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Summary

* Univariate
— x? test (chi-square test) / goodness-of-fit test
— Kolmogorov-Smirnov test

* Bivariate

— x? test for independence
— Mann-Whitney U-test
— Kruskal-Wallis
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Univariate tests

* Open file “OH7 - survey analysis v4.sav”
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X2 test

Pronounced as “chi-square — test”
Popular nonparametric test

Do not require the variable of interest to
follow a specific distribution

Can also be used for variables measured on a
nominal or ordinal scale
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X2 test

* There are two types of ¥? tests
e see Mooi (2011) figure A6.1

1. The one-sample ¥? test (also called x> goodness-
of-fit test) explores those cases that fall into a
single variable’s various categories, and
compares these with an expected value

2. The x? test for independence is used to
determine whether two nominal (or ordinal)
variables are related
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X2 test

x2 goodness-of-fit test

— Comparing the sample values (observed frequencies)
with these expected values (pre-determined
theoretical model/distribution)

* Do observed values/preferences/... differ significantly from
what could be expected a priori?

— |Is the difference attributed to coincidence or it holds for the
population
* SPSS, by default, tests if the distribution is uniform “all
categories equal”

— Still we can pre-specify the expected frequencies and test certain
assumption regarding the proportions (selecting “values” — see
weight creation)
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X2 test

 We want to test if the relationship age
(idlagerel10) has an uniform distribution

 Hypotheses

— H,: The relationship age (idlagerel10) has an uniform
distribution in the population

— H,: The relationship age (idlagerel10) does not have
an uniform distribution in the population

* To test these hypotheses in an nominal variable
we need to preform a x? goodness-of-fit test
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X2 test

* x2 goodness-of-fit test
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X2 test
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Observed M Expected M Residual
0 through 9 years 123 495 735
10 through 19 years G5 49 5 15,4
20 through 29 years 2 49 5 -47 5
A0 through 38 years a 4495 -41.,5
Total 193
Test Statistics
relationship Results...
age 101010
years

Chi-Square 194,3647
df 3
Asymp. Sig. ,000

José Novais Santos

a. 0 cells (0,0%) have
expected frequencies
less than 6. The
minimum expected
cell frequency is 45,5,
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X2 test

* X% goodness-of-fit test (interpretation)

— We reject the null hypotheses. Business
relationship age does not have a uniform
distribution in the population (x%(3) 194,3;
p=0,000)

— Rejeita-se a hipotese nula. A “business
relationship age” nao tem uma distribuicao
uniforme no universo (x%(3) 194,3; p=0,000)



Kolmogorov-Smirnov test © "~
* One of the most important nonparametric
tests for ordinal data

* This tests the null hypothesis that the
dependent variable under consideration
follows a specific distribution

— In most instances, we use it to examine whether a

specific variable is normally distributed

* However, in theory, we can use this test to assess any
other type of distribution such as exponential or
uniform
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* The test’s null hypothesis is that the variable follows a
specific distribution (e.g., the normal distribution)
— Meaning that only if the test result is insignificant, i.e. the
null hypothesis is not rejected, can we assume that the

data are drawn from the specific distribution against which
it is tested

e K-S testis very sensitive when used on very large
samples and often rejects the null hypothesis if very
small deviations are present

— The Lilliefors correction rectifies K-S test (included in SPSS
21.0.0.1 and later only)

— For samples sizes of less than 50: one should use Shapiro —
Wilk test

Kolmogorov-Smirnov tes
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 We want to test if the relationship overall value
(mlval99ave) has a normal distribution in the
population

 Hypotheses

— H,: The relationship overall value (m1val99ave) has a
normal distribution in the population

— H,: The relationship overall value (m1val99ave) does
not have a normal distribution in the population

e To test these hypotheses in an ordinal variable we
need to preform a K-S test

Kolmogorov-Smirnov tes
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Kolmogorov-Smirnov test
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One-Sample Kolmogorov-Smirnov Test

value average

I 198
Narmal Parameters®? Mean 5,24
Std. Deviation 1,270
Most Extreme Differences  Absolute 03
Fositive 084
Megative -103
Test Statistic 03
Asymp. Sig. (2-tailed) 0on®

a. Test distribution is Marmal.

h. Calculated from data.

