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Abstract

Background: The aim of this study was to investigate the construct validity of the diagnostic test, the Comprehensive

Developmental Inventory for Infants and Toddlers (CDIIT).

Methods: A total of 1085 children in four age groups (infant, 1-year-old, 2-year-old, preschool age) were enrolled. The
Developmental Quotient of each subdomain of the five CDIIT subtests (Cognition, Language, Motor, Social, and
Self-help) was used as the basic unit for factor analysis with the iterative principle factor method and promax rotation.
Results: The two-factor solution in two younger age groups and 2- or 3-factor solutions in the 2-year-old and preschool
groups provided superior factor structure in terms of interpretability and compatibility with existing child development

theories.

Conclusion: Although five constructs were proposed in the original manual of CDIIT, two to three constructs were

revealed in this empirical study.
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A child development test is defined as a test of the status of a
newborn, an infant, or a young child in regard to their develop-
mental progress." A well-designed child developmental test can
help to identify those children who are at risk of developmental
problems,? to predict children’s later development,® to determine
a child’s current ability level, and to determine how children
progress over time.* A proper child developmental test is usually
required to cover a broad spectrum of behavior, including cogni-
tive, linguistic, motor, social, and self-help domains.® The diag-
nostic test of the Comprehensive Developmental Inventory for
Infants and Toddlers (CDIIT),® one of the developmental tests
covering five developmental subtests used for children aged 3—-72
months, is commonly used in Taiwan.” The norm of CDIIT was
established with a standardization sample of 3703 children, aged
3-72 months, randomly selected according to age, sex, urbaniza-
tion, and geographic regions in Taiwan.® Besides the Taiwanese
norm, the CDIIT is appropriate for assessing children in Taiwan
for its covering of several items specific to Chinese culture (e.g.
use of chopsticks, and pronunciation in Mandarin). The CDIIT
has shown acceptable test-retest reliabilities (intraclass correla-
tion coefficient [/CC] = 0.76-1.00, P < 0.01), inter-rater reliabil-
ity (ICC = 0.76-1.00, P < 0.01),* and internal consistency
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(Cronbach’s o = 0.75-0.99).° The validity for decisions has also
been established.*'" In the aspect of validity of measurement
scores, content validity of five subtests (Cognition, Motor, Lan-
guage, Self-help, and Social subtests),® concurrent validity with
the Bayley Scale of Infant Development — second edition,”'* and
predictive validity for special education status'’ were reported.
However, the construct validity of CDIIT is still not well known.
The investigation of the construct validity of the CDIIT will help
test examiners to understand and explain the meanings of the test
scores. To provide substantial evidence for the CDIIT’s construct
validity, we need to explore the underlying constructs by means
of suggested validation processes,"” such as exploratory factor
analysis (EFA). The aim of construct validity is to “determine
whether test scores provide a good measure of a specific con-
struct” and to “establish how a construct relates to a number of
behaviors”. EFA is particularly relevant to construct-validation
procedures."?

Previous studies have shown three findings when EFA were
applied to investigate the construct validity of child developmen-
tal tests. First, one to four factors, fewer than the originally
proposed number of domains (five to 13), were extracted using
EFA.'"" Second, the oblique rotation method was preferred
under the assumption of simultaneous or parallel development in
all domains of child development.*** The assumption usually
leads to the supposition of correlations among factors. Third, the
factors change across different age levels. For example, the factor
structure of the Infant Psychological Development Scale was
found to differ in three age groups.'® Based on previous empirical
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Table 1 Demographic data for children in four age groups
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Variables Infant group 1-year-old group 2-year-old group Preschool group
n =364 n=169 n=412 n =140
Mean + SD Mean + SD Mean = SD Mean + SD
Age (months)’ 72+ 1.6 174 +£3.7 275+23 57.8+3.5
Birth bodyweight (g) 2418.0 £ 836.2 2661.2 £ 789.9 2809.1 £ 778.7 2587.6 £ 800.0
Male gender, n (%) 202 (56%) 93 (55%) 228 (55%) 81 (58%)
SES, n (%)
1 17 (5%) 3 2%) 41 (10%) 2 (1%)
11 108 (30%) 41 (24%) 143 (34%) 33 (24%)
11 187 (51%) 91 (53%) 175 (42%) 76 (54%)
v 38 (10%) 26(15%) 50 (12%) 26 (19%)
\" 4 (1%) 3 3%) 2 (1%) 3 (2%)
Missing 10 (3%) 5(3%) 1 (1%) 0 (0%)
Mother’s educational level, n (%)
<12 years 8 2%) 4 (2%) 13 2%) 3 2%)
1215 years 171 (47%) 93 (55%) 197 (48%) 81 (58%)
216 years 181 (50%) 47 (28%) 201 (49%) 56 (40%)
Missing 4 (1%) 25 (15%) 1 (1%) 0 (0%)

