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Abstract 

Two studies were conducted to examine the use of the Taiwanese version of the Screening 

Tool for Autism in Two-Year-Olds (T-STAT) for detecting autism spectrum disorder (ASD) 

in toddlers aged 18–24 months. Study 1 used receiver operating characteristics to select a 

cutoff score for the T-STAT. It involved 2 groups of 16 toddlers each, 1 group with toddlers 

having ASD and the other group with chronological and mental age-matched toddlers with 

developmental delay (DD). The result suggested that a cutoff of 2.50 would yield high 

sensitivity and specificity. In Study 2, we recruited 136 toddlers—30 with ASD, 33 with 

Mild-ASD, and 73 with DD. Using 2.50 as the cutoff score, the concurrent agreement 

between T-STAT risk and clinical diagnosis and Autism Diagnostic Observation Schedule 

yielded high sensitivity and specificity. The results of this study indicated that the T-STAT 

can be used as a Level 2 autism-specific screening tool for the 18–24 months age group. 

Keywords: autism spectrum disorder, toddler, screening, sensitivity, specificity 
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 Autism spectrum disorder (ASD), a neurodevelopmental disorder, is characterized by 

impairments in social and communication skills, repetitive behavior patterns, and a restricted 

range of interests (American Psychiatric Association [APA], 2013). Studies have shown that 

early intervention can significantly improve impairments and long-term outcomes for 

children with ASD (Dawson et al., 2010; Pickles et al., 2016; Rogers et al., 2019). The 

effectiveness of early intervention highlights the importance of early detection and early 

diagnosis. ASD can be reliably diagnosed when a child is < 24 months of age (Barbaro & 

Dissanayake, 2017; Guthrie et al., 2013; Ozonoff et al., 2015; Zwaigenbaum et al., 2016). 

However, frequently, children with ASD are diagnosed after 3 years (Bent et al., 2015; 

Daniels & Mandell, 2014). Delayed diagnosis might equivalently lead to delayed access to 

early intervention and family support services (Bent et al., 2015). Children with ASD who 

received early intervention before the age of 3 years showed improved outcomes in targeted 

skills (e.g., social communication and imitation) (Zwaigenbaum et al., 2015). Delayed 

diagnosis and intervention can considerably affect the developmental outcomes of children 

with ASD. Thus, facilitating the early detection and early diagnosis of ASD is crucial, 

particularly in underresourced countries or communities. 

Earlier, ASD was considered a rare disorder. However, the estimated prevalence of 

children with ASD has drastically increased by 1–2% (APA, 2013; Baio et al., 2018; 

Baron-Cohen et al., 2009; Christensen et al., 2016). ASD prevalence in Taiwan is lower than 

that in Western countries (Sun et al., 2013). Reasons for low ASD prevalence in Taiwan are 

as follows: (1) valid screening tools for toddlers are limited, and children with ASD are not 

detected in the clinical or community setting. (2) Parents do not continually bring their 

children with developmental problems to visit clinicians, and monitoring of signs of 

abnormalities is not conducted. (3) Consistent with Ward et al.’s (2016) study, many 

clinicians in Taiwan have little experience or knowledge regarding screening or diagnosing 

ASD in children < 3 years of age (Lai et al., 2012) and advice parents to “watch and wait”. 
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Thus, it is crucial to develop an ASD screening tool that is cost-effective and easy to 

administer in toddlers for detecting early signs of ASD. This can facilitate early screening or 

early diagnosis of ASD in Taiwan. 

Existing screening tools for ASD can be divided into two types, namely Levels 1 and 2 

(Filipek et al., 1999; Fombonne, 2009). Level 1 screening tools are developed for use in the 

general population, whereas Level 2 screening tools are designed for use in individuals with a 

high ASD risk. In Taiwan, a majority of infants and toddlers regularly undergo physical and 

developmental surveillance in primary care settings (e.g., community clinics and health 

centers) during their vaccination. Routine checkups allow healthcare providers to examine 

infants and toddlers for socioemotional functioning (e.g., response to own name) and detect 

high-risk cases. Infants and toddlers with positive indicators of ASD are referred to specialty 

clinics (e.g., department of child psychiatry at regional hospitals) for a comprehensive 

assessment by a multidisciplinary team and for making a formal diagnosis. A Level 2 (rather 

than a Level 1) screening tool is needed in these clinical settings for differentiating between 

toddlers with ASD and those with other developmental problems. In Taiwan, medical 

certificates as ASD proof for children are mainly issued by child and adolescent psychiatrists. 

In 2010, a total of 210 licensed child and adolescent psychiatrists were available, and the 

ratio of child and adolescent psychiatrists to children was close to 1: 20,000 (National Health 

Research Institutes [NHRI], 2019). They typically shoulder a heavy workload due to a high 

number of patients per expert. Therefore, an affordable and easy-to-administer screening tool 

is essential to facilitate the early screening and early diagnosis of ASD among toddlers. 

