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A B S T R A C T

The Child and Adolescent Factors Inventory (CAFI) is a parent-report measure that assesses type
and severity of impairments experienced by children and youth with a range of disabling con-
ditions. The CAFI was translated from English into Traditional Chinese (CAFI-C) and has been
used in the Disability Evaluation System (DES) in Taiwan. The aim of this study was to validate
the use of the CAFI-C in the DES. Participants included 18,119 children and youth with dis-
abilities between the ages of 6.0–17.9 (Mean = 11.6; SD = 3.46). The factor structure, internal
consistency, convergent validity, and discriminant (known groups) validity were examined. The
results indicated that the CAFI-C had a two–factor structure (Mental/speech and Physical/sen-
sory impairment) that explained 54.3% of the variance, and had adequate internal consistency
(α = 0.80–0.90). Children and youth with higher CAFI-C scores had significantly more partici-
pation restrictions and environment barriers. CAFI-C scores were significantly different among
children and youth with different disability types and of four severity levels (mild, moderate,
severe, and profound) rated by physicians. These findings support the internal consistency and
validity of the CAFI-C for assessing type and severity of impairment in children and youth with
disabilities in Chinese-speaking population.

What this paper adds?

This paper provides evidence of internal consistency and validity of the Chinese version of the Child and Adolescent Factors
Inventory (CAFI-C) in a national sample of children with disabilities aged 6.0–17.9 years in Taiwan. Findings from factor analyses
demonstrated an interpretable two-factor structure: Mental/speech impairment and Physical/sensory impairment. Internal con-
sistency was adequate for the CAFI-C total and two subscale scores. Convergent validity findings provided evidence highlighting the
interaction among participation, body functions, health conditions and environmental factors in the International Classification of
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Functioning, Disability, and Health (ICF) model. Mental/speech impairment scores correlated more strongly with participation scores
(participation independence and participation frequency score of the Chinese version of Child and Adolescent Scale of Participation)
than did the Physical/sensory impairment scores. Mental/speech impairment scores were significantly higher (more severe) than
Physical/sensory impairment scores in all five diagnostic groups (Intellectual disabilities, Autism spectrum disorders, language delay,
cerebral palsy, and hearing impairments). Severity of impairment was correlated more strongly with Participation independence than
with Participation frequency. Evidence from this study suggests that the CAFI-C is a promising measure for children and youth with a
range of developmental disabilities in the Chinese speaking population and can be used to inform intervention planning. For example,
clinicians could collaborate with primary caregivers to quickly screen out possible mental, speech, physical and sensory problems in
need of further assessment and individualized service planning.

1. Introduction

Children with disabilities often experience restrictions in their participation in home, school and community life (WHO, 2007).
Type and severity of impairment are two frequently reported factors that restrict participation of children with disabilities (Clarke
et al., 2011; Eriksson & Granlund, 2004; Forsyth, Colver, Alvanides, Woolley, & Lowe, 2007;Law, 2002). In the World Health Or-
ganization’s International Classification of Functioning, Disability, and Health (ICF), impairment has been defined as deviations or
loss in the structure or functioning of a body part (WHO, 2001).

The ICF provides a conceptual framework and multidimensional taxonomy of four components: Body functions, Body structures,
Activities and Participation, and Contextual (Environmental and Personal) factors. Understanding the interaction of these compo-
nents could inform clinical reasoning to promote the child’s participation in important life situations from infancy through adoles-
cence (WHO, 2007).

Previous studies have provided evidence of the association between participation and impairment for children and youth with
disabilities. For example, more severe physical and cognitive impairments have been found to be related to greater participation
restrictions (Beckung &Hagberg, 2002; Forsyth et al., 2007; King et al., 2003; Law et al., 2004). Type of impairment may be asso-
ciated with different type of participation restrictions. For example, children with physical impairments may face challenges par-
ticipating in outdoor physical activities and children with cognitive impairments may have problems participating in more complex
multi-step activities (Beckung &Hagberg, 2002; Law et al., 2004). Additionally, specific types of impairments or disabilities often are
associated with specific types of physical or social environmental barriers that impact children’s participation. For example, children
with physical disabilities may face problems of physical accessibility, and children with intellectual disabilities may face insufficient
services and inappropriate programs to fit their needs (Bedell et al., 2013; Hemmingson & Borell, 2002; Law, Petrenchik,
King, & Hurley, 2007). Thus, assessment of the type and severity of impairment is important to fully understand the functioning of
children and youth with disabilities.

The Child and Adolescent Factors Inventory (CAFI) is one measure that examines the type and severity of impairment for children
with disabilities and was developed based on the ICF, a comprehensive literature review and stakeholder feedback (Bedell, 2004,
2011). The CAFI was created as part of the Child and Family Follow-up Survey (CFFS), a comprehensive evaluation to examine the
participation of children with disabilities and other variables that might affect the child’s participation. Previous studies showed that
the CAFI could identify types and severity of impairments that might affect children’s participation (Bedell, 2009; Bedell & Dumas,
2004).