"Corrected age was calculated when the chronological age was less than 2 years. SES, social economic status according to father’s occupation

and educational level.**

evidence, we hypothesized that: (i) the number of constructs of
the CDIT according to EFA would be fewer than the originally
proposed number of domains; (ii) the derived factors were cor-
related with each other; and (iii) the factor structures would
probably change with age.

Methods
Data source

The convenient sample was selected from the data set of concur-
rent validity studies of CDIIT”'? and the Taiwan Birth Panel
Study.”? Considering that the CDIIT norm sample came from
children without obvious disabilities, we decided to remove all
the children (61 cases) with health-related problems or develop-
mental disabilities, such as Down syndrome, cerebral palsy, or
spinal bifida, etc. Finally, a total of 1085 non-disabled full-term
or preterm children were enrolled in this study. Due to the diverse
test item arrangement and possible different factor structure at
various age levels, the participants were grouped into four age
groups according to the age norm of the CDIIT, namely the infant
group (6-11 months, n = 364), the 1-year-old group (12-23
months, n = 169), the 2-year-old group (24-35 months, n = 412),
and the preschool group (4871 months, n = 140). The demo-
graphic data of the four groups are listed in Table 1.

Measures

The CDIIT consists of five subtests assessing performance in the
domains of cognitive (81 items), motor (97 items), language (62
items), self-help (47 items), and social development (56 items).®
Each subtest is further divided into subdomains listed in Table 2.
In total, 19 subdomains are encompassed in the CDIIT. The tester
administered all of the items in the Cognitive subtest and the
Motor subtest, and some items of the Language subtest. Some
items of the Language subtest and all items in the subdomains of
Social and Self-Help subtests were reported by the child’s main

caregiver. Each test item is scored O or 1, where 1 indicates either
success during the test or from the observation of the caregiver.
The CDIIT provides developmental quotients (DQ) for the afore-
mentioned five subtests, 19 subdomains, and the whole test with
a mean of 100 and a standard deviation of 15. DQ of the CDIIT
were calculated from the norm with a 1-month interval for chil-
dren younger than 24 months. After 24 months, DQ were
obtained according to the norm of 3-monthly increments.® For
preterm children (gestational age < 37 weeks) the corrected age
(chronological ages were subtracted by the period from gesta-
tional age to 40 weeks of gestation) was used for calculating the
DQ when their chronological ages were younger than 2 years.

Data analysis

Means and standard deviations of DQ for all subdomains of the
CDIIT subtests are listed in Table 2. The following subdomains
were removed prior to conducting EFA because over 90% of the
children got the same scores in the same subdomains: C1, C2, C5
and H2 for the Infant group; C1 and G1 for the 1-year-old group;
C1, C4 and G1 for the 2-year-old group; and C1, G1 and F1 for
the Preschool group. For example, 90% of the Infant group, 95%
of the 1-year-old group, 99% of the 2-year-old group, and 100%
of the Preschool group passed all the items in C1 (Attention). In
consequence, the C1 subdomain was not appropriate for assess-
ing children older than 6 months due to the lack of discrimination
and small variance in this particular group. It has been recom-
mended that any specific subdomain with small variance should
be excluded from EFA due to its lack of significant correlation
with other subdomains.”

