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Joint factors in intelligence measure batteries, including the Wechsler Intelligence Scale for Chil-
dren (WISC)-Revised and Kaufman Assessment Battery for Children (K-ABC), have been analyzed in
previous research. In order to elaborate and expand the Cattell-Horn-Carroll (CHC) theory, it is impor-
tant to confirm the factor structures of intelligence using diverse racial and clinical populations. The
present study examined the factor structures of the WISC-III and K-ABC in 105 maltreated Japanese
children (41 girls and 64 boys, aged 6 to 12 years). Confirmatory factor analysis revealed the theory-
driven, seven-factor model for all 23 subtests. The seven factors and almost all paths could be inter-
preted theoretically as Gf, Ge¢, Gv, Gsm, Gs, Gq, and Grw.! Results indicated that CHC theory could be
applied to describe the structure of intelligence in maltreated Japanese children. The current findings
contribute to the literature on CHC theory, by elaborating and expanding the theory to include more di-
verse populations.
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Intelligence testing has been a focus of psychometrics since its inception. Psychometri-
cians have studied the factor structure of intelligence using a variety of techniques. Joint factor
analysis is a useful methodology that employs two or more cognitive measures simultaneously.

Joint factor analyses of the Wechsler Intelligence Scale for Children (WISC)-Revised
and the Kaufman Assessment Battery for Children (K-ABC) (Kaufman & McLean, 1986, 1987;
Keith & Novak, 1987; Kline, Guilmette, Snyder, & Castellanos, 1992; Meesters, van Gastel,
Ghys, & Merckelbach, 1998) have extracted several factors. Kaufman and McLean (1986) stud-
ied 198 children who were referred for, or diagnosed with, learning disabilities. Their analyses
indicated the emergence of a Reading Ability factor. Meesters et al. (1998) investigated correla-
tions between WISC-R and K-ABC subtests in 101 children referred for learning disabilities. A
considerable overlap between the two instruments was found; in addition, factor structures of
both the WISC-R and the K-ABC were similar to those found for standardization samples. In
general, theoretical models obtained using joint factor analyses have been replicated with clinical
samples, especially in children with learning disabilities.

In recent years, maltreated children, as well as those who have learning disabilities, have
been increasingly reported to have a specific intellectual profile (Frankel, Boestch, & Harmon,
2000; Nolin & Ethier, 2007; Ogata, 2011, 2012). Several subtest scores and certain ranges of
abilities have been identified as specific traits of maltreated children in this research. Frankel et
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al. (2000) examined subtest profiles on the Wechsler Preschool and Primary Scale of Intelli-
gence-Revised for maltreated preschoolers. They reported higher scores on Picture Completion
compared with the mean of all subtests. Ogata (2011, 2012) replicated the finding of Frankel et
al. for maltreated Japanese children using the WISC-III. Nolin and Ethier (2007) reported that
neglected children scored higher on problem-solving, abstraction, and planning abilities than a non-
neglected comparison group. Other studies have shown a relationship between maltreatment of
children and learning difficulties (Frisch & Rhoads, 1982; Sullivan & Knutson, 2000), including
an unbalanced profile of cognitive abilities. These findings indicate the need to investigate the
structure of intelligence in maltreated children.

The cross-battery assessment based on the Cattell-Horn-Caroll (CHC) theory has been
widely available around the world to evaluate the cognitive strengths and weaknesses of clini-
cally referred children, especially those with specific learning difficulties (Flanagan, Ortiz, & Al-
fonso, 2013). However, the CHC theory is based on multiple factor-analytical studies. Therefore,
it is necessary to confirm the factor structures of the CHC before applying the theory to diverse
racial and clinical populations, different from Western populations. The purpose of the current
study was to examine the intelligence structure of maltreated Japanese children, in order to ex-
pand the literature on the CHC theory, and to facilitate expanded application of the theory to
more diverse populations.

METHOD

In Japan, Child Guidance Centers are public institutions staffed by experts which have
the social responsibility of responding to reports of child abuse and neglect, similar to Child Pro-
tective Services in the USA. This study analyzed data from intelligence tests administered to mal-
treated children who were reported to, and protected by, Child Guidance Centers. Informed con-
sent was obtained from parents and/or children themselves before they were tested. Data were
obtained from 2007 to 2010 fiscal years in the Osaka prefecture, a region of Japan that has eight
Child Guidance Centers serving approximately nine million people. During the data-collection
process, some reported cases of child abuse and/or neglect were excluded from the final samples
because they were not substantiated as child maltreatment after investigation by Child Guidance
Centers.