The CAFI was translated into Traditional Chinese as part of Taiwan’s Disability Evaluation System (DES) to determine eligibility
for disability related services. The DES consists of a medical examination, functional assessment and needs assessment. The translated
CAFI, the Chinese version of CAFI (CAFI-C), is part of the Functioning Scale of the Disability Evaluation System – Child version
(FUNDES-Child), the test battery used for functional assessment of children aged 6.0–17.9 years (Chiu et al., 2013; Teng et al., 2013).
Modified from the CFFS, the FUNDES-Child contains four sections: Section 1: general health condition; Section 2: participation
(Chinese version of Child and Adolescent Scale of Participation, CASP-C); Section 3: body function impairment (the CAFI-C); and
Section 4: environmental factors (Chinese version of Child and Adolescent Scale of Environment, CASE-C; Liao, Yen, Hwang,
Liou, & Chang, 2013). Section 2 (CASP-C) and Section 3 (CASE-C) of the FUNDES-Child have been validated in research with children
with a variety of disabilities (Hwang et al., 2013; Kang et al., 2015a,b). The detailed development and validation process of the
FUNDES-Child have been published (Chiu et al., 2013; Hwang et al., 2013, 2015a,b; Kang et al., 2015; Liao et al., 2013; Liao, Yen,
Hwang, Liou, & Chi, 2015; Teng et al., 2013). Psychometric properties of the CASP-C and CASE-C have been reported and will be
described briefly in the Methods Section of this article. However, the factor structures of the CAFI and CAFI-C have never been
studied.

The purpose of this study was to examine the psychometric properties of the CAFI-C, specifically: (1) to examine the internal
factor structure of the CAFI-C via exploratory and confirmatory factor analysis; (2) to examine the internal consistency of the full
CAFI-C and the factor subscales; (3) to assess the convergent validity of the CAFI-C scores via correlations with CASP-C (participation)
and CASE-C (environment) scores; and (4) to assess the discriminant (known groups) validity of the CAFI-C by comparing score
differences among disability types and severity levels.
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2. Methods

2.1. Participants

This cross-sectional study was part of a larger national survey conducted in Taiwan by the DES team (Teng et al., 2013). Ethics
approval was granted by the Joint Institutional Review Board of one university. The de-identified data were retrieved from the
database of the Taiwan Databank of Persons with Disability that included 18,119 children and youth (aged 6.0–17.9) who received
the DES assessment in 201 hospitals from July 2012 to January 2014 (Chiu et al., 2013; Hwang et al., 2015a,b). Data from parents or
primary guardians of children with disabilities who did not complete the FUNDES-Child or did not respond to the CAFI-C section
were excluded from this study.

Participants were randomly divided into three subgroups for conducting different types of analyses: 1) exploratory factor analysis
(n = 5987); 2) confirmatory factor analysis and examination of internal consistency (n = 6106); and 3) examination of convergent
validity (n = 6026). Information regarding the age, sex, and diagnoses of children as a whole and the three analysis-specific sub-
groups are presented in Table 1. Children had a mean age of 11.6 years (SD = 3.46). Males (65%) and children primary diagnosed
with intellectual disability (57%) and a mild degree of disability (52%) comprised the largest portion of the sample. Most of the
respondents who completed the FUNDES-Child were parents (84%). To examine the effects of disability type and severity on the
CAFI-C scores (discriminant validity), children with only one of the most prevalent disability types in the total sample (with sample
sizes more than 400) were selected to control for possible confounders.

The disability severity of children was determined in the medical examination stage of the DES. Relevant ICF/ICF-CY body
function/structure categories for specific diagnoses were coded by physicians trained in using a 0–4 point qualifier scale (no problem
(0), mild (1), moderate (2), severe (3), and profound (4)). A final summative severity level was determined based on decision rules for
combining levels of severity among the individual body function/structure codes (Ministry of Health and Welfare, 2014).

2.2. Measures

2.2.1. The Chinese version of the child and adolescent factors inventory (CAFI-C)
The CAFI-C consists of 15 items that comprise cognitive, sensory, physical, psychological impairments, and other health-related

problems, and covers most of the impairment categories listed in the ICF-CY (Hwang et al., 2015a,b). Each item is rated on a 3-point
scale: No problem (0), Little problem (1), and Big problem (2). For this study, the CAFI-C item scale was changed to match the
original CAFI scale (No problem (1), Little problem (2), and Big problem (3)) so that findings can be more easily compared to prior
findings of the original CAFI English version. Total scores were computed by summing all applicable item responses, then dividing

Table 1
Demographic data of the study sample.

