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Editorial on the Research Topic 


Emotion regulation in neurodevelopmental disorders: current understanding and treatments


Emotion regulation is a transdiagnostic process that plays a pivotal role in the development and maintenance of internalizing and externalizing symptoms such as anxiety, depression, or conduct problems. Difficulty with emotion regulation is a prominent feature of neurodevelopmental conditions such as autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD), as well as neurogenetic syndromes. This Research Topic, Emotion Regulation in Neurodevelopmental Disorders: Current Understanding and Treatments, aimed to bring together theoretical insights, methodological developments, and novel empirical findings of emotion regulation in individuals diagnosed with neurodevelopmental disorders. In total, nine articles were published. These papers covered a range of important topics that could be broadly organized into studies focused on the role and mechanisms underlying emotion regulation difficulties and trials evaluating the effectiveness of different intervention modalities on emotion regulation-related outcomes. It was particularly encouraging that one study focused on measurement development and that several studies (both mechanistic and intervention-focused) were conducted with individuals with neurogenetic syndromes. Below, we provide a brief overview of the main findings of the published studies.




Studies focused on interventions related to emotion regulation

A single-subject design study involving four children with Williams Syndromes enrolled in play- and humor-infused exposure therapy approach showed preliminary evidence for improvements in emotion regulation (Young et al.). More specifically, at the conclusion of the brief intervention, children with Williams Syndrome who presented with baseline co-occurring fears and phobias showed improved tolerance or the ability to engage positively with the previously real-world feared stimulus. A study by Famelart et al. evaluated EMO-T, an intervention aimed at improving emotion expression, recognition, comprehension, and regulation, hypothesized as skills essential for the healthy regulation of emotions that, if impaired, could result in dysregulation difficulties commonly observed in children with Prader–Willi Syndrome (PWS). In addition to improvements in voluntary expression and emotion recognition abilities, school-aged children with PWS enrolled in EMO-T also showed improvements in emotion regulation based on the parent-reported Emotion Regulation Checklist. Enav et al. evaluated whether participation in a four-week reflective/mentalization-based parenting workshop can enhance emotion regulation in parents of children with ASD. Authors specifically focused on different aspects of cognitive reappraisal given its adaptive role in reducing levels of stress, a particularly pertinent issue for parents of children with autism. Relative to the baseline, parents reported higher levels of cognitive reappraisal, as indexed by the Emotion Regulation Questionnaire, as well as higher levels of reflective (but not non-reflective) reappraisal on the Emotion Interaction Questionnaire. Finally, in a large sample of 94 children with attention-deficit/hyperactivity disorder (ADHD), Groves et al. reported that two digital training approaches focused on working memory (Central Executive Training) and inhibitory control (Inhibitory Control Training) both resulted in a significant reduction in emotion dysregulation (measured by the Emotion Dysregulation Inventory) at immediate post-treatment, at 1–2 month and 2–4-month follow-ups.





Studies focused on characterization and the role of emotion regulation

In the only study specifically focused on measurement development, Uljarević et al. described the development, refinement, and initial psychometric evaluation of a new open-source 52-item Executive Functioning Scale (EFS) that was specifically developed to capture theoretically-based facets of executive functioning (EF), including working memory and sequencing, response inhibition, set-shifting, processing speed, risk avoidance, and crucially, emotion regulation. Across two independent data collections encompassing 2,958 children and adolescents, the hypothesized six subscales were derived and confirmed, showing strong classic test and conditional reliability as well as invariance across age, sex, race, and ethnicity groups. Walter et al. explored the association between affective language, as measured by the verbal fluency test, with emotion dysregulation, indexed by the cyclothymic dimension of the Temperament Evaluation of Memphis questionnaire, in adults with ADHD, ASD with co-occurring ADHD, and neurotypical controls. Findings provided very preliminary suggestions that factors related to emotional difficulties in individuals with ADHD and with ASD with co-occurring ADHD might be at least somewhat distinct. More specifically, compared to adults with ADHD and neurotypical controls, individuals with ASD and ADHD produced fewer anger-related words, produced more emotions, and fewer rule breaks. Authors reported associations with emotion regulation only in adults with ADHD, finding that emotional over-reactivity in adults with ADHD was associated with the number of emotions and the frequency of these words. Comparing the effects of the COVID-19 pandemic between 4,138 children with ASD and 711 children with developmental delays (DD), Zhao et al. found that children with ASD had a higher risk of having more emotional and behavioral problems than children with DD. De Blasio et al. explored olfactory processing in 20 youth with profound intellectual and multiple disabilities, demonstrating preserved olfactory preferences in this population and, importantly, that olfactory preferences were associated with mood levels. Samson et al. aimed to characterize emotion regulation strategy use and its associations with anxiety use in individuals with ASD with (n=785) and without ID (n=596), Williams Syndrome (n=261), and Intellectual Disability not otherwise specified (ID-NOS; n=649). Distinct emotion regulation use was identified such that individuals with Williams Syndrome most frequently used parent routine, parent shielding, repetitive behaviors, and distraction; individuals with ASD without ID most frequently utilized isolation/withdrawal; and in general, individuals with ASD and ID and with ID-NOS engaged significantly less frequently in cognitive emotion regulation strategies compared to other groups. Importantly, across all groups, anxiety was linked to a higher use of maladaptive and a lower use of positive strategies.





Conclusion

The research studies included in this Research Topic provided important insights into the transdiagnostic nature of emotion regulation across various neurodevelopmental conditions, providing important data that can be used across both research and clinical contexts. Crucially, several key directions for future research have emerged, including the need for a more careful conceptualization of emotion regulation and the development of new multimodal assessment protocols. Additionally, improving the design of interventions and utilizing adaptive trial frameworks are essential steps toward precision medicine for improving the mental health of people with neurodevelopmental conditions.
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Parents of children with autism spectrum disorder (ASD) experience higher stress levels than those of typically developing children. The goal of the current study was to examine whether a mentalization-based intervention would enhance parental cognitive reappraisal, an adaptive form of emotion regulation associated with lower levels of stress. Findings from 27 parents who completed a short training indicated an improvement in cognitive reappraisal. In exploratory analyses, two different types of reappraisal were examined. The intervention-related improvement was found mainly with one type of reappraisal, namely reflective reappraisal that consist of cognitive reappraisal with mentalization characteristics. In light of the evidence indicating that high cognitive reappraisal and high reflective functioning are associated with quality caregiving, findings from the current study suggesting that a brief mentalization-based intervention supports ASD parents' cognitive reappraisal with mentalization characteristics are promising and warrant further investigation.

KEYWORDS
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Introduction

Parents of children with autism spectrum disorder (ASD) experience higher stress levels than parents of children with other neurodevelopmental disorders or children who are typically developing (1–5). Therefore, intervention programs may need to address parental stress, which in turn will benefit the child and the family. Effective emotion regulation (ER) strategies may reduce stress and other negative emotions and increase high-quality parent-child interactions (6, 7).


Cognitive reappraisal

Because different forms of ER have different consequences, it is important to be specific about the types of ER that are (or are not) used in a particular family context. One particularly adaptive form of ER is cognitive reappraisal, a type of cognitive change ER (8, 9). Cognitive reappraisal has been found to change emotions in a sustained manner, and has been associated with lower levels of negative affect (10, 11). Successful cognitive reappraisal leads to better interpersonal functioning along with physical and psychological well-being (12, 13) and fewer mental health problems (14). In light of its positive effects, there has been a growing interest in the processes that support cognitive reappraisal.



Mentalization and cognitive reappraisal

Mentalizing (also known as reflective functioning) refers to the creation of explanations of one's own or others' mental states, including thoughts, feelings, and intentions during an act of imagining and wondering (15). Mentalizing the experiences of self and others supports emotion regulation (16) and helps transform initial maladaptive thoughts into adaptive ones (15, 17). While mentalizing and wondering about others' states of mind, we imagine their perspective. Considering another person's point of view requires us to pay attention to and actively imagine that person's perspective (18), and this, in turn, promotes the understanding that each mind works differently and helps us become regulated and empathetic (19, 20). Mentalization may play a particularly central role in families of children with ASD, as it is hard to understand the children's thoughts and intentions, and often mentalization lacks a positive response from the child (21).

One reason mentalization may facilitate cognitive reappraisal is that reflective thinking initiates the development of complex representations and symbols (22, 23), leading to reappraisals with reflective characteristics (i.e., reflective appraisals) (24, 25). Reflective reappraisal is the process of reinterpretation of an event's meaning in order to down-regulate the experience of negative emotions that includes reflective characteristics (26, 27). In contrast, non-reflective reappraisals involve reinterpretations of an event's meaning that do not include reflective characteristics. For example: David, a 13-year-old, comes home from school angry and frustrated because he failed his math exam. When his dad asks for help setting the table for dinner, he shouts “Do it yourself” and slams his door. The first thought in his father's mind is: “He is so rude.” After focusing on his son's mind and imagining his thoughts, feelings, and intentions, a reappraisal might be: “I know how hard he studied. It must be so frustrating for him to fail the math exam. He is not a rude child.” In contrast, a non-reflective reappraisal could be: “He will calm down soon.”

The scientific literature has increasingly recognized the relationship between mentalization and cognitive reappraisal (24, 28, 29). For instance, Baylin (28) found mentalization initiated cognitive reappraisal. In a related vein, Fonagy et al. (24) argued mentalization plays a role in appraising an event in a way that promotes resilience. Moreover, in aversive situations, the automatic response is usually a negative thought, and the individual needs to reappraise it in a way that involves reflective, cognitive mentalizing (30). Similarly, Sharp et al. (29) presented a model for trauma intervention that integrated mentalization and cognitive reappraisal.



The current study

This study is part of a larger study (31) that assessed the effect of mentalization based workshop on parental efficacy, parental belief in mailability of emotions and child's symptoms in parents of children with ASD. The goal of the current study was to examine whether and to what extent a mentalization-based intervention, bringing together aspects of psychodynamic and cognitive-behavioral focused on emotion regulation would affect parental cognitive reappraisal (the subjective interpretation made by the parent to an emotional stimuli) in parents of children with ASD. It was hypothesized that the intervention would lead to increased use of cognitive reappraisal, particularly reflective reappraisal.




Method


Participants

Parents of children with ASD were recruited to participate in a 4-week Reflective Parenting Workshop focused on emotion regulation (31). The present report is in an extension of a previous research, in the current investigation, the focus is on the effect of intervention on cognitive reappraisal.

Recruitment for the workshop occurred through distribution of fliers at clinics around the San Francisco Bay Area that provide services to families of children with autism. Twenty-seven intervention-group parents who completed an Emotion Interaction Questionnaire (EIQ) and ERQ (Emotion Regulation Questionnaire) before and after the workshop were included in the current study. Other inclusion criteria for the study included English proficiency, having a child with a diagnosis of autism spectrum disorder between the ages of 3 and 18 years, and completion of the workshop. This study was approved by the university's Institutional Review Board and registered in the Clinical Trials database. Table 1 presents participant demographics. As can be viewed from the table, all participating parents were married, and most were Caucasian women with two children. Over 80% of participants had academic degrees. One third were employed full-time, another one third were employed half-time, and the rest were either self-employed or homemakers. Approximately half of the children were between the ages 5 to 9, and half were between the ages 10 to 17. Most of the ASD children were high functioning.


TABLE 1 Frequency distribution on participants' demographic characteristics.

[image: Table 1]



Procedures

After signing consent forms, participants were screened for meeting the study inclusions criteria. Eligible participants then completed a 4-week face to face group workshop, one and a half hours once a week each session. Parenting workshop focused on reflective functioning and emotion regulation skills of parents of children with ASD based on the literature that associate high parental reflective functioning with high emotional regulation and both are related to high quality caregiving and parent-child relationship (32, 33). The intervention flow and key concepts: Session 1 - emotion, emotion regulation, different emotion regulation strategies with focus on cognitive reappraisal. Session 2 – The effect of parental emotion regulation on children, reflective functioning and holding the mind in mind, the challenges and opportunities in raising children with ASD. Session 3 – Participants are invited to share their emotional scenarios from the past week with the group. Role play of different parent-child emotional scenarios. Session 4 - Participants are invited to share their emotional scenarios from the past week with the group. Participants are invited to share anything about their participation in the workshop with an emphasis on next steps, what they took from the workshop, and anything that was particularly helpful. The participants filled out pre and post questionnaires. Participants were asked to complete emotion interaction questionnaire (EIQ) and an emotion regulation questionnaire (ERQ) in its trait version. The ERQ can be used in two different versions: one version is asking about using cognitive reappraisal during a specific time frame that can be considered as more situational. The other version is asking about using cognitive reappraisal generally, in life, without asking about a specific timeframe. Being non-related to a certain period and or situation, but to a general truth, this version can be considered as more trait related.



Measures

For demographics, the following information was collected: age, gender, race, marital status, education status, and employment status. In addition, participants were asked to specify the number of children they have.

The Emotion Regulation Questionnaire (ERQ); (12) is self-report widely used measure of emotion regulation (34) and it was administered to assess parents' emotion regulation in trait format. It has good psychometric properties with above average internal consistency (Cronbach's α for reappraisal 0.75–0.82, and suppression 0.68–0.76, test–retest reliability across 3 months = 0.69), (12). The ERQ comprises 10 items divided into 2 subscales cognitive reappraisal and suppression. In this study we used the reappraisal subscale that consists of six items (e.g., “I control my emotions by changing the way I think about the situation I'm in”). Participants rated the degree to which they agreed with each statement on a 7-point scale (1 = strongly disagree, 7 = strongly agree).

The Emotion Interaction Questionnaire (EIQ, was developed by the research team) instructed parents first to describe a situation from the past week when they felt their negative emotions had an effect on their behavior, then to describe their reactions and thoughts during the situation and lastly to describe their thoughts after some time had passed.



