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argue afkam © 95 - i =» innovations in psychometrics

ZEFESE (1989) |[HEH AT AR h—n - €7 Y v — (G tL
TEOFE O REEREZESE  h—L -7V > (1)
https://core.ac.uk/download/pdf/236033768.pdf

K. Pearsonz #t Pl L 7285 7= argue afam. Ok

1) L—= [HeYpim & Rebnit H ]

2) R—=2V v (HHP)ELIR vs. EPRE IR Biometrika
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N odE e T Y v 7~ Z0pl
L ik (innovation) > It (ZHRSFE - A

RFo#rE% C.E. Spearman fHEHTHIA 6 2RFE (1904) A+ & FiikIA 1

(F - BT E’E@T % (Galton, 1877) , fHEZ%(K. Pearson, 1986) ME£uz - (2016) FHESRE D FLIR &
% bk 7 iR JL‘@%J‘ , 59(4), 415- 444)

52%% - J&h€  L.L. Thurstone (1935) 88 (75U - /b “3ER)  ZRFH

B A. Anastasia (1938) [HWHTIZ,. BElEaz L o2 72D0TiE R, WFatrtws )i
EroEoNnZIcmE RV, KTlX. mathematical artifactiC 3 X 72\ |

T DOWT, H.J. Eysenck(1953)“Newton’s g (gravitational force) was a mathematical
artifact(p.109). >

misuse @ & abuse HEUIZfIH]  EARIRK (2018) KT HriiFFEIC 351 % misuse &

artifact BPH R P AT 2, 492), 191—211.
alE=>FRr (v FaAg F) vs. Mg (BikdE) <=0B700R (nEzol)
Thurstone (1940)D %2z D2 :  WFHIAZEY:  factorial invariance

FIsR(1974) DM TR I ZTZAITEICRALDDPOHEREONEIDTH I, ZNHARYBICT —XITEIEL T
&;:%;ﬁ?éf@%ff:%@f‘%éﬁ nf%h@$f£6}\]:% (artifact) IEE R VWOR, ZhERDLITRITH
2O IR W,

> EFHARZEMN ThurstonelE, Ko llx  K¥#HEA 5 FACTORMAXE (1979) % 4R THE
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JoreskoglC & i tik (1967) = LISREL  (Joreskog &Sérbom, 1978)
Ao HEE (1962)
- W-orofkiEe s v (BEE - #isk - BliEE) . BEEEEOHE., EAEOBE
— O DIEARCFA (1969) . ZHEMFEK b (1971) € FHLVEFIAREME
-HRET NV GEET — X2 ZXF)

Je e
Sorbom® E ik = LISREL  (Joreskog &Sorbom, 1984)
- i + IEE Sérbom (1974)
- EWT T — 2 coM AR AL Sérbom (1975)
- fEIEFRTE Sérbom (1989) € /K - Il ()
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LISRELDE 7 30 (Joreskog &Sorbom, 1978, 1984)

BEFER=T NV 9g=Bp+Té+{
MERIE 7
AERIE = 5 v
RAMCLISREL % J2FH
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3, =A.9I"(I-B)-'4,

3, =A,04.'+63

LISREL(Analysis of Linear Structure Relationships by the Method
of Maximum Likelihood)

Bentler(1985)MDEQS, McDonald(1978, 1980)D COSAN

McArdle, J.J., & McDonald, R. P. (1984) Some algebraic properties
of the Reticular Action Model for moment structures. British
Journal of Mathematical and Statistical Psychology, 37, 234-251.

/K AR (1989). BREEAYIA 79047, LISREL# L € RAM D% BEPE K
AL BB EE, 20(2), 61-86.

wEAK FIRK (1994). Joreskog & Sorbomic K2 avva—4% - 7u 7
L WEEF R T ov. B R A aFEAC S, 25(3), 1-41.



XJutE  dimensionality € kI m=mN_FE .

HIHE D b
* 2R3 (CE.Spearman) vs. % K3t (L.L. Thurstone) =» bifactor
* A.Anastasia (1938) [HHfid. itz & 65X 72DTlE %R, WFahr & v 5iEd
biFbNZIcmER Y, HTiE. mathematical artifactiC$Z 78\ |
abf=> R E (v baAF) s s (ARG <= 0HARRR (0% 2 o)
Thurstone (1940)D %2z 02 @ KFHIAZME  factorial invariance

(1974 D mIE [GHRI ZTAFEICRALPOMBREBEONEIDTH M, ThHBARYICT —X
ICHHEL TOchiiiz SV HT2bDTH 5, st EDOH L5 AT (artifact) ITIEBE RO 2,
ZhzeRbFR0ndeokwv, | =>KTIA%ETNE

H.J. Eysenck(1953)“Newton’s g (gravitational force) was a mathematical artifact(p.109).”

