Research Methods Factor Analysis

Factor analysis is a statistical technique for
analysing the correlations between a number of
variables in order to reduce them to a smaller

FaCtor AnaIySiS Wlth number of underlying dimensions, called factors,
and to determine the correlation of each of the
R original variables with each factor.
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> jobsat <= zead.cav| "
> jebsar
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> describe (jobsat)
vars n mean  sd median trimmed
144 5,92 1.52  5.8%
2 44 3.34 1.41  3.00
3 44 3.16 1.2¢  3.00
4 44 5.20 1.86  5.00
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skew kurtosis = se
0.08 -1.41 0.23
0.08 -0.58 0.21
0.14 -0.66 0.19
-0.02 -0.85 0.28
-0.01 -1.24 0.30
-0.01 -0.80 0.29
0.02 -0.80 0.29

interest

seaceire (sansaty supervis

cooooom

44 5.84 1.99  €.00
44 5.34 1.92  5.00
44 5,07 1.93  5.00

N

nolidays
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> Jobsat.cor<- cor(jobsat]
3 Jobast.cor

interest  supervis  facilic  peerrel  persdev  workhours | holidevs

1.00000000 0.350344023 0.0191%435 0.51555758 0.52743355 0.03140565€6 0.08475116

supervis 0.35034402 1.000000000 -0.09819%080 0.05240839 0.2350002% 0.007611627 0.02533493

facilit 0.01919435 -0.098190802 1.00000000 0.106€0502 0.11449790 0.035430262 0.03422507

peerzel 0010660502 1.00000060 062462772 0.071235295 ~0.12019032

pezadey 5335006285 011445750 0.62462772 1.00000000 0.057512033 0.04524047

orkhours 0.03145566 0007611627 0.03543026 0.07123528 0.05731203 _1.00000000 -0.38553780

holidays 0.08475116 0.025334925 0.03422507 -0.12019032 _ 1.00000000

> J0baat.core- cor(3cBaat)

upevis
0.350344025 0.01619435 0.51565753 052743355 0.03140565¢ 0.0347511¢

©£.05240835 0.2350002% 0.007611627 0.02533433

6110660802 0.11448780 0.0364302€2 0.03422807

100000000 0. 2 0.071238208 ~0.12019032

o.s27e3388 011989700 0,62362772 0.057312082  0.04524047
0s5e 0,03543026  0,07323529 0.0573. 1,090900990 -0,39553790
0025339935 0.03422507 ~0.12049032 004524047 -0,395537204  3,00009990

0.
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R was not squaze, finding
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Jobsat.esgen - eigen|iobss.con)
Jobsat.eigen
esgeny) secompositiss

Zvalues
[1] 2.2398304 14173057 11373380 0.343747T3 0,6120001 0,4303372 0.3064333

fvectors
det (jobset.cor) 1.1 ) 1.3 41 51 L&) L7
1] 0.2555988 -0.5%806320 6.02386206 —0.14458352 0.78300863 0.288680452
-0.amTR6L8n ~D.E1141118 0,24080080 -0,18624331 ~0,I6L114016
" 0l16766125
] -a.s3mniss0 £.37054880 0.14727000 -0.027
-5.50708448 0. ©.30060838 -0.06€76415 -
-0.07ReTEEE -3.2323810% -2.67627510
0.01112675 0.70341728 0.13134026 -.DBUSEEEZ -0,63681545 —0.10851656

Factor Analysis Factor Analysis

cbaat.eigen < sigeniscbeat.cor) ) .
> jobsat.eigen$values

[1] 2.2399384 1.4173697 1.1273358 0.8457473 0.6128181 0.4503572 0.3064335

~0.£3681545 -0.10852656 ~0.252812280

> sgenivatues
I3] 2.3383384 1.4173687 11273350 0.0487473 0.E138181 0.4503572 0.3084235
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5 JOBSAL.4LGHR <= aigen (JOBRAE.coE)

(1] 2.2355384 1.4173657 1.1273358 0.8457473 0.6128181 0

21 !
~0.12é3101¢
©.14672953 ~0_5smes020
0.72371389
9.21344321
o.11085664

0.01243673 ©.70341720 0.1313402¢ -

Jobaat.eigent

0.37084380 0
©.1006034

L2323
Lan0seeez -0

4503872 0.3064335

50095 -0, 19626321 ~0.261814036
0.,08137623 0. 098628818
14727000 ~0,92707142 -0, 700044230

-0.06676415 -0.61003655 0.527436757
067637910 -0,08652693 ~0.138832201

63001383 -0, 10031636 -0, 253513350

[1) 2.235938¢ 1.4173657 11273358 08457473 0.€125181 0.4503572 ©.3064335
N

>
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Eigen values of companents

0.44673933 9,
—o.n476ae72

-0.14332006
[Rrrreeey

450 =0,

11] 22355384 14173657 1.1273358 o

> sozes(jobsat, fa=FALSE)
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Scree Plot
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>

> jobsat.amalysis <- principal(jobsaz, afactoz=1, rotate="acme”)

> Jobsat.snalysis

Principal Components hnalysis

Call: principal(r = jobsat, nfactors = 3, rovate = "nomet)

Standardized losdings (pattecn matzix) based upon coszelabion matrix
BC1  BC2 uz eom

Scree plot with parallel analysis

interest  0.82 0.14 -0.
0.42 8.17 -0,
0.13 -0.06 0.