Data reduction

Two judges were trained to assess cognitive reappraisal, as well as its two subtypes, namely reflective reappraisal and non-reflective reappraisal. Each judge got a detailed explanation with the definition of each subtype, examples of situations that were assessed and coded by the research team and demonstrated each subtype and five situations that the judges were asked to assess and code as part of the training. Cognitive reappraisal was defined as reinterpreting the meaning of an emotional event or stimulus with the goal of influencing one's emotional response (35). Reflective reappraisal was scored as being present when the criteria for cognitive reappraisal were met, and the statement showed one of the following: (1). Awareness of the nature of mental states (22); (2). Recognition of developmental aspects of mental states (36); and (3). The effort to understand behavior based on mental states (37). An example that received a high score on reflective reappraisal is the following: “We had a doctor appointment for our son during school hours. I prepped him before school so it is not a surprise. He whined for an hour because he was missing recess.” After a time passed, “I was thinking how he felt, I gave him time for himself and I was happy that he loves school, I was thinking how change in routine is hard for him.” Non-reflective reappraisal was scored as being present when the criteria for cognitive reappraisal were met, but the statement did not meet the criteria for reflective reappraisal (there are no mentalization characteristics). Two judges got parental vignettes and had to assess on 1 to 7 Likert scale how much they saw evidence for cognitive reappraisal based on the vignette, where 1 = there is no evidence and 7 = there is strongly evidence. The judges were blind to the time point of assessment, i.e., whether the parents' description comes from the pre-or post assessment. The correlation between independent raters' scores was high for both reflective reappraisals (pre-intervention: r = 0.97, p < 0.001; post intervention: r = 0.93, p < 0.001) and non-reflective reappraisals (pre-intervention: r = 0.92, p < 0.001; post intervention: r = 0.91, p < 0.001). For this reason, the ratings were averaged across raters for each reappraisal type, at each time point (pre and post-intervention).




Results


Change in cognitive reappraisal pre- to post-intervention

To examine whether cognitive reappraisal scores, measured by the Emotion Regulation Questionnaire, increased with the intervention, we employed a paired samples t-test analysis. Results indicated that there was indeed such increase [pre-intervention cognitive reappraisal: M = 4.71, SE = 0.21; post-intervention cognitive reappraisal: M = 5.15, SE = 0.19; t(26) = 2.24, p < 0.05, Cohen's D = 0.43].

Next, we examined the increase in cognitive reappraisal scores as measured by narrative scoring. Cognitive reappraisal (CR) at each time point was computed as the sum of the two reappraisal types (CR = NR+RR). The increase in the computed CR measure was then examined using a paired samples t-test analysis. Results again indicated an increase between the two measurements [t(26) = −4.46, p < 0.001, Cohen's D = 0.86; pre-intervention cognitive reappraisal: M = 4.57, SE = 0.53; post-intervention cognitive reappraisal: M = 7.89, SE = 0.46]. Figure 1A presents the results for the ERQ scoring, and Figure 1B presents the results for the narrative scoring. Interestingly, changes in the two indicators of cognitive reappraisal were not correlated (r = −0.17, ns), suggesting the difference between trait and situation-based assessments approaches.


[image: Figure 1]
FIGURE 1
 (A) Cognitive reappraisal scores measured by ERQ. Results indicate an increase in cognitive reappraisal, as measured by the emotion regulation questionnaire, after intervention. (B) Cognitive reappraisal scores measured by narrative ratings. Results indicate an increase in cognitive reappraisal, as measured by narrative ratings (situation-based cognitive reappraisal), after intervention. ***p < 0.001, **p < 0.01.




Change in reflective and non-reflective reappraisal pre- to post-intervention

Following the primary analyses presented above, we proceeded to some broader, exploratory analyses, that examined change between pre and post-intervention in the two types of cognitive reappraisal, namely, reflective and non-reflective reappraisal (RR and NR, respectively). To this end, we employed a Repeated Measures ANOVA, with two within-subjects variables: time (pre and post) and reappraisal type (RR and NR). The analysis revealed three significant effects. The time effect was significant [F(1,26) = 19.88, p < 0.001, [image: image] = 0.43], so that pre-intervention scores (M = 2.29, SE = 0.27) were significantly lower than post-intervention scores (M = 3.94, SE = 0.23). The reappraisal type effect was also significant [F(1,26) = 16.75, p < 0.001, [image: image] = 0.39], so that NR scores (M = 2.26, SE = 0.24) were significantly lower than RR scores (M = 3.97, SE = 0.29). Finally, the time-reappraisal type interaction was significant, [F(1,26) = 10.90, p < 0.01, [image: image] = 0.30], so that in NR scores there wasn't a significant difference between the two time points (pre-intervention: M = 2.02, SE = 0.33; post-intervention: M = 2.50, SE = 0.41; n.s.), while in RR scores there was a significant difference between the two time points (pre-intervention: M = 2.56, SE = 0.38; post-intervention: M = 5.39, SE = 0.34). Figure 2 presents the time*reappraisal type interaction.


[image: Figure 2]
FIGURE 2
 Non-reflective and reflective reappraisal scores, pre and post-intervention. Results indicate a significant difference between the two time points in reflective reappraisal scores. The difference in non-reflective reappraisal scores was non-significant. ***p < 0.001.





Discussion

Our finding of an improvement in cognitive reappraisal after a mentalization-based intervention is in alignment with previous studies that demonstrate positive association between mentalization and successful emotion regulation (16). In particular, studies have shown that higher levels of mentalization are coupled with transformation from non-adaptive thoughts to balanced and adaptive ones (15, 17, 36) similar to the change we found in cognitive reappraisal. The possible improvement in emotion regulation after a short mentalization intervention is especially significant for parents of children with autism as they report higher levels of stress and prolong negative emotions compared to parents of typically developing children (2, 3, 5).

The increase in cognitive reappraisal is especially notable as it was evident using two different assessment methods. One is based on self-report that was given in a trait format. The second is based on a narrative scoring that was given in a state format. The improvement in cognitive reappraisal in a trait format after a short intervention is especially remarkable and might point to a possible underestimation of the true change. The improvement in state format includes ecological characteristics, based on daily situations. The fact that we did not see a correlation between the two methods may be due to the fact that correlations between trait and state measures are often weak (38, 39).

The increase in cognitive reappraisal post intervention was evidenced with reflective reappraisal but not with non-reflective reappraisal. One possible explanation for this specificity in effects could be related to the content of the intervention that is focused on mentalization. As mentalization facilitates reflective thinking, it makes sense that mentalization based intervention is leading to reappraisals with reflective characteristics (i.e., reflective reappraisals). This finding is consistent with previous studies that connect between mentalization and cognitive reappraisal with reflective characteristics. In particular studies present that the capacity to reflect on internal mental states of oneself and others is leading to cognitive appraisals that integrate qualities of mentalization (22, 24).

The improvement in reflective reappraisal following a mentalization-based intervention is important for parents of children with autism. They often have to work harder than parents of typically developing children to understand their children's behavior often in an absence of positive response from the child (21). As there is mounting evidence that high parental mentalization is associated with higher quality caregiving, attachment security, and successful emotion regulation (32, 33, 40) the possibility that short mentalization based intervention supports both parents' mentalization and emotion regulation is encouraging and support using both mentalization and emotion regulation principles in practice with parents of children with ASD.

While the current findings are presenting a potential positive impact of the mentalization-based workshop intervention for parents of children with ASD, this study has several limitations, which should be addressed in the future. First, the investigation does not have a control group, which limits our ability to determine whether change was related to the active intervention. Second, parents of children with ASD were included in the study but the diagnosis of ASD was not confirmed directly by study investigators. Instead, clinicians' reports were used to determine eligibility of parents. Third, the sample size of this study is relatively modest. Fourth, the measurement in this study were based on parents' reports. Finally, the children's ages ranged from 3 to 18, and we were underpowered to detect potential moderation by the children's age and sex.
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Background: Individuals with neurodevelopmental disorders often have atypical emotion profiles, but little is known about how they regulate their emotions. While several studies have examined emotion regulation strategy use in autism spectrum disorder (ASD), only a few have included individuals with intellectual disability (ID) or focused on specific syndromes such as Williams syndrome (WS).

Methods: A parent-reported survey launched during the first months of the COVID-19 pandemic allowed to exploratorily study emotion regulation strategy use and its link to anxiety in individuals with ASD with (N=785) and without ID (N=596), WS (N=261), and Intellectual Disability not otherwise specified (N=649).

Results: Using multilevel analyses, besides revealing specific group differences in emotion regulation strategy use, a variety of strategies (e.g., rumination, avoiding information, repetitive behaviors) were found to be linked to elevated levels of anxiety, while focusing on the positive was linked to lower anxiety levels in all groups. Moreover, only autistic people without ID used humor more frequently while experiencing lower anxiety levels.

Conclusion: This study sheds light on an underexplored area of emotion regulation strategy use in different neurodevelopmental disorders. It also paves the way to further examine emotion regulation in more rigorous ways to better understand emotion regulation in different neurodevelopmental disorders as well as the impact on outcome measures such as anxiety. This exploratory study may help to develop and validate adequate measures to study a broad array of ER strategies used by individuals with neurodevelopmental disorders.

KEYWORDS
 emotion regulation, COVID-19, Williams syndrome, autism, anxiety, intellectual disability


Introduction

In a variety of contexts, it has been shown that the ability to regulate one's own emotions is important for mental health and wellbeing (1, 2). Emotion regulation (ER) has been defined as the strategies people use to alter the trajectory of an emotion at different points in the emotion generative process to facilitate progress toward a desired goal (2). People use more or less consciously a variety of ER strategies, at times in combination or in sequence, and ideally in a flexible way, to attenuate or itensify their emotional experience. While the context will determine how adaptive the choice and implementation of an ER strategy will be, the adaptiveness of a strategy can also be seen in terms of how often it is used on a habitual basis and its association with long-term outcomes on mental health (2). In this sense, a few strategies are linked to positive long-term outcomes, such as cognitive reappraisal, humor, or problem solving, while others (including avoidance, rumination, or expressive suppression) have been linked to rather negative long-term consequences. Emotion dysregulation, i.e., the inflexible use of more maladaptive ER strategies, has been linked to a variety of internalizing (e.g., anxiety and depression) and externalizing (e.g., aggression) problems (3).

While individuals with neurodevelopmental disorders frequently experience emotional disturbances such as higher internalizing or externalizing problems (4), the link between these problems and ER strategy use has only explicitly been made in a few studies (5, 6). Several studies revealed a tendency for autistic individuals to use maladaptive instead of adaptive ER strategies (7). However, little is known about ER strategy use and efficacy in other neurodevelopmental disorders, such as Williams syndrome (WS), and there are only a few studies about ER strategy use in ASD with intellectual disability (ID) (8). For individuals with ID, more cognitively challenging strategies such as cognitive reappraisal may be less accessible, and the flexibility that is required in different phases of ER (being aware of potential ER strategies, selecting and implementing them appropriately to the context) may be restricted. Furthermore, one needs to constantly monitor ER efficacy in order to maintain, stop or change a specific strategy (2). Limited access to a variety of self-focused ER strategies may render individuals with neurodevelopmental disorders, particularly with ID, more dependent on other people to support their ER, i.e., extrinsic ER (9).

For the purpose of this study, we are interested in comparing the ER strategy use of autistic people with individuals with WS. WS is a rare genetic disorder with an estimated prevalence rate of 1 in 7,500 children (10). In contrast, ASD is relatively more frequent: a recent systematic review indicates a median prevalence of 100 in 10'000 (11). ASD and WS are both neurodevelopmental disorders associated with distinct but overlapping social phenotypes as well as associated psychopathologies, including anxiety. In terms of what distinguishes the social phenotypes, individuals with WS have a socio-emotional profile that can be characterized as being more than usually inclined to approach strangers, being gregarious and hyper-sociable, and being attracted to others' faces (12–15), while the socio-emotional profile of individuals with ASD may be characterized in certain domains as opposite to that (16, 17) with socially-avoidant behavior, a lack of desire to engage with others, and a reduced attention or interest toward social stimuli (15, 17, 18). Interestingly, and in terms of the similarities between the social phenotypes, individuals with WS and autism also share some characteristics, such as difficulties in social cognition and social information processing (e.g., Theory of Mind), social communication, autistic mannerisms and the need to adhere to routines in daily life (16, 17, 19–22).

It is likely that some of these socio-emotional characteristics and difficulties in social cognition and social information processing impact self-focused and extrinsic ER in individuals with neurodevelopmental disorders. Hyper-sociability, positivity bias [which is prominent in WS (23)], and high social approach may, on the one hand, protect individuals from experiencing negative emotions too intensely for too long, but on the other, impact on the availability and choice of ER strategies. Low social motivation and a limited Theory of Mind may render extrinsic ER less accessible to individuals. In addition, further characteristics may impact ER, such as alexithymia [i.e., difficulty to recognize and express emotions and to distinguish between different emotions, as well as thoughts focused on external rather than internal experience (24)], which is frequently present in autistic people (25). Alexithymia may make it difficult to identify the need to regulate, select and implement appropriate strategies or monitor ER efficacy. Finally, the need to adhere to routines may increase the need to regulate. To summarize, several factors may play a role in ER strategy use in individuals with different neurodevelopmental disorders.

In terms of ASD and WS specifically, both are characterized by elevated levels of anxiety (26). Many autistic individuals experience higher trait anxiety (27) and as many as 40% are estimated to meet the diagnostic criteria for anxiety disorder (28). Anxiety is also reported to be one of the most common psychopathologies in individuals with WS (29, 30) with higher levels of anxiety reported than in individuals with Down syndrome, Prader Willi-syndrome, and Intellectual Disability, for example (30–33). Some studies also point to higher anxiety levels in autistic individuals compared to individuals with WS (26, 34). Interestingly, the type of anxieties appears to be different: while autistic people may have social and non-social anxieties, individuals with WS less often show social anxieties compared to autistic people (26).

As already mentioned, while there are some studies concerning ER in ASD, more research is necessary to understand the ER profile in WS. Some studies suggest that individuals with WS may have difficulties with ER affecting anxiety and specific phobias (35–37), but little research has examined ER strategy use in WS. Gaining more insight into ER strategy use in individuals with WS could have important implications for interventions (36).

ER was particularly challenging during the COVID-19 pandemic which presumably almost universally generated high stress and elevated levels of negative emotions. Several studies suggested that maladaptive strategy use such as catastrophizing, rumination, or excessive health-related information seeking was correlated with increased perceived distress, negative emotions, depression, and anxiety, while adaptive strategies (including positive refocusing and acceptance) have acted as a buffer to alleviate emotional distress and negative emotions during COVID-19 in the general population (38–44). It has even been suggested that individuals with neurodevelopmental disorders and their families have been disproportionally impacted (45–47). For example, in a study including individuals with attention deficit and hyperactivity disorder, poorer pre-COVID-19 ER abilities were linked to increased mental health symptoms (48). However, to the best of our knowledge, no study to date has focused on ER strategy use and anxiety in individuals with WS compared to autistic people. A survey launched in the early months of the COVID-19 pandemic presented an opportunity to do just that.