S.A. Mulaik (1986) statistical artifacts

ZD XD ikimZz % A, Shimizu, Vondracek, Schulenberg, & Hostetler (1988) Tld. statistical
methodological artifact & ZEH.

HKFIRK (2018) BRIF- 20 B9 ic 381 B misuse & artifact BAPE R Ethax #ilic 2, 492), 191 —211.
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(R ZHIRK (1983) R RPUE & AT, BIPU R A iR RC S, 142), 203-222.

The Career Decision Scale (Osipow, Camey,
Wirier, Yanico, & Koschier,1976) D X F 73 #T

Osipow,Carney & Barak (1976)
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Hartman,Utz & Farnum (1979)
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FH2WF BCERERL 2L LTH Zh2HET 513
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BIWT : TEE—BnERE]
FHAKWT : HEB L UOREEICOWT O KA

Pre-Test Post-Test
ARWE AL/ BRI AEEA AR
(indecision)
Al AN V
e N LRI EEERIRRER ALER TEENRRE
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Crites (1969) DOft&
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A7~ [AEBE % e L 7= RIS -5 (1981)
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1986 F State College, Pennsylvania

Old Main Restaurant ~ John Nesselroade & B\filt (B L7=XDH) BUNE 2 HE
| e K% 053 1 2nn jommmy 1 2-k--my
1) Factormax/Z : ig7K gk (1981). KI-7-RaitH
BIZEIE L - RRIA e, B RPtEa
ERRC L, 12(2), 113-128.
2) WK FIRK - skl SE4E (1981).28 SO 1 e
B brik. BAVE RS AERC S, 12(2)
129-145. fs
BE CHHHMOLISRELZEZ 5 X 91T Fig.? D ARENEHEETT
VE2—2DIDZEHT 5,
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Center for the Study of Child and 3) McArdle, J. J., & McDonald, R. P. (1984). Some algebraic properties
Adolescent Development of the reticular action model for moment structures. British Journal of
Department of Individual and Family Studies Mathematical and Statistical Psychology, 37(2), 234-251.

College of Human Development 4) ﬁéﬂ]ﬁ;&;ﬂ\l (ﬂ‘ T A R )
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Shimizu, K., Vondracek, F. W., Schulenberg, J. E., & Hostetler, M. (1988). The factor structure of the Career
Decision Scale: Similarities across selected studies. Journal of Vocational Behavior, 32, 213-225.

Review of Factor Analytic Studies of the CDS

TABLE

Study

Sample

Factoring
technique and
communality
estimation

Hartman &
Fugqua
1982y

Hartman £
Hartman
1982)

Hartman
et al.
(1579)

Hartman
2t al.
(1983a)

Oszipow et al,
(1976a)

Fogers &
Westhrook
(1983)

Slamey
et al.
(1981)

194 male & female
graduate siudents

208 male & femalc
high school students

55 male & female
grad. students

137 male & female
high schodl
students

837 male & female
collepe students

175 male college
students

857 male & female
college shidents

a-factor analysis
(multiple R
EqUAres a5 Com
mumnality
eslimates)

a-factor analysis
(multiple R squares
as communality
estimales)y
Not reported

a-factor analysis
{multiple H
squUares as com-
munality
estimates)

Principal factor anal-
yais (Lest—relest
coefficients as
communality
estimates)

Mot reported

Principal factoring
inot reported)

MNumber of
factors and
determination
procedure

2
{not reported)

3
(not reported)

4
{mot reported)

-
&L

(comparison
between 2
factor and 3
factor solutions)
4

inot reported)

4
(eigenvls = 1)

3
(eigenvle = 1}

Rotation

Vanmax

Warimax

Yarimax

Yarmax

Yarnmax

Varimax

Yarimax

Factor

1]
1
v

1
Il
111
v

I
I
1}
[hY
I
11
1

liems loading saliently on the factors®

4,5, 7, 8.9, 10, 1L, 15, 16, 17, 18 (3, 6. 14)

12,13, 14, 16, 17, 1B (3. 7, 8, 9, 10, 11}

4, 5,7, 8. 10, 13, 14, 15, 17 (%)
12, 13, 16, I8 (3, 8, 11, 14, 17)
39,04, 6, 8,10, 16, 17)

