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Methods and procedures: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by social communication and social interaction impairments accompanied by restrictive and repetitive behaviors or interests. Co-occurring conditions may greatly impact overall functioning and intervention needs, and contribute to individual variability and etiologic subtypes. Clinical care of individuals with ASD requires gathering a breadth of information across multiple domains. The neurodevelopmental parent report for outcome monitoring (ND-PROM) was developed to assess symptoms across core features of ASD as well as frequent concerns and comorbidities. The current study expands upon the initially reported psychometric properties of the ND-PROM and evaluates a proposed a clinically derived 12-factor structure of the ND-PROM.

The ND-PROM was completed for 246 children with ASD ands tested using confirmatory factor analysis (CFA) and measurement invariance based on sex.

Outcomes and results: A 12-factor correlated structure was found (expressive language, receptive language, nonverbal communication, social emotional understanding, social interaction, independent play, adaptive/toileting skills, restrictive and repetitive behaviors and interests, sensory processes, challenging behaviors, impulse/ADHD, and mental health), which did not vary by sex.

Conclusions and implications: The ND-PROM captures a range of distinct aspects of developmental and behavioral functioning in ASD that can be used to track independent functioning across domains.
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1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by core impairments in social communication and social interaction accompanied by restrictive and repetitive behaviors or interests (1). ASD impacts individuals across almost every aspect of their lives. The manifestation and severity of core features is quite variable among individuals with ASD, as are cognitive and language abilities, contributing to the significant heterogeneity observed within the ASD population (2). ASD is commonly associated with co-occurring conditions such as depression, anxiety, attention-deficit/hyperactivity disorder, epilepsy, feeding, or sleep problems (3). These co-occurring conditions may greatly impact overall functioning and intervention needs, and contribute to individual variability and etiologic subtypes. Thus, clinical care of individuals with ASD requires that clinicians gather a breadth of information across multiple domains. The neurodevelopmental parent report for outcome monitoring (ASD-ND-PROM) (4) is a caregiver questionnaire that was developed to monitor core ASD symptomatology, as well as the multitude of concerns and comorbidities that may occur in ASD and would need to be addressed during clinical visits, such as communication, social and adaptive skills, repetitive behavior, attention, mood, and maladaptive behavior. Previously called the ASD-PROM, the name of this questionnaire has been updated to reflect the broader clinical populations with overlapping symptomatology, in which this monitoring tool may be useful.

While several parent report instruments are available for screening and diagnosis of core symptoms associated with ASD [e.g., Social Responsiveness Scale, Second Edition (5) and the Gilliam Autism Rating Scale, Third Edition (6)] or symptomatology associated with specific conditions that may co-occur in ASD (e.g., Behavior Assessment System for Children, Third Edition (BASC-3) (7) and the Achenbach System of Empirically Based Assessment (including the Child Behavior Checklist) (8), these scales individually do not capture the full breadth of core symptoms and behaviors seen in the ASD population across early childhood through adolescence, as well as the full range of common comorbidities that can be seen. Additionally, commonly used instruments are generally designed to assess the presence or absence of symptoms to support a categorical diagnosis in a certain age group.

The ND-PROM was developed to address some of these limitations in a single, caregiver-reported measure, by capturing the full breadth of concerns that may need to be addressed during clinical visits for a child with ASD, framed using a strengths-based model of care. The ND-PROM contains 128 Likert-scale items that were compiled by a multidisciplinary team of expert clinicians (including experts in autism, sleep, feeding, toileting, language, communication, and behavior) to facilitate their monitoring of autism patients, as well as those with other neurodevelopmental conditions. Responders indicate the frequency of each assessed developmental skill and behavior on a 5-point Likert scale (never, rarely, sometimes, often, always). It is designed for use with children between the ages of 2 and 20 years and a wide range of developmental levels, containing questions ranging from beginning developmental skills expected in younger children (e.g., “responds when name is called”) to more advanced skills expected in older children (e.g., “has conversations” and “understands non literal language”). The ND-PROM is formatted hierarchically from basic to more advanced skills, and with skip patterns, so that caregivers are not asked questions that are inappropriate for their child. For example, caregivers who indicate that their child is nonverbal are not asked questions about the child’s ability to carry on a conversation; raters of young children are not asked items more relevant for adolescents). Beyond the expressive language scale, items were generally worded to be applicable across a wide range of functioning (e.g., “seems sad” vs. “says they are sad”) (see complete short form PROM with skip pattern in Appendix 1). Finally, the ND-PROM is a tool that is freely available, has both paper and electronic formats, and is available in Spanish and Portuguese. These characteristics set it apart from other validated and reliable instruments that are used in the field.