The present study

The primary goal of this study was to explore the caregiver-reported anxiety and use of a broad array of ER strategies and how the two may be linked in neurodevelopmental disorders. We aimed to include a broad array of ER strategies in an exploratory manner since to the best of our knowledge there is no current validated questionnaire that includes a comparable broad range of behaviors and strategies used in the attempt to deal with anxiety in neurodevelopmental disorders. We were specifically interested in comparing the ER strategy use of individuals with WS and autistic people. Since ID may impact the access to and use of ER strategies, particularly in relation to more cognitively demanding strategies such as cognitive reappraisal, we split the ASD group into individuals with and without ID. Moreover, since it was of interest to study the impact of ID without ASD, we also included individuals with ID not otherwise specified (ID-NOS). First, we compared the level of anxiety in these groups. Second, we described the use of 14 ER strategies representing a variety of adaptive and maladaptive but also rather cognitive and behavioral strategies in these four groups. Twelve strategies were self-focused, while two described co-regulation by parents or caregivers (extrinsic ER). Third, we examined the link between ER strategy use and anxiety across the four groups. Finally, we examined potential group differences in the link between strategy use and anxiety.




Method


Participants

For the present study, we will focus on a subsample of the large international sample collected (see procedures section) of 2,288 individuals, in total: 261 individuals with WS (M = 17.78 years, SD = 10.22, 119 (45.6%) female), 785 autistic people with ID (M = 12.42 years, SD=7.00, 153 (19.5%) female), 596 autistic people without ID (M = 11.49 years, SD = 5.92, 124 (20.8%) female), and 649 individuals with ID-NOS (M = 19.06 years, SD = 12.07, 281 (43.3%) female). The individuals resided in 51 countries (see Supplementary material A). Specific data on race/ethnicity has not been recorded. 65.12% of the respondents were mothers, 27.00% were fathers, and a minority (7.88%) were caregivers or other relatives. The education attainment levels of the respondents were 2.80% with no formal qualification, 13.30% with further vocational training, 20.91% with school-leaving certificate, 35.14% with a university bachelor's degree or equivalent, 21.79 with a university master's degree or equivalent and 6.03% who wrote “Other”.

We found a significant difference in age of the four groups; F(3, 2284) = 105.48, p<0.001. Post-hoc tests revealed that the groups of ASD without and with ID did not differ in age (p = 0.22), nor did the groups of WS and ID-NOS (p = 0.20). However, autistic people with ID were significantly younger than individuals with ID-NOS (p < 0.001, CI = [5.44 7.86]) and individuals with WS (p < 0.001, CI = [3.73 7.00]); and autistic people without ID were significantly younger than individuals with ID-NOS (p < 0.001, CI = [6.27 8.87]) and those with WS (p < 0.001, CI = [4.58 7.99]). The χ2-test on distribution of males and females in the four groups revealed a significant effect; χ2(3) = 151.98, p < 0.001. There were more males than females in each group except in the WS group in which gender was distributed equally (p = 0.06). As a consequence, we included age and gender as covariates for the multilevel analyses.



The survey

The parent or caregiver reported survey was developed at the beginning of the COVID-19 pandemic in order to better understand how individuals with special educational needs and disabilities (SEND; neurodevelopmental disorders constitute a subgroup of SEND) were affected by the pandemic [see (49, 50)]. First, demographic information was requested of the respondent (parents or caregivers) and individual with SEND. The respondent also reported the primary diagnosis and the presence (or absence) of ID in the individual with SEND, allowing us, for example, to distinguish between autistic people with and without ID. Then, anxiety was assessed with a single item [“How anxious was/is your child?”, similar to Turon et al. (51)] on a scale from 1 (not at all) to 5 (extremely) at three time points: before the pandemic, at the start of the pandemic and at the time of survey completion—in the “now” moment (between April and August 2020). Here, we will focus only on the “now” moment since data relating to ER strategy use was only collected about then. Finally, the survey included a broad range of 14 potential ER strategies and asked with single items how frequently from 1 (very rarely) to 5 (very frequently) the individual with SEND used each strategy to deal with the potentially elevated levels of anxiety (the wording of the instructions and ER items can be found in the Supplementary material B, as well as here (49)1.

To explore the ER strategy use, we included a range of rather maladaptive and adaptive ER strategies (taking into consideration their habitual use and long-term consequences). Furthermore, we included some cognitive and behavioral strategies, since a broad range of strategies was more likely to capture the relative strengths of each group (2). Twelve of the strategies concerned self-regulation. The following may be considered as rather maladaptive in relation to their long-term consequences: isolation/withdrawal, information avoidance, information search [excessively searching for information about the COVID-19 may be an (unsuccessful) attempt to attenuate anxiety levels (41)], rumination which refers to continuously thinking about one's own experience, and the causes and consequences of one's negative emotion without calling for action (52), and expressive suppression, which refers to inhibiting the outward expression of an emotion (53). Two further possibly maladaptive strategies concerned behavior: aggressive behaviors and repetitive behaviors. The latter two might not typically be seen as ER strategies but could also be considered as symptoms linked to elevated negative emotions (i.e., anxiety). However, they may also function at times as a response-focused ER strategy. Moreover, repetitive behaviors have been reported to be used as an attempt to deal with negative emotions in several studies (45, 54). In this light, it is important to note that the survey asked which strategies were shown in response to deal with elevated levels of anxiety and stress and not if an individual shows these behaviors in general.

Some strategies may be considered as either adaptive or maladaptive depending on the context such as sharing/talking about COVID-19 and distraction as one of the attentional deployment strategies (i.e., shifting one's attention to something else in order to avoid or reduce unwanted emotions) (1). Finally, some strategies can be seen as rather adaptive considering their habitual use and long-term consequences: cognitive reappraisal (53), focusing on the positive (55), and humor (56, 57).

Furthermore, we asked about two strategies that we imagined may have been employed by parents or caregivers to regulate the child's emotion: shielding the child from negative information about the pandemic (parent shielding) and establishing a routine in their daily life (parent routine)2.



Procedures

The survey, developed at the beginning of the COVID-19 pandemic, was available in 16 languages (49, 50). With the help of more than 60 international collaborators, flyers were sent to associations and cohorts to invite parents and caregivers to report about their child with SEND. There was no age limit for the child with SEND, so respondents were also able to report about their adult child. Ethical approval for this anonymous survey was obtained by the institutional review board of Unidistance Suisse.

Due to the necessity of rapidly developing our COVID-19 specific questionnaire in March 2020, we did not include community members or people with SEND in the development of the questionnaire. However, we had several parent associations help us recruit and we are continuing to work with them with regards to the dissemination of the survey results.



Data analysis plan

We included data of families based on the following selection criteria, resulting in the above-mentioned N = 2,288: primary diagnosis of WS, ASD, or ID-NOS, available information about country, age, gender, available information about presence of ID (which allowed us to distinguish between autistic people with and without ID), age 5 and older (since self-focused cognitive strategies are less likely to occur in younger participants). We excluded cases in which the respondents provided inconsistent information (e.g., primary diagnosis ID-NOS, but a negative response when asked if their child had ID). We did not impute missing values for the ER strategy use; instead, we opted for the complete-cases-analysis approach: a participant is removed if an answer is missing for any of the 12 ER strategies.

We performed linear mixed models to investigate (1) the level of anxiety in the different groups, (2) ER strategy use in the different groups, (3) ER profiles linked to anxiety across the four groups, and (4) group differences in the link between ER strategies and anxiety. The independent variable group for all models except for the third is coded as a categorical variable with four modalities (ASD without ID, ASD with ID, ID-NOS, and WS), the reference level is the ASD without ID. In all four models, age and gender were added as covariates and the country was used as a random factor to account for dependency within each country. Finally, all models are estimated using the restricted maximum likelihood (REML). Preprocessing of the data was conducted using MATLAB software (58) (R2018b, The MathWorks, Natick, MA). Analyses were conducted using R statistical software version 4.0.3 (59), with the packages lme4 and lmerTest for multilevel regression (60, 61), emmeans (62) for pairwise comparisons using the tukey method for p-value correction, effects (63) and ggplot 2 (64) packages for visualization of main effects of the model.




Results


Level of anxiety in the different groups

The analyses of anxiety levels revealed a main effect of group; F(3, 2229) = 5.48, p < 0.001 and age; F(1, 2240) = 33.29, p < 0.001, indicating increased anxiety with increasing age, but no effect for gender; F(1, 2226) = 0.02, p > 0.05. Post-hoc tests revealed significant differences between individuals with ID-NOS and autistic people without ID (t = 3.68, p < 0.01) and autistic people with ID (t = 3.46, p < 0.01), respectively, showing that autistic people with and without ID had higher levels of anxiety than individuals with ID-NOS (see Figure 1).


[image: Figure 1]
FIGURE 1. Mean anxiety levels with confidence intervals for each group. Significant effects of post hoc tests are indicated (black lines). ASD, autism spectrum disorder; ID, intellectual disability; ID-NOS, intellectual disability not otherwise specified; WS, Williams syndrome. Significance levels of post-hoc tests: **p < 0.01.




Emotion regulation strategy use in the different groups

On a descriptive level, when sorting the employed ER strategies for each group according to their frequency (see Supplementary material C), it can be observed that parent routine and parent shielding were among the most frequently parent-reported strategies in all groups. Distraction, repetitive behaviors, and isolation/withdrawal were also frequently employed.

The analyses of parent-reported use of ER strategies revealed significant group effects in 12 out of 14 ER strategies (see Figure 2). No significant group differences were found for parent shielding and cognitive reappraisal. Generally speaking, no gender effects were found but there was almost always an age effect indicating that the use of a specific ER strategy increased with increasing age except for repetitive behaviors, parent shielding, and parent routine, where no age effects were found. This suggests that extrinsic ER and repetitive behaviors do not seem to change in our sample as much as other strategies examined here. For the statistics of group, age, and gender effects (see Table 1). In the following, we focus on post-hoc tests within the 12 ER strategies in which significant group effects were found.


[image: Figure 2]
FIGURE 2. Group differences were found in the use of 12 of the 14 emotion regulation (ER) strategies (frequency: from 1 = very rarely to 5 = very frequently). Mean levels with confidence intervals are shown per group for each ER strategy. Significant effects of post hoc tests are indicated (black lines). ASD, autism spectrum disorder; ID, intellectual disability; ID-NOS, intellectual disability not otherwise specified; WS, Williams syndrome; Significance levels of post-hoc tests: * p < 0.05, ** p < 0.01, *** p < 0.001.



Table 1. Effects of group, age, and gender within the multilevel analyses on ER strategy use.
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Isolation/withdrawal

We found significant differences between all the groups except between ID-NOS and WS (see Supplementary material D for t-values) with the highest scores for autistic people without ID, followed by autistic people with ID, and the lowest levels for individuals with ID-NOS and WS.



Information avoidance

Autistic people without ID more frequently avoided information compared to individuals with WS (t = 3.22, p < 0.01).



Information search

Autistic people without ID search for more information compared to autistic people with ID (t = 5.54, p < 0.001) and individuals with ID-NOS (t = 5.02, p < 0.001).



Rumination

Autistic people without ID ruminate more frequently than all other groups (compared to autistic people with ID: t = −6.77, p < 0.001, to individuals with ID-NOS: t = −7.42, p < 0.001, and to individuals with WS; t = −3.92, p < 0.001).



Expressive suppression

Autistic people without ID used this ER strategy more frequently than individuals with WS (t = 2.67, p < 0.05).



Aggressive behaviors

Individuals with WS used aggressive behaviors less frequently than autistic people with ID (t = 4.31, p < 0.001), autistic people without ID (t = 3.93, p < 0.001) and individuals with ID-NOS (t = 4.07, p < 0.001).



Repetitive behaviors

Autistic people with ID used repetitive behaviors significantly more frequently than all other groups (compared to autistic people without ID: t = −3.43, p < 0.01, to individuals with ID-NOS: t = 3.80, p < 0.001, and to individuals with WS: t = 3.82, p < 0.001).



Sharing/talking about COVID-19

Individuals with WS used this ER strategy significantly more frequently than autistic people with ID (t = −4.43, p < 0.001) and individuals with ID-NOS (t = −3.46, p < 0.01). Moreover, autistic people without ID used this ER strategy more frequently than autistic people with ID (t = 3.41, p < 0.01).



Distraction

Autistic people without ID used distraction more frequently than the other three groups (compared to autistic people with ID: t = 6.02, p < 0.001, to individuals with ID-NOS: t = 5.65, p < 0.001, and to individuals with WS: t = 3.82, p < 0.01).



Focusing on the positive

Turning to the rather adaptive ER strategies, a significant group effect was found for focusing on the positive. While autistic people without ID and WS did not differ, both groups used this strategy more frequently than the other two groups: Autistic people without ID used focusing on the positive more frequently than autistic people with ID (t = 4.42, p < 0.001) and individuals with ID-NOS (t = 3.11, p < 0.001). In addition, individuals with WS used this strategy more frequently than autistic people with ID (t = −5.09, p < 0.001) and individuals with ID-NOS (t = −4.27, p < 0.001).



Humor

Autistic people without ID and WS did not differ, but both used humor as ER strategy more frequently compared to the other groups. Autistic individuals with ID seemed to be using this strategy less often than all other groups (autistic people without ID used humor significantly more frequently than autistic people with ID: t = 6.78, p < 0.001, and individuals with ID-NOS: t = 3.36, p < 0.01. Autistic people with ID used this ER strategy less frequently than individuals with ID-NOS: t =−2.74, p < 0.05, and then individuals with WS: t =−4.96, p < 0.001. Individuals with ID-NOS used this ER strategy less frequently than individuals with WS: t = −2.72, p < 0.05).



Parent routine

Finally, a significant group effect was found for parent routine. Parents and caregivers of autistic people without ID used this strategy more frequently than the parents of individuals with ID-NOS (t = 3.00, p < 0.05) and individuals with WS (t = 3.16, p < 0.01).




