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Joreskog (2007) HRFoMr & Z DHLsR @ 100FEDFESE

“In the first half of the 20th century, factor analysis was mainly developed by psychologists for the purpose of
identifying mental abilities by means of psychological testing. ... The most prominent factor analysts in the
first half of the 20th century seem to be Godfrey Thomson, Cyril Burt, Raymond Cattell, Karl Holzinger, Louis
Thurstone, and Louis Guttman.

In the 1950s, there seem to be two schools of factor analysis: the psychometric school and the statistical
school. The psychometric school regarded the battery of tests as a selection from a large domain of tests that
could be developed for the same psychological phenomenon and focused on the factors in this domain. By
contrast, the statistical school regarded the number of tests as fixed and focused on the inference from the
individuals being tested to a hypothetical population of individuals.

Whereas the factor analysis literature in the first half of the 20th century was dominated by psychologists, the
literature of the second half of the century was dominated by statisticians. In fact, there has been an enormous
development of the statistical methodology for factor analysis in the last 50 years. This has been accompanied
by an equally enormous development of computational methods for factor analysis. During this period, the
applications of factor analysis spread from psychology to many other disciplines, for example, international
relations, economics, sociology, communications, taxonomy, biology, physiology, medicine, geology, and
meteorology.

This chapter is an attempt to give an account of the developments of factor analysis as a statistical method in the
last 50 years and its extensions from classical exploratory factor analysis to confirmatory factor analysis,
multiple-group factor analysis, structural equation models, and general covariance structures. “
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Bentler (1986) “the distinction between population and sample has become increasingly recognized as
critical to the conceptualization of models and methods within many subfields of psychometrics (p.37)”
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Lawley (1940) Lawley & Maxwell (1963) I iE% KFoMrIicEA AR (1970)
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2)SEMIC X W HEIB L2 &,

> HIE T T VDAY invariance H 5\ 1T FE{Mfi14: equivalence

TSR 1Y Rl 153 BT (confirmatory factor analysis) : #tal BIFRIE D& A Joreskog(1969)
% S 5[] 157 70 HT (multi-group simultaneous analysis)iC & % FREE Joreskog(1971)
MEARE, W2 — A2, BmAZE, B2 AZE Meredith(1993)

> & e v CPFHDEY) |
THE DO OHEE (EBEIR : Sorbom(1974). K[k : Bollen(1989))

>l..

D EEFHTEIET & L CoE (i maximum likelihood @ %28 & 1E35046)

12



N8> 5 SEM~ % D3

3) KR 72 BEAfRTE  causal relationships
MHESBAMR (€ aiBafR)
B OIS (€3 AT (X A 57 W path analysis & b FEIE 4L %))
BLHZ#E Cc o B DN (BE0l)F7 Hregression analysisD )t H )
. =ax, +b a: lmlElImfRE. b: U @ FHE x2 oy Tl 5,
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LISREL: Linear Structural Relations

13



SEM7 7'V T& ALISRELDOFES (57K, 1994)

UMLFA (Unrestricted Maximum Likelihood Factor Analysis; Joreskog, 1967b)

EFAP (Exploratory Factor Analysis Program ;Joreskog & Sorbom, 1976¢), EFAPII  Joreskog& Sorbom (1978a)
RMLFA(Restricted Maximum Likelihood Factor Analysis ; Joreskog & Gruvaeus, 1967)

SIFASP (Simultaneous Factor Analysis in Several Populations ;v an Thillo & Jéreskog, 1970)

COFAMM (Confirmatory Factor Analysis with Model Modification ; Sorbom & Joreskog, 1976)

HHO8E S92 & L TOLISREL

LISREL (LINear Structural RELations ; Joreskog and van Thillo, 1972), LISREL II Joreskog and van Thillo (1973), LISREL III
Joreskog & Sorbom (1976a)

LISREL IV Jéreskog & Sorbom (1978b) Sorbom(1981) I3 FEIGHEE % & DIV TEEAT, LISREL V Joreskog & Sorbom (1981)
LISREL VI Joreskog & Sorbom (1984)

SEM & L TOLISREL
PRELIS (PREprocessor for LISrel ; Joreskog & Sorbom, 1988)
LISREL 7 (Joreskog & S6rbom, 1989b) € HoBEES T+ Fi9EE
€ Browne(1984)D#nHE% % BEHADF) DE A
7774w 7 DEAN
PRERIS 2 (Joreskog & Sorbom, 1993a)
LISREL 8 (Joreskog & Sorbom, 1993b)

