Count ] ] 15
Expected Count 8.5 6.5 15.0
Residual -24 245
Total Count 17 13 a0
Expected Count 17.0 13.0 a0.0

2 _25% , —25%2  _252 4 2.52

X =33 6.5 85 6.5 —3-3937
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

"

N
-

1.0

0.8

0.6

04

0.2

0.0

2 (V)=2.172 %2 (1)=3.394
x* (1) (p=0.141)

(p=0.065)

I

0 1 2

Maastricht University

Rejection Region [3.84,5]

b
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

Symmetric Measures
Yalue Approg-2ig.
Maminal by Mominal - Phi .336/ 065
Cramer's ¥ 336 065
Contingency Coefficient 319 065
M of¥alid Cases el
Bar Chart
Intermnet
27 Shopping
Wves
Ero

a4

Count

% Maastricht University

Male

MOSAIC Plot

Female

EFFECT SIZE!

Clustered Bar Chart

R

sex

ishopping
1

Pearson
residuals:

T 0.98

- 0.00

—--0.98

alue =
065447
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

&

" Encoding: UTF-8
* Mosaic plot.

* Open SPSS Data File.
BEGIN PROGRAM R.
Mosaic plod

install packages("ved”, repos="http://cran_rstudio.com")
library(ved)

DATA<-spssdata. GetDataFromSPSS()
14
15 mosaic(~sex + ishopping, data=DATA, shade=TRUE, legend=TRUE)
16 |
17 @|END PROGRAM.
18
Maastricht University
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

ishopping
1 2

Pearson
residuals:

T 0.98

~ 0.00

sex

——-0.98

-value =
065447

% Maastricht University
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v? Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

4 *Table 15.1 Input.sav [DataSet2] - IBM SPSS Statistics Data Editor

Flle Edit  View

TIransform  Analyze  Direct Marketing

Graphs  Utilities  Extensions

%Hﬁ%.ﬁ“ﬁ

e =T

"|:5,‘Z,‘K$R,‘:.‘3mm-ammhun-;

o

=
w

[
=]

~n
e

n
w

i

% Maastricht University

fill Chart Builder...

Graphboard Template Chooser...

[ Name Type ‘ Width ‘ Decm\als| 3 weibull Plot..

number Numenc 1" 0 Resy

sex MNumeric 1 0 Sex Sl

familiar Numeric 1 0 Fam| il Regression Variable Plots
iusage Numeric 1 0 Inter{ #© Mo gic and Association Plots
iattitude Numeric 1 0 Attit Legacy Dialogs

tattitude Numeric 1 0 Attitude toward ... {1, Very Unf... None
ishopping Numeric 1" 0 Internet Shopping {1, Yes}... None
ibanking Numeric 1 0 Intemet Banking {1, Yes}... None
iusagegr Numeric 8 2 Internet Usage ... {1.00, Light ... None

Nominal

Measure type:

Window  Help
L
Columns ‘ Align ‘ Measure Role
8 = Right & Scale  Input
8 = Right & Nominal ™ Input
8 = Rig| & Scale N Input
8 = pight & Scale N Input
» B Right & Scale N Input
8 = Right & Scale N Input
8 = Right &> Nominal  Input
= Right & Scale  Input
8 = Right & Scale N Input
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"

5> Number of Groups
“Samples”

Sample

(In)Dependence

OUEEEINEEZACI SN P 16

One sample t test M 15

NGl 2 test (Crosstabs) McNemar Test (MH)

P 16

XA Independent samples Paired samples
t test t test

Maastricht University
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Chi-Square Goodness of Fit

@ Editor @

[FaT v BN s R R S W N

F cht square Goodness of Fit Test
attach(Tablels.1)

table(sex)

frable(sex)

prop.table(table(sex))

chisg.test(table(sex), p = c(0.30,0.70))

chisg.test(table(sex), p = c(0.30,0.70), simulate.p.value=TRUE)