Emotion regulation strategy use linked to anxiety across the four groups

The analyses of ER strategies across the four groups revealed significant effects for seven strategies that were linked to higher anxiety: information avoidance; F(1, 2217) = 4.40, p < 0.05, information search; F(1,2224) = 5.50, p < 0.05, distraction; F(1, 2225) = 20.24, p < 0.001, rumination; F(1, 2223) = 47.60, p < 0.001, aggressive behaviors; F(1, 2221) = 12.31, p < 0.001, repetitive behaviors; F(1, 2224) = 17.45, p < 0.001, and parent shielding; F(1, 2150) = 22.97, p < 0.001. Only one strategy, i.e., focusing on the positive was linked to lower anxiety; F(1, 2227) = 12.69, p < 0.001 (see Figure 3). A significant effect was found for age; F(1, 2227) = 14.77, p < 0.001, indicating a stronger association between strategy use and anxiety with increasing age, but no gender effect was found; F(1, 2221) = 0.01, p>0.05.
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FIGURE 3. Illustration of the significant association between the frequency (from 1 = very rarely to 5 = very frequently) of emotion regulation strategy use and anxiety levels across the four groups. Blue bands denote the 95% confidence interval.




Group differences in the link between emotion regulation and anxiety

We found significant effects of age and of the same seven ER strategies as presented in section Emotion regulation strategy use linked to anxiety across the four groups but not for gender or group (see Supplementary material E for the statistics). However, most interestingly, we found a significant interaction between humor and group; F(3, 2163) = 3.67, p < 0.05. Post-hoc comparisons revealed a significant difference between autistic people without ID and with ID; t = - 3.27, p < 0.01. This may suggest that only autistic people without ID used humor more frequently while experiencing lower levels of anxiety, since humor was linked to lower anxiety in this group. While we did not find an association between humor and anxiety in individuals with WS and ID-NOS, humor was more frequently used while experiencing increased levels of anxiety in autistic people with ID (see Figure 4).


[image: Figure 4]
FIGURE 4. Differential effects of humor on anxiety in relation to group membership: Using humor as an emotion regulation strategy was linked to lower anxiety in autistic individuals without ID and to higher anxiety in autistic individuals with ID. ASD, autism spectrum disorder; ID, intellectual disability; ID-NOS, intellectual disability not otherwise specified; WS, Williams syndrome. Blue bands denote the 95% confidence interval.





Discussion

Our survey, launched in the first months of the pandemic, allowed us to study ER strategy use and the link to anxiety in neurodevelopmental disorders, namely, in individuals with WS, autistic people with and without ID, and individuals with ID-NOS. Individuals with neurodevelopmental disorders have been disproportionally affected by the COVID-19 pandemic with increased levels of anxiety and other mental health outcomes (46, 47, 65, 66). While our current analysis does not allow a comparison with typically developing individuals, we observed that autistic people (with and without ID) had elevated anxiety levels compared to individuals with ID-NOS, in line with previous studies reporting prevalence rates of 42–79% in autistic people (67) while prevalence rates seem lower in individuals with ID [3–22%, (68)]. While individuals with WS experienced increased anxiety in previous studies when compared to people with ID (30), their anxiety levels in the present study were reported to be between the other three groups. Our study mainly aimed to increase our knowledge about parent-reported ER strategy use and how ER strategy use was linked to anxiety.

It seems striking that parent routine and parent shielding as extrinsic ER were among the top three most frequently employed strategies in all groups, which shows that co-regulation of negative emotions seems to play an important role in all groups. Further studies may help to better understand if other, more cognitive extrinsic ER strategies, such as other-employed cognitive reappraisal, are of greater relevance to individuals with neurodevelopmental disorders than to individuals without. It is also interesting that repetitive behaviors are among the four most frequently used strategies in all groups, except for autistic people without ID.


Emotion regulation profiles in the different groups

Age effects were found for most of the ER strategies indicating increased use of ER strategies as individuals get older. Although we did not find specific age effects for the different groups in relation to ER strategy use, we would like to mention that the use of adaptive or maladaptive ER strategies may be considered as potential protective or risk factors for socio-emotional outcome measures in individuals with neurodevelopmental disorders across the life span. For example, while children and adolescents with WS are often described as overfriendly and of portraying high approach behavior, adults with WS are often described as socially isolated [see, for example Davies et al. (69)]. It may be important to further study the use of ER strategies in different age groups in relation to various outcome measures including anxiety or social isolation in individuals with neurodevelopmental disorders.

Importantly, we identified differences in the ER profiles of the groups. As far as we are aware, this is the first time that the strategy use of individuals with WS has been studied. At a descriptive level, individuals with WS used most frequently parent routine, parent shielding, repetitive behaviors and distraction, suggesting that extrinsic ER, as well as behavioral ER strategies, are of great relevance. We would like to highlight some characteristics in ER potentially linked to the socio-emotional profile in this rare genetic disorder. In comparison with the other groups with ID, individuals with WS used focusing on the positive significantly more frequently and aggressive behaviors significantly less. This might be linked to their socio-emotional profile such as the positivity bias in individuals with WS who are often described as gregarious and cheerful (70). In addition, individuals with WS seemed to use humor as frequently as autistic people without ID—which may be again linked to their positivity bias. However, the use of humor was not linked to lower levels of anxiety in individuals with WS (in contrast to the effects of using humor on anxiety in autistic individuals without ID) which may be possibly linked to the particular cognitive challenges related to humor appreciation and production (71). Participants with WS also reportedly used the strategy sharing/talking about COVID-19 more frequently than the other groups with ID, and the lowest levels of isolation/withdrawal, as well as less information avoidance and expressive suppression than autistic people without ID, which may be linked to the pro-social nature widely reported in WS, characterized by high social interest, social approach behavior and high sociability (70).

Autistic people without ID seemed to have a different ER pattern. Compared to the other groups, autistic people without ID had the highest scores in isolation/withdrawal and seemed to avoid information more than other groups which seems to be in line with reports about their socio-emotional profile (15, 16). They also seemed to use several cognitive strategies more frequently than the other groups which are all characterized by cognitive impairment: Search for more information about COVID-19, which may be linked to the detail-oriented cognitive style in autistic individuals (72), and rumination. Interestingly, focusing on the positive and humor were as frequently employed as by individuals with WS. We may conclude that autistic people without ID are more likely to use and potentially benefit from cognitive strategies (which are potentially too challenging for individuals with ID) because of their typical or better than typical cognitive functioning levels. In addition, establishing a routine by parents and caregivers seems to be highly relevant for autistic people without ID (but also for autistic people with ID, as there were no significant differences between these two groups). This fits well to the known elevated need for routines of autistic people (73).

Our study suggests that autistic people with ID and individuals with ID-NOS have a more limited ER repertoire than the other two groups, by not frequently engaging in cognitive strategies. Despite the limited research on ER in ID [see McClure et al., (74)], this aligns with previous observations of a limited repertoire of coping and ER strategies in individuals with ID (75, 76). In the present study, Repetitive behaviors were used most frequently by autistic people with ID compared to the other groups. In the absence of a broader range of (cognitive) strategies available to deal with elevated levels of anxiety, it may be possible that extrinsic ER is more important for autistic people with ID and individuals with ID-NOS. While our study only asked for two extrinsic ER strategies, future studies should include a broader range (e.g., extrinsic cognitive reappraisal, distraction) to better understand which strategies employed by parents or caregivers are used most frequently and are most efficacious. Future research is needed, not only to more rigorously examine self-reported and observed ER strategy use linked to ID and cognitive flexibility, but also to examine, at a more fine-grained scale, in which stages of the ER cycle [identification, strategy selection, strategy implementation, and monitoring (2)] ER might be most affected in individuals with ID. To our knowledge, no research has attempted to conceptualize and tease apart these different stages within the ER cycle with the link to ID (2). While our study focused on the parent-reported implementation of ER strategies, the other stages linked to self- and other-focused ER need to be better understood.

Besides cognitive functioning levels, positivity bias, social approach behaviors/sociability, and the need to adhere to routines, as discussed above, alexithymia and theory of mind are potential factors that may impact ER (see Introduction). With the current study design, we are not able to determine the extent to which these factors impact ER in our target groups. However, future studies assessing these abilities in neurodevelopmental disorders may further elucidate their differential impact on ER.



Emotion regulation strategy use and its link to anxiety

Several of the ER strategies included in this study were linked to increased anxiety. Many of these (information avoidance, information search, rumination, aggressive behaviors) could be considered as rather maladaptive when a strategy is used frequently on a habitual basis, while distraction might be adaptive or maladaptive depending on the context (77). Repetitive behaviors may actually have an important soothing effect for individuals with neurodevelopmental disorders, particularly if other (cognitive) strategies are less available or accessible (45, 54), even though it may have negative long-term consequences. In general, the literature has shown that if certain strategies are used too frequently, there may have negative long-term consequences on mental health (3). Interestingly, we cannot determine whether these strategies had necessarily a negative effect on emotions, despite their link to increased anxiety levels. It may also be possible that higher anxiety triggered the use of a broad range of strategies, including strategies that are considered as rather maladaptive. Also, we need to be clear that we did not ask what the people do on a habitual basis (we rather asked, “which strategies does your child use these days to cope with potentially elevated levels of anxiety”) and we did not employ a longitudinal research design which would allow us to draw conclusions on mid- or long-term consequences. Therefore, the increased use of these strategies may not only reflect unsuccessful attempts to attenuate increased anxiety levels, but they may also be elicited by higher anxiety, suggesting that the increased use of these strategies may also reflect an increased need to regulate. Also, our study assessed ER strategies at one time point only. Future studies targeting individuals with different neurodevelopmental disorders should attempt to monitor changes in ER strategy use related to varying levels of anxiety and stress to be able to draw conclusions about potential changes and adaptations of ER strategy selection and implementation. Such studies could be done using ecological momentary assessments (78) if they have been adapted for individuals with neurodevelopmental disorders with and without ID.

Interestingly, only one strategy was more frequently employed when experiencing lower levels of anxiety: Focusing on the positive. Even if this might suggest that this could be a powerful strategy to alleviate anxiety in individuals with neurodevelopmental disorders, in line with findings in individuals with typical development (55), we would like to reiterate that we cannot draw conclusions about a causal link in the present study. Future studies should try to shed more light on the question of whether only people with low anxiety levels are actually able to focus on the positive, in the face of difficult life circumstances, or if this strategy actually reduces anxiety in neurodevelopmental disorders. This could prove very important. Nevertheless, several intervention-based studies were published in recent years that successfully implemented positive elements such as play and humor to address fear and anxieties in children with WS (79) or that were able to increase the use of positive emotion regulation strategies including Focusing on the Positive in individuals with ASD (80).



Humor as an emotion regulation strategy

While previous studies have shown that humor can be a powerful strategy to regulate emotions [see Samson and Gross (57) for an overview], we found that the use of humor as an ER strategy was only linked to lower anxiety in autistic people without ID, suggesting that they may potentially benefit from this strategy, while humor was linked to increased anxiety in autistic people with ID. However, again, we need to be cautious in drawing conclusions about a causal link. As shown in a series of studies, autistic individuals have no difficulty to appreciate simpler forms of humor but have more difficulties in understanding and appreciating more complex jokes that require, for example, a Theory of mind to be understood (jokes based on false beliefs) (81). Moreover, lower cheerfulness as a trait and higher seriousness seemed to dampen the susceptibility to humor and humor appreciation in autistic individuals without ID [Samson (82) for a review]. The present study suggests there might be important differences between autistic people with and without ID in terms of their use of humor. It may be possible that producing humor to regulate emotions might have been too overwhelming for autistic people with ID, while it could serve as a resource for autistic people without ID (71). However, this study also opens up room for future research such as examining the difference between producing (which may be more challenging) and consuming humor (for example, watching funny movies) to regulate emotions. Further research could also examine the extent to which autistic people with ID may benefit from humor as extrinsic ER.



Limitations and future implications

Our exploratory study with a large sample of individuals with different neurodevelopmental disorders included autistic people with ID who are often underrepresented in studies on ER in ASD and, for the first time in such a study of ER strategies, individuals with WS. Future research should ideally attempt to replicate our findings with validated measures (for example, by first developing adequate measures that allow the assessment of a variety of ER strategies in neurodevelopmental disorders) in better characterized samples, and focus on specific ER strategies in more detail in experimental settings. These steps would help formulate concrete implications for application in daily life or interventional settings.

There are some limitations to this study that need to be mentioned. With a view to including a broad range of ER strategies but keeping an already long survey manageable for the families, we assessed ER strategy use with single items rather than including existing ER questionnaires. This helped to gain a better understanding of ER strategy use in neurodevelopmental disorders since, to the best of our knowledge, no existing questionnaire includes such a wide range of strategies. Future studies should therefore develop this battery further for the study of ER in individuals with neurodevelopmental disorders. Moreover, as our motivation was to access as many families with a child with SEND as possible and within a short time frame to cover the early effects of the COVID-19 pandemic, we were neither able to include individuals with SEND in the research process, nor to verify the primary diagnosis, relying instead on parent and caregiver reports. Given that not everyone may have had access to clinics or professionals using gold standard measures for diagnosis [e.g., the Autism Diagnostic Observation Schedule, second edition; ADOS-2; Lord et al. (83) for ASD], this remains a weakness of the study. That said, we hope that given the large group size, the findings are nevertheless representative of the different syndromes. In the same vein, we also relied entirely on parent-reported anxiety and ER strategy use. While short anxiety scales exist with 10 items (84), eight items (68), and four items (85), to name a few examples, assessment of anxiety with a single item can also be found in the literature (51, 86). Such measures have often been developed in the context of particularly difficult circumstances, such as assessing anxiety in critically ill patients. Given that parents and caregivers of children with SEND experienced a difficult time in the early months of the COVID-19 pandemic [for example Toseeb et al. (47)], it was our goal to keep the survey as short as reasonably possible. We thus opted for a single item to assess anxiety, similar in wording to Turon et al. (51).

Regarding the parent-reported ER strategies, it may be the case that certain ER strategies are less visible to a third party (e.g., a parent or caregiver) leading to under-reporting of that strategy (e.g., expressive suppression, perhaps), and may even have led to an over-reporting of the extrinsic ER strategies. This may bias parent and caregiver's responses particularly in individuals that may be less able to communicate about more cognitive, less behavioral strategies which may be more likely in individuals with ID. Nonetheless, parent reports lead to insight about ER in individuals who may not have been able to report in such detail about their own situation, emotional experience, and ER during the first months of the COVID-19 pandemic. As it stands, parent-reported ER questionnaires are not uncommon in the literature (87).