The Modified Checklist for Autism in Toddlers (M-CHAT; Robins et al., 2001) is a 

parent-reported checklist that was originally developed as a Level 1 screening tool for ASD. 

This tool was translated and validated for use in Taiwan. The M-CHAT consists of 23 yes/no 

questions designed to evaluate the development and behavior of toddlers aged 16–30 months 

and can be completed by a parent/caregiver within 5–10 min. Wong et al. (2018) recruited 
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236 children, comprising 113 with ASD and 123 with developmental delay (DD), aged 18–47 

months with a high ASD risk from a rural area of Southern Taiwan. Using “failing any 4 of 

the 23 M-CHAT items” as cutoff, it showed a sensitivity of 0.77 and a specificity of 0.72. 

According to the standard suggested by Cicchetti et al. (1995), values < 0.70, between 0.70 

and 0.79, between 0.80 and 0.89, and > 0.90 indicate poor, fair, good, and excellent accuracy, 

respectively. The diagnostic accuracy of the M-CHAT was thus fair in this high-risk sample. 

This result can be attributed to factors such as the stigma that is associated with psychological 

diagnoses in Chinese culture (Pang et al., 2018; Wong et al., 2018) and/or the lack of 

sufficient knowledge about ASD in parents (Wong et al., 2018). If this is the case, using an 

interactive screening tool that provides clinicians an opportunity to directly observe behaviors 

of infants and toddlers could improve screening accuracy. 

Contrary to the M-CHAT used to detect ASD in the general population, the Screening 

Tool for Autism in Two-Year-Olds (STAT; Stone et al., 2004) is an interactive Level 2 

screening tool for detecting ASD in high-risk individuals. Previous studies (e.g., Stone et al., 

2008; Wu & Chiang, 2014) have suggested that toddlers with ASD show 

social-communicative impairments. Thus, social-communicative deficits could be indicators 

used for early screening of ASD. The STAT consists of 12 activity-based items that measure 

four social-communicative domains: play, requesting, directing attention (i.e., joint attention), 

and imitation. It is a brief screening tool used by professionals and is likely to be useful in 

clinical settings. The STAT was originally designed for use among children aged 24–35 

months. Stone et al. (2004) recruited 104 young children with developmental problems, 

consisting of 65 young children with ASD and 39 young children with DD. Using a cutoff 

score of 2, the STAT yielded excellent sensitivity (1) and specificity (0.90). Stone et al. (2008) 

further tested the STAT’s usage for ASD screening among toddlers aged < 24 months. They 

recruited 71 toddlers aged 12–23 months, consisting of 19 toddlers with ASD and 52 toddlers 

without ASD (i.e., DD, language impairment, broad autism phenotype, and no concerns). A 
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cutoff score of 2.75 on the STAT yielded excellent sensitivity (0.95) and fair specificity (0.73). 

Their findings suggested that ASD could be detected in toddlers at < 24 months of age. 

However, their findings suggested a high number of false positives in toddlers aged < 13 

months. Recently, Wu et al. (2020) examined the use of the STAT for detecting ASD in 

toddlers aged < 24 months. They recruited 119 toddlers (57 with ASD and 62 with DD) aged 

16–24 months (Time 1) and finalized diagnosis at 18 months after Time 1. A cutoff score of 

2.5 on the STAT yielded good prospective sensitivity (0.86) and specificity (0.81). The 

difference in the age range of participants could be one possible reason for different cutoffs in 

these two studies. 

The Taiwanese version of the STAT was developed and called the Taiwanese version of 

the Screening Tool for Autism in Two-Year-Olds (T-STAT; Chiang et al., 2013), which also 

consists of 12 activity-based items that measure four social-communicative domains: play, 

requesting, joint attention, and imitation. Chiang and colleagues (2013) recruited 43 young 

children with ASD and 34 young children with DD. With a cutoff score of 2, the T-STAT 

yielded good sensitivity (0.86) and specificity (0.82). Wu and colleagues (2019) further tested 

the T-STAT’s usage in ASD screening in children aged 36–48 months. They recruited 84 and 

63 children with ASD and DD, respectively. With a cutoff score of 1.25, the T-STAT yielded 

good sensitivity (0.89) and excellent specificity (0.92). The T-STAT is therefore a promising 

Level 2 screening tool for ASD in young children. These initial studies demonstrated that the 

T-STAT is a promising Level 2 screening tool for ASD in children aged 36 months and older. 