35



Chi-Square Goodness of Fit
@ Console

> table(sex)

sex
1 2z
15 15
=
= frable(sex)
sex 1 2
15 15

> I
> prop.table(table(sex))
sex

1 2
0.5 0.5
=
>
> chisq.test(table(sex), p = c(0.30,0.70))

Chi-squared test for given probabilities

data: table(sex)
X-squared = 5.7143, df = 1, p-value = 0.01683

=
> chisq.test(table(sex), p = c(0.30,0.70), simulate.p.value=TRUE)

Chi-squared test for given probabilities with simulated p-value (based on
2000 replicates)

data: table(sex)
X-squared = 5.7143, df = na, p-value = 0.02099



Chi-Square Test for Independence (Crosstabs) (R
‘Q Editor ®

20

21 # chi square for Crosstabulation

22

23 chisg.test(table(sex,ishopping))

24

25 chisg.test(table(sex,ishopping), correct=FALSE)
26

27 chisg.test(table(sex,ishopping), simulate.p.value=TRUE)
28

29 # package vcd

30

31 Tdibrary{vecd)

32

33 Tfhisher.test(table(sex,ishopping))

34

35 assocstats(table(sex,ishopping))

36

37
=11 T

% Maastricht University 37



Chi-Square Test for Independence (Crosstabs) (R
@ Console

= chisq.test(table(sex,ishopping))
Pearson’'s Chi-squared test with Yates' continuity correction

data: table(sex, ishopping)
¥-squared = 2.1719, df =1, p-value = 0.1405

=
= chisqg.test{table(sex,ishopping), correct=FALSE)

Pearson’'s Chi-squared test

data: table(sex, dishopping) I
¥X-squared = 3.3937, df =1, p-value = 0.06545

% Maastricht University 38



Chi-Square Test for Independence (Crosstabs)(R
@ Console

= fisher.test(table(sex,ishoppingl)
Fisher's Exact Test for Count Data

data: table(sex, ishopping)
pJvalue = 0.1394
alternative hypothesis: true odds ratio is not equal to 1
95 percent confidence interwval:
0.7101042 25.9039064
sample estimates:
odds ratio
3.919659

=3

= assocstats(table(sex,ishopping))
¥a2 df P> xA2)

Likelihood Ratio 3.4661 1 0.062639

Fearson 3.3937 1 0.065447
Phi-Coefficient : 0.338
Contingency Coeff.: 0.319
Cramer's W : 0.338

% Maastricht University 39



Graphs
‘*Q Editor @

39

40 # Plots

41

42  barplot(table(sex,ishopping), names.arg=c("Male", "Female"), beside=TRUE}
43

44 mosaicplot(table(sex,ishopping),color=c{"red”, "blue"))

45

46

% Maastricht University



Graphs
Q Graphics

10

% Maastricht University

Female
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Graphs

Q Graphics

table(sex, ishopping)

1 2
W _
Sex

ishopping

% Maastricht University
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"

5> Number of Groups
“Samples”

Sample

(In)Dependence

OUEEEINEEZACI SN P 16

One sample t test M 15

NGl 2 test (Crosstabs) McNemar Test (MH)

P 16

XA Independent samples Paired samples
t test t test

Maastricht University
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T-Tests

Malhotra (2010); Pallant (2016)

&

“Two”-Sam ple “Two”’-Sam ple
TEST One-Sample Independent-Samples  Paired-Samples

Xii
1
Xa
2
Y; X Y Y

Yi i Yo
HO (One'Sided) M 2 3 Mx1 2 Mx2 MY]. 2 MY2
Hg @wo-sided) M = 3 My, = My, My, = My,

SPSS conducts two-sided tests by default!!!
Maastricht University
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T Tests @)

Pallant (2016), Ch. 17

» Assumptions
» Random Sample(s)

» Normal distribution (Central Limit Theorem, n>30)

» Unknown Population Variance (Equal for independent-samples t
test; homogeneity assumption