One particular characteristic of this study is that the results are taken from a subsample of responses from participants collected during the first few months of the COVID pandemic. But since we have not collected data before the pandemic, we do not claim that these strategies are either pandemic specific, or that they can be generalized to non-pandemic times. While we assume that similar patterns may be found in other times of individual, family or societal crises, future studies should examine changes in ER strategy use in relation to varying levels of anxiety, for example by using ecological momentary assessment approaches (see above). Since it is likely challenging for parents to know whether a particular ER strategy is used as an attempt to regulate COVID-specific anxieties and stress or other factors not related to the pandemic encountered in daily life, we explicitly asked parents and caregivers to report about ER strategy use in general “these days”, rather than anything COVID-specific. This exploratory study suggests some interesting similarities and differences across groups that future researchers can use to build hypotheses for more structured, less exploratory studies. For example, it would be interesting to extend knowledge about ER strategy choice. Previous research has shown that under highly negative situations, cognitive reappraisal is less effective than distraction (88). It would be interesting to discover if individuals with neurodevelopmental disorders are able to adapt the strategy choice in relation to the negativity of experienced events.

Also, while we focused here on ER strategy use, we must emphasize that ER involves other processes that were not considered here, but which would be relevant for further study in neurodevelopmental disorders with and without ID (see above). These processes include the ability to recognize emotions, set regulatory goals, identify and select potential strategies, the ability to implement one or more strategies in combination or in sequence, and other dynamic processes related to ER such as maintaining or disrupting the use of a particular ER strategy in relation to the context and its efficacy (89). In short, the ER field is large, and there is a huge potential for ER studies in SEND, and, more specifically, in neurodevelopmental disorders. Furthermore, although we included a variety of countries (“country” was included as random factor in the analysis), the current study did not focus on the study of cultural or regional differences in the either the caregiver reports or the use of ER strategies. However, other analyses originating from this international collaborative study from which the present data comes will focus on country-specific differences. We hope that the relative strengths of this exploratory study stimulate and further motivate research in this domain, in spite of its relative limitations.



Conclusions

The present study elucidated different patterns of ER strategy use in different neurodevelopmental disorders. Autistic people without ID were reported to have the largest ER repertoire, including more self-focused cognitive strategies, and were the only group in which we found humor as ER strategy to be linked with lower anxiety levels. For the first time, this study was able to shed light on ER strategy use in individuals with WS, which differed from those of autistic people, which can possibly be accounted for by the well-researched differences in socio-emotional profiles. Moreover, several rather maladaptive strategies were linked to increased anxiety, while focusing on the positive was linked to lower anxiety levels across all groups. As such, this exploratory study provides increased insight into ER in WS, ASD with and without ID, and ID-NOS, and highlights the need for further studies on ER strategy use in individuals with neurodevelopmental disorders, using more rigorous assessment tools and that monitor changes of ER strategy use over time. Future studies are required as knowledge about the impact of different ER strategies as potential protective and risk factors on outcomes such as anxiety may also inform interventions to support individuals with neurodevelopmental disorders in their daily lives and in future times of crisis.
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Footnotes

1The survey included other questions about other domains, such as a variety of specific worries or ER efficacy, which will be reported elsewhere.

2Although we asked not only about parents or caregivers establishing a routine (“I try or my child tries to establish a routine in his/her daily life to lower the experienced stress”), for the purpose of this analysis, we classified this item as extrinsic ER strategy as establishing a routine is likely to involve the parents' consent, advice or help. The survey is fully available here: Van Herwegen et al. (49).
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Introduction: Approximately 48–54% of children with attention-deficit/hyperactivity disorder (ADHD) have impairing difficulties with emotion regulation, and these difficulties are not ameliorated by first-line ADHD treatments. Working memory and inhibitory control represent promising intervention targets given their functional, if not causal, links with ADHD-related emotion dysregulation.

Methods: This preregistered randomized controlled trial tested whether two digital therapeutic training protocols that have been previously shown to improve working memory (Central Executive Training [CET]) and inhibitory control (Inhibitory Control Training [ICT]) can improve emotion regulation in a sample of 94 children with ADHD aged 8–13 years (M = 10.22, SD = 1.43; 76% White/non-Hispanic; 29 girls).

Results: Results of Bayesian mixed model ANOVAs indicated both treatment groups demonstrated significant decreases in emotion dysregulation relative to pre-treatment at immediate post-treatment (parent report; d = 1.25, BF10 = 8.04 × 1013, p < 0.001), at 1–2 months after completing treatment (teacher report; d = 0.99, BF10 = 1.22 × 106, p < 0.001), and at 2–4-months follow-up (parent report; d = 1.22, BF10 = 1.15 × 1014, p < 0.001). Contrary to our hypotheses, the CET and ICT groups demonstrated equivalent reductions in emotion dysregulation and maintenance of effects. Exploratory analyses revealed that results were robust to control for informant expectancies, ADHD medication status/changes, in-person vs. at-home treatment, child age, and time from treatment completion to post-treatment ratings.

Discussion: To determine whether working memory and inhibitory control are causally linked with ADHD-related emotion dysregulation, future studies should include active control conditions that do not train executive functions prior to making decisions about the clinical utility of CET/ICT for the treatment of emotion dysregulation in ADHD.

Clinical trial registration: [https://clinicaltrials.gov/], identifier [NCT03324464].
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by impairing symptoms of inattention, hyperactivity, and impulsivity (1). ADHD affects approximately 5% of school-aged children (2), and most children with ADHD experience difficulties with emotion regulation that, in turn, portend significantly greater distress and impairment than ADHD symptoms alone (3). Unfortunately, the limited available literature suggests that evidence-based treatments for ADHD (4)—including psychostimulants (5) and behavioral parent training (6)—often do not reduce emotion dysregulation, suggesting the need for interventions that directly target factors that underlie ADHD-related emotion dysregulation. Working memory and potentially inhibitory control have been linked functionally with ADHD-related emotion dysregulation (7–10), suggesting that they may reflect promising intervention targets for producing downstream improvements in emotion regulation for children with ADHD. The present randomized controlled trial tests the extent to which two cognitive training protocols that have been previously shown to improve working memory (Central Executive Training [CET]) and inhibitory control (Inhibitory Control Training [ICT]) (11) can improve emotion regulation for children with ADHD.


Emotion regulation and executive functioning in attention-deficit/hyperactivity disorder

Emotion regulation refers to the ability to modulate the speed and intensity of emotional escalation and de-escalation, and it involves complex physiological, experiential, and behavioral processes (12, 13). Approximately 48–54% of children with ADHD exhibit comorbid difficulties with emotion regulation based on recent meta-analytic evidence [d = 0.80–0.95; (3)]. Mitigating emotion dysregulation in ADHD is imperative given that it increases the already large burden of illness associated with ADHD (14), including predicting greater academic and social impairment (15–17), higher rates of healthcare utilization (16), and higher daily parenting stress (18) than ADHD symptoms alone (19). Additionally, emotion dysregulation persists into adulthood for many people with ADHD (20–22), and portends increased risk for the development of comorbid psychopathology [e.g., oppositional defiant disorder, anxiety, depression; (23)].

Several conceptual models have been proposed to explain the high prevalence and adverse outcomes of emotion dysregulation in children with ADHD (3, 24), with growing acknowledgment that the phenomenology, etiology, course, and correlates of emotion dysregulation are likely as heterogenous as most other ADHD-related symptoms (25–28). Of the proposed mechanisms linking ADHD and emotion regulation, underdeveloped executive functions—particularly working memory and inhibitory control—reflect promising investigative targets. Working memory refers to the active, top-down manipulation of information held in short-term memory (29), and is impaired in 68–85% of children with ADHD (30–32). Inhibitory control refers to a set of interrelated cognitive processes that underlie the ability to withhold (action restraint) or stop (action cancelation) an ongoing behavioral response (33), and is impaired in 21–46% of children with ADHD (28, 34, 35).

Working memory and inhibitory control have each been theorized as core deficits underlying ADHD-related behavioral symptoms and functional outcomes [e.g., (36, 37)], including emotion dysregulation (38). Conceptually, intact executive functions are necessary to regulate the generation and expression of emotion at each of its theorized stages. That is, emotion generation and expression require one to select and modify situations, actively attend to stimuli, form cognitive interpretations of events, and modulate responses accordingly (39). Deficits in working memory and/or inhibitory control may lead to a breakdown in any of these complex processes. Indeed, working memory predicts emotion regulation in samples of children with ADHD with and without common comorbidities (7, 9). Additionally, experimental evidence indicates that increasing working memory demands produces disproportionate increases in negative emotional expression for children with ADHD relative to their typically developing counterparts, suggesting that working memory is functionally related to emotion dysregulation in ADHD (10). Inhibitory control has also been associated with emotion regulation in children with ADHD (9, 40), and there is some evidence suggesting this relation is causal in other populations [i.e., emotionally dysregulated adults; (41)]. Interestingly, however, when considered together, only working memory uniquely predicted emotion regulation, whereas inhibitory control did not (8).



Executive function interventions for emotion dysregulation in other populations

Given the established links among working memory, inhibitory control, and emotion regulation, there has been increased interest in the extent to which training these executive functions can improve emotion regulation in various populations. For example, training working memory using emotional/affective stimuli has improved emotion regulation in samples of neurotypical adults (42–44) as well as clinical samples of adolescents and adults (45, 46). In contrast, findings are more mixed for inhibitory control, such that training inhibitory control improved emotion regulation in adults with elevated emotional reactivity (41) but did not affect emotion regulation in neurotypical adults (47). Finally, one study trained both working memory and inhibitory control, and reported improved emotion regulation in typically developing preschoolers relative to waitlist controls (48). Taken together, the evidence supporting training working memory and/or inhibitory control for improving emotion regulation in non-ADHD samples is promising, albeit mixed.



Executive function interventions for emotion dysregulation in children with attention-deficit/hyperactivity disorder

Both working memory and potentially inhibitory control may be functionally related to emotion regulation difficulties in children with ADHD (9, 10), but, to our knowledge, no study to date has examined whether emotion regulation improves in children with ADHD following targeted training of executive functioning (49). In a partial exception, Tamm et al. (50–52) reported that a play-based (non-computerized) metacognitive attention training for preschoolers with ADHD failed to improve emotion regulation based on parent report. Similarly, in a randomized controlled trial comparing the efficacy of training all, some, or no executive functions, impacts on most cognitive and behavioral outcomes were non-specific and not attributable to any particular treatment target (53). Additionally, meta-analytic evidence suggests that, even though direct training may improve working memory and inhibitory control for preschoolers with ADHD and related externalizing behaviors, effects on behavioral outcomes are not significant (54). However, the extent to which similar findings would be obtained by training specific executive functions in school-aged samples of children with ADHD remains unknown.

For children with ADHD, evaluating the efficacy of executive function training protocols is further complicated by target misspecification and related issues of first-generation protocols that significantly limit their potential to produce downstream effects on behavior and functioning [for reviews see (49, 55)]. Specifically, most executive function training protocols have historically not produced the intended improvements in the executive function(s) they were intended to train (49, 56, 57). Indeed, most executive function training protocols have been shown to train cognitive abilities—such as short-term memory capacity rather than central executive working memory processes (29)—that are not impaired in most children with ADHD and, in most cases, are unrelated to ADHD symptoms and functional outcomes even cross-sectionally (11, 49). Thus, their lack of downstream effects on behavior and functioning is unsurprising to the extent that they are training cognitive abilities that generally do not support the behaviors we are trying to modify [e.g., (55)].

To address these limitations, our group created two translational, evidence-based, digital therapeutic treatments that include gaming elements (11, 34, 58). These computerized treatments incrementally increase demands on their target processes (central executive working memory for CET, inhibitory control for ICT). In previous clinical trials, CET and ICT were both rated as acceptable and feasible by parents and children (11, 34). In terms of affecting their respective cognitive training targets, CET was superior to gold-standard behavioral parent training (34) and ICT (11) for improving working memory performance. Similarly, ICT was superior to CET for improving inhibitory control, albeit only on one of two outcome tests, demonstrating that both CET and ICT successfully improve their targeted executive function (11). In terms of clinical outcomes, CET produced improvements in parent-rated ADHD symptoms that were equivalent to those obtained from gold-standard behavioral parent training, and CET was superior to behavioral parent training for decreasing objectively assessed hyperactivity in a sequential recruitment controlled trial (34). In a double-blind randomized controlled trial comparing CET and ICT, CET was superior to ICT in reducing parent- and teacher-reported ADHD symptoms and objectively assessed hyperactivity; CET-related ADHD symptom improvement was also maintained at 2–4 months follow up (11).



Current study

Given that CET and ICT (a) effectively improve working memory and inhibitory control processes, respectively, that are linked with ADHD-related emotion dysregulation; and (b) have been shown previously to produce clinically meaningful improvements in other behavioral and functional domains for children with ADHD (11, 26, 59), we hypothesized that both CET and ICT would produce improvements in emotion regulation. In addition, given evidence that working memory is better than inhibitory control at predicting emotion regulation for children with ADHD (8), as well as prior evidence that CET produced superior improvements relative to ICT on other behavioral and functional outcomes (11, 59), we hypothesized that CET would be superior to ICT for reducing emotion dysregulation.




Methods


Study timeline, randomization, allocation concealment, and masking

The current study reports on secondary outcomes from a randomized clinical trial of CET vs. ICT for ADHD (11) (Table 1). The sample reflects consecutive referrals from March 2017 to April 2021. Prior to March 2020, children (n = 73; 77.7%) completed three visits during the pre-treatment evaluation, lasting approximately 3.5 h each. These children also completed testing sessions at mid-treatment, post-treatment, and 2–4 months follow up. Four treatment cases were lost to follow-up from March to June 2020 as the study was shut down due to COVID-19. Procedures were adjusted when the study resumed in June 2020 to minimize face-to-face contact, including reducing the pre-treatment battery to a single 4-h testing session that included the use of face masks and social distancing for participants and study team members (n = 21; 22.3%). Additionally, weekly treatment sessions that occurred in the clinic prior to the shutdown were conducted via telehealth for all children beginning in June 2020, and in-clinic mid/post/follow-up child testing was discontinued. Treatment delivery format (pre-COVID face-to-face vs. peri-COVID telehealth) was probed as a covariate as described below. Parents (pre/mid/post/2–4 months follow-up) and teachers (pre/post) completed measures at each time point according to the original protocol. Teacher questionnaires were sent during the post-treatment session and were completed by teachers approximately 1–2 months post-treatment (Figure 1).