. Lilliefors Significance Carrection.
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* Kolmogorov-Smirnov test (interpretation)

Kolmogorov-Smirnov tes

— We reject the null hypotheses. The relationship
overall value does not follow a normal distribution
in the population (K-5=0,103; p=0,000)

— Rejeita-se a hipotese nula. A variavel “relationship
overall value” nao segue uma distribuicao normal

(K-$=0,103; p=0,000) na populacao
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Bivariate

* Bivariate analysis

— Involves the analysis of two variables
* often denoted as X, Y

* With the purpose of determining the empirical
relationship between them

* Open/continue with file “OH7 - survey analysis
v4.sav”

José Novais Santos 18
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Samples

 Two samples can either be

— Independent

* We compare two distinct groups (e.g., males vs.
females)

— Paired

* We can compare the same group at different points in
time (e.g., customers before and after being exposed to
a treatment or campaign) or compare two items within
a survey

José Novais Santos 19
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* To explore the relationship between two nominal
variables from independent samples

— If the expected frequency for a cell is less than 5: one
should use the Fisher’s exact test (annex)

* We can be interested in evaluating whether there

is a significant relationship between two nominal
variables

— Herein, we want to know if there is a relation between
the job of the respondent (id5job) and their
gender(id9sex)

x? test for independence

José Novais Santos 20
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x? test for independence

* Hypotheses

— H,: The job of the respondent (id5job) is
independent of gender (id9sex)

— H,: The job of the respondent (id5job) is
dependent of gender (id9sex)

» x?test for independence (with crosstabs)

| = BN 355 Statistice Liata tditor

m _Analyze  Direct Marketing  Graphs  Utilities  Exensions  Wind

- Reports e = ;3“'
Descriptive Statistics -
ng

Tables

}
}
. Egescriptiues...
Compare Means k A, Explore
General Linear Maodel k ~ o
P

@Qmsstabs...
Generalized Linear Models - .

[=5] Frequencies...
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x? test for independence
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[7] Buppress tables

(Lo J{geste || Reset ][ Cancel || tiet |

@ Crosstabs: Statistics

[¥iChi-square

r Mominal
[] Contingency coeffici
[] Phi and Cramer's V
[[] Lambda
[7] Uncertainty coefficient

- [] Correlations

Ordinal

[] Gamma

[] Somers'd

[] Kendall's tau-b
[] Kendall's tau-c

- Mominal by Interval

[] Eta

[] Cochran's and Mantel-Haenszel statistics

[C] Kappa
[ Risk
[ McMemar

A= MITISFa 1T asres
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x? test for independence

#2 Crosstabs: Cell Display >
rCounts ——————  Z-test
ﬁéghsewed :| | [[] compare column proportions
/ ﬂ Expected . Adjust pvalues (Bonferroni method) I
/| [] Hide small counts
Less than |5
r Percentages - Residuals
[+ Row [] Unstandardized
[7] Column [7] standardized
[ Total [] Adjusted standardized
r Moninteger Weights
@ Round cell counts & Round case weights
@ Truncate cell counts © Truncate case weights
@ Mo adjustments
———>{continue]|_cancel ||_rew |
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x? test for independence

» x?test for independence (crosstabs results)

idSjob:A minha fungio é: " id9sex:0 meu género &: Crosstabulation

Count
id9sex:0 meu género &
F [l Tuatal
id5job:A minha fungdo & Administrador f Gerente / 10 96 106
Proprietario
Comercial 18 g 26
Director 18 10 23
Gestor 20 18 33
Total GG 132 1498
Chi-Square Tests , .
Asymptotic SPSS computes the Yate’s correction,
Significance H H : P
Value . O sied, which adjusts the Chi square statistic
Pearson Chi-Square 60,7627 3 000 when at least one cell in the table has an
Likelihood Ratio 64,648 3 000 expected frequency smaller than 5 (in the
W orvalid Gases 198 SPSS output, it is labelled “Continuity
a. 0 cells (0,0%) have expected countless than 5. The . ”
minimum expected count is 8 67. Correction )
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» x%test for independence (interpretation)

x? test for independence

— We reject the null hypotheses. The job of the
respondent is dependent of gender, differences
are statistically significant (x?(3) 60,8; p=0,000)