= At least 3 scale points
= Symmetric distribution

% Maastricht University 45



T Tests

Internet Usage Data (Malhotra, 2010, Table 15.1)

2 Table 15.1 Input R ZIEM SP s

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

id D W %

SHe I~ EXF i B 52
|

‘62' number
| I number ” sex || familiar ” iusage || iattitude ” tattitude || ishopping ” ibanking ” iusagegr || var ||
B T
Table 15.1 Input.sav [DataSet1] - IBM SPSS Stati
File Edit View Data Transform Analyze Graphs Utilites Addons Window Help
SHEe M e~ Bi.A R E B0 190 %
| Name ” Type || Width || Decimals || Label || Values ” Missing ” Columns || Align || Measure || Role
1 number Mumeric " 0 Respondent Nu... None None 8 = Right & Scale N Input
2 sex Mumeric " 0 Sex {1, Male}... None 8 = Right & Scale ™ Input
3 familiar MNumeric i 0 Familiarity {1. Very Unf___ 9 8 Right & Scale “ Input
4 iusage Mumeric N 0 Internet Usage ... MNone None 8 Right & Scale “ Input
5 iattitude Mumeric " 0 Attitude toward .. {1, Very Unf._. None 8 = Right & Scale N Input
6 tattitude Mumeric " 0 Attitude toward .. {1, Very Unf._. None 8 Right & Scale ™ Input
7 ishopping MNumeric i 0 Internet Shopping {1, Yes}... None 8 Right & Scale “ Input
8 ibanking Mumeric N 0 Internet Banking {1, Yes}... None 8 Right & Scale “ Input
0 iusageqgr Mumeric 8 2 Internet Usage ... {1.00, Light ... None 8 = Right & Scale N Input
10
19 19/ il 7| in 6 6 1| 1] 2.00
20 20 2 6 6 6 4 2 2 2.00
2 2 1 6 9 4 2 2 2 2.00
22 22 1 5 & 5 4 2 1 1.00
23 23 2 3 2 4 2 2 2 1.00
24 24 1 T 15 6 6 1 1 2.00
el el el [ [ [ 2 L] 2 2 nn
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T-Tests In SPSS

"@ Table 15.1 Input.sav [DataSet3] - IBM SPSS Statistics Data Editor
I

File Edit View Data Transform Analyze Graphs Ulilities Add-ons Window Help
— - T
' Reports 3
i {5_— 3 = g =
|5 ‘ . =, | Descriptive Statistics 3 | e ) On e-sam p | e
Tables 3
: t test
| number " sex Compare Means P L Means... L0 ¢ - v
1 1 General Linear Model 3 One-Sample T Test.. 1 2.00
2 2 Generalized Linear Models » Indep_en et 2 1.00
3 3 ) fo endent-Samples TTest.. | .
Mixed Models 4
s s o X Eﬂ'@ﬁ;:}'esﬁest : Independent-samples
- [ One-waNanOvA. .
i 5 Regression 4 & gne-wa t test
6 6 ) 5 2 cuy
Loglinear 3
] 7 Neural Networks > 4 2 1.00
8 i 5 4 2 2.00
9 9 — ' 6 4 2 2.00
— 10 Dimension Reduction 3 7 6 2 2'00
1 11 Scate ' 4 3
Nonparametric Tests r H
12 12 _ 6 4 2 Paired-samples
Forecasting 3
13 13 - 6 5 2
14 14 Survival 3 3 2 2 t teSt
15 15 Multiple Response 3 5 1 9 2 1.00
16 16 2 Missing Value Analysis. .. 4 3 2 2 1.00
17 17 Multiple Imputation 3 I3 3 1 1 2.00
18 18 Complex Samples 3 [ 4 1 2 1.00
19 19 Quality Control 3 6 6 1 1 2.00
20 20 ROC Curve... 6 4 2 2 2.00
21 21 T |5} g 4 2 2 2 2.00

% Maastricht University a7



One-Sample T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

&

@ One-Sample T Test

TestVariable(s)

& Sex[sexn]
<& Familiarity [familiar]

& IUSAGE_M

&’ Respondent Numb...