TABLE 1    Sample demographic and pre-treatment characteristics.
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FIGURE 1
Study timeline. BASC-3, behavior assessment scale for children; CET, central executive training; EDI, emotion dysregulation inventory; ICT, inhibitory control training.


Randomization was conducted by the study methodologist using unpredictable allocation stratified by medication status according to CONSORT guidelines. Study evaluators were masked to treatment group. Data screening, cleaning, and analyses were conducted masked to treatment group. Best practice guidelines for cognitive training studies were closely followed as described in Table 2.


TABLE 2    Critical evaluation of the current study relative to best practice guidelines for cognitive training methodology and reporting standards [adapted from (66) and (75)].
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Participants

As shown in Table 1, the treated sample comprised 94 children with ADHD aged 8–13 years (M = 10.22, SD = 1.43; 29 girls) from the Southeastern US, consecutively referred to a university-based research clinic through community resources. Psychoeducational evaluations were provided to caregivers. IRB approval was obtained/maintained; all parents/children gave informed consent/assent. Child race/ethnicity was mixed, with 71 (75.5%) White/Non-Hispanic, 11 (11.7%) Black/African American, 7 (7.4%) Hispanic/Latino, and 5 (5.3%) multi-racial/ethnic children. All participants spoke English.



Inclusion/exclusion criteria

All families completed a comprehensive evaluation that included detailed semi-structured clinical interviewing [K-SADS; (60)] and age/sex norm-referenced parent and teacher ADHD ratings [ADHD-Rating Scale-5 and Behavior Assessment Scale for Children-3; (61, 62)]. Study eligibility required: (1) DSM-5 diagnosis of ADHD (any presentation) by the directing clinical psychologist and multidisciplinary treatment team based on K-SADS (2013 update for DSM-5) and differential diagnosis considering all available clinical information indicating onset, course, duration, and severity of ADHD symptoms consistent with the ADHD neurodevelopmental syndrome; (2) clinical/borderline elevations on at least one parent and one teacher ADHD rating scale (i.e., >90th percentile), or previous psychoeducational evaluation documenting cross-informant symptoms (e.g., for children prescribed medication that reduces ADHD symptoms at school); and (3) current impairment per K-SADS. Diagnoses comorbid with ADHD in the current sample included anxiety (31.9%), specific learning (22.3%), autism spectrum (13.8%), oppositional defiant (6.4%), and depressive (2.1%) disorders. Additional details regarding the psychoeducational evaluation and differential diagnosis process can be found on our preregistration website: https://osf.io/abwms.

As shown in the CONSORT diagram (Figure 2), a total of 112 children with ADHD were evaluated; n = 16 were eligible but declined participation, and n = 2 were excluded due to average or better performance on all pretreatment working memory tests, resulting in a total treated sample of 94 (83.9% of eligible cases). No inhibitory control thresholds were set as specified in our NIMH grant. Children with ADHD that did vs. did not participate in the treatment phase of the study did not differ on age, sex, SES, race/ethnicity, IQ, medication status, ADHD presentation, and the presence of common comorbidities (all p ≥ 0.20). Untreated children with ADHD did not differ from treated children with ADHD on parent-reported emotion dysregulation (p = 0.21–0.27), but they had moderately higher teacher-reported emotion dysregulation (p = 0.02–0.03; d = 0.57–0.61) than the children with ADHD who participated in the treatment phase of the study. Children that were not randomized to CET or ICT were not followed past the pre-treatment evaluation.
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FIGURE 2
CONSORT diagram. The 154 children assessed for eligibility include all children recruited for evaluation in our research clinic during the study timespan, regardless of recruitment reason (because families would have been offered the intervention trial if their child was diagnosed with ADHD and otherwise eligible). The number of confirmed ADHD cases who were considered for eligibility is 112, of whom 94 (83.9%) were randomized and treated.


Children were excluded from the larger study for gross neurological, sensory, or motor impairment; seizure disorder, psychosis, or intellectual disability; or non-stimulant medications that could not be withheld for testing.



Procedures

As detailed in Kofler et al. (11), identical procedures were used for both treatment groups. Both CET and ICT are 10-week digital therapeutic treatments accessed via computer or mobile device. Once a week, children were monitored by study staff for a 1-h session while they completed their training exercises in-office (pre-COVID) or via telehealth according to identical, manualized procedures. Additional weekly training sessions were parent-supervised, in-home training (goal: 15-min/day, 2–3 days/week). Weekly in-office (pre-COVID) or telehealth parent check-ins were also included to promote adherence and troubleshoot difficulties with the at-home training. No active treatment components are included in the parent check-ins, which were identical across groups.



Treatments

Central executive training and ICT each contain nine games, with each game created to train various functions/modalities of their respective targeted executive function. Both treatments include an automated token economy in which children receive virtual “tickets” for successful responses during games, completing games, and completing the daily “mission mode” to facilitate increased engagement in the task and reinforcement of training targets. Tickets were exchanged for tangible prizes that children collected during weekly in-office sessions or intermittently throughout treatment if they participated via telehealth due to COVID-19. The daily “mission mode” consists of three games that the child has not recently played that are selected by the software and must be completed prior to having access to all nine games, and it is designed to ensure appropriate breadth of training. Please see Kofler et al. (34) and Kofler et al. (11) for a more detailed description and rationale of the treatments’ active control, adaptive training, and methods for maximizing dosage. Both interventions have been shown to have high feasibility and acceptability in terms of high parent satisfaction, high child-reported ease of use, and total child training time (11, 34).


Central executive training

The computerized CET protocol focused on improving children’s working memory (11, 34). CET contains nine games that train each of the three primary central executive processes–updating, dual-processing, and temporal/serial reordering (30)–using three different stimulus modalities—verbal/phonological, visual, and spatial. CET’s algorithms facilitate continually adaptive training by dynamically adjusting various parameters depending on the training target to incrementally increase central executive demands. Such parameters include target density, categories: stimuli ratio, target: non-target stimuli ratio, visual discriminability, and search space size. For example, increasing the search space size produces greater visual saccades, which, in turn, increases central executive demands during spatial working memory tasks because these saccades interrupt spatial rehearsal (63, 64).



Inhibitory control training

The computerized ICT protocol focused on improving the “action restraint” and “action cancelation” components of inhibitory control (65). ICT was developed as an active, credible control comparison for CET based on best practice guidelines for rigorous digital therapeutic treatment trials (66). As such, each of the 9 ICT games contains an identical website address, name, art, animations, storyline, layout, interface, and use of adaptive training algorithms as its CET counterpart. Similarly, ICT dynamically adjusts parameters such as go:stop target ratio, presentation rate, response speed (timers), and number of stimuli (65) to ensure incremental increases in inhibitory control demands. For example, stretching the target density (i.e., increasing the proportion of “go” trials) increases inhibition demands by increasing prepotency, which makes it more difficult to inhibit during infrequently occurring “stop” trials (67).




Secondary intervention outcome assessment (emotion regulation)


Behavior assessment scale for children-3

The BASC-3 (62) contains two subscales that assess emotion regulation based on parent and teacher report: Emotional Self-Control and Negative Emotionality. The emotional self-control subscale assesses children’s skill at regulating their emotions and affect in response to changes in the environment (e.g., “is overly emotional”), and the negative emotionality subscale assesses children’s tendency to respond in an overly negative way to routine and novel environmental stimuli (e.g., “finds fault with everything”). These subscales were selected as the primary emotion regulation outcomes given their relative rigor according to an extensive review of all available emotion regulation measures (68). Psychometric support for the emotional self-control and negative emotionality subscales includes high internal consistency (α = 0.87–0.91) and test–retest reliability [r = 0.86–0.88; (62)]. The emotional self-control subscale contains 12 items, and the negative emotionality subscale contains 9 items for parent report and 8 items for teacher report. All items are rated on a four-point Likert-type scale (never, sometimes, often, and almost always). Higher raw scores indicate more difficulties with emotion regulation.



Emotion dysregulation inventory

An additional measure of emotion regulation was added to the study protocol in March 2018 given emerging data linking emotion regulation with the executive functions targeted by our protocols as described above. The Emotion Dysregulation Inventory (EDI) (69) assesses children’s emotion regulation based on parent report, and contains 13 items that are rated on a five-point Likert-type scale (e.g., “emotions go from 0 to 100 instantly”). Psychometric support for the EDI includes excellent internal consistency (α = 0.90–0.92), expected relations with other emotion regulation measures, and the ability to discriminate between children with known emotion regulation difficulties and their typically developing counterparts (70). Higher raw scores indicate more difficulties with emotion regulation.

Due to an administrative error, the parent Emotion Regulation Checklist (ERC) was administered instead of the EDI at pre-treatment for the first 62 participants. The EDI was administered at all other time points. The ERC (71) emotional lability subscale contains 15 items that are rated on a four-point Likert-type scale (e.g., “exhibits wide mood swings”). Psychometric support for the ERC includes high internal consistency (α = 0.98), discriminant validity relative to distinct constructs such as resilience, expected relations with other metrics of emotion regulation (r = 0.44–0.79), and the ability to differentiate between groups of children at-risk vs. not at-risk for emotional problems (71). Higher raw scores reflect more difficulties with emotion regulation. The ERC and EDI are strongly correlated [r = 0.53–0.64: (70)]; thus, we made the a priori decision to retain these participants and use their pre-treatment ERC data in the exploratory analyses. To equate the scaling across the ERC and EDI, we computed the proportion of the maximum possible score for each child for each measure at each time points.




Intellectual functioning and socioeconomic status at pre-treatment

Pre-treatment IQ was estimated using the WISC-V Verbal Comprehension Index (72). Hollingshead (73) SES was estimated based on caregiver(s)’ education and occupation at pre-treatment.



Informant expectancy questionnaires


Parent expectancies

Parent treatment-related expectancies were assessed via the NICT Expectations of Cognitive Training scale (74) at mid-treatment. The scale contains seven items that assess the extent to which parents expect cognitive training to improve their child’s functioning. Higher mean scores indicate higher expectancies (range = 1–7). The impact of parent expectancies on improvements in parent-reported emotion regulation during treatment was assessed via sensitivity analyses as described below.



Teacher expectancies

Teachers were not directly assessed for expectancies given our goal of obtaining ratings from teachers who were unaware that the children were receiving treatment. Instead, parents reported on the teachers’ knowledge of treatment participation on a study-created post-treatment blinding questionnaire. Based on parent report, all teachers remained masked to treatment allocation/group, whereas 37 of 94 (39.4%) teachers were told that the child was participating in an intervention [i.e., masked to treatment allocation but unmasked to study participation, creating the opportunity for expectancy effects; (66)]. The potential impact of teacher expectancies was assessed via sensitivity analyses as described below.




Bayesian analyses

Traditional null hypothesis significance tests (p-values) were supplemented with Bayes Factors as recommended (75). Bayes Factors were added because they allow stronger conclusions by estimating the magnitude of support for both the alternative and null hypotheses (76). BF10 is the Bayes Factor (BF) indicating how much more likely the alternative hypothesis (H1) is relative to the null hypothesis (H0). Values >3.0 are considered moderate support for the alternative hypothesis (77). BF01 is the inverse of BF10 (i.e., BF01 = 1/BF10), and is reported when the evidence favors the null hypothesis (76). BF01 is interpreted identically to BF10 (>3 = moderate, >10 = strong, >100 = decisive evidence that ICT and CET produce equivalent changes in an outcome). We refer to findings of BF10 >3 as significant evidence for an effect (i.e., support for the alternative hypothesis of an effect at/above pre-specified evidentiary thresholds), and findings of BF01 >3 as significant evidence against an effect (i.e., support for the null hypothesis of no effect at/above pre-specified evidentiary thresholds). Both p-values and Bayes Factors are reported. We refer to effects as “marginally significant” when results indicate p < 0.05 but BF10 < 3.0 (i.e., when the effect is supported by null hypothesis testing but the Bayes Factor suggests evidentiary value below our prespecified threshold).



Transparency and openness statement

Best practice guidelines for cognitive training studies were closely followed as detailed in Table 2. Trial outcomes and detailed data analytic plans for the CET vs. ICT randomized controlled trial were preregistered at https://osf.io/abwms. The analytic plan detailed in the preregistration was followed for the present study. All emotion regulation measures included in the study battery were analyzed and are reported here. Primary outcomes (effects on working memory, inhibitory control, and ADHD symptoms) and academic outcomes are reported in Kofler et al. (11) and Singh et al. (59), respectively, for subsets of the current sample. The deidentified raw data (.jasp) and results output (including analysis scripts and test statistics) are available for peer review as recommended (75): [https://osf.io/86fwu/]. We report how we determined our sample size, all data exclusions (if any), all manipulations, and all measures in the study.



Data analysis overview

Data analyses were conducted with default priors using JASP version 0.14.1 (78). Our analytic plan included a 2 (between-subjects factor Treatment Group: CET vs. ICT) × 2 (within-subject factor Subscale: emotional self-control, negative emotionality) × 3 (within-subject factor Time: pre-, mid-, post-treatment) repeated measures ANOVA to examine treatment-related changes in emotion regulation based on parent report, with post-hocs following significant interactions and a priori planned contrasts to characterize the pattern of change over time separately for each treatment group. Similarly, teacher data were analyzed using a 2 (between-subjects factor Treatment Group: CET vs. ICT) × 2 (within-subject factor Subscale: emotional self-control, negative emotionality) × 2 (within-subject Time: pre-, post-treatment) repeated measures/mixed model ANOVA with the same post hoc/planned contrast plan.




Results


Power analysis

Power analysis using G*Power 3.1 (79) indicated that our sample size (N = 94), with α = 0.05, β = 0.80, and 3 time points (pre, mid, post), is powered to detect main effects of at least d = 0.29 and treatment group × time interaction effects of at least d = 0.34. Effects of these magnitudes were considered reasonable given evidence that (a) experimentally manipulating demands on working memory [d = 0.95; (10)] and inhibitory control [d = 0.52; (41)] both produce changes in emotion regulation that are at least moderate in magnitude; (b) CET produces large improvements in working memory [d = 0.96–1.20; (11, 34)]; and (c) ICT produces large improvements in stop-signal inhibitory control [d = 1.12; (11)]. Thus, the study is sufficiently powered to address its primary aims.



