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ﬁ%®ﬁﬁbfﬁ%#%%®7n77 v
FTCB LT, BB, 2 OREIXSEL Hﬂ%ﬁﬁk
'%ﬁm+§%/¢—HnAcme@ﬂmL;é%o[
ThH 5, i#nwﬁf®¥ﬁﬁk OGF%GTﬂ%%
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e Table | =50BEIC & HHHELROHE Lol
'j& 5 | Bai|B Tk 7| Tk om - B &
B g | 0 | a0 | 100 | Rt 109N, mA IR A
elw o g oms |10 |93 | @ERSERE SLA WRUIREINRRE 124
gl W om o | 2L | 6 | 85 | THUAKEMWE LA, UNREREE  194A
oo x| om 139 | 132 | FRAEBORYE 1000, LASERSE I7LA
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it BEBEYREORFOMN 7
Table 2 11REEO2EMOEHHEL 3 >0 BHNFEHIE
i wooom o= % & 1 3%
2 £ H 7
| ‘ LW = - | o th =2 5 F x F
T B B & ;i 15. 62 15. 92 15.25 16.72 14.94 15.22 16.12
N A 52. 96 53. 28 52. 56 58.76 49. 34 51.32 54. 99
gt & o= A 27.99 28.00 27.96 29.30 27.17 28.38 27.49
=t =} 16. 22 16.73 15.57 18.69 14. 68 15. 71 16.85
SO R 15.99 16.19 15.74 17.14 15.28 16.18 15.76
O F OE 62. 90 63.23 62. 49 66. 90 60. 41 63. 36 62.35
AR I 9. 42 9.53 9.28 9.80 9.18 9.61 9.19
B oo o 8.03 8.33 7.65 9.29 7.25 8.06 7.99
= & 17.13 17.50 16. 66 21.15 14. 63 16. 66 17.72
n B = A . 39.95 39.96 | 39.95 | 42.63 38.28 39.55 40.15
720N S 1, 17. 44 17.90 ! 16. 86 19. 22 16. 34 17.26 17.67
Table 3 =3xKEEFNMZ L BLLREDSESH
}% & BB - X 5 5 M & E B - & 5 B E T
1%5} Al B |c|2pitc|valicPme| a B c |axB|BcloxalfEP
ITEREg ! 9.04] 0.11} 0.75 0. zol. 0. 03; 0. 00‘_ 0. 01‘ 0. 01% 7. 93| 14, 74"1 100.86**| 27.47** 4.41* |0.14 1.48 | 1.61
4 b ¥ 102.39) 0.13 21.00 3. 32( 0. 36 0.00 0.22 0. 40) 76.97 1.74 | 291.65** 46.07** 4.96* | 0.03 3.08 |5.62*
HE8 E0 A 25.47 0.00{ 1.07 0.20 O. 03 0.03 0.03 0. 03} 24, 091 0.02 47.52** 8.68** 1.27 |1.35 1.20 |1.40
&l g ' 30.03 0.33 3.80, 0.32 0.08 0.00 0.19 0. 16 25.15 13.84*% 161.49°% 13.61** 3.42 | 0.18 8.08"*| 6.87°*
SEEERHIET | 15.66] 0.05| 0.82 0.04/ 0.02 0.01 0,02 0.01 14.69 3.64 ' 59.58*% 3.26 | 1.37 |0.741.51 |0.60
FT A B 0 99.43/0.13 0.97)0.25 0.84 0.23 0.01 0.21 87.79, 1.63 121.45** 3.05 |10.21°"}2.77/0.06 | 2.54
SCAKEOHMT  11.68 0.02 0.09 0.04] 0.0 0.00 0.01 0.02 11.49 1.53 | 8.49%* 4.02* | 0.65 |0.31/0.59 |1.70
EpEEeT | .06 0.11 0.98 0.00 0.05°0.00 0.04 0, 03 7.84 15.37*%133.91°* 0.15 | 6.78°%{ 0.15 5.01° | 4.39
3B % i 30.95 0.17,10.06 0.28 0.32 0.00 0.14 0.15 19. 83 9. 33*' 542.21** 15.00°* 17.36"*| 0.06 7.51**| 8.01*"
EEsRA (7 83 0.00, 4.49 0.20 0.07 0.05 0.25 0. 05i 32.72 0.00 | | 146.55°*| 6.66% | 2.41 | 1.55 8 01**| 1.74
Breme | 2. 15 0.27] 1.96 0.04 0.04 0.01 0.06 0.04 23.72 12.00°" 88.51" 1.90 | 1.82 |0.25272 |1.94