& Internet Usage Hrs!...
& Attitude toward Tech...
& Internet Shopping [i...
f Internet Banking [ib...
& Internet Usage Grou...

&5 Internet usage REC...

£

f}& Aftitude toward Inter...

TestValue: |4 <

[ L L

Maastricht University

Test Variable:
lattitude

Test Value = 4
(two-sided test!!!)
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One-Sample T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

One-Sample Statistics

M

Mean

Std. Deviation

Std. Errar
Mean

Aftitude toward Internet

30

517

1.234

225

t(29)=5.178 (p,<0.001)
ES = n2= t2/(t2+df) = 0.480

One-Sample Test

Ho: M
H: M

TestValue=4
459% Confidence Interval afthe
Diffarence
Mean
t df Sig. {2-tailed) Difference Lower Upper
Aftitude toward Internet 878 249 .0aa 1167 al 1.63

o3

] Maastricht University

#4

‘ Sig. = p value!
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Effect Size (ES)
REMINDER

» Effect Size (ES)
(Partial) n?2 (Cohen, 1988) r (Cohen, 1988)

Small 001 010
Medium 0.06 0.30
Large 0.138 0.50
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One-Sample T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

One-Sample Statistics

M

Mean

Std. Deviation

Std. Errar
Mean

Aftitude toward Internet

30

517

1.234

225

£(29)=0.740 (p,=0.465)
ES = n2= t%(t2+df) = 0.019!

One-Sample Test

Ho: M
H: M

TestValue =73

95% Confidence Interval of the

Difference
Mean
df Sig. (2-tailed) Difference Lowver Upper
Aftitude toward Internet 740 29 sAQ 67 -.29 B3

o3

] Maastricht University

#5

‘ Sig. = p value!

51



One-Sample T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

t (29)£0.740 t (29)=5.178
(p<0.001)
t (29)
| Rejectién Region : ' : Rejection ﬁegion
[«,-2.05]=2.5% [2.05,-]=2.5%
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One-Sample T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)
Hy: M=5

H,: M#5
P,=0.465

04

t (29)=0.740

03

0.2

0.1

t (29)

0.0

° ! ? -0.74 ° 0.74 ’
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One-Sample T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

04

t (29)=0.740

03

0.2

Ho: Ms5
Hy: M>5
P,=0.465/2=0.233

0.1

t (29)

0.0
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One-Sample T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

04

.740

03

0.2

Ho: M25
H,: M<5
P1=1-(0.465/2)=0.768

0.1

t (29)

0.0
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Independent-Samples T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

&

@ Independent-Samples T Test

et

Test ‘u’ariabjzé
f Respondent Mumb... ‘g@ Aﬂirﬁetowardlnter___
& Familiarity [familiar]

|g¢ Internet Usage Hrs/\Week [iusagei
& Attitude toward Techs bt
& Internet Shopping [i...
&% Internet Banking [ib...

gf Internet Usage Grou...

ﬁ Grouping Variable:
+ ||sex(1i1

[ Define Grodgs... |
| ok || Paste || Reset | cancel || Peig |

Maastricht University

Attitude toward Internet
(iattitude)
(=“Dependent” Variable)

Sex (1=‘Male’, 2=‘Female’
Grouping Variable
(=“Independent Variable)
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Independent-Samples T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

Group Statistics
/S'l/' _ Stel, Errar
Say M Wean . Drewiation Mean
Aftitude toward Internet Male 15 560 1.183 306
Female 14 473 1.163 300

F test: H, cannot be

rejected

Equal variances assumed

Independent Samples Te:

