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Astract

This study investigates the relationships of domain-general cognitive abilities and domain-
specific verbal and mathematical abilities to students educational characteristics when two
theoretically grounded, but competing structural models are applied. In the standart model, a
single latent ability causes interindividual differences in the corresponding measures. In the
nested-factor model, interindividual differences are cuased by two independent cognitive
abilities: general cognitive ability and domain-specific ability. The two models were examined
using data from 29,386 ninth graders. The results show that findings on the relations between
domain-specific abilities and students’ socio-economic status, general school satisfaction,
educational aspirations, domain-specific interests, and subject-specific grades may differ
substantially depending on the structural model applied. Implications for educational research
and measerement as well as for students’ motivational and cognitive development are discussed.

3Ha4YMMO JIM IPUCYTCTBHE TeHepaabHoro gpaxkropa (G) B
o0pa3oBaTeJIbHOM NPOCTPAHCTBE?

Mapmun bpynunep

Pe3rome

JlanHoe  wWccleoBaHWE  pacCMaTpUBaeT  B3aWMOCBS3b  MEXKAY  OOmEeH  KOTHUTHUBHOM
CIIOCOOHOCTBIO M CIENU(UICCKUMU BEPOATBHBIMU M MAaTEMaTHUYECKUMU CIOCOOHOCTSIMH, C
OJIHOM CTOPOHBI, 1 OCHOBHBIMHM XapaKTE€PUCTUKAMH IIKOJHbHUKOB, C IPYrod, MpH CpaBHEHUU
UCTIONB3YIONINXCA  37€Ch JABYX TEOPETUYECKH OOOCHOBAHHBIX, HO KOHKYPHPYIOIIHX
CTPYKTYpHBIX Mojened. B mepBoil, cTaHIapTHOM MOJENIH, OJIHA E€AUHCTBEHHAs JaTEHTHAas
CIOCOOHOCTh  00YCIIaBNTUBAaET MEXKHHIUBUIYAIbHBIC Pa3TUIHS B COOTBETCTBYIOIIEM
u3Mepennn. B gpyroit mogmenun, nested-factor model, MexuHAMBUIYalbHBIE pa3IAYUS
00yCIIOBJICHBI ABYMsI HE3aBUCHMBIMH KOTHUTHUBHBIMH CIIOCOOHOCTSIMU: OOIIEl KOTHUTHBHOU
CITOCOOHOCTBIO U CIENM(PUIESCKON I OmpeneseHHON 00JacTH 3HAaHWK CIOCOOHOCTHIO. [[Be
MOJIETI TIPOBEPSUTUCh Ha BBIOOpPKE, cocrosimiei u3 29386 neBATUKIACCHUKOB. Pe3ynmbTaTshl
MOKa3bIBAIOT, YTO JAHHBIE O B3aUMOCBS3M MEXIY CIOCOOHOCTSIMH B OMNpEIENIEHHOM o0nactu
3HAHUN U TaKUMH XapaKTEPUCTHUKAMU IIKOJIHHUKOB, KAaK COIMO-YKOHOMHUYECKUN CTAaTyC, 00mas
YAOBJIETBOPEHHOCTh IIKOJIOM, >KENTaHUE YYHUTbCS, HHTEpEeChl B pPa3HBIX O0NACTAX 3HAHU,




YIAOBJIETBOPEHHOCTh  KJIACCOM, MOTYT CYIIECTBEHHO OTJIMYaThC B 3aBUCUMOCTH  OT
NpUMEHSEMONM MOJENH. 3HAUEHUE JAHHBIX PE3YyJIbTaTOB JUIsl MCCIEIOBAHUA U HU3MEPEHUN B
obnmactu oOpa3oBaHHS, TakXKe KaKk ¥ JUII MOTHBAIIMOHHOTO W KOTHUTHUBHOTO Pa3BUTHS
HIKOJIEHUKOB 00CYKIal0TCSI.
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a Standard model

Fig. 1. Structural conceptualizations of cognitive abilities in {a) the standard
miadel and {b) the nested-tactor model, showing the comesponding standardized
model pammeters. All model paameters are statistically significant different
from zero { p<.01, onc-sided test). To ensure clanty of presentation, mesidual
terms of the manitest vanables are omitted. M mathematical ability, ¥ verhal
ahility, G fluid ability, Misesnre: specific mathematical ability, Fessine: specific
verbal ability, g general cognitive ability.