Cumulative Proportion 0.47 0.76

eigen values of principal components

Mean item complexicy = 1.2
Test of the that 3 aze

zoot mesn square of the esiduals (BMSE) iz 0.13
with the empirical chi squere 28.5¢ with prob < 1.72-08

Fit based upon off diagonal values = 0.75> |
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Factor Analysis Factor Analysis

> jobsat.analysis
Principal Components Analysis

Call: principal(r = jobsat, nfactors = 3, rotate = "none") BC1 BCZ2 PC3 h2 u2 com

Standardized loadings (pattern macrix) based upon correlation Mmatrix

on B po3 m2 we com i
incerest  ©0.52 0.14 -0.13 0.71 0.28 1.1 interest 0.82 0.14 -0.13 0.71 0.2% 1.

PCl BC2 BC3

55 loadings 2.24 1.42 1.13
Proportion Var 0.32 0.20 0.16
Cumulative Var 0.32 0.52 0.68
Proportion Explained 0.47 0.30 0.24
Cumulative Proportion 0.47 0.76 1.00

Mean item complexity = 1.2
Test of the hypothesis That 3 cONponents are sufficient.

0.13
1.7e-06

The Toot mean square Of the residuals (RMSR) is
with the empirical chi square 29.54 with prob <

Fit based upon off diagonal values = 0.755 |

33

Factor Analysis Factor Analysis

Component Plot
10 e
PC1 PC2  PC3
55 loadings 2.24 1.42 1.13 os
Proportion Var 0.32 0.20 0.1s o I
Cumulative Var 0.32 0.52 0.68 E ” :
Proportion Explained ©0.47 0.30 0.24 E
Cumulative Proportion

35
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> jobsat.analysis
Principal Components Analysis
Call: principal(r = jobsat, nfactors = 3, rotate = "varimax")
Standardized loadings (pattern matrix) based Wpon correlation MAGILE
RCL RCZ RG3 b2 u2 com
interest 0,80 0,07 -0.25 0,71 0.29 1.2
supervis 0.34 0.05 -0.70 0.61 0.3% 1.5
facilit  0.22 0.05 0.76 0.63 0.37 1.2
0.82 -0.14 0.16 0.72 0.28 1.1
0.86 0.01 0.01 0.72 0
worknours 0.07 -0.81 0.0l 0.67 0
holidays 0.03 0.85 0.01 0.72 0

.26 1.0
.33 1.0
.28 1.0

RCL RCz RC3

S5 loadings 2.22 1.41 1.15
Pzoportion Vaz 0.32 0.20 0,16
Cumulative Var 0.3z 0.52 0.62
Proportion Explained 0.46 0.30 0.24

Cumulative Proportion 0.46 0.76 1.

Mean item complexity = 1.1
Test of the hypothesis that 3 CONponents are sufficient.

The root mean square of the residuals (RMSR) is 0.13
with the empirical chi square 29.54 with prob < 1.7e-06

Fic based upon off diagomal values = 0.75-
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RC1 RCz RC3 h2 uZ com

interest ©0.80 0.07 -0.25 0.71 0.29 1.2
supervis 0.34 0.05 -0.70 0.61 0.39 1.5
facilit 0.22 0.05 0.76 0.63 0.37 1.2
peerrel 0.82 -0.14 0.1 0.72 0.28 1.1
persdev 0.8¢ 0.01 0.0l 0.74 0.2¢ 1.0
workhours 0.07 -0.81 0.01 0.87 0.33 1.0
holidays ©0.03 ©0.85 0.01 0.72 0.28 1.0

41

> jobaar.analyais <- principal (jebsat, nfactoreS, rotatestwarimazt)
> Jobmat analysis
eranaipal

5 ana:

1: principalix = jobsat, afactora = 3, orate = "varimax')

Standasdised loadings (Pattecs mATFix) based 1pon Correlation mALZiX
nz

Eiiibe i

Mean stem complexity = 1.1
Test of the hypothesis that 3 compoments aze sufficient.