All sample Sample for EFA Sample for CFA Sample for Convergent validity
Characteristics n = 18119 n = 5987 n = 6106 n = 6026

Age
6.0–8.9 years 4441 (25%) 1384 (23%) 1541 (25%) 1516 (25%)
9.0–11.9 years 4154 (23%) 1425 (24%) 1402 (23%) 1327 (22%)
12.0–14.9 years 4932 (27%) 1651 (28%) 1629 (27%) 1652 (28%)
15.0–17.9 years 4592 (25%) 1527 (25%) 1534 (25%) 1531 (25%)

Sex
Male 11698 (65%) 3864 (65%) 3932 (64%) 3902 (65%)
Female 6421 (35%) 2123 (35%) 2174 (36%) 2124 (35%)

Disability typea

Intellectual disability 10310 (57%) 3373 (56%) 3499 (57%) 3438 (57%)
Autism spectrum disorders 4013 (22%) 1348 (22%) 1327 (22%) 1338 (22%)
Language delay 801 (4%) 268 (4%) 264 (4%) 269 (4%)
Cerebral palsy 602 (3%) 199 (3%) 222 (4%) 181 (3%)
Hearing impairments 448 (3%) 151 (3%) 149 (3%) 148 (3%)
Visual impairments 377 (2%) 126 (2%) 136 (2%) 115 (2%)
Chronic mental illness 222 (2%) 69 (1%) 71 (1%) 82 (1%)
Others 1346 (7%) 453 (8%) 438 (7%) 455 (8%)

Disability severity
Mild 9561 (52%) 3151 (53%) 3188 (52%) 3222 (53%)
Moderate 5614 (31%) 1853 (31%) 1916 (32%) 1845 (31%)
Severe 1774 (10%) 592 (10%) 613 (10%) 569 (9%)
Profound 1170 (7%) 391 (6%) 389 (6%) 390 (7%)

Respondent-parents 15279 (84%) 5068 (85%) 5147 (84%) 5064 (84%)

Abbreviations: EFA, exploratory factor analysis; CFA, confirmatory factor analysis.
a Disability type was identified by children’s primary diagnosis; each child may have more than one type of diagnosis. Visual impairments included children were

blind or any visual impairments. Chronic mental illness included children with schizophrenia and bipolar disorders.
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that number from the total possible score from all applicable items and then multiplying that number by 100 to conform to a 100-
point scale (percent of maximum possible [POMP] score) with scores ranging from 33.33 to 100. A higher CAFI-C score indicates a
greater extent of impairment.

The original CAFI has reported evidence of test-retest reliability (ICC = 0.68), internal consistency (Cronbach’s α = 0.86) and
construct validity (Bedell, 2004). Higher CAFI scores were significantly associated with lower scores of the Child and Adolescent
Participation Scale (CASP, r = −0.58) and the Functional Skills Subscales of the Pediatric Evaluation of Disability Inventory (PEDI)
(self-care, r= −0.26; and social function, r = −0.31), and with higher scores of the Child and Adolescent Scale of Environment
(CASE, r= 0.36) (Bedell, 2004; Bedell & Dumas, 2004). CAFI-C total scores were significantly correlated with CASE-C total
(r = 0.49) and factor subscales (Family/Community Resources, Assistance/Attitude Supports, and Physical Design Access, r = 0.38,
0.39, 0.42 respectively) in another study of children and youth in Taiwan (Kang et al., 2015). The links between the items of CAFI-C
and the chapters of ICF have been investigated (Hwang et al., 2015a,b) and shown in Table 2.

2.2.2. The Chinese version of child and adolescent scale of participation (CASP-C)
The CASP-C consists of 20 items that measure children’s extent of participation and restrictions in home, school and community

life situations and activities in the previous 6 months compared to same-age peers. The 20 items are divided into four domains: Home
Participation, School Participation, Community Participation, and Home and Community Living Activities. The original CASP
(Bedell, 2004) was modified and translated to create the CASP-C in the FUNDES-Child to assess two dimensions of participation:
Independence (Independent (0), Supervision or mild assistance (1), Moderate assistance (2), and Full assistance (3)); and Frequency
(Age expected (0), Somewhat less than expected for age (1), Much less than expected for age (2), and Never did (3)) (Liao et al.,
2013). A “Not applicable” response was also provided for each item on both dimensions. In order to compare the scores with the
results from previous studies, the CASP-C were reverse transformed so that higher scores reflect a greater extent of participation
consistent with the original CASP scores (Independence: Independent (4), Supervision or mild assistance (3), Moderate assistance (2),
and Full assistance (1); and Frequency: Age expected (4), Somewhat less than expected for age (3), Much less than expected for age
(2), and Never did (1)), and then further transformed to a percent of maximum possible (POMP) scores. Thus, higher scores indicate
greater independence in participation and greater frequency of age-expected participation.

