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Abstract

This study examined the validity and diagnostic of an integrated autism screening model using DSM-5,
CARS-2 and the CASD among children aged 4 to 6 years in Sabah, Malaysia. ASD identification remains
challenging in Sabah because many families, particularly in the rural districts, experience limited access
to developmental specialists, intervention centres, and early diagnostic services. Combining DSM-5,
CARS-2, and CASD could provide a reliable and consistent approach for identifying autism-related
characteristics and severity classifications. A quantitative cross-sectional design was used. 50 children
referred for suspected ASD were recruited through purposive sampling from four autism intervention
centres in Sabah. Data were collected through multidisciplinary developmental assessments,
behavioural observations, and clinical reports. Descriptive statistics, Spearman’s rank correlation, and
weighted Cohen'’s kappa analyses were conducted using SPSS version 30. Results showed very strong
and significant positive correlations among DSM-5, CARS-2, CASD, and Clinical Report Summary scores
(p <.001). DSM-5 was strongly correlated with CARS-2 (rll = .923), CASD (rll =.885), and clinical reports
(ril = .887). The strongest relationship was found between CASD and clinical reports (il =.996).
Weighted kappa values ranged from .593 to .768, indicating moderate to substantial agreement across
severity classifications. The strongest agreement occurred between DSM-5 and CARS-2 (k = .768).
These findings demonstrate that the integrated model has good convergent validity and reliability. The
study contributes a local empirical evidence for improving early ASD screening, referral decisions, and
intervention planning in Sabah, Malaysia.

1.0 Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by persistent deficits in
social communication, social interaction, and restricted or repetitive patterns of behavior (American
Psychiatric Association, 2013; Lord et al., 2024). Recent surveillance data from the United States Centers
for Disease Control and Prevention (CDC) estimate that approximately 1 in 36 children are now identified
with ASD, reflecting a significant increase over the previous decade (Maener et al., 2023; Shaw et al.,
2025). In the United States, autism research continues to demonstrate the importance of early diagnosis
and intervention to improve developmental outcomes for children with the autism spectrum disorders.
Early intervention programs such as the Early Start Denver Model (ESDM), the Joint Attention, Symbolic
Play, Engagement, and Regulation (JASPER) program have demonstrated significant improvements in
communication skills, adaptive functioning, social interaction, and cognitive development in young
children diagnosed with autism spectrum disorder (Dawson et al., 2010; Swain et al., 2025; Kamenski et
al., 2025). In the United States, it also shows that children receiving structured intervention and
increased social engagement compared to the children receiving delayed services (Bent et al., 2024).

Previous studies comparing DSM-5 criteria with established autism assessment tools such as the

Childhood Autism Rating Scale (CARS) and the Autism Spectrum Disorder Checklist (CASD) have shown
that the DSM-5 criteria may underestimate the children with milder symptoms of ASD, particularly those
with higher levels of cognitive function and less obvious communication difficulties (Mayes et al., 2014).
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Similar findings have been reported by Frazier et al. (2012), Huerta et al. (2012), and McPartland et al.
(2012), who concluded that the DSM-5's more stringent social communication requirements may reduce
diagnostic sensitivity in children previously classified as having mild autism. Children residing in rural
and socioeconomically disadvantaged communities are disproportionately affected by delayed
developmental screening, restricted access to specialist services, and lower participation in early
intervention programmes (Portillo et al., 2024; Daniels et al., 2025). These inequities are particularly
evident in geographically fragmented regions such as Sabah, where persistent disparities in healthcare
and educational infrastructure continue to impede equitable access to developmental assessment and
early intervention services (Zuckerman et al., 2023). Consequently, the children in these underserved
settings face an increased risk of delayed diagnosis and missed opportunities for timely intervention,
potentially worsening developmental and educational outcomes. Delayed diagnosis reduces the
likelihood of early intervention, which can have long-term impacts on communication development,
adaptation, learning readiness, and social participation in children with autism spectrum disorder
(Dawson et al., 2010; Stahmer et al., 2024).

