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SPSS historical background

Statistical Package for the Social
Sciences (SPSS) appears in 1968,
developed by Nie, Bent and Hul,
becoming a great help for studies
developed 1n social sciences.
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SPSS historical background

In 2009 the software was acquired by IBM.
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New ways in data analysis

X2(111)=446,831; p=,000; X2df=4,026
;CFI=,943; GFI=,906; TLI=,931
;RMSEA= 078; p(rmsea<=0,05)=,000

a2

Structural Equation Analysis

SEA was developed in the first
half of the 20™ century.




20" European Conference on Research Methodology

for Business and Management Studies

What is Structural Equation Analysis?

Ana Moreira

At first, this was an obscure
modelling technique

Today 1t 1s increasingly used in
research and causal analysis in
Social Sciences
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What is Structural Equation Analysis?

SEA application in the social sciences was
democratized with the appearance of the
software LISREL in the 70s (Joreskog,
1978).

LISREL

INTERACTIVO

Ana Moreira
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What is Structural Equation Analysis?

In 1994, the software AMOS (Analysis of
Moments Structures), was developed by
James Arbuckle.

GRAPHICS SUPPLIES
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What is Structural Equation Analysis?

GRAPHICS SUPPLIES

SEA i1s a generalised modelling technique whose purpose is to test the validity of theoretical
models that define causal, hypothetical relationships between variables.

X2(41)=145,587; p=,000; X2df=3,551
iCFI=,975; GFI=,943; TLI=,966
iRMSEA=,072; p(rmsea<=0,05)=,002
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What is Structural Equation Analysis? _

GRAPHICS SUPPLIES

These relationships are represented by parameters that indicate the magnitude of the effect
that independent variables exert on dependent variables, in a set composed of hypotheses
about patterns of association between the variables in a model.

X2(41)=145,587; p=,000; X2df=3,551
:CFI=,975; GFI=,943; TLI=,966
iRMSEA=,072; p(rmsea<=0,05)=,002

I S N

l -14,945  ***  par 12
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What is Structural Equation Analysis?

GRAPHICS SUPPLIES

Structural equation analysis 1s an extension of generalised linear models that explicitly
consider measurement errors associated with the variables under study.

X2(41)=145,587; p=,000; X2df=3,551
iCFI=,975; GFI=,943; TLI=,966
iRMSEA=,072; p(rmsea<=0,05)=,002 /

12
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What is Structural Equation Analysis?

GRAPHICS SUPPLIES

Structural equation analysis can be described as
a combination of the classic techniques of Factor
Analysis and linear regression.

X2(111)=446,831; p=,000; X2df=4,026
;CF1=,943; GFI=,906; TLI=,931
;RMSEA=,078; p(rmsea<=0,05)=,000

2ldf=4.03 <5

CFI = .94
GFI=.91 > .90
TLI = .93

RMSEA =.078 < .08

13
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What is Structural Equation Analysis?

GRAPHICS SUPPLIES

SEA 1s used in diverse applications ranging from
the psychometric adaptation of instruments, to
testing longitudinal and cross-sectional causal
models, analysis of invariance of models and
parameters between groups.

X2(111)=446,831; p=,000; X2df=4,026
:CFI=,943; GFI=,906; TLI=,931
;RMSEA=,078; p(rmsea<=0,05)=,000

32
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Why use Structural Equation Analysis?

GRAPHICS SUPPLIES

In social sciences, researchers are often faced
with latent variables (not directly observable),
which are felt through other wvariables or
indicators.

X2(111)=446,831; p=,000; X2df=4,026
:CFI=,943; GFI=,906; TLI=,931
;RMSEA=,078; p(rmsea<=0,05)=,000

32

This is the case of likert-type scales, which seek
to operationalise variables or constructs that are
not directly operational.

15



20" European Conference on Research Methodology

for Business and Management Studies
Ana Moreira

A Mediation Model using AMOS Graphics

GRAPHICS SUPPLIES

Affective

/ SO \
+

POS > Tumoyer
Intentions

Hypothesis: Affective commitment has a mediating effect on the relationship
between perceived organisational support and turnover intentions.

