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Overview over Data Analysis Tools for Marketing Research 
Malhotra (2010); Pallant (2016)

Data Analysis Tools

Multivariate Analysis

Tools

Univariate/Bivariate

Analysis Tools

Dependence Techniques

Interdependence Techniques

1 Measurement Level

Number of Groups (“Samples”)

Sample (In)dependence

2

3
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Univariate/Bivariate

Analysis Tools

Parametric Tests Nonparametric TestsMeasurement

Level

Metric Nominal 

Ordinal

Number of Groups

“Samples”

1

2
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One “Sample” 2 or more “Samples”

Number of Groups

“Samples”

One sample t test 

One sample 2 test

Sample 

(In)Dependence
3

Independent

Independent samples 

t test 

2 test (Crosstabs)

Wilcoxon-Mann-

Whitney test

Dependent

Paired samples 

t test 

Wilcoxon 

signed-ranks test

McNemar Test  (MH)

P 16

P 16

P 16

P 17

M 15

2
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Hypothesis Testing Procedure
Malhotra (2010); Pallant (2016)

Research Problem → H0: “No Effect”

H1: “Effect”

1

▪ Choose Appropriate Test Statistic

▪ Specify significance level (α → 0.05)

2

Collect Data
3

Calculate Test Statistic and Probability Value (p value)
4

If p ≤ α, reject H0

If p > α, do not reject H0

5
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Data Analysis Tools
Hair et al. (2018); Malhotra (2010)

Multivariate Data Analysis Tools

Dependence 

Techniques

Interdependence 

Techniques

• AN(C)OVA

• Regression 

Analysis

• Conjoint 

Analysis

Variables Objects

Y Xi

Metric Nominal

Metric Metric

Metric Nominal

• Factor 

Analysis

• Cluster 

Analysis

• Perceptual 

Mapping
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Refresher: Comparing Frequencies: 2 Tests
Malhotra (2010); Pallant (2016)

n1

n2

n3

One-Sample 2 Test “Two-Sample” 2 Test 

for Cross-Tabulations

n11

n21

n31

n12

n22

n32

X X

Y
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2 Tests
Malhotra (2010); Pallant (2016)

 One-Sample 2 Test

 Assumptions

 Independent (Random) Sample

 Nominal Data with two or more categories

 Theory for Expected Distribution

 Hypotheses

H0: Expected Frequencies (E) = Observed Frequencies (O)

H1: Expected Frequencies (E)  Observed Frequencies (O)
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2 Tests
Malhotra (2010); Pallant (2016)

 One-Sample 2 Test

 Limiting conditions one-sample chi-square test

 df =1 (or k = 2)
Each Expected Frequency (E) should be  5

 df >1 (or k > 2)

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

No Expected Frequencies (E) < 1

SPSS evaluates these limiting conditions
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2 Tests
Malhotra (2010); Pallant (2016)

 “Two-sample”  2 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

H0: X and Y are independent

H1: X and Y are not independent
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2 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  Eij ≥ 5  2 Test

 Eij < 5  Fischer Exact Test

N > 40  2 Test with continuity correction

 df > 1 (r*k cross-table)

Eij < 5  Fewer than 20% of the Cells

Eij < 1  No Cell

SPSS evaluates these limiting conditions and

presents the appropriate test
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SPSS Data File: Internet Usage Data
Malhotra (2010, Table 15.1)
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

One-Sample 2 Test
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

One-sample 2 Test

H0: M=30%, F=70%

EXACT TEST

Limiting Conditions!!!
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

One-sample 2 Test

H0: M=30% (=9), F=70%(=21)

2 (1)=5.714 (p=0.017)

χ2 =෍
(𝑂𝑖𝑗−𝐸𝑖𝑗)

2

𝐸𝑖𝑗

χ2 = 62

9 +
62

21 = 5.714

!!
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

0 1 2 3 4 5 6 7

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

1
.2

Rejection Region [3.84,→]

2 (1)=5.714 (p=0.017)2 (1)
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

2 Test for Crosstabulations

H0: Sex and Internet shopping

are independent
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

EXACT TEST

Limiting Conditions!!!