We previously published the ND-PROM and reported on its clinical utility and initial psychometric properties, including test-retest reliability and convergent validity (4). With regards to clinical utility, parents and clinicians felt that the ND-PROM items described the child’s ability well, and clinicians found that the ND-PROM helped them to provide more patient-centered and efficient care by decreasing time spent taking an extensive history, and increasing time for counseling focused on patient/family priorities. Test-retest reliability assessment revealed high concordance ratings between two administrations of the ND-PROM 2 weeks apart (Pearson r correlations 0.95 overall). Convergent validity assessment revealed high correlation of the ND-PROM with the Vineland Adaptive Behavior Scales, Second Edition Parent/Caregiver Rating Form (4, 9).

Following development of the ND-PROM, and original publication of the tool, the ND-PROM clinical research team further refined the measure. The original ND-PROM listed questions under four headings meant to orient patients and clinicians to question type: (1) communication and social skills (51 items), (2) adaptive skills (3 items), (3) behavioral functioning (53 items), and (4) sleep (14 items). These headings did not provide clinicians with the ability to easily track developmental and behavioral functioning according to clinically relevant areas that may change over time independent of each other. For example, a child may show great improvement in repetitive behaviors, but may develop symptoms consistent with co-occurring ADHD/impulsivity issues over time. Shifting to having independent scores to track separate areas of functioning provides more clinical utility.

The current study expands upon the initially reported psychometric properties of the ND-PROM and proposes a clinically derived 12-factor structure of the ND-PROM. We performed confirmatory factor analysis conducted based upon the 12-factor structure and assess internal structure validity of the ND-PROM.



2. Methods


2.1. Participants and procedures

The ND-PROM was completed by parent or caregiver for 246 individuals with an established clinical diagnosis of ASD provided by an autism specialist at a specialty pediatric referral hospital from 2016 to 2018 (herein referred to as “participants”). Clinical diagnosis was established by autism specialists who regularly assess for and treat ASD within an established Autism Spectrum Center with standardized diagnostic approaches using DSM-5 criteria (1). These clinicians included developmental behavioral pediatricians, pediatric psychologists, and child neurologists or neurodevelopmental disability specialists. Participants were drawn from specialty clinics in Developmental Medicine and Neurology, where they were followed by these specialty clinicians for care related to their ASD diagnosis. This study was approved by the institution’s Institutional Review Board. Sixty-two of the 246 participants participated in the initial study (4). The remaining 184 participants were retrospectively identified from a sample of patients who had completed the ND-PROM for clinical purposes. Parents or caregivers completed the ND-PROM electronically, using a web-based system in which parents received automated prescheduled emails with secure links to complete the questionnaire online.



2.2. Study instrument: clinically derived 12-factor structure

In the present study, the ND-PROM items were delineated into the following 12 clinically-determined factors: (1) expressive language, (2) receptive language, (3) nonverbal communication, (4) social emotional understanding, (5) social interaction, (6) independent play, (7) adaptive/toileting skills, (8) restricted and repetitive behaviors and interests, (9) sensory processes, (10) challenging behaviors, (11) impulse/ADHD, (12) mental health. questions pertaining to sleep, epilepsy, and feeding problems were not included in the proposed factor structure, as these items were expected to be independent questions, and not related to other items. The 12-factor model was tested and revised iteratively, with inclusion and exclusion of various items to establish the best fit model and final factor structure. Iterations involved tests of individual items using Lagrange and Wald tests and their effect on global model fit.