To extend the T-STAT’s use in early detection and diagnosis, we conducted two studies 

that investigated whether it could be used for detecting ASD in toddlers aged 18–24 months 

by (1) using receiver operating characteristics (ROC) to compute the potential cutoff of the 

T-STAT in the development sample, and by (2) examining the cutoff and validity of the 

T-STAT in the validation sample. 
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Study 1: Computing Cutoff Scores of the T-STAT 

Methods 

Participants 

This study was approved by the Ditmanson Medical Foundation Chia-Yi Christian 

Hospital Research Ethics Committee. All parents provided informed consent before the 

assessment. In total, 32 toddlers, 16 with ASD and 16 with DD, aged 18–24 months 

participated in the study. Of the 32 participants, 22 were a part of the participant sample in 

the study by Wu et al. (2020). None of the participants had sensory or motor impairments or 

previously diagnosed genetic disorders. All participants were diagnosed with either ASD or 

DD based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fifth 

edition (DSM-5; APA, 2013). According to the DSM-5 criteria for ASD, a child must exhibit 

a minimum of three deficits in social-communicative/interaction skills and two 

restricted/repetitive behaviors. All participants with ASD were assessed and diagnosed by a 

multidisciplinary team consisting of two senior clinical child psychologists with doctoral 

degrees and two senior child and adolescent psychiatrists. Their diagnoses were based on 

participant’s developmental history, parental concerns, cognitive and adaptive functioning, 

clinical observations, and results of Autism Diagnostic Observation Schedule (ADOS; Lord 

et al., 1999). The participants were considered to have DD if they did not meet the DSM-5 

criteria for ASD and failed to reach a total score of 85 on the Mullen Scales of Early Learning 

(MSEL; Mullen, 1995) or had a T-score of 35 on any of the four cognitive scales (i.e., visual 

reception, fine motor, receptive language, and expressive language). 

Mental ages (MAs) of all participants were computed by averaging the age equivalents 

across the four cognitive scales of the MSEL (Mullen, 1995). Independent-samples t tests 

showed comparable MAs, chronological age, and parents’ years of education in the ASD and 

DD groups. Furthermore, the two groups did not differ in their sex ratios. Nevertheless, 
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toddlers with ASD obtained higher scores on the ADOS than toddlers with DD. The 

demographic characteristics of the sample are presented in Table 1. 

 

Insert Table 1 about here 

 

Procedures and Measures 

All participants were assessed using the T-STAT (Chiang et al., 2013; Wu et al., 2019), 

MSEL (Mullen, 1995), and ADOS (Lord et al., 1999). The test administration conducted in 

the current study was the same as that in Wu et al. (2020). That is, a total of 14 items were 

included in both the STAT and T-STAT. The only difference between these two studies is the 

scoring algorithm of the data used. The T-STAT was administered by examiners who were 

graduate students in the Master of Science degree program in the discipline of clinical 

psychology and had received 8-hr training for administering and scoring the assessment. 

They were blinded to the diagnostic information of the participants as well as to the concerns 

of the caregivers before administration. Inter-rater reliability between these examiners and the 

first author who was trained for administering and scoring the T-STAT was high (i.e., 0.90). 

ADOS was administered by the authors who had received research training and certification 

in Taiwan (i.e., by Dr. Catherine Rice’s team at Pingtung county). Furthermore, they were not 

provided with any information regarding the T-STAT before the administration procedure. All 

examiners periodically discussed the manner in which they scored the T-STAT and ADOS to 

further ensure inter-rater reliability. 

 

Mullen Scales of Early Learning (MSEL; Mullen, 1995). The MSEL is a standardized 

developmental test that was designed for preschool children aged 0–68 months. It consists of 

four cognitive scales: visual reception, fine motor, receptive language, and expressive 

language. The four cognitive scales yield T-scores, which have a mean of 50. The four 
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subscale scores can be used to compute a composite score, which is an indicator of early 

learning and has a mean of 100. The MSEL has demonstrated concurrent validity against 

other well-known developmental tests of language and cognitive development (e.g., Bayley 

Scales of Infant Development; Bayley, 1969). In addition, it has demonstrated acceptable 

internal consistency and test–retest reliability. 

 

Taiwanese Version of Screening Tool for Autism in Two-Year-Olds (T-STAT; 

Chiang et al., 2013; Wu et al., 2019). The T-STAT is an interactive measure that was 

originally designed to screen for autism in children aged 24–35 months. The T-STAT is an 

individually administered assessment that consists of 12 activity-based items, and it takes 

approximately 20 min to complete. It measures four early social-communicative skills: play 

(two items), requesting (two items), joint attention (four items), and imitation (four items). 

All of the items are scored as either pass or fail. The number of failure items in each domain 

is converted into scores. The scores for the two-item domains can be 0, 0.5, or 1, whereas the 

scores for the four-item domains can be 0, 0.25, 0.50, 0.75, or 1. Thus, the scores for each 

domain of the T-STAT can range from 0 to 1. In addition, the total T-STAT score can be 

computed by summing of the four domain scores. Therefore, the composite score can range 

from 0 to 4; higher scores are indicative of greater impairment levels. The T-STAT has 

demonstrated a good level of accuracy in identifying ASD and DD in children aged 24–48 

months (Chiang et al., 2013; Wu et al., 2019). 