(+ ﬁ= /6'6*?-15% » B1BTHBETT)
Table 4 Z=E4THL VI SETF
'% 1 %l%zlﬁﬂ%3 HTHE4ETES @%5%6 HFE 7 RF 5 8 BT 9 BFHI0EFHB1ILEF

B A 3.235 1.303 0.973 0.766 0.672 0.592 0.487 0.458 0.377 0.332 0.301
%gﬁgm 0.204 0.118 0.089 0.070 0.061 0.054 0.044 0.042 0. 034 0.030  0.027
BIEDH S 0.204 0.412 0.501 0. 571 0.632 0.686, 0.730 0.772 0. 806  0.836 0.863
TH®4 058 —0.136 0.033 0.279 —0.086 0.607 0.008 —0.248 —0.043 —0.034  0.006
4 # #0539 0.027 —0.223 0.113 —0.365 0.081 —0.171 0.398 0.107 0.038 —0.214
MBI A 0.566 0548 0.003 —0.157 0.103 —0.059 —0. 451{ —0.135 —0.228  0.067 . 0.005
2 = 0.630 —0.292 —0.316 —0.180 —0.038 —0.069 0.071 —0.052 0.027 0.421  0.251
ST R 0.492 —0.452 0.214 0.044 0.595 0.062 —0.116 0.265 0.031 —0.021  0.007
1T & g B 0.525 0.507 0.195 —0.010 0.107 0.037 0.471 0.149 —0.193 0.084 0.060
<7 I 0.318 —0.342 0.725 —0.361 —0.325 —0.037 0.002 —0.030 0.029 —0.001 —0.008
A 0. 603; —0.286 —0.350 —0.250 0.090 —0.162 0.110 —0.266 —0.014 —0.194 0.310
e % 0520 0.089 —0.200 —0.005 —0.167 ~0.066 0.032 0.185 —0.216 —0.299  0.198
E@ A 0.615 0.463 0.046 —0.066 0.073 —0.080. 0.036, —0.057 0‘474{ —0.112  0.094
RS 0.498 0.124 0.196 0.640 —0.089 —0.413 0.004 —0.126 —0.025 0.014 .0.003
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Table 2}z, #VIRELOH 2 =TEHEBETT M L B45E ZEFERITH| Reanc & Table 7 1235 TH L, FiEFOHE
SHTOFRERE Fig. 3 1ZR7T, 3-o0EBEKRIZEThHE F¥u%, Rs, Re, Rc, Ras, Rec, Rac, Rapc OFF
HOBPEILT2THA00, ETOHHBMERZL A FinofeDEBECHYTS 193>, BEBERTH
B, TOHL A X9, SIERANRE L BRTIETE Ressc 225 3#BETHIR X FEZNIORFAME S A
B, PFEOETHLFHFE, D% DREEIZLBH5EN HT i), BEEEBTVIZEFHTLZGE LD,

FHIIREWILHE bh 5, Tofh, Husz, i 2EBTT oL LEFRHMEEAZDITTH S, BB, =
BOTLHBEOREILBWTHHEEEL A5 5 DEFIZ BT, d@tic >V TIREBEY 3, WA
7B, REEARWIShLRE ey, KRiZ, ZAbLD 3 OFAEBEITA O ARSI D 1.0 E L kD X 9T

8 S DERITHBN ERFHIZ I AR F AT 2T L T 5. Tabled 11O EHF 23, FHZEERTTHReanc
T h7~EF% Table4, 5 izm L TH L, T~ SHHE N ZEHTFT, ThEDETFE, Z20EER,

Table 6 1%, HETHIRZEBECEFSTLTELR FRNLORHEERIZIDEEBYBRE L L ZADOHE:
7ZIIOERFOFERETL TS, EHETHR L3 HrrEB26N5, FRTAMEO -FMICHLTIHE

Table § 7 SOBERFTHI VEHEHAZHETF

BOoA 0.058 1.244 0. 099 0.039 | 0.030 0.006 0. 027
FHEATAR L T 006 0 0113 0. 099 0.004 ~  0.003 0001 | 0002
- B2HoH e 0.868 |  0.981 0.990  0.004 0.997 ©  0.008 1. 000
T A W 4 0.110 0. 288 0.150 0.059 0.035 , —0.011 0.022
4 7 OB #& 0.035 0. 453 0.180 . 0.051 0.046 | —0.004 0. 062
@ % @ A 0. 004 0.205  —0.088 0.033 0.033 ' 0.035 0.032
£t o 0.104 0. 356 0.103 0.048 0.080 ~ 0.012 0. 070
¥ OE R CH K 0. 056 0.329  —0.054 0.034 = 0.037 ' —0.026 | - 0.015
s E B 0.037 0.317 . —0.050 - 0.086 0. 007 0.048 | 0.018
37§ IR 0. 038 0. 088 —0.061 —0.006 © —0.023 0.017 0.031
OO MR 0.112 0.329  —0.011 0.073 0.064 0.011 0. 058
= & 0.075 0.570  0.095 0.102 0.067  —0.005 | _ 0.068
= o owm A 0.001 | 0344 . 0.073 0.038 0.081 ~0.035 |~ 0.036
o m oA 0,101 | 0.274 ' 0.040 .  0.017 0.048  —0.015 0. 005
Table 6 FABA{TAIL D EHEMHSI A ZRF