The CASP-C was found to have good internal consistency for the independence dimension (Cronbach’s α of summary
score = 0.96; domain scores = 0.88–0.90) (Hwang et al., 2013). Factor analysis identified two factors (Daily living, and Social/
leisure/communication) that explained 64.1% of variance. The CASP-C psychometric properties are consistent with those reported in
other CASP studies (Bedell, 2004, 2009; Bedell & Dumas, 2004; McDougall, Bedell, &Wright, 2013).

2.2.3. The Chinese version of child and adolescent scale of environment (CASE-C)
The CASE-C consists of 18 items that focus on physical, social, and attitudinal problems in and around the home, school, and

community. Similar to the CAFI-C, each item is rated on a 3-point scale: No problem (0), Little problem (1), and Big problem (2). In

Table 2
Factor Structure of the CAFI-C (n = 5987).

Items ICF Chapters Factor

1 2

3. Problem solving or judgment b1 & d1 0.923 −0.126
4. Understanding or learning new things b1 & d1 0.842 −0.114
1. Paying attention or concentrating b1 0.766 −0.055
2. Remembering people, places, or directions b1 0.683 0.057
6. Motivation (lacks interest or initiative) b1 0.679 0.048
5. Controlling behavior, moods, or activity level b1 0.677 0.053
7. Psychological (e.g., depression or anxiety) b1 0.600 0.146
8. Speech b3 & d3 0.589 0.109
12. Strength or energy level (e.g., weakness or fatigue) b4 −0.101 0.802
14. Physical symptoms b2 −0.012 0.756
15. Other health and medical condition hc −0.008 0.658
11. Movement (balance, coordination, muscle tone) b7 0.077 0.649
13. Reacting to sensation or stimulation b2 0.253 0.481
10. Hearing b2 −0.006 0.466
9. Vision b2 0.013 0.422
Percent of variance explained (total = 54.3%) 39.4% 14.9%

Correlation matrix
Factor 2 0.461

Boldfaced items loaded more strongly on this factor and used to create subscales for each specified factor.
CAFI-C Factor 1: Mental/speech impairment; Factor 2: Physical/sensory Impairment.
ICF-CY Code: b1: Body functions-Mental functions; b2: Body functions-Sensory functions and pain; b3: Body functions-Voice and speech functions; b4: Body functions-
Functions of the cardiovascular, haematological, immunological and respiratory systems; b7: Body functions-Neuromusculoskeletal and movement-related functions;
d1: Activities and participation- Learning and applying knowledge; d3: Activities and participation-Communication; hc: health condition.
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this study, a summary score and factor scores were transformed to POMP scores for later analyses. A higher CASE-C score indicates a
greater extent of environmental problems.

The CASE-C has evidence of internal consistency (Cronbach’s α= 0.86), test-retest reliability (intra-class correlation coefficients
[ICC] = 0.85), content validity, convergent validity, and discriminant validity among children with intellectual disabilities, children
with autism spectrum disorders (ASD), and children with language delay (Kang et al., 2015). Three factors were found (Family/
community resource, Assistance/attitude/support, and Physical design access), that explained 38% of the variance, and the internal
consistency (Cronbach’s α) for these factors was 0.74–0.77. CASE-C total and factor scores also were significantly correlated with the
total CAFI-C and CASP-C scores (r = 0.49 and 0.44 respectively) (Kang et al., 2015).

2.2.4. Measurement of disability severity in the disability evaluation system (DES)
Children were diagnosed and their body functions/structures were assessed by physicians in the first stage of the DES (Liao et al.,

2015). Relevant ICF codes for each specific disability type were rated by physicians trained in using a 0- to 4-point qualifier scale:
presenting no problem (0), mild (1), moderate (2), severe (3), and profound (4). These ratings were then used along with specific
scoring guidelines to create the child’s final overall disability severity level (1 = mild to 4 = profound) (Ministry of Health and
Welfare, 2014, 2015 retrieved).

2.3. Data analyses

FACTOR (http://psico.fcep.urv.es/utilitats/factor/) a free software package was used for ordinal exploratory factor analysis
(EFA), and SPSS 19.0 and AMOS 20.0 (IBM, Inc., Armonk, NY, USA, 2012) were used for confirmatory factor analysis. Ordinal EFA
were conducted with minimum rank factor extraction (Baglin, 2014). The number of factors was determined by Parallel Analysis for
ordinal data (Baglin, 2014; Garrido, Abad, & Ponsoda, 2013). Parallel Analysis was done by generating many (e.g. 500) random
parallel datasets, with the same number of variables and cases as the real dataset. Each of these parallel datasets, which were filled
with independent randomly generated data, was analyzed using principal components analysis. All factors where the real-dataset
eigenvalues were greater than the 95th percentile of the random parallel datasets were retained. Promax oblique rotation was used to
shift the items to more strongly correlate with one factor than another. Factor subscales were then created based on results from
factor analyses and conceptual considerations.