56,7089 144 10, 11, 13, 16, 170
oML K203, 14017, 1845, 6, T, 8, 10, 15, 16)
M, 16, I8 (7,9, 12,13, 15, 17}

4, 10, 15 (6. &, 12, 13, 1B)

357089, 10000, 13, 14, 17 (12

12,16, 183, 4, 6,8, 11, 13, 14, 1Ty

5TCRO10 010,03, 14,17 (3, W)
L1216, 18(%)

4, 15017, 18)

6 (7, 16)

4,08, 10,12, 13, 14,17, 1B AT, 9, 10, 16}
CTUR N0, 1469, 1T, 13)

B9 16 (T, 8, 1D

A9 13, 14,17

CTOB 10000, 13, 14017 (4, 9, 12)
UL B2 T3 LE, DG, 17, 1R (R, 9, 14)
L5068 1007, 9, 11 12, 14, 16, 18}

W fe R B el A

* Items with factor loadings of .4 or above are indicated first: items with loadings between .2 and 4 are in parentheses.

The CDS consists of 19 items. Items 1

and 2 indicate certainty of

career choice or low indecision, items 3
through 18 represent the 16 items
measuring career indecision, and item 19
is an open-ended item that is not scored.

C DRITFHFKBTICIERK, S. OsipowlliXfT,

Hartman and Fuqua (1982) stated, “there
1s growing evidence that both the number
and structure of (CDS) factors can change
across populations...we wonder if the
factor structure reported for the CDS
might be a statistical artifact of the
sample surveyed” (pp. 75-76).



TABLE 2 12
Comparnison of Coefficients of Congruence Using Obligue and Orthogonal Rotation in

Previous CDS Factor Analytic Studies The present paper considers the contribution of
statistical-methodological

artifact to the failure to find factorial

Osipow et al. (1976a)

Factor 111

. te«or®  Factor 1 Factor IV 4, variance in the CDS across the various
Hariman et al. Factor | 64 (80) (49) 60 (68) studies.
(1979) Factor 11 68 (82) 42 (66) (44)
Factor Il (42) 59 (73) (43) ey =
Rogers & Factor |1 41 (31) b (6B} (46)
Westbrook Factor 11 90 (94) (40) -
(1983) Factor LT @7 64 (72) 74 (78) Schulenberg, J. E., Shimizu, K., VO{ldI'aCGk, F.
Factor IV (41) (7T W., & Hostetler, M. (1988). Factorial
Hartman & Factor 1 0 (32) 43 (37) invariance of career indecision dimensions
Hartman Factor 11 (42) 75 (81) (51) . . .
(1982) Factor III 57) 63 (73) 45 (54) across junior high and high school males and
Slaney Factor | 98 (97) (44) (43) females. Journal of Vocational Behavior, 33,
et al. Factor 1] (59) 73 (80) 70 (73) 63-81
(1981) Factor IlI 45 (75) 52 (68) 59 (63) )
Hartman Factor 1 06 (97) (44)
& Fuqua Factor II (40) 75 (83) 46 (56) (42) AR\ DT T — X TO ¥ BMDP CHOMT
1982
H;ﬂnmi Factor I 64 (77) (63) 49 (62) (46) Vondracek, F. W., Hostetler, M., Schulenberg, J.
et al. Factor 11 54 (T2 59 (75) (45) E., & Shimizu, K. (1990). Dimensions of
{1983a)

Note: Coefficients based on Promax solutions are presented first; and those based on
Varimax solutions are presented in parentheses. Decimal points were omitted. Congruence
values less than .40 have been omitted.

career indecision. Journal of Counseling
Psychology, 37, 98-106.



Martin, Sabourin, Laplante, and Coallier 7 5 D Shimizu et al.(1988)~ D31 # 13
DCDSIZ %R Ti3 < 1100, 2)HHABPSERRIERIA L Tk z i
(IR R EEAKHEIC 2y, )

[ 5@ : Reanalysis of the Data of Shimizu et al. (1988)

P IMkTF LA WHEE 737% ¢ Confirmatory factor anall{sis of polychoric correlations using the
generally weighted least squares (WLS) method of LISREL 7 (Joreskog & Sorbom, 1989)

Shimizu, K., Vondracek, F. W., & Schulenberg, J. §1994): Unidimensionality versus multidimensionality
jf the career gdefl?lfn scale: A critique of Martin, Sabourin, Laplante, and Coallier. Journal of Career
ssessment, 2, 1-14.