Fig. 2. Generic models applicd i investigate the relation of cognitive abilitics in terms of the standard model (a, ¢) and the nested-factor model (b, d) to students”
cducational chamcteristics, Models a and b were used to analyze the relation of cognitive abilitics to domain-specific interests and school satisfaction. Models ¢ and d
were used to investigate the relation to students” socio-cconomic status, grades, and educational aspimtions, To ensure clarity of presentation, residual terms of the
manifest variables are omitted. M mathematical ability, ¥ verbal ability, Gf fluid ability, Meeine: specific mathematical ability, Feeine: specific verbal ahbility, g:
general cognitive ability,

Table 1
Measures of cognitive abilities: Descriptive statistics
L. 1 3 4 5 6. 7 B 9
L. Algebra (Alg) K.
1 Arthmetic {(Ar) 38 71
3. Geometry (Geo) 52 53 i
4. Stochastics (Sto) A0 39 A3 K11
3. Figural analogies {FA) 31 AR 47 32 i
6. Word analogics (WA 52 AR 44 13 55 85
7. Infarmation {nf) 52 50 44 37 AR .53 37
. Interpretation {Int) 54 .52 43 39 50 57 71 il
9 Reflection (Ref) AT A4 38 a2 43 49 59 67 53
M o 0.01 —-{03 0.24 0.03 0.04 —-0.08 —{0.06 -0.17
5D 1.41 1.36 1.41 .18 1.08 L.27 1.09 105 1.20

WLE scares for cognitive abilities were esimated with a population mean of zer and without restrictions on the population variance. Deviations of the means from
Zm can be expected dus to sampling error and the comection of WLE estimates for differential test booklet difficulty in a multi-matrix sampling design (see Adams &
Wi, 2002, for technical details ). Comelations, means, and standard deviations were computed with the Full Information Maximum Likelihood estimator. The diagonal
contains relishility estimates obtained from the correspanding item response models.



Table 2
Caorrelations  between students” educational characteristics and cognitive
ahilities under different structural conceptualizations of cognitive ahilities

Students” educational chamctenistics  Standard Mested-factor model
maodel

M ¥ Gr -wg_:drl.- F"',-,_,,_.ir._- g

Sacin-sconomic Sratus
ISEI 34 35 33 A5 e 35
Mumber of books R4 400 il 1

Interests and school-related attitudes

Interest in mathematics 22 —-05 .10 A5 -6 09
Interest in reading 20 % W9 -1 200 31
School satisfaction 17 .19 18 -2 05 19
(rrades

(Gcrman Ao 20 14 -0 A3 18
Mathematics 213 3 22 -.12 22

Educational aspirations

Intention to enter higher education 48 43 44 (11 06 46
{dummy coded, with O indicating
ro and | indicating yes)

Cognitive abilitics were represented as latent vanables in the standard model and
the nested-factor model. Domain-specific interests and school satisaction were
represenizd as first-order factors (see Fig. 2a and b). Measures of students” socio-
economic s@tus, grades, and educational aspimtions were represented as manifest
variable {see Fig. 2c and d). Corelations in normal print are statistically different
from zem {p<.01, two-sided test); correlations in italies are not smtstically
diffierent from zero (p 2 01, two-sided test). Grades were z-standardized (=10,
8D=1) within schools to account for systematic school-specific differences in
grading leniency. Positive comelations with grades indicate that higher cognitive
abilitics are associated with better grades. A mathematical ability, ¥ verbal ability,
G fluid ability, M. 5. specific mathematical ability, Vo.iz.: specific verhal
ahility, g: general cognitive ability, :