In recent years, Malaysia has witnessed a marked increase in public awareness of autism, alongside
significant improvements in developmental screening practices and the expansion of inclusive education
policies aimed at supporting children with autism spectrum disorder (Pilus, 2025; Yunus, 2025).
According to Malaysian Ministry of Social Welfare, there were approximately 58,708 officially diagnosed
children with autism nationwide, reflecting a continuing upward trend in the incidence of autism
spectrum disorder (ASD) (Ooi Kok Choon et al., 2024; Pilus, 2025). Meanwhile in Sabah is projected to
have approximately 5,210 autistic individuals in 2024 and over 7,057 in 2026, making it one of the
provinces with the highest demand for autism-related developmental support in Malaysia (Miwil, 2026;
Vanar, 2026). These statistics highlight significant disparities in access to developmental assessment
and educational support services, underscoring the need for more comprehensive and equitable service
provision across Sabah. This concern is further reinforced by a recent report indicating that the state has
only 18 autism support centres, suggesting that existing infrastructure may be insufficient to meet the
increasing demand for specialised developmental and educational interventions. These centers serve
over 7,000 children in scattered districts (Vanar, 2026). Developmental specialists and health workers
trained in autism are concentrated in urban areas such as Kota Kinabalu, while rural areas lack
assessment services and intervention programs (Antezana et al., 2017; Manual et al., 2024).

Numerous international studies have examined the concordance between DSM-5 criteria and autism
diagnostic tools such as CARS and CASD (Mayes et al., 2014; Asar et al., 2025; Lampinen et al., 2025).
Empirical studies in Malaysia, particularly in Sabah, have been largely neglected (Mayes et al., 2014;
Wiggins et al., 2019). Evidence is limited regarding whether DSM-5 criteria can effectively detect mild
ASD in children living in geographically disadvantaged areas like Sabah. Evaluating the reliability and
effectiveness of autism diagnostic approaches within Sabah's educational and healthcare context is
crucial for strengthening early detection systems, improving intervention plans, and supporting
comprehensive educational development across the state. Therefore, this study aims to examine the
diagnostic agreement between the DSM-5 diagnostic criteria for autism spectrum disorder, clinical
Page 4/16



diagnoses, and scores from two recognized autism assessment tools (the Child Autism Rating Scale
(CARS) and the Autism Spectrum Disorder Screening Scale (CASD) in children in Sabah, Malaysia.

2.0 Children Autism Spectrum Disorder in Sabah, Malaysia

Recent statistics show a significant increase in the need for autism-related developmental support in
Sabah. According to the Sabah Department of Social Welfare, the number of registered children with
autism was projected to reach approximately 4,700 in 2023 and approximately 7,057 throughout the
state by 2026. This increasing trend is placing a heavy burden on educational intervention specialists,
state agencies, and the healthcare system. Currently, Sabah has only 18 autism support and intervention
centers serving more than 7,000 children throughout the state (Miwil, 2026). Newly established autism
centers, such as the Sabah Autism Centre (PAUS) in Kota Kinabalu, was established in response to the
growing need for an intervention (Muguntan, 2026). The center which currently accepts children aged 3
to 12 and collaborates with Universiti Malaysia Sabah (UMS) for screening and intervention services. The
Sabah government has also allocated 2.5 million Malaysian Ringgit in 2025 state budget to strengthen
autism intervention programmes in collaboration with Universiti Malaysia Sabah and the Centre for
Regional Development (Borneo Post, 2025). An additional allocation of RM 670,000.00 has been
announced for 2026 to expand autism centers in Tawau, Sandakan, Kudat, and Beaufort (Miwi, 2026).
Despite these advances, the access to the rural areas remains a major challenge. Families living in rural
areas continue to face transportation barriers, financial burdens, delays in diagnostic appointments, and
limited access to developmental specialists. In some parts of Sabah, social stigma and a lack of
awareness regarding autism continue to impact early detection and participation in interventions (Chow
et al., 2026).