Participants

Participants included in the final sample were 105 maltreated children aged 6 to 12 years
(41 girls and 64 boys). The mean age in months was 115.9 (SD = 24.8 months). Almost all par-
ticipants were elementary school students. The types of child maltreatment officially recorded by
the Child Guidance Center were physical abuse, sexual abuse, psychological abuse, and neglect.
All cognitive measures were obtained after the children had been placed under temporary protec-
tion from the alleged maltreatment. The psychological testing was therefore administered in child
welfare institutions; all children were tested individually.
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Measures

The batteries used to measure cognitive functioning in the present study have adequate
psychometric properties. The WISC-III Japanese version (Wechsler, 1991/1998) was standard-
ized for 1,125 Japanese children aged from 5 years and O months to 16 years and 11 months. For
subtests, test-retest reliability coefficients ranged from .89 to .54, and split-half reliability coeffi-
cients ranged from .87 to .64. In these analyses, scaled scores of all subtests were used. The K-
ABC Japanese version (Kaufman & Kaufman, 1983/1993) was standardized for 1,680 Japanese
children aged 2 years and 6 months to 12 years and 11 months. On subtests, test-retest reliability
coefficients ranged from .97 to .78, and split-half reliability coefficients ranged from .96 to .62.
In these analyses, scaled scores of all subtests were used.

RESULTS AND DISCUSSION

Descriptive statistics were first examined. Mean IQ was 90.2 (SD = 15.0) on the Mental
Processing Composite scale of the K-ABC and 83.6 (SD = 16.1) for full-scale IQ on the WISC-
III. The participants’ level of psychometric intelligence was from average to low average, reflect-
ing partial to borderline intellectual functioning.

Next, bivariate analyses were calculated. Correlation coefficients among all subtests and
observed means and standard deviations for scaled scores are shown in Table 1.

Finally, on the basis of the CHC theory, confirmatory joint factor analyses for K-ABC
and WISC-III data were performed using structural equation modeling. A seven-factor model
was set a priori. In addition, paths were drawn and/or removed repeatedly until the goodness-of-
fit indices reached an acceptable level, CFI > .90; RMSEA < .08 (Hoe, 2008). Figure 1 shows the
final path diagram of the hierarchical intelligence structure.

Figure 1 indicates that hierarchical seven-factor models were fit for all subtests on the K-
ABC and WISC-IIL. In previous research (Kaufman & McLean, 1986, 1987; Keith & Novak,
1987; Kline et al., 1992; Meesters et al., 1998), the WISC-R was used to analyze joint factor
structures. There is a difference between the WISC-R and WISC-III in terms of factor model, be-
cause the WISC-R has three factors comprising 10 subtests while the WISC-III has four factors
comprising 12 subtests. Furthermore, the present results may differ from prior findings in that the
current model adopted the CHC framework to analyze the structure of intelligence.

This analysis indicated that three of 23 subtests had two paths from broad ability factors,
including Symbol Search in WISC-III, Spatial Memory, and Hand Movement in K-ABC. All the
remaining subtests loaded to each single factor. Moreover, only two correlations were permitted
in this model. These results indicated a relatively simple structure in accordance with the CHC
framework.

Gf, Gc, Gqg, and Grw were readily interpretable by the CHC framework, whereas Gs, Gv,
and Gsm' did not have a simple interpretation. Block Design, Object Assembly, Picture Comple-
tion, Spatial Memory, Symbol Search, Hand Movement, and Gestalt Closure loaded on to Gv.
Symbol Search test was originally a measure of Gs in the WISC-III. However, the loading on the
Gv was interpretable because the subtest was a visual task. In addition, Hand Movement was
originally a measure of Gsm in the K-ABC and was interpretable because the subtest needs visual
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TABLE 1
Correlations and descriptive statistics

Subtest 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 M SD
K-ABC
1:Hand Movements 86 35
2:Gestalt Closure 21 94 3.0
3:Number Recall .62 .23 84 33
4:Triangles 47 30 42 79 3.0
5:Word Order S50 .10 .60 47 87 28
6:Matrix Analogies S1 .16 .45 52 .58 79 28
7:Spatial Memory S8 34 42 44 42 49 87 3.1
8:Arithmetic-K S7 11 53 47 53 58 45 854 163
9:Riddles 56 38 46 45 49 58 48 .65 91.1 17.1
10:Reading/Decoding 42 17 50 49 45 36 27 57 43 91.7 19.7
11:Reading/Understanding .50 .28 49 39 42 44 37 .61 .56 .67 89.7 149
WISC-III