‘ Ho: MyaLe=MeemaLe
Hi: MyaLe*Meemace

t(28)=2.023 (p,=0.053)
ES=n2= t2/(t2+df)=0.128

Levene's Test for Equality of
Wariances

ttest for Equality of Means

45% Confidence Interval oTthe

Difference
Mean Std. Errar
Sig. 1 df Sig. (2-tailed) Difference Difference Lower Upper
Aftitude toward Internet  Equal variances )] 9649 2023 28 053 867 428 =011 1. 744
assumed
Equalvariances not 2023 27.8992 053 867 428 =011 1. 744
assumed

% Maastricht University
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Paired-Samples T-Test -

Internet Usage Data (Malhotra, 2010, Table 15.1)

Ho: My, = My,
Paired-Samples T Test XN
[s Paired Variables: ‘ o)
& Respondent Numb... Pair |‘u’an’able1 |Van’able£
& sexlsen] 1 & Aftitudet.. ¢ Aftitudet...
& Familiarity ffamiliar] 2
& Internet Usage Hrs!..
&7 Attitude toward Inter... *
&% Attitude toward Tech... .
& Internet Shopping [i... E Va”able 1:
¢ memetEaniing (.. Attitude toward Internet (iattitude)
i
Variable 2:

(oK ] (Baste ) (Reset | (cancet] (HE Attitude toward Technology (tattitude)

% Maastricht University
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Paired-Samples T-Test

Internet Usage Data (Malhotra, 2010, Table 15.1)

Paired Samples Statistics
St Errar
Mean &l Std. Deviation Mean
Faird  Attitude toward Internet 517 30 1.234 235
Aftitude toward 410 30 1.398 255
Technology
|
Hy: Mp=0
H,: Mp#0
aired Samples Test
Paired Differences
95% Confidence Interval ofthe
Difference
Std. Error
Mean Std. Deviation Mean Laower Lipper L~ df Sig. (2-tailed)
Pair1  Aftitude toward Internet - 1.067 828 A481 Ta8 o<} 7.059 249 .0aa
Aftitude toward
Technology

% Maastricht University

‘ t(29)=7.059(p,<0.001)

ES = n2= t2/(t2+df) = 0.632
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Nonparametric Alternatives

Malhotra (2010) “Two”-Sample

TEST _

1i Y2| 1| Y2|
Hy (one-sided) MEDIANXl > MEDIANX2 MEDIAN,, > MEDIAN,,

Ho (wosided)  MEDIAN,, = MEDIAN,, MEDIAN,, = MEDIAN,,

SPSS conducts two-sided test by default!!!
% Maastricht University 60



Nonparametric Alternatives

Malhotra (2010)

153 Table 15.1 Input.sav [DataSet1] - IBM SPSS Stati:

Legacy Dialogs!

File Edit View Data Transform Analyze Graphs Uliliies Add-ons Window Help /
] L} Reports 3 == (4]
i ﬁ = " -
i . = Descriptive Statistics 3 [Eiea = m"
‘ ‘ Tables 3 / | ——
| number || SeX Compare Means b fitude || tattitude ” ishopphg || ibanking ”I iusagegr |
1 1 General Linear Model » 7 6 1 1 2.00
2 2 Generalized Lingar Models » 3 3 2 2 1.00
3 3 Mixed Models 3 4 3 1 2 100
4 4 Correlate 3 7 5 1 1.00
£ 5 Regression 3 7 7 1 200
[ 6 5 4 1 200
Loglinear 3
i 7 Neural Networks 3 4 5 2 1.00
8 ] § ] 4 2 2 2.00
Classify 3
9 9 6 4 1 2 2.00
Dimension Reduction 3
10 10 ; I N 7 6 1 2
1 1 EE 4 2 2
12 12 Nonparametric Tests L3 A One Sample 2 Py
13 13 Forecasting ' | A independent Sanjples 2 1
14 14 Sl 0 A Related Samplef... 2 2
Multiple Response 3 "
15 15 e e Y| [ chi-sqlare..
16 16 Wissing Value Analysis... T I -
: : Binomyal...
17 17 Multiple Imputation 3 3
18 18 Complex Samples » 5 4 I Runs
19 19 Quality Control 3 6 6 [ 1-sample 5.
20 20 [ rRoc Curve... 6 4 2 Independent Samples...
21 21 T 5 ] 4 2 [ K Independent Samples
22 22 1 5 5 5 4 2 Related Samples ..
23 23 2 3 2 4 2 K Related Samples...
24 24 1 i 15 6 6 T T oo
25 25 2 6 6 5 3 1 2 2.00
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Nonparametric Alternatives