Finally, correlation matrices derived from DQ of 15 subdo-
mains in the Infant group, 17 subdomains in the 1-year-old group,
16 subdomains in the 2-year-old group, and 16 subdomains in the
Preschool group, were used to conduct EFA separately (correla-
tion matrices for the four age groups are available upon request).
DQ rather than total raw scores for the subdomains were used in
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Table 2 Descriptive analysis of developmental quotients of subdomains of the Comprehensive Developmental Inventory for Infants and Toddlers

Subtests Subdomains Infant (n = 364) 1-year (n = 169) 2-year (n =412) Preschool (n = 140)
Mean SD Mean SD Mean SD Mean SD
Cognition Attention (C1) 101.7 6.9 99.5 5.0 99.8 32 100.0 -
Perception (C2) 100.4 6.3 93.3 14.9 89.7 12.6 101.9 15.7
Memory (C3) 96.3 11.1 90.5 12.2 90.5 17.4 102.9 14.4
Reasoning (C4) 96.8 11.5 97.4 13.4 97.1 9.8 101.6 15.0
Concept (C5) 102.0 4.0 117.5 239 90.0 14.0 104.6 15.6
Language Comprehensive (L1) 105.6 14.6 95.0 14.1 89.5 13.6 106.2 16.2
Expressive (L2) 104.8 12.4 98.8 16.8 92.4 20.9 107.3 14.1
Motor Antigravity control (G1) 98.5 14.0 98.2 8.6 99.6 4.5 99.7 39
Locomotion (G2) 99.0 11.9 97.6 16.3 86.7 10.4 98.1 13.7
Body movement coordination (G3) 99.5 133 82.7 15.2 84.8 16.0 96.8 17.1
Basic hand use (F1) 95.8 16.0 99.5 19.4 91.7 12.7 98.6 8.4
Visual-motor coordination (F2) 97.0 9.9 93.4 15.8 91.7 14.8 93.0 16.3
Social Inter-personal (S1) 106.2 20.7 95.5 17.9 103.0 18.9 107.7 11.9
Affection (S2) 97.7 12.6 87.9 15.3 95.6 16.4 100.8 17.1
Self-responsibility (S3) 104.7 14.5 104.0 17.2 105.9 14.5 99.7 13.7
Adaptation (S4) 124.8 24.9 103.1 18.6 110.8 24.3 103.6 15.8
Self-help Feeding (H1) 96.3 14.0 91.0 17.9 91.7 16.8 96.3 17.1
Dressing (H2) 97.6 114 93.9 15.1 97.4 16.0 103.0 15.3
Hygiene (H3) 102.7 17.2 95.8 15.2 101.0 17.9 100.1 12.6

the EFA because the age effect would confound the correlations
among total raw scores of the subdomains.

We used spss Version 13.0 (spss, Chicago, 2004) and sAs
Version 9.1.2 (sas Institute, Cary, NC, USA, 2004) for statistical
analysis. EFA was conducted by using the iterative principle
factor method (IPF) followed by the oblique promax rotation.
Factorability of items was examined using the Bartlett test (o was
set at 0.05, two-tailed) and the Kaiser—-Meyer—Olin (KMO)
measure of sampling adequacy. A value for KMO greater than 0.6
is tolerable for EFA.?® The number of factors was decided by
multiple methods including eigenvalue > 1, scree test,”* and
parallel analysis.”” Parallel analysis was implemented by using
both the mean and 95th percentile eigenvalues from 1000 random
data sets as the base of comparison. The factor loadings = 0.3
were considered salient loadings.® The correlations > 0.30
among factors were also considered acceptable.”® Root mean
square residual (RMSR) fit index was also reported to evaluate
the appropriateness of the factors. RMSR < 0.1 was suggested as
an indicator of good factor solution.?

Results
Infant group (6—11 months)

The 15 subdomains for the infant group yielded a tolerable KMO
of 0.768 with a significant Bartlett test (P < 0.001). The first five
eigenvalues of CDIIT variables were 3.313, 1.953, 1.178, 1.072,
and 0.949, suggesting four factors by eigenvalue > 1 and two
factors by scree test and the parallel analysis. The factor loadings
and final communality estimates for two- to four-factor solutions
are reported in Table 3. RMSR was 0.050, 0.039, and 0.029 for
two-factor, three-factor, and four-factor solutions, respectively.
The two-factor solution yielded the factor pattern with six sub-
domains (C3, C4, G1, G2, G3, and F1) loaded on factor I and
seven subdomains (S1, S2, S4, H1, H3, L1, and L2) loaded on
Factor II. F2 and S3 had small loadings on both factors. The
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three-factor and four-factor solutions were not easily explained
for this age, and the factor names were hard to determine. There-
fore, the two-factor solution was preferred. Factors I and II were
named the “Perceptual-motor” factor and the “Social-adaptive”
factor, respectively, according to ordinarily used terms in the field
of child development.”>*'*> The correlation between the two
factors was acceptable (Table 3).