BLRTH2RFFEIRTEARTFESWFHORTH7 BT 8 M7 H W FHORFHLUAT

B # fi 4534 1318 1.025 0787 0.703 0.603 0.501 0.483 0.346 0. 303 -0.312
TEEHT 412 0.120  0.093 0.072 0.064 0.055 0.046 0.044 0. 031 0.03  0.028
RHOHE 0412 0.532 0625 0.697 0.761 0.816 0.851 0.905 0.972 0.941 1.000

TEME& 0665 —0.144 0.017 0.323 —0.057 0.591 —0.142 —0.226 —0.063 —0.069 0.005
@k E 0729 0.016 —O0. 286 0.167 —0.344 0.040 —0.002 0.376 0.143  0.081 —0.261
MM A | 0.57, 0.569 0.169 —0.188 0.114 —0.047 —0.447, 0.113 0. 050, —0.248 —0.010
3 5i 0751 —0.297 —0.258 —0.215 —0.011 ~0.057 ~0.03 ~0.125 0.382 0.068 0.241
FEENS | 0.529 —0.429  0.311 —0.043 0.552 0120 0.08 0.3%0 —0.00L 0.038 0.008
#7 S 0.606  0.525 0.207 —0.006 0.072 0.049 0.482 ~0.143 0.143 —0.159  0.080
SEACUST 0,204 —0.314  0.748 —0.234 —0.442 —0.042 —0.020 —0.031, —0.002 0.034 —0.002
BEGOHEE | 0.705 —0.284 —0.246 —0.334  0.140 —0.148 —0.058 —0.207 —0.147 —0.025 0.340
& % | 0.786 —0.093 —0.232 —0.080 —0.188 —0.093 0.177 0.166 —0.321 0.218 0.240

RERA | 0704 0.471 0054 —0.054 0.045 0.001 —0.018 0.035 —0.161 0.489 0.095

! {

MR & 057 —0.125 0.178 0.630 0.076 —0.445 —0.077 —0.122 0.007 —0.022  0.009

_.8.___
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Table 7 11REDEEIITH) L FHEBERITS

R EIEENT TN IEEN B

] 1 al i = [ F3SS (=)

TE®4 | 0.876| 0302 0.206| 0.309| 0.286| 0.222| 0.166 | 0.268 | 0.243! 0.254  0.280
% B o 0.469 | 0.752 | 0.246 | 0.334| 0.128 | 0.202 | 0.072 am}am'um 0.238:
wmmA | 02550 0.328] 0946 0.189| 0.110| 0.423] 0.082| 0.193] 0.216 | 0.499 | 0.168
st % | 0444 0.528 0.260| 0.837 | 0.308 | 0.154| 0.148| 0.517 | 0.366 0.244 | 0.218
SRS | 0.354 | 0.229| 0.164 0.395| 0.938 | 0.114| 0.249| 0.306 | 0.193| 0.138 | 0.258
fT A EE | 0316 0.342) 0498 0.270| 0.194| 0.883 | 0.096 | 0.137 | 0.201| 0.468 | 0.194
SCARER$NE | 0.185 | 0.103| 0.107 | 0.178| 0.273 | 0.127| 0.984 | 0.118| 0.124 | 0.084| 0.159
EEWHE® | 0381 0.417 | 0.269 | 0.657 | 0.393 | 0.254| 0.152| 0.866 | 0.360  0.248 | 0.195
= % | 0440 0621 | 0.333| 0.601| 0329 0.390 | 0.17L| 0.571 | 0.641 0.235 | 0.198
me s A | 0.370 ) 0.461| 0.567 | 0.385] 0.219 0.576% 0.100 | 0.370 | 0.450 I 0.865 | 0.217
B4 | 0380 0.378| 0223 0.335| 0.328 | 0.284| 0.183 | 0.300 0.371 | 0.320 0.907-
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Ui REHUEREOR T 54T 11

EREUE SN THHED L O, TR, #RERO
iz, 21 2OFBERFBEEENDIT—FHRLNIE
BIZEO 2 OoF Ok HA ALY TEHFSITEITY, HhH
S 3O HEFEOREE & {T75* (core matrix) iz
Lo TGRTLOTHHA, ZOHFELEEOREL-S
AR TFASIrEoEL S BIZRF S h 2 R EHk
HHIFEEVWZL XS,