Internet Usage Data (Malhotra, 2010, Table 15.1)

@ Two-Independent-Samples Tests . i Two-Related-Samples Tests il
[a TestVariable List Test Pairs
& Respondent Numb. .. 7 Attitude toward Inter... &’ Respondent Numb Pair Variable1 Variable2
& Familiarity [familiar] & Sex[sex] 1 Attitude 1... ¢ Atitudet..
& Internet Usage Hrs! @ & Familiarity ffamiliar] 2
ng Aftitude toward Tech & Internet Usage Hrsi..
f Internet Shopping [i... fﬂldemaﬂlm_
f Internet Banking [ib. Grouping Variable: f Aftitude toward Tech... s
# imemesUsage Grou..| [ #4] & Intemet SnoppinglL.
& Internet Banking [ib. TestType
f Internet Usage Grou... [+ Wilcoxon
rTestType [ Sign
[¥| Mann-Whitney U [] Kolmogorov-Smimov Z [] McMemar
[ Moses extreme reactions [ Wald-Waolfowitz runs 1 I\L\\?rgma\ Homaogeneity

EXACT! EXACT! /
2
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Exact Tests ...

» Nonparametric Tests
> Sample Size Matters ... (Mundry and Fischer, 1998; Siegel and Castellan, 1988)
» Large samples (“asymptotic testing”)
» Small samples (“exact testing”)

> What “exaCtly” iS |arge? (Mundry and Fischer, 1998)

» Wilcoxon signed-ranks test n>15

» Wilcoxon-Mann-Whitney test n1l=3 or 4 and n2>12 or
n1>4 and n2>10

» Kruskal-Wallis test k>3 and all n>5

% Maastricht University

63



Exact Tests

Mundry and Fischer (1998)

&

ANIMAL BEHAVIOUR, 1998, 56, 256-259
Article Mo, ar880756

@

Use of statistical programs for nonparametric tests of small
samples often leads to incorrect P values: examples from
Animal Behaviour

ROGER MUNDRY & JULIA FISCHER
Institut fiir Verhaltensbiologie, Freie Universitit Berlin

{Received 5 December 1997, initial acceptance 20 January 1998;
Sfinal acceptance 9 February 1998; MS. number SC-1124}

Maastricht University
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Nonparametric Alternatives... <

Internet Usage Data (Malhotra, 2010, Table 15.1)

Ranks Group Statistics

Sex 1 Mean Rank | Sum of Ranks T o]
Aflitude toward Internel Male 15 1657 278,50 Sex i iilzEm || i) ey 2
Female 15 12.43 186,50 Aftitude toward Infernet Male 158 5.60 1.183 308
RAN KS . - Female 15 473 1163 300

Data Rank

1
2.5 /—‘ Sum of Ranks = w =28
2.5

4
5
6.5

6.5
U2

«q Maastricht University 65
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Nonparametric Alternatives...

Internet Usage Data (Malhotra, 2010, Table 15.1)