2.3. Confirmatory factor analysis of ND-PROM

A confirmatory factor analysis (CFA) model was used to evaluate how well our data fit the clinically-determined 12-factor structure of the ND-PROM. Both global and local CFA models were utilized to evaluate the dimension and underlying structure of the ND-PROM (internal structure validity). The global model involved a 12-correlated factor structure using the weighted least squares mean and variance adjusted (WLSMV) estimator, as is appropriate for ordinal data that likely do not meet the normality assumption. This model was contrasted to a unidimensional structure, justified on the grounds that some domains were highly correlated and thus, a global functioning domain was a plausible hypothesis (10). Because the two models were nested, a chi-square difference test was utilized to conclude the preferred model. These models were run using Mplus (version 8.10). Local analyses (i.e., per domain) were conducted using the graded response model (GRM) (11), and with the use of Mplus and IRTPro.

As internal consistency reliability provides evidence for internal structure validity, we also evaluated the internal consistency reliability of the 12-factor structure of the ND-PROM using Omega coefficient (as opposed to the alpha coefficient), because of the following previously described shortcomings of alpha coefficient: (a) its positive bias with large instruments, (b) its conservatism by being a low bound estimate of the true reliability, and, (c) its unsuitability for non-tau equivalent instruments, as it aggregates item-latent variable correlations rather than including the specific contributions and respective errors of each item to the estimation of reliability (12).

We also assessed measurement invariance across sex, to test whether the factor structure is similar across males and females. This ensures that observed mean differences across groups reflect true differences, rather than differences that are reflective of differentially functioning instruments (13, 14). This is important given the understanding of sex as a biological construct, and the debated potential differences in ASD presentation across sexes (15–17). As a minimum of three levels of invariance are required prior to conducting meaningful tests of differences, we assessed configural, metric, and scalar invariance across the two groups (males and females) (18). First, we conducted analyses of configural invariance to assess whether the number of factors and pattern of loadings were the same for both males and females. Next, we assessed metric invariance to determine whether the actual magnitude of the loadings were the same across males and females for each respective item. Finally, we assessed scalar invariance, which imposes the same constraints as configural and metric invariance, but has the added constraint that the thresholds are equated across the two groups, which is required for comparison of latent means. Violation of scalar invariance is often termed differential item functioning (DIF). Not meeting scalar invariance assumptions precludes comparisons of means between groups; therefore, for situations in which scalar invariance is not met, there are two possible approaches: (a) partial measurement invariance (19) and (b) satisfaction of measurement invariance using an approximate protocol (20). In the present study, we adopted an approximate invariance protocol when necessary (21, 22). This posits that minor deviations between estimated parameters reflect an amount of random error that we could simply ignore as being too small to be harmful. Thus, Bayesian priors are posited on variances only, and not on means, because groups should vary around the population estimate, but should not differ in meaningful ways. In other words, some variability around zero mean estimates should be allowed to provide for “wiggle room” (23) so that the equivalence of the measuring instrument is justified, and between-group inferences in level are consequently valid. This prior variance estimate defines a level of variability in the parameters between groups that is sufficiently small so that parameters are considered invariant assuming that an optimal prior variance estimate is selected. If approximate invariance is satisfied, then latent factor means are not contaminated by measurement error due to between groups differences, and inferences with regard to level can be further conducted.




3. Results


3.1. Sociodemographics

Table 1 shows descriptive statistics of the participants. As shown in the table, the majority of participants were males (83.3%), white (77.3%) and non-Hispanic (93.6%). Furthermore, a little over 50% of caregiver responders had completed a college degree. The median age of participants was 8.8 years (IQR 6.4–11.9); median age of participants who did not yet communicate was 5.6 years (IQR 3.1–8.9); median age of those who used full sentences to communicate was 9.60 (8.3–11.7).



TABLE 1 Demographic characteristics of study participants.
[image: Table1]



3.2. 12-factor structure of ND-PROM and confirmatory factor analysis

Table 2 shows the 12-factor structure and the question items contained within each factor, as well as questionnaire items that were excluded from the factor structure. The factors were: expressive language (10 items), receptive language (6 items), nonverbal communication (6 items), social emotional understanding (8 items), social interaction (12 items), and independent play (3 items), adaptive/toileting skills (6 items), restricted and repetitive behaviors and interests (15 items), sensory processes (8 items), challenging behaviors (6 items), impulse/ADHD (4 items), and mental health (10 items).