1-year-old group (12-23 months)

The same analysis procedures were used for the 1-year-old
group. The KMO was 0.864 with a significant Bartlett test (P <
0.001). Both the scree test and eigenvalue > 1 yielded three
factors, while parallel analysis suggested two factors. The factor
loadings and final communality estimates for two- and three-
factor solutions are reported in Table 4. RMSR was 0.055 for the
two-factor solution and 0.040 for the three-factor solution. For
the three-factor solution, it was difficult to label Factor III
because only G3 (loading positively) and C5 (loading negatively)
had relatively larger loadings on it. Thus, the two-factor solution
appeared superior to the three-factor solution considering the
interpretability of the results. For the two-factor solution, there
were eight subdomains (C2, C3, C4, G2, G3, F1, F2, and L1)
loaded relatively large on Factor I and nine subdomains (S1, S2,
S3, 5S4, H1, H2, H3, C5, and L2) loaded relatively large on Factor
II. The two factors were again named the “Perceptual-motor” and
the “Social-adaptive” factors for Factors I and II for this age
group. A correlation coefficient of 0.41 between the two factors
was found.

2-year-old group (24-35 months)

The KMO was 0.896 with a significant Bartlett test (P < 0.001).
The methods of eigenvalue > 1 and scree test resulted in three
factors while parallel analysis suggested two factors. The factor
loadings and final communality estimates for two- and three-
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For 2-factor solution, Factor I = Perceptual-motor, and Factor II = Social-adaptive.

Table 3 Factor loadings and inter-factor correlations for the Infant group (n=364)
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Factor 1

Factor II
Factor III
Factor V
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factor solutions are reported in Table 5. RMSR was 0.053 for the
two-factor solution and 0.036 for the three-factor solution. Both
the two-factor and three-factor solutions were reasonable. For the
two-factor solution, seven subdomains (C2, C3, C5, F2, G3, L1,
and L2) were loaded on Factor I, and eight subdomains (S1, S2,
S3, S4, H1, H2, H3, and F1) were loaded on Factor II. G2 had
small loadings on both factors, but was relatively large on Factor
II. Factors were also named “Perceptual-motor” and “‘Social-
adaptive” for Factors I and II according to their item content.
For the three-factor solution, the same seven subdomains (C2,
C3, C5, F2, G3, L1, and L2) were loaded on Factor I, but Factor
II in the two-factor solution was split into two factors in the
three-factor solution. Finally, four subdomains (S1, S2, S3, and
S4) were loaded on Factor II and five subdomains (H1, H2, H3,
G2, and F1) were loaded on Factor III. Factors were named
“Perceptual-motor”, “Social”, and “Adaptive-motor” for Factors
I, 11, and III. The correlations among the factors in both solutions
were also acceptable.

Preschool group (48-71 months)

The KMO was 0.859 with a significant Bartlett test (P < 0.001).
The method of eigenvalue > 1 suggested three factors, while the
scree test and the parallel analysis resulted in two factors. The
factor loadings and final communality estimates for two- and
three-factor solutions are reported in Table 6. RMSR was 0.056
for the two-factor solution and 0.043 for the three-factor solution.
A simple structure was presented for both solutions.