3.0 Methodology
3.1 Research Design

This study involved 50 children aged between 4 and 6 years from Sabah, Malaysia, who had been
referred for developmental assessment or intervention due to suspected ASD. Participants were
recruited using purposive sampling from four autism support and intervention centres: NASOM Kota
Kinabalu (n = 15), Seri Mengasih Centre (n = 15), EF Borneo Intervention Program and Therapy (n = 10),
and Persatuan C.H.I.L.D. Sabah (n =10). The sample comprised 17 children aged 4 years, 16 children
aged 5 years, and 17 children aged 6 years. Participants were eligible for inclusion if they had previously
undergone developmental screening or had been referred for further assessment by paediatricians,
teachers, therapists, psychologists, or parents based on concerns regarding autism-related
developmental characteristics. This criterion ensured that the sample represented children identified as
being at risk of ASD and requiring comprehensive developmental evaluation.

3.2 Participants
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This study involved 50 children aged 4 to 6 years in Sabah, Malaysia, who were referred for
developmental assessment or intervention due to suspected ASD. Participants were recruited through
purposive sampling from four centres such as NASOM Kota Kinabalu (15 children), Seri Mengasih Centre
(15 children), EF Borneo Intervention Program and Therapy (10 children), and Persatuan C.H.I.L.D. Sabah
(10 children). The sample included 17 children aged 4 years, 16 children aged 5 years, and 17 children
aged 6 years. Children were included if they had previously undergone developmental screening or were
referred by paediatricians, teachers, therapists, psychologists, or parents because of autism-related
developmental concerns.

3.3 Instruments

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), created by the
American Psychiatric Association (2013), defines the main diagnostic criteria for autism spectrum
disorder (ASD). DSM-5 outlines key diagnostic criteria such as persistent impairment in communication
and social interaction in multiple contexts, and restricted and repetitive patterns of behavior, interests,
and activities (American Psychiatric Association, 2022). These criteria are applied through
comprehensive developmental assessments conducted by psychiatrists and educational psychologists.
The Childhood Autism Rating Scale, Second Edition (CARS-2) was used to assess the severity of autism
symptoms across multiple developmental domains (Schopler et al., 2010). The CARS-2 scale was
chosen because of its high diagnostic sensitivity and defines practicality in both clinical and educational
settings, supported by previous research (Schopler et al., 2010; Chlebowski et al., 2010). The CASD was
developed as a structured screening and diagnostic instrument to identify behavioural characteristics
associated with Autism Spectrum Disorder (ASD) (Mayes et al., 2009; Mayes et al., 2011). The CASD is
particularly appropriate for use in this study due to its practicality, ease of administration, and suitability
for implementation in low-resource settings, including rural educational contexts in Sabah, where access
to specialist diagnostic services is often limited. Furthermore, previous research has demonstrated that
the CASD possesses high sensitivity in identifying children with mild ASD who may not fully meet the
diagnostic criteria outlined in the DSM-5. As a result, the instrument facilitates the early identification of
autism-related characteristics, thereby supporting timely referral, diagnosis, and intervention (Mayes et
al., 2013).