> 2x2
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

Crosstabulation

H0: Sex and Internet shopping are 

independent

EXACT TEST

Limiting Conditions!!!

2(1)=3.394 (p=0.065)

2
CC(1)=2.172 (p=0.141)  (2*2)

!
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

Crosstabulation 

Double Sample Size

H0: Sex and Internet shopping are 

independent

2(1)=6.787 (p=0.009)

2
CC(1)=5.498 (p=0.019)  (2*2)

!
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𝜒2 =෍
(𝑂𝑖𝑗−𝐸𝑖𝑗)

2

𝐸𝑖𝑗

𝜒2 = 2.52

8.5
+ −2.52

6.5
+ −2.52

8.5
+ 2.52

6.5
=3.3937

𝐸11 =
15∗17
30

=8.5

2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

Rejection Region [3.84,→]

2 (1)=3.394 

(p=0.065)
2 (1)=2.172 

(p=0.141)
2 (1)
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

EFFECT SIZE!

Clustered Bar Chart

MOSAIC Plot
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)
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2 Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)

Measure type:

Nominal
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One “Sample” 2 or more “Samples”

Number of Groups

“Samples”

One sample t test 

One sample 2 test

Sample 

(In)Dependence
3

Independent

Independent samples 

t test 

2 test (Crosstabs)

Wilcoxon-Mann-

Whitney test

Dependent

Paired samples 

t test 

Wilcoxon 

signed-ranks test

McNemar Test  (MH)

P 16

P 16

P 16

P 17

M 15

2
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Chi-Square Goodness of Fit

Editor
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Chi-Square Goodness of Fit

Console
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Chi-Square Test for Independence (Crosstabs)

Editor
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Chi-Square Test for Independence (Crosstabs)

Console
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Chi-Square Test for Independence (Crosstabs)

Console
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Graphs

Editor
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Graphs

Graphics
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Graphs

Graphics
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One “Sample” 2 or more “Samples”

Number of Groups

“Samples”

One sample t test 

One sample 2 test

Sample 

(In)Dependence
3

Independent

Independent samples 

t test 

2 test (Crosstabs)

Wilcoxon-Mann-

Whitney test

Dependent

Paired samples 

t test 

Wilcoxon 

signed-ranks test

McNemar Test  (MH)

P 16

P 16

P 16

P 17

M 15

2
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T-Tests 
Malhotra (2010); Pallant (2016)

Yi

1

One-Sample
“Two”-Sample

Independent-Samples

“Two”-Sample

Paired-Samples

M  3

2

Yi Xi

MX1  MX2

Y1i

X1i

X2i

TEST

H0 (one-sided)

Y2i

MY1  MY2

H0 (two-sided) M = 3 MX1 = MX2 MY1 = MY2

SPSS conducts two-sided tests by default!!!
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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
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T Tests
Internet Usage Data (Malhotra, 2010, Table 15.1)
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T-Tests in SPSS

Independent-samples 

t test

Paired-samples 

t test

One-sample 

t test
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One-Sample T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

Test Variable:

iattitude

Test Value = 4 

(two-sided test!!!)
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One-Sample T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

t(29)=5.178 (p2<0.001)

ES = η2= t2/(t2+df) = 0.480

H0: M=4

H1: M≠4

Sig. = p value!
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Effect Size (ES)

REMINDER

 Effect Size (ES)
(Partial) η2 (Cohen, 1988) r (Cohen, 1988)

Small 0.01 0.10

Medium 0.06 0.30

Large 0.138 0.50

50



One-Sample T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

t(29)=0.740 (p2=0.465)

ES = η2= t2/(t2+df) = 0.019!

