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The objective of this study is to explore the potential for developing IRT-based working
memory scales for assessing specific working memory components in children (8—13
years). These working memory scales should measure cognitive abilities reliably in the
upper range of ability distribution as well as in the normal range, and provide a much-
needed, reliable, and valid test for assessing high intellectual abilities in children. Six
computer-assisted working memory tasks were administered to 172 children from regular
schools and to 202 children from special schools and other institutions for the gifted. A
factor analysis revealed a two-factor structure and the existence of a verbal-numerical
and a visuo—spatial working memory scale. Classical item analysis and IRT analysis
yielded good psychometric properties for both scales and revealed that the scales are
appropriate for measuring high cognitive abilities. Both scales showed substantial and
differential power for the explanation of variance in school achievement.

M.Bok, X.Xomnunr. U3mepenue BU3yanbHO-IIPOCTPAHCTBEHHON U BepOaIbHO-YHCIOBON
paboueii mamsTH: pazpaboTka mkan Ha ocHoBe IRT.

Lens 1aHHOTO MCCIEAOBAHUS — H3YYUTh MMOTCHIIMA PA3BUTHS IIKAJ pabouei mamsTH,
ocHoBaHHBIX Ha IRT, s oneHkH crienMpUIECKUX KOMITOHEHTOB paboyveil maMsITH y
neteit (8-13 ner). Ot mkanel paboueii maMsATH JOJDKHBI HAJIEKHO U3MEPSITh
KOTHUTHBHBIE CTIOCOOHOCTH B BEpXHEH YacCTH pacrpeielieH!s] CHIOCOOHOCTEH, paBHO Kak
Y B CpeIHEN YacTH, U JaBaTh HEOOXOAMMBIN, HaJICKHBIM M BAJIMIHBIN TECT AJIs1 OI[CHKU
BBICOKMX MHTEIJIEKTYaJIbHBIX CLIOCOOHOCTEH y aereld. IllecTh KOMIBIOTEPHBIX 3a7a4 Ha
pabouyro MaMATh TPOBOAMINCH Ha 172 AeTax U3 oObIUHBIX KON U Ha 202 neTsax u3
CHEIMAbHBIX IIKOJ M OPTaHu3alui 11 01apeHHbIX. DAaKTOPHBIN aHATN3 BBISBUI
IBYX(AKTOPHYIO CTPYKTYPY U HATMYHE BepOATLHO-YUCIIOBOM U BU3YaTbHO-
MMPOCTPAHCTBEHHOM KAl paboueit mamsaTu. Kiaccuuecknii aHamn3 MyHKTOB M aHAJIN3,
ocHoBauHbI Ha IRT, mokaszanu xoporire MCUXOMETPUYECKHE CBOMCTBA sl 00EHX KAl
Y TIOJITBEPIUIIH, YTO IIKAJIBI IPUTOTHBI JUISI U3MEPEHUST BBICOKMX KOTHUTUBHBIX
cniocoOHocTei. O0e MmKabl MOKa3alu COAEpKaTENbHYIO U AudepeHnnanbay o

MOIITHOCTh B OOBSICHEHUN TUCTIEPCUU IIIKOJIBHBIX JTOCTHKEHUH.



6. Ilpunoxenus:

Table 1

Means, standard deviations, distribution properties and reliability of the scale scores

Type of task M SD Range Skewness Kurtosis K—S-test o
(theoretical maximum) Z(p)

Reading span 3.80 2.56 0-10(11) 24 -.79 A1 (.00) .79

Verbal span 4.02 2.65 0-10 (10) 17 —-.87 10 (.00) 78

Computation span 4.54 232 0-10 (10) -.13 —.58 A1 (.00 73

Backward digit span 391 2.81 0-12(12) .69 -.25 A5 (.00) .81

Memory updating {igural 5.50 297 0-14 (14) .04 ~.74 09 (.00 74

Spatial WM 4.86 2.79 0-12 (13) .29 —.56 A2 (.00) 6

Note. K—S-test: Kolmogorov-Smimov-test on normal distribution with correction of significance by Lilliefors.

Table 2

Factor loadings of the 70 working memory items on two factors (principal component analysis, rotation: oblimin)