3.4 Data Analysis

Descriptive and inferential statistical analyses were conducted using SPSS version 30 to evaluate the
validity and agreement of the integrated autism screening model among children in Sabah, Malaysia. The
analysis involved DSM-5 Social Communication Deficits, Childhood Autism Rating Scale—Second Edition
(CARS-2), Autism Spectrum Disorder Checklist (CASD), and Clinical Report Summary scores. Descriptive
statistics and frequency distributions were used to summarise participant characteristics and autism-
related symptom patterns. Spearman’s rank correlation was used to examine the relationship between
scores from the different assessment instruments. Weighted Cohen’s kappa was used to determine the
level of agreement between autism severity classifications produced by DSM-5, CARS-2, CASD, and the
Clinical Report Summary. Kappa values were interpreted as poor (< .00), slight (.00-.20), fair (.21-.40),
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moderate (.41-.60), substantial (.61-.80), and almost perfect (.81-1.00). The Kaiser—Meyer-0lkin
(KMO) measure was also used to assess sampling adequacy, where values of .60 and above were
considered acceptable. These analyses were performed to examine the psychometric performance of an
integrated assessment framework comprising the DSM-5, CARS-2, and CASD in identifying ASD among
children aged 4 to 6 years. Specifically, the analyses evaluated the validity, reliability, diagnostic
sensitivity, and specificity of the combined assessment approach to determine its suitability for early
ASD identification within the socio-cultural and healthcare context of Sabah, Malaysia (Mayes et al.,
20009; Schopler et al., 2010).

4.0 Results

Table 1 presents the descriptive statistics for child background information and autism assessment
summary scores. The DSM-5 social communication deficits score ranged from 1.45 to 3.00, with a mean
of 2.26 (SD = 0.61). The mean CARS-2 score was 2.26 (SD = 0.58), while the mean CASD checklist score
was 2.25 (SD = 0.51). These closely comparable mean scores indicate that DSM-5, CARS-2, and CASD
identified a similar overall level of autism-related characteristics among the children. The clinical-report
summary score had a slightly higher mean of 2.41 (SD = 0.52), suggesting that clinical assessment
tended to indicate a moderate-to-higher level of autism severity. Child background information showed
the greatest variability (M = 5.00, SD = 2.30), reflecting diversity in the children’s demographic and
developmental characteristics. Overall, the descriptive findings provide preliminary evidence that the
three autism assessment measures capture comparable autism-related profiles.

Tables 2, 3, 4, and 5 present the distribution of autism severity classifications based on the DSM-5,
CARS-2, CASD Checklist, and clinical report, respectively, among the 50 children included in this study.
Table 2 represents the severity classification based on DSM-5 criteria, particularly the children’s social
communication deficits and other core autism-related characteristics. Table 3 shows the autism severity
classification obtained from CARS-2, which evaluates the overall intensity of autism-related behaviours
through structured behavioural ratings. Table 4 presents the severity classification based on the CASD
Checklist, which identifies autism-related concerns across communication, social interaction, behaviour,
development, and sensory domains. Table 5 shows the clinical-report severity classification,
representing the final professional clinical impression of each child’'s autism-related condition. Taken
together, these tables provide a descriptive comparison of how the DSM-5, CARS-2, CASD Checklist, and
clinical report classify autism severity as mild, moderate, or severe. Similar severity patterns across the
four tables would provide preliminary descriptive evidence that the three assessment instruments
identify comparable autism-related characteristics. However, any differences in the distribution of
severity levels may be expected because each assessment method uses different items, scoring
procedures, and perspectives. Therefore, the findings from Tables 2 to 5 provide an initial overview of
severity classification, while the formal level of agreement between DSM-5, CARS-2, CASD Checklist, and
the clinical report should be further examined using weighted Cohen’s Kappa analysis.
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Table 6 shows the Spearman’s rank correlation results for 250 children. Overall, all variables were
significantly positively correlated at the 0.01 level, with all significance values below .001. This indicates
that higher scores in one autism-related assessment were consistently associated with higher scores in
the other assessments. Child Background Information showed weak-to-moderate positive correlations
with DSM-5 Social Communication Deficits (rl = .293), CARS-2 (il =.378), CASD Checklist (rl = .368), and
Clinical Report Summary (rll = .368). These results suggest that child background characteristics were
related to autism screening outcomes, although the relationships were not as strong as those between
the diagnostic instruments. DSM-5 Social Communication Deficits had a very strong positive correlation
with CARS-2 (il =.923), CASD Checklist (rfl = .885), and Clinical Report Summary (ril = .887). Similarly,
CARS-2 was very strongly correlated with CASD Checklist (rl = .936) and Clinical Report Summary (ril =
.938). The strongest correlation was found between CASD Checklist and Clinical Report Summary
scores (rll =.996, p < .001), indicating an almost perfect positive relationship. This means that children
identified with higher autism-related characteristics using the CASD Checklist also received highly
similar results in the clinical report summary. Overall, the strong correlations among DSM-5, CARS-2,
CASD, and Clinical Report Summary scores support the convergent validity and consistency of the
integrated autism screening model.