For the two-factor solution, there were nine subdomains (C2,
C3,C4,C5,F2,G2,G3, L1, and L2) loaded on Factor I and seven
subdomains (S1, S2, S3, S4, H1, H2, and H3) loaded on Factor II.
Therefore, as for the 2-year-old group, “Perceptual-motor” was
named for Factor I and “Social-adaptive” for Factor II. The
“Social-adaptive” factor remained unchanged in the three-factor
solution, while “Perceptual-motor” factor in the two-factor solu-
tion was split into two factors with the three-factor solution.
Finally, seven subdomains (C2, C3, C4, C5, F2, L1, and L2) were
loaded on Factor I and two subdomains (G2 and G3) were loaded
on Factor III for a three-factor solution. Factors I and IIT were
named “Cognition—language” and “Gross-motor-coordination”,
respectively. The factors were appropriately correlated both in
the two-factor and three-factor solutions. Thus, both solutions
could be applied according to the interest domains for examiners.

Table 7 summarizes the originally proposed five constructs of
the CDIIT and factors derived from EFA across four age groups,
and the subdomains contained in the new constructs or factors.

Discussion

The findings of this study indicated that there were only two or
three interpretable constructs underlying the CDIIT. The number
of constructs as expected was less than five, which is the number
of constructs postulated in the CDIIT manual. The inter-
relationships between factors for all age levels supported the
assumption of simultaneous or parallel development in all
domains of child development.*** Furthermore, the factor struc-
tures for the four different age groups were not identical. None of
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Table 4 Factor loadings and inter-factor correlations for the 1-year-old group (n = 169)

2-factor solution

3-factor solution

Factor Factor Final Factor Factor Factor Final
1 11 communality 1 11 it communality
Locomotion (G2) 0.84 —-0.16 0.61 0.73 -0.11 0.22 0.60
Body movement coordination (G3) 0.80 -0.39 0.54 0.38 —-0.03 0.65 0.69
Perception (C2) 0.65 -0.02 0.41 0.62 -0.03 0.11 0.41
Reasoning (C4) 0.58 0.09 0.39 0.68 —-0.05 —0.05 0.42
Visual-motor coordination (F2) 0.63 0.08 0.45 0.56 0.10 0.14 0.44
Memory (C3) 0.56 0.16 0.42 0.85 -0.13 -0.24 0.56
Basic hand use (F1) 0.57 0.31 0.57 0.82 0.05 -0.24 0.67
Comprehensive (L1) 0.66 0.19 0.58 0.45 0.34 0.29 0.61
Inter-personal (S1) -0.09 0.83 0.64 —-0.18 0.91 -0.02 0.69
Affection (S2) -0.12 0.80 0.57 -0.12 0.78 —-0.11 0.57
Adaptation (S4) -0.02 0.56 0.31 -0.07 0.60 —0.02 0.33
Self-responsibility (S3) 0.14 0.56 0.40 0.04 0.64 0.06 0.43
Concept (C5) -0.35 0.55 0.26 0.15 0.11 -0.71 0.52
Hygiene (H3) 0.09 0.52 0.32 —-0.01 0.60 0.06 0.34
Expressive (L2) 0.36 0.56 0.61 0.39 0.50 —-0.06 0.61
Feeding (H1) 0.08 0.50 0.29 0.15 0.41 -0.13 0.29
Dressing (H2) 0.18 0.46 0.32 0.20 0.42 —-0.06 0.31
Correlations among factors

Factor 1 - -
Factor II 0.41 - 0.53 -
Factor IIT 0.26 -0.16 -

For 2-factor solution, Factor I = Perceptual-motor, and Factor II = Social-adaptive.

the three hypotheses of this study were rejected. The factors
were named following commonly used terms

development.?>3!32

The results of this study showed that the “Perceptual-motor”
and the “Social-adaptive” factors might be retained throughout
the infant to 1-year-old groups. It indicated that in early life,

in child

children’s development was not well differentiated. However, at
the age of 2 years, more factors started to emerge. The increased
number of factors implies the effect of gradual differentiation of
developmental domains from younger to older ages. Because this
study lacked the data from 36—47 months, the differentiation of
the factors underlying CDIIT can only be speculated for children

Table S Factor loadings and inter-factor correlations for the 2-year-old group (n = 412)