— Rejeita-se a hipotese nula. A funcao
desempenhada pelos inquiridos é dependente do
seu genero (x?(3) 60,8; p=0,000)

(to assess and interpret the strength of the association: see annex)
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* Nonparametric alternative to the independent
samples t-test

Mann-Whitney U-test

— For two independent samples

— Used if the dependent variable is measured on (at
least) an ordinal scale

— Commonly applied in situations where the
dependent variable is measured on an interval
scale but does not follow a normal distribution

José Novais Santos 26
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 We want to test if there is a relation between
the age (idlagerell15ml) and the overall value
(mlval99ave) of business relationship

— Do business relationships with less (and more)
than 15 years have different overall value?

* Hypotheses (bilateral)

— H,: Business relationships with less (and more)
than 15 years have the same overall value

— H,: Business relationships with less (and more)
than 15 years have different overall value

Mann-Whitney U-test

José Novais Santos 27
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Mann-Whitney U-test ©

 For this test we need a new ordinal variable
Q\for relationship years (id1lagerel)

Transform  Analyze  Direct Marketing  Graphs

l E Compute Variable... irﬁ Recode into Different Variables X
Programmability Transformation... S - Output Variable

r gﬁ vival1golb id1agerel —= id1agerel15ml Mame:
@ Count Values within Cases.. & vaval2w ——

lid1agerel15mi |

] & dicostimar 7
Shift Values... & docostaprof °< Label:
. . > Irel ith |
[#] Recode into Same Variables... & d3wltvo o1 age with mare (oress)

ﬁ ddvolZage

E Recode into Different Variables. .. ﬁ d5vol3reg
—_— ﬁ déqualireq

gﬁ diqualZspe

ﬁ di8secldep

ﬁ d9secZscop -
& d10secix | Q1d and New Values ]

d11secddel
aﬁ =] (nptinnal case selection condition)

& i1marinew
(8] | Paste Reset | Cancel Help
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Mann-Whitney U-test ~

* New variable “idlagerel15ml”
i!ﬁ Fecode into Different Variables: Old and Mew Values =
r Old Value Mew Value 1; 2
© value: @ Value: | &~
System-missing
©) System-missing Copy old value(s)
System- or user-missing
Range: Old —= Mew:
Lowest Lowestthru 15 —= 1
than 15’ o 16 thru Highest — 2
highest Change
Range WEST throuagh value: than 16 —

@f Range, value through HIGHEST;

[] Qutput variables are strings Width 3
© All gthervalues [l Convert numeric strings to numbers (5-=5

N

Continue Eancel| Help
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* New variable “idlagerel15ml”
. . & Value Labels %
— Edit variables features
Decimals '"'E"Hef }:| |

1="less than 15 years =="
2 ="maore than 15 years ="

— Variable frequencies _ox oo e |

rel age with more (or less) than 15 years

Cumulative
Fregquency Percent  Walid Percent Fercent
- Walid less than 15 years == 171 86,4 86,4 86,4
more than 15 years = 27 136 136 1000

Total 198 100,0 1000

José Novais Santos 30



Mann-Whitney U-test
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e Continue with the same SPSS file or open file

“OHS8 - survey analysis v5.sav”

o

Analyze Direct Marketing Graphs  Ltili
Reports k
Descriptive Statistics b
N ©
Monparametric Tests b
Forecasting P
Survival b
Multiple Response P

! Missing Value Analysis...
Multiple Imputation P
_ Complex Samples b
% Simulatian...
| Quality Control 3

A One Sample...

A\ Independent Samples..