SIMPLIS (SIMPlified LISrel ; Joreskog & S6rbom, 1993¢)



HE A REINET Y v 2 Structural Equation Modeling SEM
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G TR T V v 2 (SEM: Structural equation modeling)

« HIFEE 7 (measurement model) CFA(Confirmatory Factor Analysis)
ELHIZ 0 (observed variable) & IET7EZ%L (latent variable) & DEHfR
(AFatroRF 2 —v (IFamE) 02t ThH3)
« fi&EE 7 v (structural model)
TETEZ N E] O B f%
o8 HHBERSMR(AI o AriEAHES) & ERISRESER (causal relationships)
= FHREE71 (causal modeling)

o M) £ 7 v (structured mean model)
BEEEE O T (EMBE D FEHE DL @ S8 » 5 DRE)

SEM®D e 7 o HoOHlE&E SN (covariance structure analysis)
€ HEETAr+EEET L
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% JCi% (maximum likelihood)

« RAUEDBE  fig '™ . 2% 3% 8]
=log[E® |+ oSO |- 1og[$@| - p@ + (5 - 1®)

« ETNVDORE (LEHBE)
Ho: [FFVOUTIETVRIV] RIKEIBE (Fv Iy 4 XoEr22T5)
ETVEGEICET 2 BORBE (P v I 4 XOEEEE2Z 1T \)
golden rule L TEE L CWW3b Ay b4 Z{EIZ,
v2/df<2.0, GF1= .95, AGFI= .95, CFI=.95, NFI=.95, RMSE = .05,
RMR=.05,SRMR=.08T» % (Westetal., 201272 &) ,

t
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.
Ml
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|
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- HEEMEDO TV FEE Ho: [Bj=0] zj=HETME HEEMoOEERZE
EEHETE R 040 D BHI2.5% 53D 1.96 & LLHR
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SEM & AR

Fit Indices (Hoyle(2012) 7z &% Z3E ICVERR) sy = 1 ixxm

L S RExH NICHBUR D> & 5 B e i fili 2

e p <0.05%! Joreskog(1969) Yes WA (dfipk)
2/ df < 5 Joreskog(1969) Yes

GFI#3 > 0.95 Joreskog & S6rbom(1981)  Yes *

AGFI N/A Joreskog & Sorbom(1981)  Yes *

TLF >0.95 Tucker & Lewis(1973) No *

NFI >0.95 Bentler & Bonett(1980) Yes * %

IFI >0.95 Bollen (1989) Yes koK

RNI >0.95 Bentler(1990) No *

SRMR <0.08 Benter(1995) Yes * ok

CFI >0.95 Bentler (1990) No * kK

RMSEA <0.05 Steiger & Lind (1980) No k kK 0.08kEHLTEIL BB,
AIC N/A Akaike(1973) 7L L

F1:Ho: #7000 TREVRI V] Z5%KEL D DKL RIVULTERT 2 2 LiCh b, NOEDE,
F2 0 % DEDL VI ERCRTOMETIIfFHINTY 2, TREOIENSREINS 2 L34\,

F3  EAEIEEOME Tld, HEME LE W, GFI~AICIERID FIT LR,

E4 D AICIIBREIR R & L 72 DT VO THH T, AICOEDEWET V2RI 5,
s TRHE] ZAhy A TEE SIEITNDE, ZDfEEFEHE L L Tgoodness of fit (badness of fit) % W,
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2NZDOWT ZHEM vs. ZEF

a) —ODEREZNRIC L ZHERNEA T (CFA) : KEBEEWE O € &L
Confirmatory Factor Analysis: Joreskog(1969)

Restricted Maximum Likelihood Factor Analysis: Joreskog & Gruvaeus(1967)

b) ZHEMNZNRE L 2RFIAZENZREES 5 5% « S BEERRE T2

Simultaneous factor analysis in several populations. Joreskog (1971)

PAT. Joreskog (2007)72> & 5[ H

Exploratory factor analysis 1s used in the following situation. One has a set of tests or other variables,
and one would like to know how many factors are needed to account for their intercorrelations and what
these factors are measuring. Both the number of factors and the meaning of the factors are unknown. The
interpretation and the naming of the factors are usually done after analytic rotation.