 

Autism Diagnostic Observation Schedule (ADOS; Lord et al., 1999). The ADOS is a 

semi-structured play-based and observational assessment, which is divided into four modules. 

Each module is selected based on the age and expressive language of the respondent. The 

ADOS is considered the best diagnostic tool for ASD because it serves as a standardized 
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means of observing and scoring language and communication skills, reciprocal social and 

stereotypic behaviors, and restricted interests. Each module provides an algorithm that entails 

cutoffs that can be used to assign respondents to one of the following three categories: autism, 

ASD (i.e., pervasive developmental disorder-not otherwise specified; PDD-NOS), or 

non-ASD. In the present study, both autism and PDD-NOS were merged into one category, 

namely ASD. Because this study had relatively young participants, only Module 1 was 

administered. A modified version of the ADOS for toddlers aged 12–30 months, namely the 

ADOS-2: Toddler Module (Lord et al., 2012), was not used in the present study because it is 

yet to be culturally adapted and validated for Taiwan. 

Analysis 

Statistical Package for the Social Sciences was used to conduct statistical analyses in 

this study. The screening properties of the T-STAT were examined using ROC. ROC was 

examined to select the optimal range of cutoff scores of the T-STAT and consequently to 

examine sensitivity, specificity, and the area under the curve (AUC). 

Results 

The results of an ROC suggested that the optimal cutoff scores for better sensitivity and 

specificity were between 2 and 3. Sensitivity and specificity associated with different cutoff 

scores for the sample are presented in Table 2. A score of ≥ 2.50 was then selected as the 

cutoff for ASD risk. 

With 2.50 as the cutoff score for ASD risk, the results derived from sensitivity, 

specificity, the positive predictive value, and the negative predictive value were all the same 

(100%) (Table 3). Both sensitivity and specificity indicated the excellent validity of the 

T-STAT, as suggested by Cicchetti and colleagues (1995). ROC yielded an AUC of 1, which 

also demonstrated excellent classification accuracy. The initial findings supported that the 

T-STAT could be used to detect ASD in toddlers aged 18–24 months. 
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In addition, independent t tests were used to compare the T-STAT total scores between 

the two groups. The results showed that toddlers with ASD (mean = 3.41, standard deviation 

[SD] = 0.45) obtained a significantly higher score than toddlers with DD (mean = 1.56, SD = 

0.41), t (30) = 12.13, p < 0.001). 

 

Insert Table 2 about here 

Insert Table 3 about here 

 

STUDY 2: Validity of the T-STAT in the Validation Sample 

In Study 1, a T-STAT score of 2.50 was found to be the cutoff for ASD risk based on 

ROC results. In Study 2, we recruited more participants independent of the Study 1 sample to 

test the cutoff criteria and classification accuracy. 

Method 

Participants 

Participants were recruited from the southwest area of Taiwan. They were diagnosed 

based on a different set of criteria than those used in Study 1. This was because studies (e.g., 

Frazier et al., 2012) have shown that the criteria of DSM-5 have a lower sensitivity than those 

of Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision 

(DSM-IV-TR; APA, 2000). In other words, participants showing significant impairments 

related to the core ASD symptoms but failing to meet the full criteria for ASD according to 

DSM-5 are misclassified as having DD, which is not appropriate. Therefore, Frazier et al. 

(2012) proposed a set of less stringent criteria than the DSM-5 criteria for ASD. Accordingly, 

the following criteria were used in Study 2: (1) three deficits in 

social-communicative/interaction skills and one restricted/repetitive behavior and (2) two 

deficits in social-communicative/interaction skills and two restricted/repetitive behaviors. 
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Toddlers who met these less stringent DSM-5 criteria were classified as having Mild-ASD. 

Finally, 30, 33, and 73 toddlers with ASD, Mild-ASD, and DD, respectively, participated. Of 

the 136 participants, 89 had participated in the study by Wu et al. (2020). 

Table 4 presents the demographic characteristics of participants in Study 2. One-way 

analysis of variance was used to determine whether the three groups differed significantly in 

terms of demographic characteristics. The results revealed no significant difference in parents’ 

years of education and sex ratio. 

 

Insert Table 4 about here 

 

Procedures and Measures   

All toddlers received an assessment battery that included the MSEL, T-STAT, and 

ADOS. An informed consent form was signed by parents before the measures were 

administered. As in Study 1, the T-STAT was administered by graduate students of clinical 

psychology in the Master of Science degree program who had received training for 

administering and scoring in advance. Furthermore, the T-STAT and ADOS were 

administrated by different examiners who were blinded to each other’s testing results. The 

clinical diagnosis was made by senior psychiatrists or psychologists who were trained, and 

they achieved excellent inter-rater reliability based on interviews of caregivers and 

observations made throughout the evaluation. Moreover, they were blinded to participants’ 

T-STAT risk status. The cutoff score for the T-STAT based on the results of Study 1 was 

used in Study 2. 