2- factor solution

3-factor solution

Factor Factor Final Factor Factor Factor Final
1 1I communality 1 11 111 communality
Comprehensive (L1) 0.91 —-0.08 0.75 0.90 0.02 -0.09 0.75
Memory (C3) 0.82 -0.09 0.59 0.81 0.03 -0.11 0.60
Concept (C5) 0.76 0.01 0.59 0.76 0.10 -0.07 0.60
Perception (C2) 0.75 -0.02 0.54 0.74 —-0.08 0.08 0.55
Visual-motor coordination (F2) 0.54 0.07 0.34 0.54 -0.15 0.25 0.37
Expressive (L2) 0.44 0.22 0.35 0.44 0.19 0.05 0.35
Body movement coordination (G3) 0.46 0.09 0.27 0.46 —-0.10 0.21 0.29
Inter-personal (S1) 0.05 0.72 0.56 0.03 0.88 -0.07 0.73
Adaptation (S4) -0.06 0.65 0.38 -0.07 0.74 -0.03 0.48
Affection (S2) -0.04 0.74 0.51 -0.04 0.67 0.13 0.54
Self-responsibility (S3) 0.25 0.55 0.51 0.25 0.47 0.13 0.52
Dressing (H2) -0.02 0.69 0.40 -0.06 0.02 0.77 0.57
Locomotion (G2) 0.09 0.26 0.10 0.08 -0.09 0.40 0.15
Hygiene (H3) 0.02 0.69 0.48 0.00 0.18 0.61 0.55
Basic hand use (F1) 0.18 0.35 0.23 0.18 —-0.05 0.46 0.29
Feeding (HD) —-0.08 0.58 0.29 —0.08 0.21 0.43 0.30
Correlations among factors

Factor I _ —
Factor 11 0.56 - 0.52 -
Factor III 0.48 0.63 -

For 2-factor solution, Factor I = Perceptual-motor and Factor II = Social-adaptive; for 3-factor solution, Factor I = Perceptual-motor, Factor 11

= Social, and Factor III = Adaptive-motor.
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Table 6 Factor loadings and inter-factor correlations for the Preschool Group (n = 140)

2-factor solution

3- factor solution

Factor Factor Final Factor Factor Factor Final
1 11 communality 1 11 it communality
Comprehensive (L1 0.80 —0.11 0.60 0.85 -0.08 -0.07 0.63
Concept (C5) 0.81 —-0.09 0.61 0.78 —-0.08 0.05 0.61
Reasoning (C4) 0.74 0.01 0.55 0.74 0.03 0.00 0.55
Expressive (L2) 0.70 —-0.02 0.48 0.71 0.00 -0.03 0.49
Memory (C3) 0.65 -0.01 0.42 0.71 0.02 -0.09 0.46
Perception (C2) 0.76 0.02 0.59 0.70 0.02 0.10 0.58
Visual-motor coordination (F2) 0.64 0.03 0.42 0.53 0.02 0.17 0.42
Affection (S2) -0.23 0.82 0.59 -0.19 0.83 -0.09 0.60
Inter-personal ShH -0.01 0.81 0.65 -0.04 0.81 0.02 0.65
Adaptation (S4) -0.05 0.66 0.42 -0.18 0.64 0.20 0.45
Dressing (H2) 0.24 0.50 0.40 0.24 0.51 —-0.01 0.40
Feeding (H1) 0.02 0.52 0.27 -0.01 0.52 0.03 0.27
Hygiene (H3) 0.06 0.46 0.23 0.21 0.51 -0.27 0.31
Self-responsibility (S3) 0.29 0.49 0.42 0.25 0.49 0.04 0.41
Locomotion (G2) 0.51 0.06 0.28 0.03 —-0.08 0.92 0.83
Body movement coordination (G3) 0.53 0.23 0.41 0.27 0.18 0.44 0.50
Correlations among factors

Factor I - -
Factor 11 0.35 - 0.34 -
Factor IIT - 0.51 0.31 -

For 2-factor solution, Factor I = Perceptual-motor and Factor II = Social-adaptive; for 3-factor solution, Factor I = Cognition-language, Factor

II = Social-adaptive, and Factor III = Gross-motor-coordination.

aged from 6 months to 35 months. The evidence of the differen-
tiation in the 2-year-old group showed in this study that the
“Social-adaptive” in the two-factor solution could be further
divided into “Social” and “Adaptive-motor” in the three-factor
solution. The “Adaptive-motor” factor contains locomotion (G2),
basic hand use (F1), and all self-help subdomains. The motor
abilities in “Adaptive-motor”, such as dressing, or going up/down
stairs, are performed more frequently in daily life. Compared
with the motor items in “Perceptual-motor”’, they are more
related to the contextual setting.