16
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A Mediation Model using AMOS Graphics

GRAPHICS SUPPLIES

X2(111)=446,831; p=,000; X2df=4,026
:CF1=,943; GFI=,906; TLI=,931
;RMSEA=,078; p(rmsea<=0,05)=,000

In the first step, we checked
the association between the
variables under study.

cAl |CA2| |CA3||CA4| |CAé| CAGi

RN > oL W ob

s Lo L

POS <> AC 8,118 frey o
POS <> TI  -1213 111 -10,882 | *** BT
AC <> TI 787 096 -8.213 | #ex
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A Mediation Model using AMOS Graphics

GRAPHICS SUPPLIES

As this sample includes
employees from public and
private sectors, we checked
whether the intensity of these
relations varies according to
the sector of activity.
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defined estimand.

- O pad

X2(222)=580,830; p=,000; X2df=2,616
;CFl=,939; GFI=,884; TLI=,926
‘RMSEA= 057; p(rmsea<=0,05)=,018

a2

R Path diagram | Syntax
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A Mediation Model using AMOS Graphics

GRAPHICS SUPPLIES

X2(222)=580,830; p=,000; X2df=2,616 X2(222)=580,830; p=,000; X2df=2,616
;CFI=,939; GFI=,884; TLI=,926 ;CF1=,939; GF|=,884; TLI=,926

;RMSEA=,057;2p(rmsea<=0,05)=,018 :RMSEA=,057; p(rmsea<=0,05)=,018
B 27

The associations between

the variables under study
are stronger for the private
sector than for the public
sector.

Private Sector Public Sector

19
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A Mediation Model using AMOS Graphics

GRAPHICS SUPPLIES

X2(111)=446,831; p=,000; X2df=4,026
;CF1=,943; GFI=,906; TLI=,931

;RMSEA=,078; p(rmsea<=0,05)=,000
a2

When we tested the mediation
effect, we found that there 1s a
partial mediation effect of
affective commitment on the
relationship between perceived
organisational support and
turnover intentions.

160 i 7 39 i 71

. . 3
cat | [ cm2 | |casi| [cadi| [ cas | | casi

20
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A Mediation Model using AMOS Graphics AVICS'

GRAPHICS SUPPLIES

X2(222)=580,830; p=,000; X2df=2,616
X2(222)=580,830; p=,000; X2dlf=2,616 CFl=.939: GFI= 884: TLI=.926

;CF1=,939; GFI|=,884; TLI=,926 ;RMSEA=,057; p(rmsea<=0,05)=,018
;RMSEA=,057; p(rmsea<=0,05)=,018 21
32

We can also verify
whether the mediation
effect 1s 1identical for
both sectors or whether
it differs i1n intensity
depending on the sector.

Private Sector Public Sector

21




20" European Conference on Research Methodology

for Business and Management Studies

Macro Process

Now let’s talk about a new
application for data analysis, the

Macro Process developed by
Hayes (2013).

Macroprocess®:

N UG3C UG UGUUS pEIE 118UaIIU, UG 1811H1E3 © UIUNUIEY [LELaISLEH ~ 10V JF 39 JWEU3uLs Lata LU

File Edit View Data Transform

HeE 0 e~

Name Type

1 Idade Numeric
2 Género Numeric
3 HablLit Numeric
4 AntOrg Numeric
5 AntFun Numeric
6 Setor Numeric
7 CA1 Numeric
8 CA2 Numeric
9 CA3i Numeric
10 CA4i Numeric
1" CA5 Numeric
12 CAGi Numeric
13 PSO1 Numeric
14 PSO02i Numeric
15 PSO3i MNumeric
16 PS04 Numeric
17 PS05i Numeric
18 PSO6 Numeric
19 PSOT7i Numeric
20 PS08 Numeric
21 151 Numeric
22 1S2 Numeric
23 1S3i Numeric
24 CAfet Numeric
25 PSO Numeric
26 T Numeric
27

28

29

<

Data View Variable View

Analyze Graphs  Utilities

Power Analysis
Reports

Descriptive Statistics
Bayesian Statistics
Tables

Compare Means
General Linear Model
Generalized Linear Models
Mixed Models
Correlate
Regression

Loglinear

Neural Networks
Classify

Dimension Reduction
Scale

MNonparametric Tests
Forecasting

Survival

Multiple Response

Missing Value Analysis...