Results 

The three groups’ performance on the T-STAT is shown in Table 5. Given that the three 

groups were unmatched by MAs, analysis of covariance was further executed for testing 
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performance differences of the three groups on the T-STAT. Using MAs as a covariate based 

on clinical diagnosis, the results revealed that significant group differences existed for scores 

of the play, requesting, and joint attention domains and total score of the T-STAT (Table 6). 

 

Insert Table 5 about here 

Insert Table 6 about here 

Concurrent validity of the T-STAT was examined by comparing the children’s T-STAT 

risk category with their clinical diagnosis and ADOS classification (Table 7). Using a cutoff 

score of 2.50 for high risk, accurate diagnoses of ASD or Mild-ASD in 58 of 63 toddlers and 

DD in 63 of 73 toddlers were made in comparison with their clinical diagnoses. Sensitivity 

was 0.92 and specificity was 0.86 for the T-STAT classification of ASD (or Mild-ASD) and 

DD. Five toddlers with Mild-ASD and 10 toddlers with DD were misidentified using the 

T-STAT. Both ADOS and T-STAT provide categorical classification of risk. Thus, this study 

also compared the agreement between categories of ADOS and T-STAT (Table 7). The results 

showed that 66 of 74 toddlers and 60 of 62 toddlers were accurately diagnosed with autism 

(or PDD-NOS) and DD, respectively, compared with their ADOS classification. Sensitivity 

was 0.89 and specificity was 0.97 for the T-STAT classification of autism (or PDD-NOS) and 

DD. Three toddlers with autism, five toddlers with PDD-NOS, and two toddlers with DD 

were misidentified using the T-STAT. 

 

Insert Table 7 about here 

 

According to clinical diagnosis, ROC yielded AUCs of 0.95 (confidence interval = 

0.91–0.99) and 0.90 (confidence interval = 0.84–0.95) for ASD versus DD and ASD + 

Mild-ASD versus DD, respectively. According to ADOS classification, ROC yielded AUCs 
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of 0.95 (confidence interval = 0.90–1) and 0.92 (confidence interval = 0.86–0.97) for autism 

versus DD and autism + PDD-NOS versus DD, respectively. The findings suggested that the 

T-STAT had good screening accuracy and could be used as a screening tool for detecting 

ASD in toddlers aged < 24 months in the clinical setting in Taiwan. 

 

Discussion 

Level 2 screening tools for detecting ASD in toddlers < 24 months in high-risk samples 

in Taiwan are few. Parent-reported screening tools (e.g., M-CHAT) are advantageous, as they 

are cost-effective and convenient. However, a few factors (e.g., parents’ misunderstanding of 

the questions and stigma) may lead to low accuracy, especially for underresourced 

communities. Interactive screening tools such as the T-STAT developed by Chiang et al. 

(2013) could be useful for detecting autism in toddlers aged 24–35 months. Thus, the purpose 

of the present study was to expand the utility of the T-STAT and enhance early screening for 

ASD in a large age range according to the needs of current clinical services in Taiwan. Two 

studies were conducted to examine the validity of the T-STAT for identifying ASD in toddlers 

aged 18–24 months. 

In accordance with past findings (e.g., Barbaro & Dissanayake, 2017; Guthrie et al., 

2013), toddlers with ASD can be early screening and early diagnosis at age < 24 months. 

Studies have shown that cutoff scores of 2 and 1.25 on the T-STAT can be used to reliably 

identify autism in children aged 24–35 months (Chiang et al., 2013) and 36–48 months (Wu 

et al., 2019), respectively. Compared with previous studies (i.e., Chiang et al., 2013; Wu et al., 

2019), our study had younger participants. The results of the current study showed that a high 

cutoff score of 2.50 on the T-STAT could exhibit good or excellent sensitivity (0.89–1) and 

specificity (0.86–0.97) in differentiating toddlers aged 18–24 months with ASD/Mild-ASD 

from those with DD. In addition, an examination of the AUC (0.90–0.95) revealed that the 

T-STAT can reliably identify ASD/Mild-ASD in toddlers aged 18–24 months. The results of 
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this study suggest that for accurate diagnosis of ASD, cutoff scores of 2.50 on the T-STAT 

must be used for toddlers aged 18–24 months. 