Table 7 presents the weighted Cohen'’s kappa agreement between autism severity classifications derived
from the DSM-5 Social Communication Deficits, CARS-2, CASD Checklist, and Clinical Report Summary.
All agreement values were statistically significant at p <.001, indicating that the observed agreement
between each pair of assessment methods was unlikely to occur by chance. The strongest agreement
was found between DSM-5 Social Communication Deficits and CARS-2, with a weighted kappa value of k
=.768 (SE =.014, 95% CI [.741, .794]), indicating substantial agreement. Similarly, CARS-2 and CASD
Checklist showed substantial agreement (k = .765, SE =.012, 95% CI [.740, .789]). These findings
suggest that DSM-5 and CARS-2, as well as CARS-2 and CASD, classified children into autism severity
categories in a highly consistent manner. DSM-5 and CASD Checklist demonstrated moderate-to-
substantial agreement (k = .698, SE = .016, 95% CI [.666, .731]), while CARS-2 and Clinical Report
Summary showed moderate agreement (k = .643, SE =.016, 95% CI [.612, .674]). The agreement
between CASD Checklist and Clinical Report Summary was also moderate (k = .625, SE =.014, 95% ClI
[.598, .653]). The lowest agreement was observed between DSM-5 Social Communication Deficits and
Clinical Report Summary, with k = .593 (SE =.017, 95% CI [.559, .627]), although this still represents
moderate agreement. Overall, the kappa values ranging from .593 to .768 indicate moderate to
substantial agreement across all autism severity classifications, supporting the reliability and
consistency of the integrated autism screening model.