| number SeX familiar iusage iattitude tattitude ishopping ibanking iusagegr Riattitu
1 1 1 7 14 7 6 1 1 2.00 28.000
2 5 —M ale 7 13 7 7 1 1 200 28 000
3 10 1 9 15 7 6 1 2 2.00 28,000
4 13 1 6 9 [ 5 2 1 2.00 22000
5 14 i 6 8 3 2 2 2 2.00 2.000
6 15 0 1 B AAS 5 4 1 2 1.00 14.000
7 7 VI 1 .OU 5 3 1 1 2.00 14.000
8 18 i 4 4 5 4 1 2 1.00 14.000
9 19 1 7 14 [ [ 1 1 2R /2200
10 2 "YERM 6 ] 4 2 2 2 =z "~ ' Gs00
1 22 7 5 5 5 4 2 1 1.00 14.000
12 24 i 7 15 6 6 1 1 2.00 22000
13 26 7 6 13 6 6 1 1 2.00 22000
14 29 i 4 4 5 3 1 2 1.00 14.000
15 30 1 3 3 7 5 1 2 1.00 28,000
16 2 2 2 2 3 3 2 2 1.00 2.000
17 3 Fe. | a! [a) 3 4 3 1 2 1.00 6.500
18 4 2 =3 3 7 5 1 2 1.00 28.000
19 6 2 4 [ 5 4 1 2 2.00 14.000
20 7 2 2 2 4 5 2 2 1.00 6.500
21 8 . . 2 —_ 5 5 4 2 2 2.00 14.000
2 s V| 2 L [ 6 4 1 2 2.00 22,000
23 11 2 4 3 4 3 2 2 1.00 6.500
2 12 2 5 4 [ 4 2 2 11@ /] Q22000
25 16 VIR2 4 3 4 3 2 2 “rf- T 5500
26 20 2 6 [ [ 4 2 2 2.00 22000
27 23 2 3 2 4 2 2 2 1.00 6.500
28 25 2 6 6 5 3 1 2 2.00 14.000
29 27 2 5 4 5 5 1 1 1.00 14.000
30 28 2 4 2 3 2 2 2 1.00 2.000
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Nonparametric Alternatives

Internet Usage Data (Malhotra, 2010, Table 15.1)

Ranks Ranks
Sex M Mean Rank | Sum ﬁa 5 M Mean Rank | Sum of Ranks
Attituce toweard Internet  Male 15 18.57 [ DY KS Attitucle toweard Internet - Megative Ranks 1 7.80 7.80
: : Attitude toweard " b
Female 15 12.43 186.50 Techhology Pusitive Ranks 23 1272 292.50
Tatal 30 Ties B*
Total 30

a. Attitude toward Internet < Attitude toward Technology
b. Attitude toweard Internet = Attitude toward Technology

Test Statisticsb c. Aftitude toward Internet = Attitude toward Technology
flituce Test Statistics®
Internet :
WanWhitney U soeon ) U=66.5 oward z=-4.207 (p,<0.001)
Wilcmmn v 18575 z=-1.96 (p,=0.05) g
z -1/a80 o ES
Asymp. Sig. (2-tailed) os0 || ES Z Za ]| r=z/n
Efag]t Sig. [2*(1-tailed .0ag@ r=z/ \/n Asymp. Sig. (2-tailed) oon r=-4207/\/30=-0768
- _ r=-1.96/\30=- Exact Sig. (2-tailed) oon
Exact Sig. (2-tailed) 052
Exact Sig. (1-tailed) o | 038 Exact 310. (1 talled) ooo
Paint Probability on3 Point Prabability 000

a. Based on negative ranks.

a. Mot corrected for ties. b Wilcoxon Signed Ranks Test

h. Grouping YWariable: Sex
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One Sample T Test

‘-Q Editor ®

1 # T Test

2

3 attach(Tablels.1)

4

5 # One-sample T Test

(3]

7 t.test(jattitude, mu=4)

&

9 t.test(jattitude, mu=5)
10
11

% Maastricht University
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One Sample T Test
R Console

> T.test(iattitude, mu=4)
One Sample t-test

data: Jattitude
Tt = 5.178, df = 29, p-value = 1,547e-05
alternative hypothesis: true mean is not efual to 4
95 percent confidence interval:

4,705848 5.627485
sample estimates:
mean of x

5.166667

=
= t.test(iattitude, mu=5)

one sample T-Test

data: Jattitude
T = 0.7397, df = 29, p-value = 0.4634
alternative hypothesis: true mean is not equal to 5
95 percent confidence interwval:

4,.705848 5.627485
sample estimates:
mean of x

5.166667

% Maastricht University
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Independent Samples T Test

&

R

13
14
15
16
17
18
19
20
21
22
23

Maastricht University

Editor @

# Indﬁpendent Samples T
t.test(iattitude ~ sex,
t.test(iattitude ~ sex,

t.test(iattitude ~ sex,

Test
alternative="two.sided", var.equal=FALSE)
alternative="Tless")

alternative="greater")
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Independent Samples T Test

*Q Console

= t.test(iattitude ~ sex, alternative="two.sided", var.equal=FALSE)
welch Two Sample t-test

data: Jattitude by sex
Tt = 2.0232, df = 27.992, p-value = 0.05269
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.01080031 1.74413364
sample estimates:
mean in group 1 mean in group 2
5. 600000 4,733333

% Maastricht University
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Independent Samples T Test

Q Console

> T.test(jattitude ~ sex, alternative="less")
welch Two Sample T-test

data: fmttitude by sex
T = 2.0232, df = 27.992, p-value = 0.9737
alternative hypothesis: true difference in means is less than 0
95 percent confidence interval:

-Inf 1.58537
sample estimates:
mean in group 1 mean in group 2

5. 600000 4.733333

s
= t.test(iattitude ~ sex, alternative="greater")

wWelch Two Sample t-test

data: dattitude by sex
T = 2.0232, df = 27.992, p-value = 0.02635
alternative hypothesis: true difference in means is greater than 0
95 percent confidence interval:
0.1379632 Inf
sample estimates:
mean in group 1 mean in group 2
5. 600000 4,733333

% Maastricht University
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Levene’s Test

&

\Q Editor ®

22
23
24
25
26
27
28
29

Maastricht University

# Levene's Test
Tibrary({lawstat)

levene. test{iattitude,sex, 1Dcatinﬁ?“meaﬂ“}
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Levene’s Test

Q Console

S
> levene.test(iattitude,sex, location="mean")

classical Levene's test based on the absolute deviations from the mean (
none not applied because the location is not set to median )

data: dattitude
Test statistic = 0.0015, p-value = 0.9695

% Maastricht University
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Paired Samples T Test

@ Editor @
27

28
29
30
31

TR

% Maastricht University

# Paired samples T Test

t. tEStI{'i attitude, tattitude, paired=TRUE)
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Paired Samples T Test

«Q Console

> T.test(iattitude, tattitude, paired=TRUE)
Paired t-test

data: iattitude and tattitude
Tt = 7.0587, df = 29, p-value = 9.16e-08
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
0.7576051 1.3757282
sample estimates:
mean of the differences
1.066667

% Maastricht University
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Wilcoxon-Mann-Whitney Test

@ Editor @
35

&

36
37
3B
39
40

Maastricht University

# WiJcoxon-Mann-whitney Test

wilcox. test(iattitude ~ sex,

exact=FALSE,

correct=FALSE)
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Wilcoxon-Mann-Whitney Test

@ Console

= wilcox.test(iattitude ~ sex, exact=FALSE, correct=FALSE)
wilcoxon rank sum test
data: dattitude by sex

W = 158.5, p-value = 0.05001
alternative hypothesis: true location shift is not equal to O

% Maastricht University
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Wilcoxon Signed Rank Test

&

R

44
45
46
47
48

Maastricht University

Editor ®

# Wilcoxon Sﬁgﬂed Rank Test

wilcox.test(iattitude,tattitude, paired=TRUE, exact=FALSE, COrrect=FALSE)
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Wilcoxon Signed Rank Test

@ Console

-~

= wilcox. test{iattitude,tattitude, paired=TRUE, exact=FALSE, correct=FALSE)
wWilcoxon signed rank test
data: dattitude and tattitude

vV = 292.5, p-value = 2.592e-05
alternative hypothesis: true location shift is not equal to 0O

- T

% Maastricht University
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