The current study and Wu et al. (2020) found that using a cutoff score of 2.50, instead 

of 2.75 as recommended by Stone et al. (2008), would yield better discrimination. Stone and 

colleagues proposed that the younger the children with ASD are, the more the deficits of 

early social-communicative skills. They recruited a sample of toddlers aged 12–23 months, 

whereas our sample and Wu et al.’ sample were slightly older (i.e., 16–24 months). Thus, it is 

reasonable for the cutoff score to be lower than that of Stone et al. This argument was 

supported by the findings of the current study and those of Chiang and colleagues (2013) and 

Wu and colleagues (2019), all of which suggested significant age-related developments in 

early social-communicative skills across preschool children with ASD. It is necessary to 

consider age-related developments when using the severity level of early 

social-communicative skills to detect ASD in children.  

Similar to previous studies (e.g., Stone et al., 2008; Veness et al., 2012), in this study, 

toddlers with ASD demonstrated deficits in early social-communicative skills at < 24 months 

of age. Even after controlling for MAs, early social-communicative impairments were 

evident in toddlers with ASD. Similar to a study by Wu and colleagues (2019), our study 

showed that toddlers with ASD showed deficits in the joint attention domain, followed by the 

requesting, play and imitation domains. The findings of this study suggested that integrations 

of multiple nonverbal communication skills (e.g., coordinated eye contact and 

gesture/vocalization) can be used to differentiate toddlers aged < 24 months with ASD from 

those with DD. In accordance with previous studies (e.g., Wu et al., 2019), the findings of 

this study also showed that the imitation domain is a weak discriminator for distinguishing 

toddlers with ASD from those with DD. This is consistent with previous findings that 

children with ASD do not exhibit significant impairments in tasks that require the imitation of 

meaningful actions that involve objects (e.g., Hepburn & Stone, 2006; Stone et al., 1997; Wu 
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& Chiang, 2014). Given that the imitation domain has two items that necessitate imitation of 

meaningful actions that involve objects, it is not a robust discriminator. In future, it might be 

beneficial to replace the insensitive items in the imitation domain. 

Frazier and colleagues (2012) suggested that the DSM-5 criteria have a lower 

sensitivity than the criteria in the former edition. Individuals who did not meet the DSM-5 

criteria for ASD may still have significant impairments related to the core ASD symptoms. 

Thus, one strength of this study relative to previous T-STAT studies is the inclusion of 

toddlers with ASD or Mild-ASD using the strict and relaxed DSM-5 criteria for ASD 

simultaneously. Our findings suggested that toddlers with Mild-ASD showed milder autism 

symptomatology than those with ASD. Toddlers with Mild-ASD had higher scores and 

exceeded cutoff scores on both the T-STAT and ADOS; thus, they might be regarded as 

having ASD instead of DD. However, these toddlers must be followed up for confirming 

their diagnosis. 

Mild-ASD, which was not included in Study 1, had lower total scores than those with 

ASD in Study 2. Thus, the cutoff score was decreased, and accuracy was examined again. 

When using 1.75, 2, and 2.25 as cutoff for the T-STAT, respectively, 37 (51%), 26 (36%), 

and 13 (18%) individuals with DD and 3 (9%), 4 (12%), and 5 (15%) individuals with 

Mild-ASD were misidentified. The results of this study indicated that cutoff scores might 

need to be lowered (e.g., 2) for detecting Mild-ASD. Furthermore, clinicians must collect 

other information or execute a comprehensive assessment for early diagnosis of Mild-ASD 

because toddlers with DD tend to be misidentified. 

In this study, 10 toddlers with DD were misidentified as having ASD using the T-STAT. 

Among these toddlers, eight met the ADOS criteria for ASD. In addition, one toddler with a 

clinical diagnosis of DD was identified as having a high risk of ASD on the T-STAT due to 

his shyness and anxiety during the assessment. The findings suggested that child 

characteristics (e.g., shyness and anxiety) might have caused the higher rate of item failures 
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on the T-STAT. Using a high cutoff could increase specificity and reduce false positive 

results. When using a high score (i.e., 2.75) as cutoff for the T-STAT, specificity increased 

from 0.86 to 0.88, whereas sensitivity decreased from 1 to 0.77 and from 0.85 to 0.76 for 

ASD and Mild-ASD, respectively. Compared with false positive results, false negative results 

may lead to costly outcomes for toddlers with ASD, their families, and society (Stone et al., 

2008), such as misunderstanding children’s behaviors and missing out from early intervention. 