X ik

iy 1964 EEMErEMME LE¥HHSE, 7081

REH— 1956 SEBBOLDOMIHSF 3, 4
SR 85—148 BAEKES

L. J. Cronbach 1951 Coefficent alpha and internal
structure of tests. psychometrika. Vol 16 No 3
297—-334

L. J. Cronbach & G.L. Gleser 1965 Generalizability
of scores influenced by multiple sources of va-
riance, psychometrika Vol 3 Nod, 395—420

L. J. Cronbach & G. L. Gleser & H. Nanda 1967
The dependability of bahavioral measurement ;
Multibaut studies of generalizability, Technical
Report Contact No 6—10—268

MAKE 1968 BETHAF L TROFME OME
2o T FIOMBAHBTLEFESKRSRE

F. M. Lord 1964 Nominally and rigorously parallel
test norms, Psychometrika Vol 29, 335—345

BideEH 1967 BHUZHIC T 22K HROKRET I
P 15, 145—160

Bidmik 1968 SHMAFTMFEORT LT ~OBEAC
2w FIVABFEEFTLBES RS E

(fF3e) CoMAOHBL koA LTREMEOERIZ D

WTEER LT Ao - Stanford k%2 L. J. Cronbach

HE, YEHE-BRBREEBUREOREHOFMALHTL T

RO FBERETAREZRENRECEL Sl L

kB, (19687 8 A12H ERHZH)

ABSTRACT

FACTOR ANALYSIS OF VOCATIONAL APTITUDE TEST
Application of Variance Analysis Technique to Factor Analysis

Haruo Yanai
University of Tokyo

Recently, we have been able to do the factor
analysis of the correlation matrix with great many
variables quite easily with the aid of the electronic
computer. However, the uniqueness of the meanings
of factors extracted by the different reseachers usi-
ng the same variables, which has been for long
argued, still remains unsolved. This problem is att-
ributable to the fact that the informations of the
subjects such as sex or developmental stage are
neglected. In view of this point, this study aims to
apply the L. J. Cronbach’s generalizability theory
to the multivariate variaﬁles, so that the correlation
matrix can be divided into the sum of serveral co-
mponent matrices, which is considered to depend
largely on the variance analysis technique.

Through this technique, the correlation matrix

R is diveded as the fullowing formula shows.

* MR (1968) DIRIZL AL DTH A,

{1}, R=Ra+Rae (in case of one classification
category)
(2} R=Ra+Re+Rag+Rage (in case of two
classification categories)
(3l R=Ra+Re+Re+Rap+Rec+Rca+Rasc
+Rapce (in case of three categories)
(A, B, C denotes the classification categories
such as sex. AB, BC, CA denotes the interaction
effect. Rae, Rape, Rapce denotes the residual ma-
trix closely related to the individual differences.)
In ordinary analysis, the correlation matrix R is
directly analyzed, but in this analysis Ra, Rg, -
Rasce are separately analyzed by the principal axis
method.
Factors extracted from Ra, Rs, ----:-, Rapc are
closely related to the meaning of the classification
category and the factors extracted from the residual

matrix Rapce are free of the meaning of the cla-
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ssification category. This technique was applied to
the data of the General Vocational Aptitude Test
(GATB) consisting of I scales, subjects of which
are 950 Japanese students who are classified with

respect to sex, developmental (high school and mi-

ddle school) and regional (rural and urban) diffe-

rences.
Comparing the factors extracted from nine com-
ponent matrices shown in formula (3] with the fac-

tors extracied from the correlation matrix R, the

BITE F1E

principal factor loadings of the residual matrix
RaBce decreased and no small factor loadings of
the developmental difference matrix were found.
This fact means that the factors related to the de-
velopmental difference are excluded from the prin-
cipal factor loadings of the correlation matrix R.
Applying this techniqu widely, it is expected
that the unique factor solutions independent of the
difference of the subjects and the experimental con-

ditions will be acquired in the near future.

F16% £ 2 85 E 8B £
N R OROX
H b A 7l = i
82 Tale 2 BA%

VARIABLES 1. 000

dr —0. 490%* 1.000
D —0. 316% —0.390%*
C —0.232 —0.316%
1 —0. 309% —0.232
N —0.214 —0.309*%
0 —5. 354%* —0.214
Co —0.127 —5. 354
Ag 0.194 —0.127
G 0.055 0.194
R 0.230 0.055
T 0.277*% 0.230
A 0. 280% 0. 277%
S —0.324%° 0. 280%
A —0.182% —0.324%
B —0.176 —0.182%
C —0.120 —0.176
D —0.133 —0.120
E —0.352% - - —0.133
F —0.19% —0.352%
G —0.243 —0.196
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