Study retention, outliers, and missing data handling

Study retention was high for both CET (89% completers) and ICT (78%); completion rates did not differ based on treatment allocation (p = 0.33). The treatment groups also did not differ on missing data rates (p = 0.48–0.73); complete data were available for 80.5% of post parent, 70.1% of post teacher, and 66.2% of follow-up parent ratings. Missing data were determined to be missing completely at random (Little’s MCAR test: p > 0.99) and were imputed using expectation maximization based on all available data. This maximum likelihood-based approach has been shown to produce unbiased results for missingness rates at/above the current levels when data are missing at random (80), as was the case in the current study. Finally, all independent and dependent variables were screened for univariate outliers, defined as values greater than 3 SD outside the within-group mean. Outliers were corrected to the most extreme value within 3 SD of the mean; this process affected 2.3% of data points.



Pre-treatment characteristics

Children randomized to ICT (n = 50) vs. CET (n = 44) did not differ from each other in parent- or teacher-rated emotion regulation or any of the pre-treatment characteristics shown in Table 1 (all BF10 ≤ 0.70, p > 0.05). Additionally, the treatment groups did not differ regarding comorbid diagnoses, training duration, or proportio nof children prescribed psychostimulants.



Primary results


Tier 1: Parent-reported emotion regulation at immediate post-treatment


Behavior assessment scale for children-3 model

Consistent with our hypotheses, the 2 (between-subjects factor Treatment: CET, ICT) × 2 (within-subject factor Subscale: negative emotionality, emotional self-control) × 3 (within-subject factor Time: pre-, mid-, and post-treatment) repeated measures/mixed model ANOVA for parent-reported emotion regulation was significant for main effects of Time (BF10 = 8.04 × 1013, p < 0.001; η2p = 0.28, d = 1.25) and Subscale (BF10 = 3.50 × 1018, p < 0.001; η2p = 0.44, d = 1.77), and for the Time × Subscale interaction (BF10 = 3.00 × 1035, p = 0.002; η2p = 0.06, d = 0.51; Figure 3). Contrary to our expectations, there was significant evidence against the Treatment × Time interaction (BF01 = 9.80, p = 0.32; η2p = 0.01, d = 0.20), indicating that the CET and ICT groups showed equivalent reductions in parent-reported emotion regulation. Similarly, there was no significant main effect of Treatment or a Treatment × Subscale × Time interaction (all BF10 < 1, p ≥ 0.70). A priori planned contrasts indicated that both the CET and ICT groups demonstrated reductions in emotion dysregulation across both subscales from pre- to post-treatment (all BF10 ≥ 6.00, all p ≤ 0.002; dICT = 0.55 to 0.57; dCET = 0.42 to 0.48). We also repeated the primary model using proportion of the total possible score for each subscale to account for the subscales containing different numbers of items. When using proportions, both the Subscale and Subscale × Time effects were no longer significant, suggesting that differences in subscales were due to scaling issues rather than differences in emotion regulation subcomponents. This interpretation is consistent with the planned contrasts, which indicated that both groups demonstrated improvement across both subscales from pre- to post-treatment.
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FIGURE 3
Graphical representation of parent-reported (top) and teacher-reported (bottom) models, with BASC-3 emotional self-control and negative emotionality subscales collapsed within each time point for each informant. Parent ratings were obtained at pre, mid, post, and LTFU. Teacher ratings were obtained at pre and 1–2 months post-treatment. LTFU, long-term follow-up (2–4 months after treatment concluded).




Emotion dysregulation inventory model

Next, we examined the extent to which our primary results replicated using a narrowband measure of emotion regulation as described above. Results were consistent with the primary model, including a significant main effect of Time (BF10 = 3.95 × 1041, p < 0.001; η2p 0.62, d = 1.28) and evidence against a Treatment × Time interaction (BF01 = 17.54, p = 0.70; η2p = 0.004, d = 0.13).




Tier 2: Teacher-reported emotion regulation at 1–2 months post-treatment

Consistent with the parent-report model, the 2 (between-subjects factor Treatment: CET, ICT) × 2 (within-subject factor Subscale: negative emotionality, emotional self-control) × 2 (within subject factor Time: pre- and post-treatment) repeated measures/mixed model ANOVA was significant for the main effect of Time (BF10 = 1.22 × 106, p < 0.001, η2p = 0.19, d = 0.99). Similar to the parent-report model, there was evidence against a Treatment × Time interaction (BF01 = 5.08, p = 0.98, η2p = 0.000006, d = 0.005), suggesting that children in both treatment conditions showed equivalent reductions in teacher-reported emotion regulation. There was a significant main effect of Subscale (BF10 = 4.35 × 1017, p < 0.001; η2p = 0.61, d = 2.50) and a Time × Subscale interaction (BF10 = 5.03, p < 0.001; η2p = 0.17, d = 0.91). However, in contrast to the parent model, both the Subscale and Time × Subscale effects remained significant when accounting for the different number of items per subscale using the proportion of total possible scores as described above, suggesting that patterns of improvement across the interventions were different for the distinct emotion regulation subcomponents. Indeed, a priori planned contrasts indicated that both treatment groups improved on the teacher-reported emotional self-control subscale from pre- to post-treatment (all BF10 > 10; all p ≤ 0.006; dICT = 0.68; dCET = 0.35), whereas neither group exhibited significant changes in negative emotionality (BF10 ≤ 2; p ≥ 0.99).



Tier 3: Parent-reported emotion regulation at 2–4 months post-treatment

Additional analyses were conducted to probe for maintenance of effects based on parent report. These analyses involved repeating the parent pre/mid/post-treatment model above, this time adding follow-up as a fourth time point. Of primary interest were planned contrasts assessing (a) whether emotion dysregulation remained significantly below pre-treatment levels at follow-up (pre vs. follow-up), and (b) whether post-treatment gains were lost across the no-contact follow-up duration (post vs. follow-up). Reporting is truncated for readability. Results were consistent with the primary parent-report model reported above, including a main effect of Time (BF10 = 1.15 × 1014, p < 0.001; η2p = 0.27, d = 1.22) and evidence against a Treatment × Time interaction (BF01 = 45.45, p = 0.52; η2p = 0.008, d = 0.18). Pre-planned contrasts indicated that parent-rated emotion dysregulation across both subscales remained significantly reduced at follow-up relative to pre-treatment for both treatment groups (all BF10 > 10, all p ≤ 0.01; dICT: emotional self-control = 0.66, negative emotionality = 0.60; dCET: emotional self-control = 0.67, negative emotionality = 0.50). Similarly, neither group demonstrated a significant loss in parent-rated emotional self-control or negative emotionality from post-treatment to follow-up, suggesting that the pre/post gains in emotion regulation were maintained at 2–4 months follow-up for both groups (all BF10 < 3, all p > 0.99).



Tier 4 sensitivity analyses: Expectancy effects, medication status, medication changes, maturation, and COVID protocol changes

Finally, we performed a series of exploratory analyses to examine the extent to which the significant reductions in emotion dysregulation during treatment may reflect an artifact of non-treatment processes (Table 3). The pattern, significance, magnitude, and interpretation of all results were unchanged when pre-treatment age, parent expectancies, teacher masking, medication status and changes, time between treatment completion and informants completing the post-treatment ratings, or COVID protocol status were added as covariates to the primary models. In all cases, the main effect of Time remained significant (all BF10 > 10, all p < 0.01; d = 0.50 to 1.15), suggesting that the improvements observed during treatment are unlikely to be due to these non-treatment factors. In no case did adding covariates result in a significant Treatment × Time interaction (all BF01 > 3; all p ≥ 0.52). Finally, none of the covariates showed significant main effects of Time or interacted with Treatment, Time, or Subscale, with one exception. In the teacher model, there was a significant main effect of age (BF10 = 2.96, p = 0.02; η2p = 0.06) and an age × Subscale interaction (BF10 = 1.55 × 1018, p < 0.001; η2p = 0.17), such that younger children exhibited greater improvements in teacher-reported emotional self-control (but not negative emotionality).


TABLE 3    Post-treatment outcome data and covariates for exploratory analyses.
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Discussion

The current study was the first randomized controlled trial to compare the effects of training central executive working memory vs. inhibitory control on emotion dysregulation for children with ADHD. We hypothesized that both treatment groups would demonstrate reductions in emotion dysregulation during treatment, and that CET would be superior to ICT. Results indicated that both treatment groups exhibited moderate improvements in emotional control from pre- to post-treatment per both parent and teacher report, and both groups experienced moderate reductions in negative emotionality according to parent, but not teacher, report. Contrary to our expectations, reductions in emotion dysregulation from pre- to- post treatment were equivalent across the CET and ICT groups, as demonstrated by consistent evidence against a treatment × time interaction across all tested models. The use of CET and ICT as active, credible controls for one another is a significant improvement on previous trials that are unable to account for expectancy/placebo effects (66) in cognitive training interventions, most of which have proven unsuccessful in ameliorating ADHD symptoms and impairments in well-controlled clinical trials (49). However, the lack of significant treatment group × time interactions precludes us from confidently attributing improvements in emotion regulation to active treatment components of CET and ICT despite sensitivity analyses suggesting that the improvements during treatment were robust to all assessed threats to validity.

The significant reductions in parent- and teacher-reported emotion dysregulation that occurred during treatment were robust to control for most extraneous variables. Our findings were consistent with extant studies documenting improvements in emotion regulation following working memory training in neurotypical and clinical samples that did not include ADHD (42–46, 48). Additionally, the current study contributes to a small, mixed literature, in which some studies find that training inhibitory control improves emotion regulation for neurotypical children and adults with emotion regulation difficulties (41, 48) but not for neurotypical adults (47). There is little research on emotion regulation outcomes when training executive functions in children with ADHD, but our findings conflict with Tamm et al. (50) and Tamm et al. (51) who found no impact of a play-based metacognitive attention training on emotion regulation. However, this discrepancy is unsurprising given the difference in training targets relative to the current study. That is, directly training a specific executive function provides a more potent treatment dose than attempting to target executive functioning more broadly (49), and CET and ICT target specific cognitive functions that are linked with ADHD-related emotion dysregulation (7–10). Thus, it appears possible that both working memory and inhibitory control may be causally linked with emotion regulation difficulties in ADHD. At the same time, clinical implications should be considered tentative because we did not include an untreated control group to conclusively rule out spontaneous recovery as an alternative explanation for the significant improvements associated with both active treatments.

Although the current study cannot conclusively rule out maturation/spontaneous recovery as an explanation for the significant improvements in emotion regulation that occurred during treatment for both groups, this explanation appears unlikely based on extant literature and when contextualized with other results from the RCT. For example, children often experience more difficulties with emotion regulation between the ages of 9 and 13 than they do in early childhood (81–83). In other words, maturation effects, if present, might be expected to produce increases in emotion regulation difficulties rather than the decreases observed in the current study. Thus, it seems unlikely that we would expect to see spontaneous improvements in emotion regulation over this time period in the absence of targeted intervention. Notably, however, to our knowledge, no study to date has reported on the spontaneous development of children’s emotion regulation over the relatively short duration covered by our active treatment phase (i.e., 10 weeks).

Similarly, if the observed improvements in emotion regulation were artifacts of maturation, spontaneous recovery, or other factors unrelated to the tested interventions, it seems unlikely that we would have obtained the specific patterns of improvement that were observed across informants and time points. In particular, it seems reasonable to conclude that the pattern of significant pre/post improvement followed by the non-significant post/follow-up change makes these alternative explanations unlikely. Stated differently, it would seem to be a logical stretch to argue that children experienced an acute episode of maturation/spontaneous recovery that, coincidentally, temporally coincided with the active treatment component and then, coincidentally, abruptly stopped when treatment was completed. Similarly, the maintenance of gains at follow-up, combined with our sensitivity analyses, also appears to effectively rule out expectancy effects as an alternative explanation for the observed improvements. That is, our understanding is that expectancy effects are time limited rather than producing lasting change (66), in which case an expectancy hypothesis would not be able to account for the lasting improvements observed in the current study.

Alternatively, it is possible that the improvements observed during treatment were attributable to non-specific or shared components of the treatments rather than the treatment targets specifically. For example, participants in both conditions participated in comprehensive psychoeducational evaluations, which included feedback sessions that provided psychoeducation about ADHD and associated difficulties as needed. However, psychoeducation alone has failed to improve ADHD-related emotion dysregulation and higher doses of psychoeducation may be iatrogenic for ADHD-related treatment outcomes (84–86). Additionally, both CET and ICT included routine contact with the study team. Extant literature documents the non-specific benefits of supportive clinician contact (87), which has also demonstrated incremental value in trials of internet-based psychosocial interventions (88, 89). However, it is unlikely that improvements are solely attributable to clinician contact given that significant treatment × time interaction effects have been found for most other studied outcomes from this trial, including ADHD symptoms, academic outcomes, and organizational skills (11, 59, 90). In essence, there does not appear to be a compelling argument that non-specific clinician contact would specifically impact some but not most studied outcomes—especially given that teachers also reported improvements despite no contact from the study team.

Beyond the potential but tentative clinical intervention implications, results of the current study add to research documenting cross-sectional links between inhibitory control and ADHD-related emotion regulation (9, 40), and extend these findings by suggesting that these relations may be causal. However, the equivalent reduction in emotion dysregulation for both treatment groups is somewhat inconsistent with cross-sectional evidence that working memory but not inhibition uniquely predicts ADHD-related emotion dysregulation when included in the same model (8). Future work specifically examining the extent to which (a) improvements in working memory or inhibitory control covary with improvements in emotion regulation; and (b) these performance improvements are reflected at the cortical level will be important for furthering our understanding of the role of these executive functions in children’s emotion regulation skills.


Limitations

The present study demonstrates several strengths, including a carefully characterized sample of children with ADHD with and without comorbidities, outcome ratings from multiple informants masked to treatment allocation, and intervention groups that served as active, credible controls for one another (66). However, some limitations warrant consideration when interpreting results. First, ICT was developed as an ideal active, credible control for CET in consideration of expected effects on the trial’s primary clinical outcomes (ADHD symptoms) given experimental evidence implicating working memory (37, 91), but not inhibitory control (92), as a causal mechanism underlying core ADHD symptoms. However, given experimental evidence for functional, if not causal, roles for both working memory and inhibitory control on emotion regulation (10, 41), it will be necessary for future trials to include a third treatment arm that targets processes(es) unrelated to children’s emotion regulation skills. Given that previous studies suggest that executive functions, particularly working memory, exert direct effects on emotion regulation as well as indirect effects via ADHD inattentive and hyperactive/impulsive symptoms, future trials should consider the extent to which improvements in emotion regulation represent a direct outcome of executive function training vs. a downstream outcome of improved ADHD symptoms.