The root mean aguaze cof the reaiduals (BMSR) ia 0.13
with the erpirical chi sguare 35.34 with prob < 1.7e-0¢

7% based upon off disgonal valses = 0,75 |
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RC1 RC2 RC3 h2 uz com

interest 0.80 0.07 -0.25 0.71 0.25 1.2
supervis 0.34 0.05 -0.70 0.61 0.3% 1.5
facilit 0.22 0.05 0.76 0.63 0.37 1.2
peerrel 0.82 -0.14 0.1 0.72 0.28 1.1
persdev 0.86 0.01 0.01 0.74 0.26 1.0
workhours 0.07 -0.81 0.01 0.67 0.33 1.0
holidays 0.03 0.85 0.01 0.72 0.28 1.0

Factor Analysis

RC1 RCZ2 RC3
55 leoadings
Proportion Var
Cummlative Var
Proportion Explained
Cumulative Proportion




Factor Analysis

Standardized loadings [pATTern matrix) Based upon correlacion matriz
BCI  Ro2  RC3 b2

intezest 0.80 0.07 -0.25 O,
.08 -0.70 0.

9.05 0.76 0.

~8.14 0.16 0,

0,01 0.01 0.

o

o

—0.81 0,01

BCL
2.22 1.41 1,18
0.32 0.20 0,16

0.32 0.52 0.68
0.46 0.30 0,24
0.4€ 0.76 1,00

Mean item complexity = 1.1

Test of the hat 3 are

The zoot mesn square of the remidusls (SMSE) 13 0.13
with the empirical chi square 25.54 with prab < 1.7e-08

Fit based upon off disgonal values = 0.75>
>

fa.diagram(jobsat.analysis)
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Factor Analysis
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fa.atagran (3obmat analyais, digite=d)

Factor Analysis

e Components Analysis

€all: pesncipalir = jebasr, afactors = 3, rorats
2o tern maucix) Based upsn correlavion mascis

Standardired lsadings (pac:

L owm o RCl
insesest 9,00 0.07 -0.33
supervis 9.3% 0.03 -0.70
fecilic  0.37 0.03 0.76
peerzel 032 —oils olie
perades 0.6 0.01 .00
workRours 0,07 -0.81 0.01
Bolidaya 0.0 0.8% .00

L=
53 Loadings 2.2
Brogorticn Var sz

Cumaletive Var .3z
Eroportion Explained 0.46
Cumulative Proportien 0.46

Heon ivem complexicy = 1.1
Test of the hypothesis That 3 coaponeacs axe suffisient.

Tue soor mean square of che seslduals (SR 42 0.13

ich the ampLILCAL ehi aquire 2554 WiTh pred ¢ 1.78-08
Fit bared spon off diagonel vaives = 0,75 |
.




Factor Analysis Factor Analysis

RCL RCZ RC3
interest 0.80 0.07 -0.25 0
supervis 0.34 0.05 -0.70 0
facilic 0.22 0.05 0.7 0
peerrel 0.82 -0.14 0.1e 0
persdev 0.56 €T
workhours 0.07 -0.81
holidays ©0.03 0.85

49
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> fa.diagran(jcbaat.analysis, simplecFALSE, adj=i)

Factor Analysis Factor Analysis

fa.diagram(jobsat.analysis, simple=FALSE)

fa.diagram(jobsat.analysis, digits=3)
fa.diagram(jobsat.analysis, cut=.7)

fa.diagram(jobsat.analysis, simple=FALSE, I.cex=3)

fa.diagram(jobsat.analysis, simple=FALSE, adj=4)




Factor Analysis Factor Analysis

factor .model (jobsat.analysisSloadings)

fecilit  peeszel  pesadew
interest  0.708818231 0.44876653 —0.006082188 0.60758352 0.68376763
supervis  0.445766530 0.607S2S77 -0.4509€3052 0.16330641 0.28561368
facalit  -0.006082189 -0.45096905 0.€27050601 0.29386666 0.19957544

> JoBsat.cor<- cor(lopsat)
> jobsat.cor
interese

facilir persder  workhours  helidays

4 errel
inverest 1.00000000 0.350344023 0.0191%435 0.51595758 0.52743355 0.031405656 0.08475116

.35034402  1.000000000 -0.08818080 0.0524083% 0.23500039 0.007611627 0.03533483
©0.01915435 -0.096150802 1.00000000 0.10660502 0.11445790 0.038430262 0.03422507
0.51565758  0.052408385 0.10660502 1.00000000 0.62462772 0.071235285 —0.12018032
0.52743385 0.235000285 0.11448790 0.62462772 1.00000000 0.057312032 0.04524047
0.03140566 0.007611627 0.03543026 0.07123529 0.05731203 1.000000000 -0,39553790
0.0B475116 0.028334935 0.03432807 -0.13018032 0.04524047 -0.3E5ITH04  1.00000000

peerrel  0.607553520 0.16320641 0.29386€855 0.71983011 0.70480858
©.683767626 0.29561368 0.199575437 0.70480655 0,73584677
-0.002916952 -0.02478013 -0.020460191 0.177£675% 0.05427318
0.08586354% 0.05071966 0,058973085 -0.0828932% 0.03714254

ga—"s
-0.002816852 0.03586354
~0.024780128  0.0507156¢
~0.0204€0181  0.05E57308
0.177667586 =0.09289329
©.054273184  0.03714254
0.66754269% -0, 69752298
0.687822987 0.72103284