A Related Samples...
Legacy Dialogs
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Mann-Whitney U-test ~ "~

Q Two-Independent-5amples Tests X

Test Variable List: @ i
1

4 1inn1dey & m1valgagave i
ﬁiainnzpmc N @ |
ﬁ iginn3comp |.
& i10socisha [
& i11s0c2job E
ﬁitﬁagerel Grouping Variable: ' | #i@ Two Independent Samples: .. X
oll id1agerel10 id1agerer1smi(? 2) | ;
&5 id1agerel10ml L | Group 1
& idafat I
E Group 2
Test Type |
[+ Mann-Whitney U [ Kolmogorow-Smirnov Z ! Ww M
[] Moses extreme reactions [ Wald-Wolfowitz runs |

; (et Ganet e z
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Test Statistics®

Ranks value average
rel age with more (or sum of Mann-Whitney U 1537,000
Vthan 15 year M Mean Rank Fanks .
less) than 15 years - Wilcoxon W 16243,000
value average  lessthan 15years == 171 6409 1624300 7 22813
maore than 15 years = 27 128,07 3458,00 Asymp. Sig. (2-tailed) 005
Total 1494

a. Grouping Yariahle: rel age with
more (orless) than 15 years

— We reject the null hypotheses. Older business relationships are perceived as
having more overall value (Mdn=128,07) than younger ones (Mdn=94,99). The
Mean Rank is superior in business relationships with more than 15 years and
this differences are statistically significant (U=1537; z=-2,813; p=0,005).

— Rejeita-se a hipdtese nula. Os relacionamentos empresariais mais longos tém
maior valor. A média das ordenacdes é superior nos relacionamentos

empresariais com mais de 15 anos e as diferencas sao estatisticamente
significativas (U=1537; z=-2,813; p=0,005).

(to assess and interpret the strength of the association: see annex)
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Nonparametric alternative to the ANOVA one-way

— For several (k) independent samples

We want to test if there is a relation between the age
(idlagerell10) and the overall value (mlval99ave) of
business relationship

Hypotheses (bilateral)

— H,: The business relationship value have the same
distribution in the several categories of relationship age

— H,: The business relationship value have the different
distribution in the several categories of relationship age

Kruskal-Wallis

José Novais Santos 34
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Kruskal-Wallis

ﬂ'ﬁ Tests for Several Independent Samples

&5 id1agerel10ml E

& id2fat
ﬁ id3export /l
ﬁ iddemp

&5 iddemp50

ﬁ weightlemps0
&5 idgjobnum -

Grouping Yariable:
id1agerel10(1 4) |

Test Type
[& Kruskal-Wallis H [] Median
[] Jonckheere-Terpstra

WMwww

Test Variable List: E
4l i11s0c2job S mivaigoave
ﬁ id1agerel N @

ﬂ'ﬁ Several Independent Sample... X

Range for Grouping Variable
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Kruskal-Wallis

Kruskal-Wallis interpretation

Test Stzutisti-::si"h

value average

Ranks
relationship age 10t0 10
years I Mean Rank
value average  0Othrough 9 vyears 123 89,30
10 through 15 years 66 117,54
20 through 28 years 2 30,50
30 through 35 years a 114,480

Tatal

148

Chi-Sguare 11,305
df 3
Asymp. Sig. 010

— We reject the null hypotheses. Business relationships between 10 and 19
years present the highest overall value (mean rank=117,54) and business

a. Kruskal Wallis Test

h. Grouping Variable:
relationship age 10
to 10 years
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relationships between 20 and 29 years present the lowest overall value (mean

rank=80,50). This differences are statistically significant (K-W (3) =11,305;

p=0,010).

— Rejeita-se a hipotese nula. Os relacionamentos empresariais entre 10 a 19
anos sao os que revelam maior valor global (mean rank=117,54) e os
relacionamentos entre 20 a 29 anos sao os que revelam menor valor global
(mean rank=80,50). As diferencas sao estatisticamente significativas (K-W (3)

=11,305; p=0,010).