TABLE 2 Standardized factor loadings from a confirmatory factor analysis model for the 12 latent variables of the ND-PROM.
[image: Table2]

Assessment of internal structure validity revealed that the items within each of the 12 factors performed well in relation to each other and were consistent with the clinically derived headings of items expected to be related to each other. Global model fit was evaluated by testing a 12-factor correlated structure using an item factor analysis (IFA) treating the responses as ordinal and adjusting lack of normality using the WLSMV estimator. Results after adjusting for sample size using the Bartlett correction1 indicated acceptable model fit as evidenced by an RMSEA = 6% and a comparative fit index (CFI) = 0.901. Based on Hu and Bentler (24) when RMSEA estimates are equal to or below 0.06 and a descriptive fit index is greater than 0.900, this is evidence for acceptable model fit. This 12-construct structure was contrasted to a unidimensional construct to rule out the hypothesis that there was a single “general” factor that captured all behaviors. After contrasting the two nested models using a chi-square difference test, results indicated preference for the 12-factor correlated model [difference chi-square (66) = 2555.107, p < 0.001].

Further assessment of each factor was completed using a series of GRM models to specifically test for local misfit, in light of the strong resemblance between CFA and item response models. GRM models were applied to each factor of the ND-PROM in order to test for subscale adequacy through examining item fit, correlated residuals, and internal consistency reliability estimates. As shown in Table 3, using unstandardized residuals (i.e., RMSEA), all domains except social interaction and adaptive skills were acceptable. The relatively large RMSEA of social interaction and adaptive skills is likely explained by the complexity of the construct, and the small number of items, respectively. However, the strength of the model using other indicators, in addition to RMSEA, shows the strength of the model overall to explaining the observed relationships between items and the latent variables. Furthermore, all estimates of internal consistency reliability were within an acceptable range (0.72–0.94) and local dependency was almost non-existent, ranging between 0% and 17.8%. There were a total of 386 residual correlations from which 32 were significantly different from zero. This amount reflects 8.3% of the total number of tests which is just above the nominal level of significance (i.e., what is expected by chance alone). Similarly, item fit statistics in the form of chi-square tests were mostly non-significant and reflected an average of 13.8%. These percentages reflect relatively small deviations from expectations because these expectations are based on a properly powered study of specifically the chi-square test. However, when estimating the power of the test given the observed number of response patterns (i.e., df = 40), the required number of participants was n = 112. Thus, if we had n = 112 we would expect 5% of the significant tests to represent what would be expected by chance alone. Our numbers, however, were twice as much and thus, with a sample size of n = 246 the chi-square tests is heavily over-powered. Thus, any deviations from model expectations would likely result in significant results, pointing to the presence of misfit. This is why, given excessive power for this specific analysis, we conclude that our observed significant tests of 13.8% reflect minuscule deviations of the observed response patterns to those of the Guttman pattern (i.e., the expectation that an average skilled person would be highly successful on the easy items/behaviors, less successful on items/behaviors of medium difficulty, and mostly unsuccessful on difficult items/behaviors). The high internal consistency demonstrates high reliability of the subscales, an indication that the individual questionnaire items within each factor appropriately reflect functioning within that clinical domain, and that the individual factors measure unique aspects of functioning in individuals with ASD.



TABLE 3 Subscale model fit of ND-PROM using the graded response model.
[image: Table3]

Measurement invariance of the ND-PROM factor structure was assessed across sex, to ensure valid comparisons between males and females at their mean level. Table 4 displays the results from testing the measurement invariance of the measure across sex. As shown in the table, two comparisons were of interest, the difference between metric and configural models and the difference between metric and scalar models. Both are prerequisite to conducting unbiased comparisons between groups in level for these factors. The lack of measurement invariance was observed in two comparisons, the slopes of factor 8 (restricted and repetitive behaviors and interests) and the intercepts of factor 12 (mental health). Follow-up analyses on differential slopes and/or intercepts were conducted. For factor 8, restricted and repetitive behaviors and interests, there were significant differences in the slopes of items 5 and 15, which, after applying an approximate invariance protocol, became non-significant.



TABLE 4 Measurement invariance of ND-PROM across sex.
[image: Table4]

For the mental health factor, results pointed to the difference between males and females on two items. As shown in Figure 1, males were more likely to have “often” responses endorsed, compared to females, on both the “worries too much” (Figure 1A) and “picks at skin or nails” (Figure 1B) items. Furthermore, in order to test the hypothesis that the levels of measurement non-invariance were not prohibitive of conducted mean comparisons a Bayesian approximate measurement invariance protocol was applied as discussed above. Results, after allowing a non-negligible variance between groups on the intercepts at a level of 0.01, indicated no significant differences between males and females on those terms. The levels of non-invariance were classified as “negligible” and justify valid tests of means across males and females. Thus, collectively these results suggest that comparisons between latent means across sex can be conducted as these point estimates proved to be bias-free.