Factor Analysis Factor Analysis

iduals (jcbaat 1yai
ncerest  superv facilic  peerre] pers workhours

0.294184768 ~0,0984225)  0.02827684 ~0,03163884 —0,186334076 0.034322648

-0.095422508 23 0.35277925 -0,11075902 -0,050613351 0.032391756

0.025276543 0.37284840 -0.18726164 -0,085077542

~0.091635544 ~5.18726164  0.28018955 -0.050178826

-0.156334078 -0.08507754 -0,02017883  0.264153228

©.034322648  0.03239176 005588045 -0,10643225 0.003033348 0.3324573iE

~0.001112388 ~0,02838474 —0,02474801 ~0,02728702 0.008087932 0.2923885183

< iduals (jobsa.cox, joba:

-0.001L12388
-.035384735 Rise (jobmat, sensals
-0.024748013 1
-0.02725702¢

0.008087832

9.252325183

0.27826716¢

Factor Analysis

Histogram of residuals

- principal(jobsat, BEACTOIS3, rOTAT=TYAIimax®, scoressTRUE)
- jobsat analysisSscores

B2 BC:

-0.18854038  0,46765570 -1, 34783508

-1.3107035% 0,60L45261 044615175
©0.06525848
-1.20798222
-0.55800842

o.m6307306
L3seessal
-0.43080617

[18,] ©.57438548 -1.173£1286 0.11343461

.
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Factor Analysis

>

> solaames (jobsatplus} [2(8,8,10)] < 5("Couponent 17, "Component 2%, *Compamess 37}

> jobssrplus
interest supervis fasilit peerzel persde workhours holidays Compement o Compoment 3
5.00 2 a 0,19
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Factor Analysis
Factor analysis, using principal components extraction
and varimax rotation, was performed on the data.
Three factors were extracted, Factor 1 explaining 32%

Factor Analysis

Student Satisfaction

Ethnic Group

age
Gender

ITETESN Number of Yearsin Institution
Twelve Measures of Satisfaction of Course
attendance

m Initial Skill Level

participati

Quality of Work

absence
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> svdsatall o
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Factor Analysis Factor Analysis

5
> atudsat <- stuasatalll, €(6:171]
> studse:

2sl =s2 =3 =

e o B R RO RS 0 N R R e

0 e B 0 8 e e e R

B n G B L e ek N b b B
H

rrvpe—

i
i

UEERERERNRE

PP |
P g

a
2
4
2
1
3
2
4
2
3
1
2z
N
2
2
2
2
2
3
3
3

Factor Analysis Factor Analysis

atudses.oor < cor(suamat)

a1
..x
39
P 20 5z 132
225 20 o, o L. B04BES 0.414084 0.675805 -3, 3578154
m 1

st
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Scree plot with parallel analysis

studsat.eigendvalues
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eigenvalues of principal components
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The 12 items of the Job Satisfaction Scale were subjected to factor analysis with PCA and
varimax rotation using R version 4.3.2. Prior to performing the factor analysis, the suitability of
data for factor analysis was assessed. Inspection of the correlation matrix revealed the
presence of several coefficients of .3 and above. The Kaiser-Meyer-Olkin value was .80,
exceeding the recommended value of .6 (Kaiser 1960) and Bartlett's Test of Sphericity
(Bartlett 1954) reached statistical significance, supporting the factorability of the correlation
matrix.

Factor analysis revealed the presence of two components with eigenvalues exceeding 1,
explaining 30% & 29% of the variance respectively. An inspection of the screeplot revealed a
clear after the second component. Using Catell's (1966) scree test, it was decided to retain
two components for further investigation.

The two solution explained a total of 59% of the variance, with Component 1 contributing 30%
and Component 2 adding another 29% . To aid in the interpretation of these three
components, varimax rotation was performed. The rotated solution revealed the presence of
simple structure, with all components showing a number of strong loadings and most variables
loading substantially on only one component.

Atest was conducted to see whether the factor model is sufficient to explain the observed
data. The null hypothesis is that a 2-factor model is sufficient. For this model, the chi-square
statistic is 58.55. The p-value for the chi-square test is 0.057 which is larger than .05.

99 Therefore, we fail to reject the null hypothesis that the factor model have a good fit to the data.
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