H0: M=5

H1: M≠5

Sig. = p value!
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One-Sample T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

t (29)

Rejection Region

[,-2.05]=2.5%

Rejection Region

[2.05,→]=2.5%

t (29)=5.178 

(p<0.001)
t (29)=0.740 

(p=0.465)
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One-Sample T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

t (29)

t (29)=0.740 

H0: M=5

H1: M≠5

P2=0.465

-0.74 0.74
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One-Sample T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

H0: M≤5

H1: M>5

P1=0.465/2=0.233

t (29)

t (29)=0.740 
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One-Sample T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

t (29)

t (29)=0.740 

H0: M≥5

H1: M<5

P1=1-(0.465/2)=0.768
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Independent-Samples T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

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)

H0: MMALE=MFEMALE

H1: MMALE≠MFEMALE

t(28)=2.023 (p2=0.053)

ES=η2= t2/(t2+df)=0.128 

F test: H0 cannot be 

rejected

Equal variances assumed
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Paired-Samples T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

H0: MY1 = MY2

H0: MD = MY1-MY2 = 0

Variable 1:

Attitude toward Internet (iattitude)

Variable 2:

Attitude toward Technology (tattitude)
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Paired-Samples T-Test
Internet Usage Data (Malhotra, 2010, Table 15.1)

H0: MD=0

H1: MD≠0

t(29)=7.059(p2<0.001)

ES = η2= t2/(t2+df) = 0.632
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Nonparametric Alternatives 
Malhotra (2010)

1

“Two”-Sample

Independent-Samples “Two”-Sample

Paired-Samples

2

Yi Xi

MEDIANX1  MEDIANX2

Y1i

X1i

X2i

TEST

H0 (one-sided)

Y2i

MEDIANY1  MEDIANY2

H0 (two-sided) MEDIANX1 = MEDIANX2 MEDIANY1 = MEDIANY2

SPSS conducts two-sided test by default!!!

Yi Y1i Y2i

Wilcoxon-Mann-Whitney Test Wilcoxon Signed Rank Test
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Nonparametric Alternatives 
Malhotra (2010)

Wilcoxon-Mann-

Whitney Test

Wilcoxon Signed Rank 

Test

Legacy Dialogs!
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Nonparametric Alternatives
Internet Usage Data (Malhotra, 2010, Table 15.1)

Wilcoxon-Mann-Whitney Test Wilcoxon Signed Rank Test

EXACT!EXACT!
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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 large? (Mundry and Fischer, 1998)

 Wilcoxon signed-ranks test n>15

 Wilcoxon-Mann-Whitney test n1=3 or 4 and n2>12 or

n1>4 and n2>10

 Kruskal-Wallis test k>3 and all n>5
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Exact Tests
Mundry and Fischer (1998)
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Nonparametric Alternatives…
Internet Usage Data (Malhotra, 2010, Table 15.1)

Wilcoxon-Mann-Whitney Test Independent Samples t Test

RANKS    
M, SD    

Data Rank

1 1

2 2.5

2 2.5

3 4

4 5

5 6.5

5 6.5

Sum of Ranks =
n(n+1)

2
= 28
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Nonparametric Alternatives…
Internet Usage Data (Malhotra, 2010, Table 15.1)

Male

M 5.60

MR 18.57

Female

M 4.73

MR 12.43
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Nonparametric Alternatives
Internet Usage Data (Malhotra, 2010, Table 15.1)

Wilcoxon-Mann-Whitney Test Wilcoxon Signed Rank Test

U=66.5

z=-1.96 (p2=0.05)

ES

r=z/ √n

r=-1.96/√30=-

0.358

z= -4.207 (p2<0.001)

ES

r=z/ √n

r=-4.207/√30=-0.768

RANKS    
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One Sample T Test

Editor
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One Sample T Test

Console
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Independent Samples T Test

Editor
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Independent Samples T Test

Console
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Independent Samples T Test

Console
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Levene’s Test

Editor
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Levene’s Test

Console
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Paired Samples T Test

Editor
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Paired Samples T Test

Console
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Wilcoxon-Mann-Whitney Test

Editor

77



Wilcoxon-Mann-Whitney Test

Console
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Wilcoxon Signed Rank Test

Editor
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Wilcoxon Signed Rank Test

Console
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Thank you for

Your Attention!
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