Confirmatory factor analysis (CFA) using structural equation modeling (SEM) with asymptotically distribution-free (ADF; Curran,
West, & Finch, 1996) applied. Fit indexes with their cutoff criteria (Chi-square/df ratio< 3, RMSEA<0.08, GFI≥0.90, NFI≥0.90,
CFI≥0.90) were used to assess the model fit (Cheung & Rensvold, 2002; Hair, Black, Babin, & Anderson, 2010; Schreiber, Nora,
Stage, Barlow, & King, 2006; Schumacker & Lomax, 2004). Items were removed if the loading was less than 0.45 removed (Hooper,
Coughlan, &Mullen, 2008). However, when there is a large sample size that existed in this current data, the Chi-square would be
inflated with significant p value that would reject the model. To address this the Bollen-Stine bootstrap Chi-square (Enders, 2005) was
used to correct the fit indexes. The ordinal alphas (α) were computed to assess the internal consistency of the CAFI-C total and factor
subscales with α between 0.70–0.90 considered adequate calculated based on the formula for ordinal scales (Zumbo et al., 2007).

To examine convergent validity, Spearman rank correlations (rho) were used to assess the correlations between the CAFI-C and
CASP-C and CASE-C total and factor subscale scores. To examine discriminant validity, Analysis of Variance (ANOVA) and Scheffé’s
post hoc comparison tests were used to compare differences in CAFI-C scores among children in one of five types of disability
(intellectual disabilities, autism spectrum disorders, language delay, cerebral palsy, and hearing impairments). In each type of dis-
ability, ANOVA and Scheffé’s post hoc tests were also used to assess differences in CAFI-C scores among the four levels of disability
severity rated by physicians (mild, moderate, severe, and profound). To further examine discriminant validity, paired t-tests were
used to examine if there were differences between the two CAFI-C factor scores (Mental/Speech and Physical/Sensory) at each
severity level for each disability type.

3. Results

3.1. Factor structure and internal consistency

Table 2 presents the results of the ordinal exploratory factor analyses using the sample for EFA. The parallel analysis indicated
that there were two factors. The results showed that the real-data eigenvalues for the first two factors (43.5% and 16.0% respectively)
exceeded 95th percentile eigenvalues of 500 random parallel datasets (17.0% and 15.0% respectively). For the third factor, the real-
data eigenvalue of 7.4% was less than the 95th percentile eigenvalue of 13.3%, hence two factors were retained. A clear two-factor
solution was derived with 54.3% of the total variance explained without cross-loadings between factors on any item. The two factors
were named: (1) Mental/speech impairment; and (2) Physical/sensory impairment. Table 2 also includes the ICF Body function/
impairment codes that were mapped to each CAFI-C item in a prior study (Hwang et al., 2015a,b).

The two-factor structure was validated by the sample for the confirmatory factor analysis. Based on Bollen-Stine bootstrap chi-
square correction, the model fit was excellent (Bollen-Stine bootstrap chi-square = 89.596 [df = 89], RMSEA less than 0.001,
GFI = 0.99, NFI = 0.99, and CFI = 0.99), except for a lower loading for item 9 (Vision) and trivial loading for item 10 (Hearing).
When items 9 and 10 were deleted from the analysis, the model fit was also acceptable (Bollen-Stine bootstrap chi-square = 64.506
[df = 64], RMSEA less than 0.001, GFI = 0.99, NFI = 0.99, and CFI = 0.99). Given that hearing and vision functions are important
for disability assessment (Brault, 2012), the subsequent analyses used the two factor scores that include all 15 items (Fig. 1).
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Fig. 1. Factor structure of the Chinese version of Child and Adolescent Factor Inventory.
*Goodness of fit statistics.
Bollen-Stine bootstrap chi-square = 89.596 (df = 89), RMSEA<0.001, GFI = 0.99, NFI = 0.99, CFI = 0.99 with Bollen-Stine bootstrap chi-square correction.
RMSEA = root mean square error approximation; GFI = goodness of fit index; NFI = normed fit index; CFI = comparative fit index.
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Internal consistency of the 15-item CAFI-C was adequate (α= 0.997). The two factor subscales (Mental/speech impairment and
Physical/sensory impairment) had adequate internal consistency (α= 0.90 and 0.80 respectively).

3.2. Convergent validity

The CAFI-C total and factor scores were significantly correlated (p < 0.001) with the CASP-C and CASE-C scores (Table 3), and
these correlations were in the expected directions. Overall, the CAFI-C total scores were moderately to highly correlated with the two
dimensions of the total CASP-C (Independence, r = −0.70; & Frequency, r = −0.61) and the total CASE-C scores (r = 0.45). Ne-
gative correlations were found between CAFI-C and CASP-C scores indicating that, on average, children with a greater extent of
impairment had a lesser independence and a lower frequency of participation in activities in home, school and community settings.
These correlations were stronger in home participation than in other contexts. CASP scores had stronger correlations with the CAFI-C
Mental/speech impairment score (r= −0.70 to −0.48) than with Physical/sensory impairment score (r = −0.39 to −0.24). In
addition, the CAFI-C total or factor scores had stronger associations with the CASP-C independence scores than frequency scores.
Moreover, positive correlations between CAFI-C and CASE-C indicated that children with a greater extent of impairment also had a
greater extent of environmental barriers. The associations between CAFI-C and CASE-C scores were mild to moderate.