5.0 Discussion

The findings of this study support the validity of an integrated autism screening model using DSM-5
Social Communication Deficits, CARS-2, and CASD Checklist among children in Sabah, Malaysia. The
Spearman’s rank correlation results demonstrated that all autism-related measures were significantly
and positively associated at p <.001, indicating that children who obtained higher scores on one
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assessment instrument also tended to obtain higher scores on the other instruments. DSM-5 Social
Communication Deficits showed very strong correlations with CARS-2 (rll =.923), CASD Checklist (ril =
.885), and Clinical Report Summary (ril = .887), suggesting that DSM-5 social communication indicators
were strongly related to behavioural autism characteristics, checklist-based symptoms, and overall
clinical interpretation. However, the weighted Cohen’s kappa results showed that DSM-5 severity
classifications had substantial agreement with CARS-2 (k =.768, 95% CI [.741, .794]) and CASD (k =.698,
95% CI [.666, .731]), but only moderate agreement with the Clinical Report Summary (k =.593, 95% ClI
[.559, .627]). This difference indicates that although DSM-5 scores increased consistently with other
autism measures, DSM-5 may classify some children into different severity categories compared with
broader clinical reports. This may be particularly relevant for children with mild ASD, subtle social
communication difficulties, or uneven developmental profiles. Previous studies have similarly reported
that DSM-5 criteria may reduce sensitivity for children with less obvious autism characteristics because
of stricter social communication thresholds and restricted behavioural requirements (Frazier et al., 2012;
Huerta et al., 2012; McPartland et al., 2012; Hinojosa et al., 2021; Mayes et al., 2013). The CARS-2
showed particularly strong convergent validity, with very strong correlations with DSM-5 (rll = .923), CASD
(rl = .936), and Clinical Report Summary (ril = .938). It also demonstrated substantial agreement with
DSM-5 (k =.768) and CASD (k =.765, 95% CI [.740, .789]), indicating that CARS-2 provides consistent
behavioural severity classification across assessment methods. These findings are consistent with
Schopler et al. (2010), Ji (2023), Samadi et al. (2026), and Mayes et al. (2009), who found that structured
behavioural rating scales improve diagnostic consistency by assessing communication, social
interaction, adaptation, emotional response, and sensory behaviour. CASD produced the strongest
relationship with the Clinical Report Summary (rll = .996), suggesting that checklist-based autism
symptoms closely reflected clinical findings. CASD also correlated strongly with CARS-2 (rl = .936) and
DSM-5 (rll = .885), although its agreement with the Clinical Report Summary was moderate (k =.625, 95%
Cl[.598, .653]). This may occur because CASD relies strongly on caregiver-reported symptoms, while
clinical reports include professional observation, developmental history, functional impairment, and
clinical judgement. Nevertheless, CASD showed substantial agreement with CARS-2 (k =.765) and
moderate-to-substantial agreement with DSM-5 (k = .698), supporting its usefulness as an early
screening instrument. This is consistent with Mayes et al. (2013) and Wilson et al. (2024), who reported
that checklist-based tools can identify subtle ASD symptoms, particularly among children who may not
fully meet strict diagnostic thresholds. Child Background Information showed weaker but significant
correlations with DSM-5 (rll = .293), CARS-2 (rll = .378), CASD (il =.368), and Clinical Report Summary (i
= .368), indicating that background characteristics may contribute to autism-related outcomes but are
not as influential as direct behavioural and clinical assessment measures. Overall, the results
demonstrate that no single tool should be used independently in Sabah, where rural distance, limited
specialist availability, delayed developmental assessment, and incomplete child histories may affect
early diagnosis (Chow et al., 2026; Bondi, 2026). The integrated model is therefore valuable because
DSM-5 provides diagnostic criteria, CARS-2 provides structured behavioural severity assessment, CASD
provides sensitive early symptom screening, and the Clinical Report Summary provides professional
contextual interpretation. Combining these approaches may reduce missed mild ASD cases, improve
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consistency in severity classification, strengthen referral pathways, and support earlier intervention in
Sabah’s education and health systems (Lord et al., 2020; Yu et al., 2024; Choueiri et al., 2023; McCann et
al., 2026; Janius et al., 2026).

6.0 Conclusion

This study provides empirical support for an integrated autism assessment model that combines the
DSM-5 Social Communication Deficits criteria, the CARS-2, the CASD, and clinical report interpretation
for children aged 4 to 6 years in Sabah, Malaysia. Significant positive correlations were found among all
assessment measures, indicating that higher autism-related characteristics identified by one instrument
were consistently reflected in the others. The DSM-5 showed very strong correlations with the CARS-2,
CASD, and Clinical Report Summary, while weighted Cohen's kappa coefficients (.593-.768)
demonstrated moderate to substantial agreement in autism severity classification. These findings
suggest that the instruments provide consistent yet complementary information for ASD identification.
The integrated assessment model combines the strengths of each instrument by incorporating
standardised diagnostic criteria, behavioural severity ratings, early identification of subtle autism
characteristics, and professional clinical interpretation. This multidimensional approach has the
potential to improve diagnostic accuracy, reduce missed cases of mild ASD, enhance referral decisions,
and support earlier intervention through greater collaboration between healthcare and education
professionals. This study contributes important empirical evidence from Sabah, where autism
assessment research and access to specialist diagnostic services remain limited, particularly in rural
communities. However, the findings are based on a relatively small sample from selected intervention
centres. Future research should include larger and more diverse samples across Malaysia and employ
longitudinal designs to examine the model's ability to predict developmental and educational outcomes
over time.
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