WM item Factor 1: verbal-numerical Factor 2: visuo—spatial WM item Factor 1: verbal-numerical Factor 2; visuo—spatial
RS 1 .43 10 BDS 5 .48 10
RS2 .46 —-.03 BDS 6 52 .09
RS3 .59 06 BDS 7 .50 12
RS 4 .49 —.08 BDS 8 .49 12
RS S .43 06 BDS 9 .38 20
RS 6 .65 —.04 BDS 10 35 07
RS 7 .43 11 BDS 11 .41 .09
RS 8 47 .07 BDS 12 .26 .08
RS9 .28 .00 MUF 1 ~.05 43
RS 10 37 .02 MUF 2 18 37
RS 11 .33 .05 MUF 3 15 .20
VS 1 A5 .00 MUF 4 12 32
VS 2 .50 ~.01 MUF 5 ~.06 40
VS 3 58 -.02 MUF 6 07 16
VS 4 Sl .00 MUEF 7 11 .22
VS 5 .36 .05 MUF 8 .09 34
VS 6 .50 06 MUF 9 06 25
VS 7 53 .03 MUF 10 .06 36
VS 8 51 .09 MUF 11 15 34
VS 9 Al .01 MUF 12 {08 32
VS 10 42 -.12 MUF 13 16 22
Cs1 42 —.05 MUF 14 10 .23
Cs2 34 —.09 SWM 1 .04 31
CS3 33 .09 SWM 2 ~.10 53
CS 4 35 .02 SWM 3 .05 .48
CS5 44 .00 SWM 4 -.1 53
CS6 36 .04 SWM 5 {08 39
Cs7 51 .01 SWM 6 06 47
CS 8 .54 —-.03 SWM 7 ~.05 47
CS9 21 06 SWM 8 ~.06 .55
CS 10 .49 .00 SWM 9 .02 31
BDS 1 21 22 SWM 10 ~.06 47
BDS 2 34 10 SWM 11 -.01 41
BDS 3 .50 —.02 SWM 12 .05 30
BDS 4 53 .02 SWM 13 -.03 .26

Note. RS=Reading Span, VS$=VWVerbal Span, CS=Computation Span, BDS=Backward Digit Span, MUF=Memory Updating Figural,
SWM=_5patial Working Memory. Loadings = .20 are printed in bold.
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Fig. 1. Test information curve for the verbal-numerical scale, modeled by
line = text information; dotted line = standard error.
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Fig. 2. Test information curve for the visuo—spatial scale, modeled by the 1PL (left figure) and the 2PL (right figure) model. Note. Regular line = text
information; dotted line = standard error.

Table 3

Likelihood ratio test by Martin-Lif for both scales with the split criteria “Type of task”, “Number of item™ and “Difficulty of item”

Split criterion Group 1 ky Group 2 ks 7 df P
Verbal-mumerical scale

Type of task: content Verbal tasks 21 MNumerical tasks 22 384.84 461 1.00
Type of task: structure RS/CS 21 VS/BDS 22 339.80 461 1.00
Number of item Even 21 Odd 22 199.27 461 1.00
Difficulty of item TypL = .05 22 T pL = .65 21 252.33 461 1.00
Visuo—spatial scale

Type of task MUF 14 SWM 13 274.11 181 .00
Type of task (reduced scale) MUF 12 SWM 10 196.00 119 .00
Number of item Even 13 Odd 14 146.94 181 97
Difficulty of item TpL= .72 15 TpL =72 12 116.82 179 1.00

Note. “Type ol task: structure™ the structurally equivalent tasks RS and CS are compared with the other two verbal-numerical tasks BDS and VS.
“Difficulty of item”: separates the scale into items with a difficulty parameter in the 1-PL model above and below the scale mean.

Table 4

Likelihood ratio test by Andersen for both scales with the split criteria “Score”, “Sex”, “Age” and “1Q”

Split criterion N Group 1 n Group 2 na ia df P
Verbal-numerical scale

Score (median) 371 High 177 Low 194 124.67 42 .00
Sex 370 Female 168 Male 202 42.58 42 A5
Age (median) 371 < 11.4 years 185 = 11.4 years 186 51.56 42 15
1Q (CFT-20) 371 =120 169 =120 202 84.25 42 .00
Visuo—spatial scale

Score (median) 372 High 180 Low 192 22.89 26 64
Sex 371 Female 168 Male 203 33.82 26 .14
Age (median) 372 < 11.4 years 184 = 11.4 years 188 26.16 26 A5
1Q (CFT-20) 372 =120 170 =120 202 29.08 26 31




Table 5

Concurrent validity of working memory scales for different ability
levels: partial correlations of working memory scale scores with
intelligence tests (raw test scores, age controlled)

Working memory  CFT-20 WVocabulary Number series
scales (fluid ntelligence) test completion test

All subjects (N=374)

Verbal-numerical .56% 59% 57*
score

Visuo—spatial 61% 44* 57
score

High ability subjects (10= 120, N=170)

Verbal-numerical .35% A1# A4%
score

Visuo—spatial 27* 22% 41
score

Low ability subjects (10 =120, N=204)

Verbal-numerical .33% 53* 43
score

Visuo—spatial 56* 36* A8
score

Note. *p<.01.