3.3. Discriminant validity

The results from ANOVA identified significant differences on CAFI-C total scores and two factor subscale scores among the five
types of disability (F = 95.5, 142.5, & 216.1, p < 0.001; Cohen’s f= 0.165, 0.202, & 0.249). Post hoc comparisons showed that, on
average, children with cerebral palsy (CP) had the highest CAFI-C total scores (greatest impairment) and children with hearing
impairments had the lowest scores (less impairment). Children with CP also had the highest Physical/sensory impairment scores
followed by children with hearing impairment. Children with autism spectrum disorders (ASD) had the highest Mental/speech
impairment scores but scores were not significantly different from children with other disabilities except for children with hearing
impairments who had the lowest scores.

Significant differences among the four severity levels were also found for the CAFI-C total scores and two factor scores in each
type of disability (F= 8.0–535.1, p < 0.001; Table 4 and Fig. 2). On average, the magnitude of the score paralleled the level of
severity (profound > severe > moderate > mild), and differences between each severity level approached significant based on
post-hoc comparisons (p < 0.05).

Fig. 2 also showed that Mental/speech impairment scores were significantly higher than Physical/sensory scores in most of the
severity levels for each type of disability (p < 0.05). But there were no significant differences between these scores for those with CP
with a moderate severity level and the hearing impairment group with mild, moderate and profound severity levels.

Table 3
Correlation coefficients among CAFI-C, CASP-C, and CASE-C scores (n = 6026).

CAFI-C total Mental/speech impairment Physical/sensory impairment

CASP-C Independence dimension
Total −0.70 −0.70 −0.39
Home −0.66 −0.65 −0.38
Community −0.60 −0.59 −0.36
School −0.62 −0.63 −0.32
Home and Community Living Activities −0.62 −0.61 −0.35

CASP-C Frequency dimension
Total −0.61 −0.61 −0.34
Home −0.57 −0.57 −0.31
Community −0.51 −0.48 −0.33
School −0.49 −0.50 −0.24
Home and Community Living Activities −0.34 −0.53 −0.29

CASE-C
Total 0.45 0.39 0.34
Family/Community Resources 0.39 0.34 0.28
Assistance/Attitude Supports 0.35 0.31 0.24
Physical Design Access 0.31 0.22 0.33

Abbreviations;: CAFI-Cthe Chinese version of Child and Adolescent Factor Inventory; CASP-Cthe Chinese version of Children and Adolescent Scale of Participation;
CASE-Cthe Chinese version of Children and Adolescent Scale of Environment.
Note: All correlations were significant (p < 0.001).
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Table 4
Comparison of CAFI-C scores among four severity levels specific to disability type.

Disability type CAFI-C Mean ± SD F value Scheffé’s post hoc comparisons Cohen’s f

Intellectual disabilities (n = 9252) Total 56.4 ± 11.4 535.1* Mild < Moderate < Severe < Profound 0.416
Mental/speech 67.5 ± 14.9 397.1* Mild < Moderate < Severe < Profound 0.354
Physical/sensory 43.7 ± 11.0 387.0* Mild < Moderate < Severe < Profound 0.358

Autism spectrum disorders (n = 3331) Total 58.5 ± 10.8 128.9* Mild < Moderate < Severe < Profound 0.339
Mental/speech 69.4 ± 14.6 215.0* Mild = Moderate = Severe < Profound 0.439
Physical/sensory 46.1 ± 10.7 8.0* Mild < Profound; Moderate < Profound 0.079

Language delay (n = 497) Total 58.5 ± 12.7 63.8* Mild = Moderate < Severe = Profound 0.615
Mental/speech 68.8 ± 16.0 32.6* Mild = Moderate < Severe = Profound 0.436
Physical/sensory 46.7 ± 13.3 61.5* Mild = Moderate < Severe < Profound 0.604

Cerebral palsy (n = 413) Total 63.5 ± 17.1 85.9* Mild = Moderate < Severe < Profound 0.785
Mental/speech 67.3 ± 21.7 89.2* Mild = Moderate < Severe < Profound 0.801
Physical/sensory 59.2 ± 15.4 39.0* Mild = Moderate < Severe < Profound 0.525

Hearing impairments (n = 413) Total 50.0 ± 12.6 27.8* Mild < Moderate = Severe < Profound 0.441
Mental/speech 50.8 ± 15.9 20.6* Mild < Moderate = Severe < Profound 0.377
Physical/sensory 49.1 ± 11.7 24.6* Mild < Moderate < Profound; Severe < Profound 0.414

Abbreviation: CAFI-C, the Chinese version of Child and Adolescent Factor Inventory.
Note: Cohen’s f showed the effect size among severity groups. Large ≥.40; medium =0.25; small =0.01.