Schulenberg, J., Vondracek, F.W., & Shimizu, K. (1994). Convergence and obfuscation: A rejoinder to
Osipow and to Laplante, Coallier, Sabourin, and Martin. Journal of Career Assessment, 2, 29-39.

BRNAT2H > HoBBELN - ZEFHEE2N > BEAEXET VT

-/ FE (ERFER) - mAE (ML) . WLS - BERE
éggﬁ@%i - KF DOFERR - AFRFRENE + HFFR 0¥
- BT (AF0#H - RF/s%—)

- AFE o [E]#s (WLS : BB RENKELUND D)
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CDSOD%H.:RHE(%@FH w7k AIRK - Bl fEK (1988). JERSAS Ll & tErg ikl - SCBL, BEBL KN, 2
DREICBES 2 it A ORI 2 T G IRSTSE, 9 28-36.

;éoﬂziﬁ; SORIBTRUES 2 PR IR < TE7K FIRK (1989). v g S & ERE AN It & DBIfR  MERSFRENISE,

I A ZPE © 37K HIRK (1989). HrigE 2t R & L 72 g AS Dt R O BRI AR IS DWW T —
COSANZfE L T — B R a2, 21(1), 143-176.

g%iﬁﬁk IEZK AR (1990). SEERSAS DT R EE DREIE — P22 DT — B RSAES AR, 221,

Rﬁ@ﬁéli K FRK - Bl fE R (1991). MERKEEIR D 22U & s A Pelt — p 2 53 124 3 4E B o
e WTaR £ D Zr i o R IEEETE, 12, 1-10.

e 202 (Fx U TRIIRRE AN

REFETIRIZDRIFE = WK ARk - fedF #7 (2007). v U 7 EEREREDFE-Z D 1 + R¥E4
AR E L7RBIR 1005 o REERIR —  BIPER A S AR, 38(3), 97-118.

Rlﬁ@ﬁé@ K FIRK - AEJF FE 7 (2008).  F ¥ U 7T REBEREDLEN L ZILZE L TALHH D
BRI - 2FEENRE L PERIRTOMBERED>» b — ¥ Y THER, 26, 19-30.
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Fol EeEs] ARl [rgsl| T8m] REotra [Mgdkl [ER) (B3] [Eeney
[F%] 3.08 0.69 L.00 0.58 0.38 0.27 0.51 0.34 0.33 0.91
[l ] 2.64 0.85 0.58 1.00 0.56 0.23 0.44 0.52 -0.17 0.87
(B 2.09D 0.70 0.38 0.56 1.00 0.14 0.36 0.19 0.04 0.87
[£% R FL] 2.07 0.81 0.27 0.23 0.14 1.00 0.09 0.47 0.04 0.88
[#sEFk] 270 0.70 0.51 0.44 0.36 0.09 1.00 0.20 0.24 0.86
[ ] 1.82 061 0.34 0.52 0.19 0.47 0.20 1.00 -0.11 0.32
[l 2.76 0.61 0.33 -0.17 0.04 0.04 0.24 -0.11 1.00 0.75
W REOEBH [F%] & Ryl G58T. Mz 6MB L LTV, BEBAORAZABKTEH 7240

rIORER/REE LTS,

I, BK - BFH(2007) D 5

XE. &K - TEFH(2008) H »
X OHEBNIKF2EED/NRH
IFEDKTIE, NELEREDH
TEZ{TH> TWLWi Ly,

.00

E5FUTL)

N

Figure 1

MEEICHET 2 HRIEFEEI L LOTER LTV S,

X UT7EERRED 2 ON#E YR LETEORBHEF ORI HER
M OLAEA (AR L2448 CHR) IGEETHAERLE L THELTY S, SHOEN (BikX) 1EEOEFLT, Az 2
HThad. 415y 7 MilIEEERE (Table 3B8) LRFRAOFIMTHL, 2Tk, WEET NV (Tabled BH) &
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Shimizu, K. (2018). Dimensionality of career indecision: Methodological perspectives. In J. A.
Ferreira, M. Reitzle & E. Santos (Eds.), Development in context: Festschrift for Fred Vondracek
(pp.219-236). Coimbra, Portugal: University of Coimbra Press.