In sum, two- or three-factor solutions of the CDIIT have their
interpretability for children aged 24-35 months. Clinicians may
choose to use either solution depending on clinical needs. If
general development is the focus of interest, the two-factor solu-
tion would be sufficient to give a whole picture of child devel-
opment. If the social abilities of children aged 24-35 months
were the main concern, the three-factor solution would be appro-
priate for further explaining the test scores of the CDIIT.

The study by Wachs and Hubert employed EFA to investigate
the constructs of the Infant Psychological Development Scale
(IPDS) for children in three age groups (14-, 18-, and 22-months)
and found that there were three factors for children at the age of
14 and 18 months, and four factors for those at 22 months.'
Furthermore, the factor structures also changed with age.'® In the
present study, the number of factors and factor structures were,
however, fairly stable under 2 years of age. The different findings
may result from different content of these two measures: the
IPDS encompasses cognition and perceptual-motor items while
the CDIIT includes Cognition, Language, Motor, Social, and
Self-help. Compared with IPDS, the CDIIT contains more items
in the social-adaptive area. The different content of these two
developmental tests would yield various factor patterns by EFA.

In general, the factor structure remained stable before 2 years
of age. The ‘“Perceptual-motor” factor contained the original
subdomains of Cognition and Motor subtests of the CDIIT, while
the “Social-adaptive” factor consisted of Self-help, Language,
and Social subtests for children younger than 2 years of age. For
structure change, the original subdomains of the Language
subtest seemed to shift from “Social-adaptive” to “Perceptual-
motor” with age. The L1 or L2 subdomain moved from “Social-
adaptive” at the infant age to ‘“Perceptual-motor” at 1-year or
2-year ages. The whole Language subtest (L1 and L2) was con-
sistently grouped with all subdomains in the Cognition subtest
(C2, C3, C4, and C5) and part of the Motor subtest to form
“Perceptual-motor” in the two older age groups. That the lan-
guage development was more correlated with cognition at an
older age than a younger age is also supported by previous
studies.

A previous longitudinal study, following about 150 children at
four ages (6, 12, 18, 24 months), conducted the principal com-
ponent analysis of all items for the Gesell developmental test.’!
The item loadings of the first component for the four ages were
compared with each other. For the 6- and 12-month groups, the
first component loaded heavily on manipulation of objects that
yield perceptual contingencies, while for the older two ages, the
first component gradually loaded heavily on social-vocal-verbal-
related items.*’ The correlation strength among three domains
(Cognition, Language, and Motor) in the Bayley Scales of Infant
and Toddler Development — third edition (BSID-II)* can also
help with explaining the factor structure change. In BSID-III, the
correlation between Cognition and Motor domains was higher
than that between Cognition and Language domains for children
aged 6-25 months. For children more than 25 months of age, the
strength of correlations was reversed.” Other studies revealed

© 2010 Japan Pediatric Society
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that a speedy improvement in cognitive development, such as
symbolic play and using multiple schemes, was correlated with
language development at ages older than 2 years.”*** All the
previous and present substantial findings help clarify the factor
structure change of “Perceptual-motor” by adding Language as a
key element at older ages.