Thus, using a cutoff score of 2.50 on the T-STAT is acceptable despite slightly low 

specificity. If clinicians are still concerned regarding false positive cases, the T-STAT can be 

combined with an interview or parent-reported screening tools to enhance diagnostic 

accuracy. Diagnosis could not be confirmed in only a minority of referred children, and 

professionals able to conduct such assessments are limited in most communities 

(Zwaigenbaum & Warren, 2020). Zwaigenbaum and Warren suggested that the limited 

reserve of expert and comprehensive assessment may be efficiently used to serve these 

children with ambiguous diagnosis. In most communities, including Taiwan, professionals 

are limited and shoulder a heavy workload. Healthcare professionals can be trained for using 

the T-STAT for detecting ASD in toddlers. Then, toddlers without clear autistic symptoms 

(e.g., total scores of the T-STAT are 2.25 or 2) can be referred for a comprehensive 

evaluation and continual monitoring. For toddlers with clear autistic symptoms (e.g., total 

scores of the T-STAT are 2.75 or 3), professionals can diagnose them early and provide early 

intervention. 

The present study investigated the use of the T-STAT in Taiwan among at-risk toddlers 

aged < 24 months. The study findings suggested that the T-STAT can reliably detect at-risk 

children with ASD within the developmental period ranging from toddlerhood to preschool 

age. The T-STAT is a Level 2 interactive screening tool that can be completed within 20 min 

and is easy to administer. It may be promoted among practitioners (e.g., clinical 
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psychologists and occupation therapists) in clinical settings (e.g., regional hospitals) to 

differentiate toddlers with ASD from those with DD for making formal ASD diagnosis. Then, 

evidence-based interventions can be provided for toddlers with ASD and their families. 

Limitations and Future Directions 

In conclusion, the present study used the T-STAT as a Level 2 screener for ASD among 

at-risk toddlers aged 18–24 months. The results suggest that the T-STAT has a good or 

excellent level of concurrent validity (e.g., sensitivity and specificity) and can therefore be 

used as an autism-specific screening tool for children ranging from toddlerhood to preschool 

age. However, this study has a few limitations. First, given that professionals have a heavy 

workload, it needs to develop a brief version of the T-STAT for detecting ASD in infants and 

children in Taiwan. It can be helpful for early screening and early diagnosis. Second, the 

current study had a cross-sectional design. Longitudinal studies are needed for examining 

change in and stability of the T-STAT risk category, especially for long-term follow-up (e.g., 

5 years). Third, contrary to previous studies (e.g., Stone et al., 2008), this study did not 

include toddlers aged 14–17 months. Thus, the findings only supported that the T-STAT 

could be used to detect ASD in toddlers aged 18–24 months. For early screening and early 

diagnosis of ASD in the young population, future research is needed and should include 

toddlers with ASD and those with DD aged 14–17 months to further examine and validate the 

cutoffs of the T-STAT. Fourth, this study was executed in a rural agricultural area of Southern 

Taiwan. Therefore, similar to previous studies (Chiang et al., 2013; Wu et al., 2019), our 

study encountered difficulties in recruiting a sample with an ideal size. Hence, in Study 1, our 

sample could not be used to examine the scoring algorithm and to investigate its validity 

simultaneously. In addition, Mild-ASD was not included as a distinct group for deciding 

cutoffs. Accordingly, recruiting participants from the urban areas of Taiwan and validating the 

T-STAT with a large sample are strongly recommended in future research. 
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Table 1 

Demographic Characteristics of the Participants 

Variable ASD  

(n = 16) 

DD  

(n = 16) 

p 

CA (months) 

Mean (SD) 

 

20.19 (1.28) 

 

19.94 (1.65) 

 

 0.635 

MAs (months) 

Mean (SD) 

 

13.50 (1.53) 

 

13.63 (0.89) 

 

 0.780 

Parents’ years of 

education  

Mean (SD): mother 

Mean (SD): father 

 

 

14.75 (1.91) 

14.69 (3.20) 

 

 

13.31 (2.89) 

13.00 (2.81) 

 

 

 0.108 

 0.123 

ADOS total scores  

Mean (SD)  

 

18.50 (2.03) 

 

 3.94 (1.77) 

 

< 0.001 

Gender Ratio 

Male: Female 

 

14:2 

 

14:2 

 

1 

Note. CA= chronological age; MAs = mental ages; ADOS = Autism Diagnostic Observation 

Schedule; ASD = autism spectrum disorder; DD = developmental delay. 
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Table 2 

Sensitivity and Specificity of Different T-STAT Cutoff Scores 

Cutoffa Sensitivity Specificity 

1.50 

1.75 

2.00 

2.25 

2.50 

2.75 

3.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.94 

0.88 

0.31 

0.56 

0.81 

0.88 

1.00 

1.00 

1.00 

Note. aA score that is greater than or equal to the cutoff score indicates a 

risk of autism spectrum disorder. 
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Table 3 

Classification Comparison Between T-STAT and Clinical Diagnosis 

 

T-STAT risk category 

ASD 

(n = 16) 

DD 

(n = 16) 

High risk 16 (100%) 0 (0%) 

Low risk 0 (0%) 16 (100%) 
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Table 4 

Demographic Characteristics of the Three Groups 

 ASD 

(n = 30) 