Nesselroade’s proposal is that an item as an observed variable loads on two latent factors; one is the trait
factor, the other is the state factor. Geiser, Keller, Lochart, Eid, Cole, and Koch (2015) described such a trait-
state distinction model. In this model, multistate factors were defined at each occasion of longitudinally
repeated observations and singletrait factors were defined as a common latent factor. (p.231)

HhE R E T Y v 2 (Structural Equation Modeling)
=g (RFAZEN) + 1ok (28, 210)

dimension!ZNLE L T 5 Fitk & IRRE

= > {HK HIRK - =ff fc - o)l — 2 (2021). Filk NEDH fD %i'a ZHEE S B IXIrE
ﬁé‘/ HEEBIN DHEWT 7 — & D5k & I A b — BRR A S AR, 53(1

nd



7K AR - =08 ks - vl —— (2021). F§tk - IKEDO N 7D P 2 #EE T 5 XrET

— BB Ot 7 — & D J5 ik & W2 b — BIPURSEEA AR S, 53(1), 69— 140.

X =t + T + byySy + dyUy
Xy = T + by T + byaSy + dy Uz
Xy = Ta + b1 + byaSy + dy U
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1 EE 2 =g 3 IE] |93 REE

109
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I L7 0WHfl  Z D1 P-technique

P BOER T 4TI, KRR O P TORURE DR
Q%gtﬁﬁ)w%%ﬁ%%ﬁumUAM%:
2

TWAEWE WS IHIAZ DA EDRESE

Cattell(1963) BB %Z H & T Anderson (1963)
oltzman(1962, 1963) IZ & - TR & AL 7= (HH

- 757K, 2015, p.69),

\

=

T3S, ~

&
T\
)P
H

H)AB - KRR (2015). BHRIIN 150 ic X % 1A
WEZB) D E T MUL—LH R T — 2 ~ D[Rl
Hr D — 1TEhEHE Y, 42, 69-80.

P

Cattell, R. B. (1963). The structure of change by P
technique and incremental R-technique. In C.W.

Harris (Ed.), Problems in measuring change
(pp.167-198). Madison, WI: University of
Wisconsin Press.

Wisconsin K= THO S MeEH SN

3. EWfEIZBITS MDFA OEFIV
T AT TR ERADOBTFES /e H o
bL, BHZEHAL, BETRLTWS (A% X
[AZNZ D], TbA] i MEATs %], [
Bl (X TR %], ThS 13 TSR], TobE] (X
ThbEmEy 2 ), TeEtF) 1% [FiFx%] °ha).
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LISREL (J6reskog & van Thillo, 1972; Jéreskog & Sérbom, 1978; Jéreskog & Sérbom , 1984)
EQS (Bentler, 1985)

COSAN (McDonald, 1978, 1980)

Reticula Action Model (RAM; McArdle, 1979; McArdle & McDonald, 1984)

McArdle, J. J. (1979) The development of general multivariate software. In J. Hirschbuhl (Ed.), Proceeding of the
Association for the Development of Computer-Based Instructional system. Akron, OH: Univ. of Akron Press

McArdle, J.J., & McDonald, R. P. (1984) Some algebraic properties of the Reticula Action Model for moment
structures. British Journal of Mathematical and Statistical Psychology, 37, 234-251.

/K K (1989). BIEERY IR F-23 4, LISREL# L € RAMDBEE BEVE K224t &3, 20(2), 61-86.

Bk FIFK (1994). Joreskog & Sorbomic k2 avva—% - 7u 7o neiE e v, B KYE
Fha A E, 25(3), 1-41.

19



A LT-WEHY ZFD3 EMRR 225 i 20
3 1 DD LBI AT > LT HEH I EREONEES S A5 £ —BIE. C0L5
RNl 4G 1 S Yo CHEIT 552 (BhAVETE) BR, BT S5 (550
B BR ZLCEMA SRS DRI~ EGRLBRE (FERE) BRABD DS,

(757K, 2003,p.66)

WO DF v L

T—?i/f.%/\ﬁ‘ﬁ(Cattell 1952) € Cronbach(1967)A LY GBS 2 A+ 0T D EINFERICE
295, ohlBEND L,

Wohlwill (1973)hY, FZEBIE DK+ & L TORE D Al gel4d % EK,
Tucker(1964)H & BH#R D [E]5 7 d = 1R 2=, B/ NZFE DT R DFELHE N T DR A&

WEiEXeT Y v ricksET
Latent Growth Curve model (McArdle,1986)
Latent curve analysis (Meredith & Tisak, 1990)
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