Factors underlying CDIIT in Infants and the
1-year-old group

The meaning of the “Perceptual-motor” factor is considered as
primary cognitive performance for children younger than 2 years
from Piaget’s sensorimotor stage of cognitive development.”
Infants show a wholly practical, perceiving-and-doing, action-
bound kind of intellectual functioning. As infants do not possess
adequate language ability, cognition has to be assessed based on
perception and motor performance. An ecological approach to
perceptual learning and development is another theory that sup-
ports the “Perceptual-motor” construct in early life.* Information
about object properties and especially about what they afford is
activated by exploring. The object—exploratory system that
emerges around 4-5 months provides the child with the possibil-
ity of approaching multiple new affordances. Major components
of the object—exploratory system are the capabilities of the visual
system, postural control, and development of reaching, grasping,
and locomotion.* Another derived factor, “Social-adaptive”, con-
sists of subdomains from the original Social and Self-help sub-
tests in the CDIIT. The factor structure of the Social-adaptive
construct of the 1-year-old group was similar to that for the infant
group, except L1 was re-grouped into “Perceptual-motor” for the
1-year-old group. Overall, the subdomains in “Social-adaptive”
required the cooperation and adaptive behavior of children to get
higher scores. The possible explanation for L1 loading on the
“Social-adaptive” factor in infancy is that L1 mainly included
items about the infant’s response to social interaction, such as
“orients to sounds”, and “body motion following music rhythm”.
If the caregiver provides more language or social stimulation
during feeding, the infant will obtain feeding abilities as well as
language and social interaction skills.

Factors underlying CDIIT in 2-year-old and
Preschooler groups

For the 2-year-old and Preschool groups, the subdomains of
Language appeared in “Perceptual-motor” in the two-factor solu-
tion. Thus, the “Perceptual-motor” factor contained subdomains
from original Cognitive, Motor, and Language subtests in the
CDIIT. As mentioned before, perception, the prerequisite of cog-
nition, is highly correlated with motor function,* and correlation
between cognition and language developments is high in children
older than two years of age.* Kastner and May monitored 280
children from kindergarten to first grade and found that language
scales and the Stanford Achievement Test (cognitive function)
were correlated and formed one factor by EFA.*” The cerebellum
deficit hypothesis for dyslexia and learning disability at an elder
age,***! which proposed that cognitive-language and motor func-
tions share the same neurological origin, might also support the
“Perceptual-motor” construct at these two ages.

Construct validity of the CDIIT 605

For the three-factor solution in the Preschool group, all sub-
domains from Self-help and Social subtests in the original CDIIT
formed “Social-adaptive”, and Cognition, Language, and Fine
motor subtests formed “Cognitive—language”, and that from the
Gross motor subtest formed the “Gross-motor-coordination”. As
mentioned before, the language scales and mental scales com-
bined to form one factor at the age from kindergarten to first
grade in Kastner and May’s study, in which a separated gross
motor function was also found.*”” This finding supports the dif-
ferentiation of “Perceptual-motor” to “Cognition-language” and
“Gross-motor-coordination” in the three-factor solution at
around starting school age. “Cognition-language” represents the
mental function and verbal communication skills, and “Gross-
motor-coordination” represents advanced postural control and
bilateral body coordination for this age.

One purpose of the present study was to provide clinicians
with a parsimonious and interpretable method for explaining the
test scores of the CDIIT. Factor scores of the derived factors can
be calculated to describe the child’s developmental profile in the
future. Furthermore, the interdependence among multiple newly
emerged constructs suggested that simultaneous or parallel
development in multi-domains should be considered as an impor-
tant issue in child development before school age.

One limitation in this study is that we did not enroll ages from
36 months to 47 months according to the previous follow-up
schedule in collecting the CDIIT data. The factor differentiation
phenomenon should be cautiously explained for ages older than
the 2-year-old group. More samples, especially for preschool
age, will be needed to confirm the results of the newly factored
structures of CDIIT in the future. The other limitation is that
some subdomains were removed for analysis. Consequently,
these removed subdomains, even if they were important, were not
possibly retained in any constructs or factors and might influence
the results of EFA. The removed subdomains were those where
over 90% of the children had the same scores on them due to
ceiling or basal effects. For example, C1 only covers items on the
attention abilities of infants aged 3-5 months and this causes
ceiling effects for children aged older than 6 months. Attention
development is actually a lengthy process,” in which children
first learn to orient to, to shift between, and to maintain focus on
events, objects, tasks, and finally to maintain focus on problems
in the external world. Therefore, more items to test attention
ability at higher ages are recommended in the revised version of
the CDIIT in the future.

In conclusion, there were fewer developmental constructs
than originally proposed domains in CDIIT. The factor structures
were fairly stable before 2 years of age. The factor structure
change and structure differentiation happened at the 2-year age
level. The factor structure change indicated that language items
shifted from “Social-adaptive” factor before 2 years to
“Perceptual-motor” factor at 2-3 years.
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