José Novais Santos
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Kruskal-Wallis

e Kruskal-Wallis (post-hoc tests and effect size)

— If we obtain a statistically significant result for your Kruskal Wallis Test,
we still don’t know which of the groups are statistically significantly
different from one another

* So, we will need to do some follow-up Mann-Whitney U tests between pairs of
groups

* To control for Type 1 errors, we will need to apply a Bonferroni adjustment to
the alpha values if we intend to compare each group with one another (1 with
2, 1 with 3 and 2 with 3...)

— Bonferroni adjustment involves dividing the alpha level of .05 by the
number of tests that you intend to use and using the revised alpha
level as your criteria for determining significance

* Instead of doing every possible comparison... can be better to just select a few
key groups to compare, keeping your alpha level at a manageable level

— For each of the group comparisons, you can calculate an effect size
statistic

(Pallant, 2011, chapter 16)
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Annex

e Extension...

— Univariate
e Shapiro-Wilk
— Bivariate

* x?test for independence (with “tables” menu)
x? test for independence (effect size)

Fisher’s exact test

* McNemar test

Mann-Whitney U-test (effect size)

* Wilcoxon signed-rank test

* Friedman test

José Novais Santos 39
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Shapiro-Wilk

* Shapiro-Wilk

— Tests the null hypothesis that the test variable under
consideration is normally distributed (such as K-S)

* Thus, rejecting the Shapiro-Wilk test provides evidence that
the variable is not normally distributed

— For sample sizes of less than 50

— It works poorly if the variable you are testing has
many identical values

* In which case you should use the Kolmogorov-Smirnov test
with Lilliefors correction
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Shapiro-Wilk

 Hypotheses

— H,: The relationship overall value (m1val99ave)
has a normal distribution in the population

— H,: The relationship overall value (m1val99ave)
does not have a normal distribution in the

bﬁlj-lhlvlebbbW
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x? test for independence

» x?test for independence
— With tables - Another way to do the x? test
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Tables E5 Custom Tables...
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x? test for independence

*

ﬂ'ﬁ Custom Tables

Table w

Variables:

&5 iddemp50

ﬁ weight1empsl
&k id5job

&5 id5jobn

&5 id5jobdummy_1
&5 id5jobdummy_2
&5 id5jobdummy_3
&5 id5jobdummy_4
& id6jobage

y id¥indage

& iddage

&G iddsex

&5 id9sexnum

&5 id9sexnew

A7 id10nraexn E
Categories:

[ Category 1

[ Category 2

N Columns ]
.......... ~=% 5 © § 5 © ° © © 5 © 5 © © - 5 © © © - © § 5 © 5 © 5 © 9 o
¢ id9sex D meu genero g;
Category JCategory | Total
| Count Count Count |
| id5jokeA | Categor. nnnmn, nnnm nonnf. T T L
| minha - Feategor]  nnnn| neen| meen|o
| fungdo T
1 & Total nnnm nnnn MARR] o

Summary Statistics

Position: |Colurru15 T| [] Hide | Category Position:

Default ~

Source: |Cc>lurru1\|fanab|les T|

(Lo J{gaste J[ Reset | Cancel [ e |
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x*test for independence ~

i Custom Tables *

Table Tites Test Sititcs Options

r Column Means and Column Proportions

Tests Identify Significant Differences
[] compare column means @ In a separate table
. Estimate variance only from the categories .Qisr:la_. significance values
compared (always done for multiple response _
/ariables) @ In the main table
. oo AP A [} heori
[] compare column proportions Il Use APA-style subscripts
Significance level: . Adjust p-values for multiple comparisons

@ Bonferroni @ Benjamini-Hochberg

|'
in

ﬂélests of independence (Chi—squarei Significance level:

[7] Use subtotals in place of subtotaled categories

[ Include multiple response variables in tests

@ - Chi-square and column proportions tests apply to tables in which categorical variables exist in both the rows
and columns.

- Column means tests apply to tables in which scale variables existin the rows and categorical variables exist
in the columns.

- Tests are not performed for tables in which category labels are moved out of their default table dimension.