12:Picture Completion 35 41 24 33 16 29 32 17 32 .16 .20 77 027
13:Information 44 29 51 54 41 49 40 65 .70 54 51 32 76 29
14:Coding S3 .19 36 37 33 31 45 38 36 .33 31 .28 .31 85 32
15:Similarities 45 44 41 47 31 41 38 47 .61 48 53 36 .56 27 74 34
16:Picture Arrangement 43 36 39 38 36 38 45 47 59 29 44 40 42 44 40 77 32
17:Arithmetic-W 47 23 46 S50 46 58 43 71 .62 45 53 31 .66 32 49 41 7.8 37
18:Block Design 45 45 44 66 44 53 54 42 47 37 50 51 50 38 .52 51 47 80 3.1
19:Vocabulary 36 35 37 34 30 32 37 58 59 44 55 27 54 30 58 41 .64 38 76 3.0
20:0Object Assembly 36 31 37 54 33 36 36 34 41 19 36 38 39 25 40 53 33 .63 .28 72 34
21:Comprehension 39 38 38 24 23 24 39 48 52 28 48 21 42 35 42 48 45 32 58 32 81 3.0
22:Symbol Search .60 27 42 42 35 40 68 40 37 29 34 39 35 63 40 40 39 55 38 32 30 82 34
23:Digit Span S9 10 63 48 59 52 31 59 46 58 43 23 51 40 38 36 52 40 36 29 37 45 82 2.8

Note. Arithmetic-K represents the subtest of Arithmetic in K-ABC, Arithmetic-W represents the subtest of Arithmetic in WISC-III. Arithmetic-K, Riddles, Reading/Decoding, and Read-
ing/Understanding have M = 100 and SD = 15; the remainder has M = 10 and SD = 3.
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FIGURE 1
Intelligence structure of maltreated children using K-ABC and WISC-III:

Path coefficients were all significant (p < .05) and all were standardized scores.
Comparative fit index = .913; root mean square error of approximation = .071.
Arithmetic-K represents the subtest of Arithmetic in K-ABC, Arithmetic-W represents the subtest of
Arithmetic in WISC-III.

For the meaning of Gs, Gv, Gf, Gsm, Gc, Gq, Grw, see Note 1.

processing to complete. Gestalt Closure test was originally a measure of simultaneous processing
in the K-ABC and was not incorporated into the CHC framework. However, this subtest can be
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naturally associated with visual processing. Reynolds, Keith, Fine, Fisher, and Low (2007) exam-
ined the factor structure of KABC-II and indicated that the Gestalt Closure and Hand Movement
subtests were not simple loading onto a single broad ability. In particular, their analysis indicated
the loading of the Gestalt Closure test on Gv and Gc factors; therefore the present result regard-
ing the Gv factor could be interpretable through the CHC theory. Hand Movement, Digit Span,
Word Order, Number Recall, and Spatial Memory loaded onto Gsm, and four subtests with the
exception of Spatial Memory were theoretically interpretable. Spatial Memory is a visual mem-
ory task related to short-term memory and visual processing, in particular visual scanning. Thus,
it is not difficult to interpret the path from Gv to Spatial Memory. However, it is difficult to in-
terpret the results of Gs factor.

Coding, Symbol Search, and Hand Movement loaded onto Gs. Both Coding and Symbol
Search theoretically loaded onto Gs, but K-ABC does not have a Gs factor in the original model.
Hand Movement may not theoretically relate to Gs, because time was not measured in the test
administration; thus the relations between Hand Movement and Gs factor were the most difficult
to interpret through the CHC theory. Reynolds et al. (2007) indicated that Hand Movement
loaded on Gsm and Gf, but not on Gs. There might be a common factor related to visuomotor co-
ordination in Coding, Symbol Search, and Hand Movement. It might be possible to explain the
present observation that associates the Gs factor with Hand Movement, from the perspective of
the visuomotor coordination. The finding suggests that maltreated children might use multiple
abilities to perform the Hand Movement test, similar to processing speed task. DePrince, Wein-
zierl, and Combs (2009) examined the executive functioning of maltreated children and demon-
strated a principal component comprised of working memory and processing speed, loading
above .60, suggesting the similarity between the two tasks for children with histories of abuse
and neglect. It is suggested that further studies are needed to investigate the relations between
child maltreatment and cognitive abilities using factor-analytical studies.

The present study has several limitations. The principal weakness, again attributable to
the preliminary nature of the investigation, is the small sample size. A larger sample size is re-
quired to examine whether or not maltreatment of children has strong effects on their intelligence
structure, and, if so, to what extent it influences and alters this structure. Because revised editions
of the WISC and K-ABC are now available in Japan, joint factor analyses using the WISC-IV
(since 2010) and KABC-II (since 2013) would contribute to the body of literature on intelligence
and psychometrics.

The results of this study suggest that the structure of intelligence in maltreated Japanese
children might be nearly consistent with the model derived from the CHC theory, although there
remains a partial difficulty in explaining the path from Gs to Hand Movement. It is concluded
that the findings of this study contribute to the CHC literature and elaborate and expand the ap-
plicability of the CHC model for populations consisting of maltreated Japanese children.

NOTE

1. Gf = fluid reasoning; Gc = crystalized intelligence; Gv = visual processing; Gsm = short-term memory;
Gs = processing speed; Gq = quantitative knowledge; Grw = reading and writing.
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