[image: Figure 1]

FIGURE 1
 Differential item functioning for mental health disorder symptoms of the ND-PROM. Differences in responses to the items “worries too much” (A) and “picks at skin or nails” (B) from the mental health factor as a function of sex. Lines represent category curves for response options 0 = never, 1 = rarely, 2 = sometimes, 3 = often, and 4 = always. Solid lines represent males and dashed lines females. The horizontal axis (termed theta) represents levels of the latent trait, i.e., worrying too much (low to average to high scores, from left to right). The same is also true of the item “pick at skin or nails.”





4. Discussion

In this study we expand upon initially reported psychometric properties of the PROM, by conducting confirmatory factor analysis of a clinically proposed 12-factor structure and evaluating measurement invariance across sex. Our findings suggest that 12 clinically derived factors, which represent independent domains of functioning in ASD, were well-supported and show that the ND-PROM captures a range of distinct aspects of developmental and behavioral functioning in ASD, and that each factor contains multiple correlated question items which can be used to independently track functioning across domains.

Factor analysis indicated a good statistical fit of a model with 12 clinically-meaningful factors. The best fit was a multi-factor structure solution that contained factors related to DSM-5 diagnostic criteria for ASD as well as factors that address common comorbidities such as maladaptive and aggressive behaviors, impulse/ADHD symptoms, mental health problems, and adaptive skill deficits commonly seen in ASD. The factor structure included six factors directly related to core ASD symptomatology, which map closely onto DSM-5 Diagnostic Criteria for ASD: Nonverbal Communication (DSM 5 A2), Social Emotional Understanding (DSM 5 A3), Social Interaction (DSM 5 A1 and A3), Independent Play (DSM 5 A3), Restrictive and Repetitive Behaviors and Interests (DSM 5 B1, B2, B3), and Sensory Processes (DSM 5 B4) (1). The factor structure also included six factors that delineate associated skills, symptoms, and conditions that are within domains not directly related to core ASD symptomatology: expressive language, receptive language, adaptive skills/toileting, challenging behaviors, impulse/ADHD, mental health. Certain comorbidities such as sleep problems, feeding problems, and epilepsy were not included within the factor structure of the ND-PROM, though items in each of these areas were included in the questionnaire, as they are still clinically meaningful symptoms to track over time and have utility as stand-alone questions on the ND-PROM.

Previous studies have found multiple factors using scales commonly used in ASD. For example, on the Autism Diagnostic Observation Schedule (ADOS), which specifically assesses core ASD symptoms, a three factor model consisting of “repetitive behaviors” and two separate social-communication factors (“basic social-communication” and “interaction quality”) were found (25). Other researchers have found subdomains within the repetitive and restrictive behaviors domain on the repetitive behavior scale-revised (RBS-R) (“stereotypic behavior,” “self-injurious behaviors,” “restricted interests,” “compulsive behavior,” “ritualistic/sameness behavior”) (26–28). Prior research has also explored measurement of behavior problems in ASD using the Aberrant Behavior Checklist (ABC) and have identified subgroups based on problem behaviors and psychopathology in ASD not related to core ASD symptomatology (29). In our study, as the ND-PROM contains multiple items intended to capture a breadth of relevant domains, and is assessed in a population of varying ages and abilities, it is not unexpected that a multi-factor solution fits best.

At its current stage of development, the main purpose of the ND-PROM is to provide a snapshot of functioning in multiple domains that covers both core ASD symptomology and co-occurring conditions among individuals with ASD. However, it should be noted that the ND-PROM is not norm-referenced, and it is not possible to infer the degree to which scores correlate to absolute symptom levels or levels of functioning. However, given that ND-PROM is not designed to be a diagnostic tool, but rather to be used in conjunction with conversations between a clinician and family, if concern is raised for a particular issue (e.g., depression), further assessment, in some cases utilizing existing norm-referenced instruments, can be conducted. Through ongoing collection of longitudinal data, future studies can assess the ability of the ND-PROM to document change and response to treatment over time, to identify phenotypically defined subgroups within the ASD population, and to assess the utility and psychometric properties of the ND-PROM in other neurodevelopmental/neurogenetic populations (e.g., down syndrome). In the future, scalability of the ND-PROM could be increased by developing a brief form employing computerized adaptive testing (CAT).