- Totals are excluded from all tests. Subtotals are used only if the categories to which they apply are hidden or if
specified above.

- Computed categories are excluded from significance tests.

Baste J{ Reset [ Cancel [ Help |
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x? test for independence

» x?test for independence (tables results)

id9sex 0 meu género &

F {1} Total
Count Count Count
idajob:A minha fungdo & Administrador/ Gerente / 10 96 106
Proprietario
Comercial 18 8 26
Director 18 10 28
Gestor 20 18 38
Total i 132 1498

Pearson Chi-Square Tests

iddsex0 meu

género é:
id5job:A minha fungdo & Chi-square 60,762
df 3
sig. 000’

Results are based on nonempty rows and columns in
each innermost subtabla.

* The Chi-square statistic is significant at the 05
level.
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Strength of association

* The x?test

— Provides a weak indication of the strength of the
association

* The absolute value of the x? -test statistic does not
provide any indication regarding the strength of the
relationship

— If the x?-test or Fisher’s exact test renders
significant results, several statistical measures of
the strength of association can be computed
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* Measures of the strength of association

Strength of association

— For nominal variables
* ¢ (phi) coefficient

— 2X2 crosstabs
— Results from 0 to 1 (above 0.50 a strong association)

* Contingency coefficient (CC) and Cramer’s V

— Both are equivalent to the ¢ coefficient for crosstabs with
more than two rows and two columns

* Lambda, uncertainty coefficient, and Tshuprow’s T

— Other measures for nominal variables
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Measures of the strength of association

Strength of association

— For ordinal variables

e Kendall’s T-b (tau), Kendall’s T-c, Somer’s d, and Y
(gamma)

— These measures use information on the ordering of variables’
categories by considering every possible pair of cases in the
crosstab

— They vary between -1 and +1 and thus distinguish between
positive and negative relationships

— Higher absolute values denote a stronger degree of
association
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* The x?test requires the expected frequency
for each cell to be 5 or higher

— However, if this were not the case, we would have

to revert to the Fisher’s exact test, which bypasses
potential problems

e Test commonly used in crosstabs when sample sizes are
small

* For 2x2 tables, SPSS computes the Fisher’s exact test by
default

* For tables bigger than 2x2 tables, see for instance:
http://tinyurl.com/fisher-exact

Fisher’s exact test
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* Explore the relationship between two nominal
variables from paired samples

e Used for dichotomous variables

— For example, we might carry out an experiment in
which we ask respondents whether they would buy a

specific smartphone before and after being exposed
to an online banner

* The test’s null hypothesis is that the number of respondents
who changed their response in one direction (i.e. buy
instead of not buy) is equal to the number of those who

changed in the opposite direction (i.e. not buy instead of
buy)

McNemar test
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Mann-Whitney U-test

* M-W (effect size)

— SPSS does not provide an effect size statistic

e But we can calculate approximate value of r (effect size) with
the value of z (that is reported in the output)

— r =z / square root of N (r=z/VN)
 where N = total number of cases

— In the example, z=-2,813 and N = 198; therefore the
r value is 0,1999

* This would be considered to have a small effect size using
Cohen (1988) criteria of 0,1=small effect; 0,3=medium
effect; 0,5=large effect

* The results of this analysis could be presented as:
e (U=3358; z=-3,236; p=0,001; r=0, 2)
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Wilcoxon signed-rank tes

* Wilcoxon sighed-rank test

— Nonparametric equivalent of the paired-samples
t-test

e Corresponding method for paired samples of the
Mann-Whitney U-test
— Tests the null hypothesis that two medians
stemming from paired samples are identical

* |s used in situations in which there are two sets of
scores to compare (e.g. at time 1 and time 2), but these
scores come from the same participants
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Friedman test

* Friedman test

— Is the non-parametric alternative to the one-way
repeated measures analysis of variance

e Corresponding method for paired samples of the
Kurskal-Wallis

— It is used when you take the same sample of
participants or cases and you measure them at
three or more points in time, or under three
different conditions
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