Multiple Imputation

Complex Samples

% Simulation

Quality Control

Extensions

>

Spatial and Temporal Modeling >

Direct Marketing

Window Help

EfE @8 Q

Values Missing Columns Align
e None 12 = Right
Feminin... None 12 = Right
Igual ou |... None 12 = Right
e None 12 = Right
e None 12 = Right
Privado}... None 12 = Right
Discordo... None 12 = Right
Discordo... None 12 = Right
Discordo... None 12 = Riaht
[E Automatic Linear Modeling at
B Linear. . at
[ Curve Estimation. . ot
at
Partial Least Squares... "t
Sobel a1t
PROCESS v3.5 by Andrew F. Hayes 1t
Simple Moderation s
1t
A Binary Logistic "
E Multinomial Logistic. . 2t
B4 Ordinal... t
3] Probit t
at
[ Nonlinear t
A Weight Estimation. .. at

2-Stage Least Squares. .
&2 Quantile. .
3l Optimal Scaling (CATREG)...

at
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Macro Process

. W
i Macro Process allows us to test
/ \ sertal mediating effects, and X Y
x | moderated mediating effects.
—_— W
Serial Mediating effect Moderated Mediating effect
MAcroprocess® :

23
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Macro Process magpgppgcesgs'

C tual Di
Conceptual Diagram oncep lagram

M Macro Process has 74
models, from the simplest
to the most complicated.

Model 1 Model 74

24
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Macro Process magpgppgcesgs'

Conceptual Diagram Statistical Diagram

Y Y
1: by;
This is one of the - 7
most complicated v £ < IE
r'y > Y cy'
models. - /7/ . A
— ~ csrc,' by, /by, |b
Z W ay;
XZ

WZ || XWZ || MW || MiZ || M;WZ

Conditional indirect effect of X on ¥ through M; = (ay; + ayW + as;Z + ay,WZ) -
(byj* byl + b3 Z + by WZ)

Conditional direct effect of X on ¥=¢,"+ cyW+ esZ+ ¢ WZ

*Model 73 allows up to 10 medi

L '_Bmx
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A serial Mediation effect magpgppgcessw
+ . + : =
Training w— | Perceived Internal | Affective —) Turnover
Employability Commitment Intentions

Hypothesis: Perceived internal employability and affective commitment both
represent a serial indirect effect in the relationship between training and turnover
intentions.

26
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X [Al ™ [ 1~
- i #3 PROCESS 3.5 X

Y e ) e A R | v
o Ei8 o [ Options ‘
%E; X;lil:}; / [ Multicategorical ‘_
& TI3i Mediatcr(s}M:/ [Longvariable names‘
% ot Sem K '
- & et M

& CNorm
& Formacéo C

° [ ® & Suplnd_C

A serial Mediation o i
effe ct g S:,:_T;'c Covariate(s):

& 1Saida_C
&;Idade_c

W
-
Model number: /
6

A4

Confidence intervals

95 < .
Moderator variable W:
Number of bootstrap samples - |
10000 N Moderator variable Z:
[[] Save bootstrap estimates
maDPUDPUCESS [[] Bootstrap inference for model coefficients Do not use PASTE button

= = = T = TR = R == R = R = T == R = TR = == I == R = TR = N == R = R = T == T = T = (R = Y = I = i = |

‘ Paste ‘ ‘ Resat ‘ ‘Cancel‘ [ Help ‘
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A serial Mediation effect

OUTCOME VARIABLE:

ISaida
Model Summary
R R-3q MSE F dfl df2 P
L7761 , €070 , 6375 159,1099 3,0000 309,0000 , 0000
Model
coeff se t P LLCI ULCI
constant €,1888 , 1824 33,9390 , 0000 5,8300 £,547¢
Form =,0388 , 0585 =, 6630 , 5078 =,1538 ,07€3
Emp -,3583 , 0629 -5,6925 ,0000 -, 4822 -,2345
. Chfet -,4969 ,0392 -12,6642 , 0000 -,5741 -,4187
In this output, we have the model results,

AXAKRNANAAXNANAxnsy DIRECT AND INDIRECT EFFECTS OF X ON Y AAAKANNNAANNAANEN

the direct effect and the indirect effects.