* p < 0.001 by ANOVA among four severity levels.

Fig. 2. Differences between two CAFI-C factor scores for each disability type and severity level.
Abbreviation: CAFI-C = the Chinese version of Child and Adolescent Factor Inventory.
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4. Discussion

4.1. General findings

The purpose of this study was to validate the CAFI-C in a large sample of children with various disabilities between the ages of 6.0-
17.9 in Taiwan. Consistent and compelling evidence of internal consistency and construct validity were found. Similar to the original
CAFI (Bedell, 2004, 2011), the internal consistency results for the CAFI-C scale as whole were adequate indicating that items were
inter-related and related to the scale as a whole. As a part of the FUNDES-Child assessment battery, the CAFI-C offers a range of
clinical and statistical applications related to services and supports for children with disabilities. For interdisciplinary pediatric
services, clinicians could quickly screen out possible mental, speech, physical and sensory problems in need of further assessment.
Researchers could investigate specific impairments that may be associated with a pattern of participation restrictions and environ-
mental barriers.

Exploratory factor analysis demonstrated an interpretable two-factor solution with 54.3% proportion of variance explained. The
fact that all items loaded specifically on one factor and that there was adequate internal consistency associated with each factor
subscale suggests that factor subscales might provide reasonable estimates of these two broader impairment types. CFA is a more
rigorous statistical analysis than EFA and it takes measurement errors into considerations. Based on CFA, the two-factor structure
derived from EFA was validated with an excellent model fit, but the factor loadings on item 9 (Vision) and item 10 (Hearing) on the
Physical/sensory impairment factor were not adequate suggesting that these impairments are distinct from the other Physical/
sensory impairment items. A plausible explanation for why the Hearing impairment item had a low factor loading (0.09) might be
due to its lower prevalence as a reported problem (most parents rated this item as “no problem”) and thus a sample with a greater
range of hearing impairment would be needed to draw more definitive conclusions about these findings. Finally, according to
feedback obtained from the DES field testers, it might be hard for children’s proxies to identify hearing and visual problems in
children’s daily living especially if children are supported by technology devices (e.g. eye glasses and hearing aids) and other
environment modifications at home or at school.

Some of the unexplained variance in the CAFI-C may be due to the fact that the CAFI-C has only 15 items and thus does not
encompass the range of body functions/structure impairments from all the ICF 8 chapters (listed in Table 2, Hwang et al., 2015a,b;
WHO, 2001). Nor does the CAFI-C proportionately address each of the ICF chapters. The original CAFI was designed to reflect
impairments typically experienced by children with acquired brain injury, and thus, impairments that might have prevailed in our
larger population of children with disabilities might not have been fully addressed by the CAFI-C, such as problems related to the
digestive, metabolic, and endocrine system and the functions of the skin.

The associations found between the CAFI-C scores and scores from the CASP-C and CASE-C provided evidence of convergent
validity. Similar to previous studies (Bedell, 2004, 2009; Bedell &McDougall, 2013; Kang et al., 2015), children in this study with
higher CAFI-C scores (more severe impairments) had lower CASP-C scores (greater participation restriction) and higher CASE-C
scores (more environmental barriers). In terms of the correlations between the CAFI-C and the CASP-C, higher CAFI-C scores,
especially the Mental/speech impairment scores, were associated with bigger problems in both independence and frequency of
participation in home, school and community. It is likely that the Mental/speech impairment scores were more strongly correlated
with the participation scores than the Physical/Sensory impairment scores because Mental/speech functions (as compared to physical
or sensory functions) are more difficult to compensate for with environmental modifications when the activities require high levels of
thinking and communication.

The magnitude of the correlations between the CAFI-C scores and the CASE-C scores were moderate to low indicating that
environmental barriers might be modifiable for children with a range of impairments. The current study also found that the CAFI-C
Physical/sensory impairment score had the strongest correlation with the CASE-C Physical design access (r= 0.33) compared to the
other CASE-C factor subscales. This latter finding is similar to findings from Kang et al. (2015) who reported that Taiwanese children
with physical disabilities had significantly higher CASE-C Physical design access scores than children with disabilities not associated
with physical impairment (i.e., intellectual disabilities and language delay). These findings suggest that the CAFI-C scores in com-
bination with the CASE-C might help inform intervention plans and allocation of resources at a population level to reduce en-
vironmental barriers encountered by children with specific impairments.