In contrast, a confirmatory factor analysis begins by defining the latent variables one would like to
measure. This 1s based on substantive theory and/or previous knowledge. One then constructs observable
variables to measure these latent variables. This construction must follow certain rules of correspondence,
see, for example, Costner (1969). Thus, in a confirmatory factor analysis, the number of factors is known
and equal to the number of latent variables. The confirmatory factor analysis is a model that should be
estimated and tested.
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b’) COSAN(McDonald, 1980) T D % # D3I
ZZTI2EE (p& q) T, plqDSMBEOEMRFELTH 5 LIRFEL T 5,

L OEEL <L, THEK(1989)= 1A,
5 Zp 0
¢ 0 Eq
qu 0 0 0 Ap 0
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000 06, ,

ZD220DHKDE & SR T — 213, BEH»OHLIcHb b Thd, 2T
NOEFIIMZL T2, 7L THiiEnzd I EKRTH H 5,

“the method may be used regardless of whether the populations are derived by selection or not. The
only requirement is that the populations be clearly defined and the samples independent.
(Joreskog, 1971, p.410)”

“Information about the parameters of the model is contained in the sample variance-covariance
matrix as well as in the means of the observed variables, and these two sources of information are
stochastically independent. (S6rbom,1974, p.358) *
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simultaneous factor analysis in several populations
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“the method may be used regardless of whether the populations are derived by selection or not. The only
requirement is that the populations be clearly defined and the samples independent. (Joreskog, 1971,
p.410)”

“Information about the parameters of the model is contained in the sample variance-covariance matrix
as well as in the means of the observed variables, and these two sources of information are stochastically
independent. (Sorbom,1974, p.358)

« IWRAMRRALY > SEET
multi group analysis " multi-group analysis
“stochastically independent (MEZREMAYICIHIZ) ~ICviolation & 1378 b 7 WIIE DHED J7,
DAL L 72 IRGIRE COREER 2o DRHERD bl L 725 L 2R D)
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X, 7 - 4 0BT ?

WLS : EHAFA LT WEE(HF IV EE)

[RFEOHEE Tk L L CRLEIR., HEEHEOFEERELHF S LT, £, £7 VEEDOFHEZ1T 5
ET b0 b¥EELWITETH L, CONEPBRERLIFNTH 2LREEBIERDIM ZIETE R\
L9 i OERENRE L-HEE T2, Browne (1984) I X % Asymptotically Distribution-free

(ADF) #T® %, Mplus (Muthén & Muthén, 1998-2015) Tlt., Z DJ5ikiL, Weighted Least
Squares (WLS) ¢ FRidadNnd, ZOHEEZEBDT — ZoMICEH T 2 1 I3 Y K & RO EEARD
MEE D, TP ngGEicit, SR ECOREICGERT 2 bH 5, TITXNROLEDOE L
DRART, RO D WA THADF PWLS LU L 5 At EOMEMEFIRT 2 Hik%
Muthén (1993) 2MEZE L 72, Z DWeighted Least Square Mean and Variance adjusted (WLSMV) %
T3, WLS OEATHDOHTHOFEICBEFR L 2R3 fThbits ), L0 WIERDETHD HEHR
#1835 Z LN T % (Beauducel & Herzberg, 2006) (7K - ILAR, 2020, Pp.54-55), |

Z DHFFEICOWTIEFFEF(1990) 235 L >, Shimizu, Vondracek & Schulenberg (1994) 27E7K - LA
(2017)Td., ZOHEERMFEHL T 5,
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Hoyle, R. H. (Ed.)(2023). Handbook of structural equation modeling (2nd ed.). New York: Guilford.

PIRZ201 21 FIAT
Topics new to the Handbook are as follows:

* Model selection

e [tem parceling

* Use of factor scores in SEM
 Bifactor models

* Multitrait—-multimethod models

* Exploratory SEM

* SEM with small samples and many variables
* Mixture models

* Dynamic SEM

* Continuous-time dynamic models

* SEM-based meta-analysis

* Nonlinear models

* Machine learning approaches to SEM

Although supplemental materials for some chapters in the first edition were available for access and download, the number of chapters
for which such materials are available and the extensiveness of those materials 1s considerably greater for the second edition.
Consistent with the focus of the software chapter in Part I of the Handbook, computer code associated with example analyses 1s
presented in Mplus and/or the R package lavaan, which have emerged as the most widely used SEM software solutions across the
social and behavioral sciences. Authors have been generous in their sharing of data, code, output, and written descriptions of results
from informative SEM analyses. These supplemental resources add an important practical feature to the Handbook that should prove
useful for instructors and for researchers looking to extend their skills with SEM.
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TLF >0.95 Tucker & Lewis(1973) No yes
NFI >0.95  Bentler & Bonett(1980) Yes no
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