Mild-ASD 

(n = 33) 

DD 

(n = 73) 

p Group 

difference 

CA (months) 

Mean (SD) 

 

22.67 (1.63) 

 

21.58 (1.75) 

 

21.22 (1.88) 

 

 0.001 

 

ASD, Mild-ASD > DD 

MAs (months) 

Mean (SD) 

 

12.99 (3.03) 

 

14.92 (3.30) 

 

17.23 (3.01) 

 

< 0.001 

 

ASD, Mild-ASD < DD 

Parents’ years of education  

Mean (SD): mother 

Mean (SD): father 

 

13.80 (2.83) 

14.00 (2.45) 

 

14.21 (2.53) 

13.91 (2.97) 

 

13.93 (2.60) 

13.86 (2.40) 

 

 0.812 

 0.970 

 

ADOS total scores  

Mean (SD) 

 

17.77 (3.21) 

 

14.97 (3.51) 

 

4.90 (3.57) 

 

< 0.001 

 

ASD > Mild-ASD > DD 

Gender 

Male: female 

 

28:2 

 

26:7 

 

50:23 

 

 0.024 

 

Note. CA= chronological age; MAs = mental ages; ADOS = Autism Diagnostic Observation Schedule; ASD = autism spectrum disorder; DD = 

developmental delay.
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Table 5 

Performance of T-STAT in the Three Groups 

 ASD 

(n = 30) 

Mild-ASD 

(n = 33) 

DD 

(n = 73) 

p Group 

difference 

Effect 

size 

Play 

Mean (SD) 

 

0.85 (0.30) 

 

 0.71 (0.31) 

 

 0.38 (0.35) 

 

<0.001 

 

ASD, Mild-ASD > DD 

 

0.279 

Requesting 

Mean (SD) 

 

0.88 (0.28) 

 

 0.76 (0.36) 

 

 0.29 (0.37) 

 

< 0.001 

 

ASD, Mild-ASD > DD 

 

0.373 

Joint Attention 

Mean (SD) 

 

0.88 (0.18) 

 

 0.72 (0.23) 

 

 0.34 (0.27) 

 

< 0.001 

 

ASD > Mild-ASD > DD 

 

0.488 

Imitation 

Mean (SD) 

 

0.85 (0.17) 

 

 0.76 (0.20) 

 

 0.66 (0.24) 

 

< 0.001 

 

ASD > DD 

 

0.115 

Total Score 

Mean (SD) 

 

3.47 (0.59) 

 

2.95 (0.81) 

 

1.67 (0.74) 

 

< 0.001 

 

ASD > Mild-ASD > DD 

 

0.539 
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Table 6 

Adjusted Performance of T-STAT in the Three Groups1 

 ASD 

(n = 30) 

Mild-ASD 

(n = 33) 

DD 

(n = 73) 

p Group 

difference 

Effect 

size 

Play 

Mean (SD) 

 

 0.73 (0.06) 

 

 0.68 (0.05) 

 

 0.45 (0.04) 

 

< 0.001 

 

ASD, Mild-ASD > DD 

 

0.127 

Requesting 

Mean (SD) 

 

 0.83 (0.07) 

 

 0.74 (0.06) 

 

 0.32 (0.04) 

 

< 0.001 

  

ASD, Mild-ASD > DD 

 

0.270 

Joint Attention 

Mean (SD) 

 

 0.79 (0.05) 

 

 0.70 (0.04) 

 

 0.38 (0.03) 

 

< 0.001 

 

ASD, Mild-ASD > DD 

 

0.343 

Imitation 

Mean (SD) 

 

 0.78 (0.04) 

 

 0.74 (0.04) 

 

 0.70 (0.03) 

 

 0.223 

  

0.019 

Total Score 

Mean (SD) 

 

3.15 (0.13) 

 

2.85 (0.11) 

 

1.85 (0.08) 

 

< 0.001 

 

ASD, Mild-ASD > DD 

 

0.397 

Note. 1Adjusted for mental ages (MAs) 
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Table 7 

Concurrent Validity of the T-STAT Category with Clinical Diagnosis and Autism Diagnostic 

Observation Schedule (ADOS) Classification 

 Clinical diagnosis 

 

T-STAT risk category 

ASD 

(n = 30) 

Mild-ASD 

(n = 33) 

DD 

(n = 73) 

High risk 30 (100%) 28 (84.8%) 10 (13.7%) 

Low risk 0 (0%) 5 (15.2%) 63 (86.3%) 

 ADOS classification 

 

T-STAT risk category 

Autism 

(n = 54) 

PDD-NOS 

(n = 20) 

DD 

(n = 62) 

High risk 51 (94.4%) 15 (75%) 2 (3.2%) 

Low risk 3 (5.6%) 5 (25%) 60 (96.8%) 

 