The findings showed that the CAFI-C scores had somewhat higher correlations with the CASP-C independence dimension than
with the CASP-C frequency dimension scores (Table 3). One reason for this result might be that body impairments have a greater
impact on independence in life situations, whereas environmental factors such as availability and affordability of resources (e.g.,
finances, time, services, and opportunities) might have a greater impact on frequency of participation. It is not fully clear why the
CAFI-C scores had somewhat higher correlations with the CASP-C home domain score than with other CASP-C domain scores.
However, it is possible that participation at home is less complex than participation in the other settings (Law et al., 2013), parents
are more familiar with their child’s participation at home than in the other settings and the home environment could be more easily
modified to fit the individual child’s needs.

Although the majority of this study’s sample was comprised of children with intellectual disabilities, our findings were similar to
previous studies conducted in the USA and Australia with children with acquired brain injuries (Bedell & Dumas, 2004; Galvin,
Froude, &McAleer, 2010). This evidence suggests that the CAFI-C is a useful measure for children and youth with a range of health
conditions worldwide. For example, children with CP may have motor impairments as well as cognitive and/or sensory impairments
(Beckung &Hagberg, 2002; Kennes et al., 2002; Rosenbaum et al., 2007); and children with ASD may have significant commu-
nication impairments and problems of controlling behavior and activity levels (Ashburner, Ziviani, & Rodger, 2008; Johnson &Myers,
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2007; Waltling et al., 2001).
The impairment patterns found among children with various diagnoses provided additional discriminant (known-groups) validity

evidence. For example, as would be expected, on average, children with CP had higher Physical/sensory impairment scores than
other type of disabilities; and children with ASD had higher Mental/speech impairment scores. These findings are consistent with
those from other studies that demonstrate a greater prevalence of physical impairments in children with CP and a greater prevalence
of Mental/speech impairment in children with ASD, language delay and intellectual disabilities when compared to children with
other diagnoses (Ashwal et al., 2004; Filipek et al., 2000). Further evidence of discriminant validity was reflected by the significant
CAFI-C score differences indicating that children with successively higher disability severity levels had consistently higher CAFI-C
scores (greater impairment) than children with successively lower disability severity levels.

In general, Mental/speech impairment scores were significantly higher (more severe) than the Physical/sensory impairment
scores. Also, Mental/speech impairment scores correlated more strongly with participation scores than did the Physical/sensory
impairment scores. These findings suggest that clinicians might consider paying attention to the mental and speech problems of all
children with special needs, and not just of those with mental and language disorders.

4.2. Limitation and further research directions

Although the results are promising, there were study design features that limited their generalizability and definitive conclusions
that could be drawn from them. For example, data came from the official disability evaluation system (DES). The FUNDES-Child was
developed for the DES in Taiwan. Thus, families may have overestimated their children’s impairment levels in order to be determined
eligible for benefits provided by the government. Additionally, because the initial data were obtained from parents and guardians, the
results might not fully account for other perspectives such as children and youth with disabilities and other key people that are
involved in their care and daily activities.

Another potential study limitation is that the convergent validity evidence might have been inflated due to shared method
variance given that the CAFI-C, CASP-C, and CASE-C are completed together. Thus participants may have based their responses on
one measure according to questions from and responses made on the other measures. Although the CAFI-C was shown to be sig-
nificantly correlated with CASP-C and CASE-C scores and that significant CAFI-C score differences were found among children
classified into four disability severity levels, further study to assess correlations between the CAFI-C scores and scores from other
impairment measures would provide additional convergent (concurrent) validity evidence.

Finally, there were 26% of the children who did not fall into the five diagnostic categories or who had low prevalence disorders
and thus were excluded from analyses to assess discriminant validity. Further examination of the CAFI-C scores from these children
may enrich understanding of the potential usefulness and validity of the CAFI-C.

5. Conclusion

The initial work conducted in this study suggests that the CAFI-C as part of the FUNDES-Child is a promising measure for
identifying the impairments of children and youth with disabilities in Taiwan. A two-factor structure (Mental/speech and Physical/
sensory impairment) was found. The total CAFI-C scale and two factor subscales had adequate internal consistency indicating that all
CAFI-C scores generated, including single item scores, might be considered for use in research and practice. In addition, the CAFI-C
was found to have good convergent validity as evidenced by the expected direction and magnitude of associations with the CASE-C
(environment) and CASP-C (participation) scores. The findings of discriminant validity also indicated that the CAFI-C was able to
distinguish scores among children with different types of disabilities and levels of disability severity as rated by physicians.
Information from the CAFI-C can provide a profile about children’s current body function impairments and their relationship to
participation restriction to inform service and program planning at the level of the individual child, family, program and population.
The data amassed for this study and the results highlight that parents and other primary guardians play a primary role in the
evaluation process and that researchers, service providers and policy makers need to collaborate with families to ensure that services
and resources address their needs.
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