Direct effect of X on Y

Effect 3= t P LLCI ULCI
-,0388 , 0585 -, 6630 , 5078 -,1538 , 0763
Indirect effect(s) of X on Y:
Effect BootSE BootLLCI BootULCI
TOTAL -,4554 , 0659 -, 5863 -,3274
Indl -,0852 , 0296 -,1513 -,0362
Ind2 -,2658 ,0488 -, 3652 -,1743
Ind3 =-,1044 ,027€ -, 1€08 -, 0528
Indirect effect key:
Indl Form -> Emp -> ISaida
Ind2 Form -> CAfet -> ISaida
Ind3 Form -> Emp -> Chfet -> ISaida

28



20" European Conference on Research Methodology

for Business and Management Studies
Ana Moreira

A serial Mediation effect

The total indirect effect splits into three

~.04 ns indirect effects:

» the serial indirect effect;

Commitment

g » the indirect effect in which perceived
88+ \ internal employability mediates the
l relationship  between training and

Trainin 1 24 X Internal | -.36%* X Turnover furnover intentions;
& =3 | Employability ) Intentions

S53%* . Affective
>

v,

» the indirect effect in which affective
commitment mediates the relationship

E] . : :
maEPUDPUCﬁSS&‘ between training and turnover intentions.

29
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A serial Mediation effect

Table 1. Indirect effects of Model

Indirect effects
Confidence interval at 95%

Estimates with Bootstrap correction

el In this table, we find that the total
— e 0 e indirect effec?t gnd the three 1nd1rec?t

= effects are significant because zero 1s
Training — IE — TI -.09 (.03) [-.15;-.04] . .

not in the confidence interval.

Training — IE — AC — TI -.10 (.03) [-.16; -.06]
Training — AC— TI -.27 (.05) [-.37;-.17]

Note: Total effect Training — EI =-.49 (.08). The standard error is in brackets
TI = turnover intentions; AC = affective commitment; IE = perceived internal employability

macroprocess'ﬁ
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A serial Mediation effect

Table 1. Indirect effects of Model

Indirect effects
Confidence interval at 95%

Estimates with Bootstrap correction

W The strongest indirect effect is the one 1n
Total 46 (07) (=585 - 33] which affectlYe commltment. medlates

» the relationship between training and
Training — [E — TI -.09 (.03) [-.15;-.04] . ;

turnover intentions.

Training — IE — AC — TI -.10 (.03) [-.16; -.06]
Training — AC— TI -.27 (.05) [-.37;-.17]

Note: Total effect Training — EI =-.49 (.08). The standard error is in brackets

TI = turnover intentions; AC = affective commitment; IE = perceived internal employability m aEPUDPUCESSgm
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#2 PROCESS v3.5 X

Advantages of using S

& \dade A ‘
&) Género X variable: l Options ‘
Macro Process & HabLit g . CAfet. l Multicategorical ‘
& AntOrg Mediator(s) M: l Long variable names ‘

in Moderation Models g

& CA2
&) CA3i -
&) CAdi
&) CAS

When we test a moderating effect in SPSS or ey

AMOS Graphics, we have to standardize the & PSO2i Covariate(s).

&> PS03
independent variable and the moderator & PSO4

L. PRNA&; " ot

variable to create the interaction variable. In e rumber N ) E
Macro PROCESS we do not need to do that.

Confidence intervals

95 ¥
Moderator variap€ W:
Number of bootstrap samples - &> Setor

10000 w

Moderator variable Z:

ma[:r[] PUCESS? [[] Save bootstrap estimates
D [[]Bootstrap inference for model coefficients Do not use PASTE button
‘ Paste ‘ ‘ Reset ‘ ‘Cancel‘ ‘ Help ‘
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Moderated
Mediation Model

Generations

| Training
—

/

Perceived
Employability

Affective
Commitment

macmpmcess"'

-

als

= | . N |

Ana Moreira

#3 PROCESS_v3.5

Variables:

& |dade =
&b Sexo

@ Hab_Lit

& Antiguidade

&> Contrato

& PODCA1

&> PODC2

&> PODC3

& PODC4

&> PODC5

&> PODC6

&> PODC7

& PODCS

&> PODCY

&> PODC10

£ Pnnr11 hd
Model number:

B “

Confidence intervals
95 v

Number of bootstrap samples
10000 v

[] Save bootstrap estimates

[] Bootstrap inference for model coefficients

Y variable: /
& CAfet

X variable:

& Form
Mediator(s) M,
& Emp

Covariate(s):

Moderator va%le W:
&b Gerac
Moderator variable Z:

Do not use PASTE button

‘ Paste ‘ ‘ Reset ‘ ‘Cancel‘ ‘ Help ‘

l About ‘

l Options ‘

l Multicategorical ‘

l Long variable names ‘
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