Table 6
Concurrent validity and incremental validity of the working memory scales for different school types and ability groups; R* and R* increments from
the regression analyses of school grades on test scales

Working memory scales/intelligence tests German Math Science Grade point
average
I's AR? s AR? Vs AR R AR

Elementary school (n=114)

Verbal-numerical WM (WMvn) 31 .20 21 36

Visuo—spatial WM (WNMs) .02 24 12 16

Fluid intelligence (gf) .09 25 .16 24
gf+WMvn (ARE: compared to gf only) 31 22 28 .03 .23 .07 .39 15
of+Whs (ARE: compared to gl only) {08 .00 30 .05 17 .01 25 .01
gf+ WMvn+WMs (AR* compared to gf only) 31 22 32 07 .23 .07 .39 15

Verbal intelligence (vInt) 32 18 .20 35
vInt+WMvn (AR%: compared to vint only) .40 .08 .24 .06 25 .05 46 11
vInt+WMs (AR*: compared to vInt only) 32 .00 33 15 25 .05 41 .06

Numerical intelligence (nlnt) .06 .26 14 22
nint+WMvn (AR?: compared to nint only) 31 25 32 .06 23 .09 40 A8
nint+WMs (AR*: compared to nint only) .05 .00 36 10 A7 .03 25 .03

WMvn+WMs 31 30 23 38

AR compared to WMvn only .00 10 .02 .02

AR compared to WMs only .29 .06 11 22

Intelligences scales (gf+vInt+nlnt) 32 32 .24 A0

WMvn+WMs+all three intelligence scales 41 .09 36 .04 26 .02 A6 .06
(AR compared to intelligence scales only)

Secondary school (n=260)

WMvn .19 22 15 28

WMs .07 A5 10 A3

ef .09 22 16 .19
gf+WMvn (AR*: compared to gf only) .20 11 28 .06 .20 .04 31 12
of+WMs (AR compared to gf only) 10 .01 24 .02 17 .01 21 .02
gf+ WMvn+WMs (AR* compared to gf only) .20 11 .29 07 .29 13 31 12

Verbal intelligence (vint) 23 23 33 .36
vInt+WMvn (AR%: compared to vint only) 28 .05 .29 .06 34 .01 42 .06
vInt+WMs (AR*: compared to vInt only) 24 .01 27 .04 34 .01 37 .01

Numerical intelligence (vInt) 15 .29 22 28
nint+WMvn (AR?: compared to nint only) 22 07 33 .04 .24 .02 36 .08
nint+WMs (AR*: compared to nint only) 15 .00 30 01 .22 .00 29 .01

WMvn+WMs .19 25 A7 29
AR*: compared to WMvn only .00 .03 .02 .01
AR compared to WMs only 12 10 .07 16

Intelligences scales (gf+vInt+nlnt) 24 33 35 39

WMvn+WMs+all three intelligence scales 27 .03 35 .02 35 .00 42 .03

(AR compared to intelligence scales only)

Note. Science in elementary school: grade in the subject “Sachkunde” only. Science in secondary school: average of the grades in chemistry, physics
and biology.



Table 7

Concurrent validity of the working memory scales for high and low
ability students in elementary and secondary school (in comparison to
the validity of intelligence tests); bivariate correlations between test
scales and school grades

Working memory scales/  German Math Science Grade point
intelligence tests average

Elementary school, high ability group (10 = 12{); n=49)

Verbal-numerical WM - 57 00 -25 —.41%#*
Visuo—spatial WM 14 - 22 -.17 —.10
CFT-20 (fluid intelligence) —.10 13 02 01
Verbal intelligence —-A41% 02 -5 —-.28
Numerical intelligence —.10 —.11 -.07 -.12

Elementary school, low ability group (10 120 n=1065)

Verbal -numerical WM — 52FF  — 45%F — 42¥¥  — §U*
Visuo—spatial WM —=.20 — 48%*F —27% — 3R%*
CFT-20 (MNuid intelligence) —.24 —46%FF - 37FF — 43FF
WVerbal intelligence — 60FF  — 45%F — ARFF  — (3FF
Numerical intelligence —.24 — 5T7FF - 43%F  — 49%*

Secondary school, high ability group (10=12(); n=121)

Verbal-numerical WM — 33%%  — 3RFF — Q5FF — 4]F#
Visuo—spatial WM —-.12 —33%* .07 —-.19%
CFT-20 (fluid intelligence) —.09 -37%* -2 —.19*
Verbal intelligence — 35%F  —3a%F —37FF - 40%%
Numerical intelligence = 30%% = 50%F —36%F — 46%F

Secondary school, low ability group (10 = 120; n=139)

Verbal-numerical WM —A4FF — 30%F — 3FF — 47FF
Visuo—spatial WM —22% = 24FF - 30%F - 29%F
CFT-20 (fluid intelligence) —.23%% — 34%% — 37%% — 37%%
Verbal intelligence —.52%%  — S0F*F — p0**F — p3F=
Numerical intelligence — 32%F — 42FF — 3RFF — 4]F=

MNote. German grade point system: grades are between | and 6, 1 being
the best and 6 the worst grade. Thus, negative correlations indicate a
positive relationship between score and academic achievement.
Science in elementary school: grade in the subject “Sachkunde”
only. Science in secondary school: average of the grades in chemistry,
physics and biology.

*p< 05. **p= 0l

7. Jlenucona FOmus AnexcanapoHa, B “AMEIREY