Several limitations of the study should be considered. The first is the generalizability of initial findings to the broader autism population. Participants were patients of specialty clinics at a pediatric referral center, and not recruited from the community, thus it is possible that study sample demographic characteristics are not representative of the full spectrum of individuals with ASD, and may have had more behavioral or co-occurring medical challenges than their peers in the community. Participants tended to identify as White, non-Hispanic. The ND-PROM has since been translated into Spanish and Portuguese, and future studies will seek to include a more diverse population. Information collected is caregiver-reported and may not match evaluation by a trained clinician. Although the ND-PROM can be administered on paper, in this study it was administered electronically, and therefore naturally excluded individuals without access to email and technology. Additionally, this clinically-derived sample was not subjected to diagnostic confirmation for the purposes of the current study. Instead, we relied on the established diagnosis conferred by a specialty clinician. Information about the severity of ASD symptoms or comorbid conditions was not available for the current study sample, and the degree to which communication or developmental differences may have impacted item loading and the overall factor structure was not explicitly explored. It should be noted that the population studied did include those with a wide range of communication and cognitive abilities, although standardized data in these areas was not available for analysis. As additional data is collected, future studies should evaluate the performance of the ND-PROM within specific age or developmental ranges, and can be used to compare functioning across different groups, such as males vs. females, or those with ASD vs. those with other neurodevelopmental conditions. Despite these limitations, our findings suggest that the ND-PROM has good potential value for assessing key independent domains of functioning in individuals with ASD, including those associated with core ASD symptomatology, as well as other relevant areas including language skills, adaptive skills, and symptoms related to co-occurring neurodevelopmental, behavioral, and mental health conditions.



5. Conclusion

The ND-PROM is a clinically useful tool that assesses a breadth of symptoms in ASD including core ASD symptoms as well as potential co-occurring medical, developmental, and behavioral concerns. A 12-factor model is well supported by confirmatory factor analysis, convergent and divergent validity, and measurement invariance across sex, suggesting strong construct validity of the ND-PROM in the ASD population. Findings suggest that the ND-PROM has good potential value for independently assessing key functional domains, which can identify targeted areas for intervention.
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Footnotes

1   The specific R function developed for this purpose can be found at: https://github.com/GS1968/CFAtools/blob/main/cfagofi1.R.
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Age, median (IQR) 88 (64-11.9)
Male 205 (83.3)
Female 41(167)
American Indian/Alaska native 106)
Asian 9(52)
Black/African American 9(5.2)
White 133 (77.3)
Other 20 (11.6)
Unknown/not reported 28 (6.4)
Hispanic 10(6.4)
Non-Hispanic 146 (93.6)
Unknown/not reported 44(100)

Responder education (n = 178) n (%)
Did not complete high school 5028)
Completed high school but not college 17(94)
Completed college or above 92(50.8)
Unknown/not reported 67(37)
Spoken language (n=211) 939 (7.82-11.52)
Sign language (n=9) 259(230-557)
Picture communication system (e.g, PECS) 581 (4.08-7.52)
(n=12)

Electronic communication system (e.g. 9,16 (7.07-11.87)

Dynavox, iPad) (n=6)

Maximum length of Median age (IQR)
communicative units
Does not yet communicate (1= 10) 5.62(3.07-8.87)
Uses one word/picturelsign at a time (= 20) 4.41(3.70-7.38)
Uses to words/pictures/signs at a time (n=14) 5,68 (3.36-9.31)
Uses three words/pictures/signs at a time 8.20(623-1097)
(n=26)
Uses full sentences (n=176) 9.60 (8.27-11.72)

Sociodemographic and responder education level for =246 participants. Median and
erquartile range (IQR) is shown for age, primary communication type, and maximum
length of communicative units; all other factors are presented with n and percent reporting.
Race, ethnicity, and responder education were taken from the medical record and were not
available for all participants.
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