Additionally, the clinical diversity of the sample was useful given that comorbidity is the rule rather than the exception in individuals with ADHD [e.g., (93)], but the inclusion of comorbidities may limit the specificity of these findings regarding children with only ADHD. Unexpectedly, children with ADHD whose families self-selected out of the treatment phase had moderately higher emotion regulation difficulties based on teacher but not parent report. Despite finding medium to large improvements in emotion regulation for treated children, it is possible that larger effects would have been detected if more severely dysregulated children were retained in the trial and/or if we recruited specifically for children with emotion regulation difficulties. Finally, most participants in the current trial identified as White/non-Hispanic. Future studies should recruit samples with larger proportions of historically excluded racial/ethnic groups to ensure that results generalize to these groups.



Clinical and research implications

Taken together, results of this double-blind randomized controlled trial were consistent in documenting significant improvements in emotion regulation for children with ADHD that persist at least 2–4 months after treatment termination and are not likely artifacts of any assessed threats to validity. If results of the current study are consistent with future studies including an additional control treatment that targets a mechanism that would not be expected to affect emotion regulation, it would appear likely that working memory and inhibitory control are potentially functionally linked with emotion regulation difficulties in ADHD, consistent with prior experimental evidence in ADHD and non-ADHD samples (10, 41). At the same time, implications for clinical practice should be considered tentative because we did not include an additional control treatment that targets a mechanism that would not be expected to affect emotion regulation. The incremental value of adding CET and/or ICT to extant evidence-based treatments for emotion dysregulation should be examined in future work, as the combination of improving the underlying neurocognitive foundation and directly training emotion regulation skills may prove more beneficial for improving functioning for children with ADHD than treating emotion dysregulation in isolation (54, 55).
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Background: This study aimed to test the effect of a new training programme on emotional competencies, named EMO-T, and to show the value of an integrative developmental approach. This approach postulates that the emotion regulation disturbances commonly observed in neurodevelopmental disorders are the consequence of potential disruptions in the prerequisite emotion skills. This integrative approach is particularly suitable in the case of complex and multidimensional disorders such as Prader–Willi syndrome (PWS), a rare genetic disease.

Methods: We examined the emotion expression, recognition, comprehension, and regulation skills in 25 PWS children aged 5–10 and 50 typically developing children (TD) aged 3–10. After a pre-test session, half of the PWS children participated in the EMO-T programme with their regular therapist for 6 weeks, while the other half continued their usual rehabilitation programme. Two post-test sessions were conducted, one at the end of the programme and one 3 months later.

Results: At pre-test, PWS children displayed a deficit in the four emotional competencies (EC). PWS children who participated in the EMO-T programme showed a significant and sustainable post-test improvement regarding voluntary expression and emotion recognition abilities, such that the level reached was no longer different from the baseline level of TD children. They also tended to improve in their emotion regulation, although they received no specific training in this skill.

Discussion: These results support that emotion regulation abilities require prerequisite emotion skills, which should be more fully considered in current training programmes. Because emotion regulation disorders strongly impact all areas of life, an integrative developmental approach appears crucial especially in the case of neurodevelopmental disorders. Further studies should be conducted to explore this perspective.

KEYWORDS
emotion competencies, developmental model, Prader–Willi syndrome, training programme, integrative approach, children


Introduction


A developmental model of emotion competencies

In the last two decades, there has been growing interest in the study of emotional competencies (EC) for their key role in social adaptation. EC refer to the ability to use emotions daily, including their expression, recognition, comprehension, and regulation (1). Most studies tend to focus on these various aspects of EC independently, without considering what underlies them and how they interact during development. Disturbances in these EC are commonly observed in neurodevelopmental disorders. Notably, emotion regulation disturbances can strongly impact daily life (2). To improve the effectiveness of assessment tools and training programmes, it appears important to adopt an integrative developmental approach, i.e., an approach that tackles all areas of emotional competencies, considering their development timeline, and including the child’s various caregivers.

From a developmental perspective, the different EC emerge in a hierarchical manner across childhood and adolescence (3–5). Expression and recognition abilities, which are the pillars on which interpersonal relationships are established, emerge very early during the first months of life (6). They can be considered as the basis of the development of emotion comprehension (7). This skill refers to comprehension of the causes and consequences of emotions according to the context and emerges later, at the end of the first year (8). Through the expression, recognition and comprehension skills, the individual gradually conceives of emotion as a concept (9). The construction of this “emotion theorizing” is closely linked to the emergence of the theory of mind for which a pivotal phase is typically observed from the age of 4. “Emotion theorizing” also appears necessary for the regulation of emotions and, by extension, adaptation in general (7, 8, 10–12). Emotion regulation skills develop more steadily across childhood and adolescence (4). In the early years, emotion is mostly co-regulated by parents or caregivers. Interpreting their child’s expressions, parents implement strategies to help regulate them (e.g., trying to distract the child’s attention to stop them crying). Over the course of development, a child broadens its repertoire, regulating emotions by increasingly sophisticated strategies. At first, this goes through a co-regulating process, but it also involves learning how to recognize and to emotionally master daily life situations. At the end of the second year, children begin to mobilize some regulation strategies on their own initiative (13–16). They are gradually able to manage their reactions through improved voluntary control of expression, an ability that starts to be particularly efficient from the age of 4 (17–20).

Given this developmental model, emotion regulation abilities seem to be strongly dependent on the expression, recognition, and comprehension skills, which can be considered as prerequisites (9). In this perspective, emotion regulation disorders–the most common reason for complaints by the entourage (2, 21)—might be the consequence of potential disruptions in the prerequisite skills. Thus, there is much to gain by basing EC training programmes on this developmental perspective.



Training programmes of emotion competencies

To date, various intervention programmes have been developed to improve EC in children. For the most part, they were developed to prevent (e.g., school context, at-risk populations) or to remedy (e.g., populations with neurodevelopmental disorders) behavioral and social adjustment problems.

Integrative programmes such as the Social-Emotional Intervention (13), the Preschool PATHS (22), the SMILE (23) or the RULER (24) programme showed the value of including parents or teachers in the promotion of emotion abilities in children. The Emotion-Based Prevention programme (25), which included school and family, showed an improvement in the emotion knowledge and the regulation abilities in children after training in the identification and comprehension of emotions. The study also revealed that the level of emotion knowledge moderated the effect of the programme on both regulation abilities and on social skills. These results once again reinforce the developmental model of EC. The main challenge of training programmes is to promote the transfer of skills acquired during the training sessions into all areas of daily life. The integration of most of the child’s caregivers (i.e., family, teachers, therapists) into the programme appears to be crucial, as highlighted in Hadwin, Howlin, and Baron–Cohen’s programme (26).

Immersive programmes also showed their ability to remediate emotional difficulties. Computer programmes such as Emotion Trainer (27), Mind Reading (28), or FaceSay (29) were specifically developed to train emotion recognition and comprehension abilities in children with Autistic Spectrum Disorders (ASD). The main advantage of the computer format is the possibility of regular use at home. These training programmes are progressive and game-based, which adds an ecological value to the tool. Indeed, the game context (especially board games) seems to be relevant to promote the development of emotion regulation competencies in young children (30).

However, a developmental approach may be lacking in many of these programmes. Several of them focus only on one specific competence, and most of them do not include voluntary expressive skills, which are key for emotion regulation and social adjustment abilities. As a few studies have shown, it is advantageous to consider all the prerequisite skills required to develop a competence. For instance, the programme developed by Begeer et al. (31) aimed to improve social cognition in children with ASD, including therapists and families. The protocol started by a reinforcement of competencies considered as precursors of theory of mind (including imitation, perception, interactions with others). In the following steps, sessions focused on training the comprehension of social situations, the thoughts of others, and lastly the ability to reason from another person’s perspective. Results showed a significant improvement in basic skills and the conceptual comprehension of theory of mind. The authors also observed a lack of transfer of the skills acquired into daily life, however, due to the generalization difficulties of individuals with ASD.

As mentioned in the review by Mazefsky et al. (21), a holistic approach to EC is crucial in the case of neurodevelopmental disorders. Emotion regulation difficulties should rather be considered as a symptom because they are part of a broader, multidimensional problem. An integrative programme based on a developmental model appeared particularly suitable for complex neurodevelopmental disorders such as Prader–Willi syndrome.



The case of Prader–Willi syndrome

Prader–Willi syndrome (PWS) is a rare genetic disease related to the loss of expression of paternally-inherited genes on chromosome 15 in the region q11–13. PWS is a complex neurodevelopmental disorder characterized by a significant dysfunction of the endocrine system, leading to neonatal hypotonia, growth retardation, eating disorders, and sleep disturbances (32). The phenotype also comprises learning difficulties and many psychological dysfunctions. People with PWS display a mild or moderate intellectual disability (average IQ of 60–70), memory, executive, and perceptive dysfunctions (33–35). They exhibit a language and a motor delay (36–38). In terms of social abilities, people with PWS show social maladjustment and many behavioral disorders, with several autistic features (39, 40). The literature describes a symptomatology such as tantrums, emotional lability, impulsive behavior, lack of empathy and of emotional regulation, anxiety and difficulties of social adaptation (35, 37, 40, 41), suggesting disturbances in social and emotional competencies. These problems strongly impact daily life, constituting the main reason besides hyperphagia for the family burden (42).

Regarding EC, the literature reports difficulties in the recognition and comprehension of basic emotions. Individuals with PWS make on average 10–20% more errors in identifying and assigning emotions than the typical population, even when matched for developmental age (35, 43). They take very little information into account to judge a situation, with difficulties accessing a global representation, focusing instead on details that are mostly irrelevant (39, 43, 44). The same difficulties are observed in face and voice processing (45, 46). This particularity is likely to compromise their capacity for emotional recognition and thus to place them at a disadvantage in everyday situations. In addition, the emotional expressions of PWS children are particularly poor and equivocal, making it difficult to interpret them (9).

Very few intervention programs aimed at directly improving EC in the PWS population exist, however. Most of the studies focus on hormonal treatments [Ghrelin, Oxytocin (47, 48)] or medical protocols [vagus nerve stimulation—tVNS (49)], showing some beneficial effects on social and emotional skills. Recently, two studies reported promising results on two online intervention programs aimed at developing social skills. The BOSS program (50) was offered to adolescents and young adults with PWS. The sessions were collective and took place by videoconference, 3 times a week for 10 weeks. The results showed an interesting effect of the program on socialization (friendly relations and quality of interactions with peers). The PRETEND (42) program was aimed at 3–5 year-old children with PWS and the play skills intervention work was done through the parents. The online coaching sessions took place weekly for 8 weeks. Again, the results were promising, showing interesting improvements in cognitive and affective play skills for some of the children with PWS.

To date, however, no intervention program specifically addressing EC in children with PWS has been tested, despite the need. Considering the complexity and the multidimensional disorders related to PWS, the extent of the EC difficulties involved, and their consequences on daily life, the aim of the present study was to test the effect of a training programme on EC, named EMO-T. We focused on a relatively narrow age range, which is rare in studies of PWS. The period of school age is typically a pivotal phase in emotional development. During this period, the process of “emotion theorizing” is strongly accentuated in the light of the development of other skill areas [cognitive, socialization, learning, autonomy; (3, 7)]. We postulated that a programme based on an integrative developmental approach would enable children to make significant and lasting progress in EC.




Materials and methods


Population

The study population was composed of 25 children with PWS aged 5;5–10;5 years. The average IQ was 75.7 and the average intellectual developmental age was 5;7 years. The children were divided into two groups, one experimental group (PWS-EG) and one control group (PWS-CG) (see Table 1 for details). The distribution was quasi-randomized. It was carried out in such a way that at any time of inclusion (spanned 18 months), the two groups were comparable in terms of sex ratio, chronological age, and IQ. Group comparison analysis (Student t-test) showed that the two groups had equivalent IQ, but showed a slight difference—albeit not significant—in term of age (see Table 1). The parents were not informed which group their child was assigned to. The families socioeconomic status (SES) was measured by the Hollingshead scale (51), which is based on marital status, education level and current occupation. SES levels range between 1 and 5, 1 corresponding to a low SES and 5 to a high one. The families in the PWS sample had a median of 4 (middle-high SES). There was no significant difference between the PWS-EG and PWS-CG groups (see Table 1).


TABLE 1    Descriptive characteristics for PWS and TD groups.
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Fifty children with typical development (TD) also participated in the study, divided into two groups (see Table 1). The first group consisted of 25 children matched to PWS children by sex and chronological age (TD-CA group). The second group consisted of 25 other children matched to PWS children by sex and intellectual developmental age (TD-DA group). Group comparison analysis (Student t-test) confirmed that the mean age of the TD-CA group was equivalent to the mean chronological age of the PWS group [t(48) = 0.072; ns; d = 0.020]. The mean age of the TD-DA was similar to the mean developmental age of the PWS group [t(48) = −0.025; ns; d = 0.007]. None of the TD children had any academic or learning delays. The SES levels of families in the TD-DA group were higher (median = 5) than the TD-CA and PWS groups (median = 4) [Kruskal–Wallis test: χ2(2, N = 75) = 7.898, p = 0.019; see Table 1]. However, this difference cannot explain the results obtained in experimental tasks, which varied in the other direction (see Section “Results”).

A power analysis was conducted on emotion regulation rate. The estimation of the delta and the standard deviation was based on previous studies with individuals suffering from neurodevelopmental disorders on the one hand, and with typically developing individuals on the other hand. Setting the alpha at 0.05 and power at 0.80 yielded a total sample size of 32 (16 for each group). The recruitment of PWS children was carried out through the PWS French National Reference Centre and the French National Association of PWS. Initially, 29 families were enrolled in the study, corresponding to 12% of the target population. One family stopped its participation before the end of the protocol. Three children were not able to fully follow the assessment sessions and were removed from the analysis because of missing data. The participation of PWS families in the EMO-T programme was established in collaboration with one of each child’s therapists (speech therapist, psychomotor therapist, or psychologist). The programme was included in the child’s regular care programme (see the flowchart in Figure 1).
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FIGURE 1
Prader–Willi syndrome (PWS) participants flow chart.




Materials

Given our objectives, the challenge was two-fold. The first task was to assess the children with respect to four emotional competencies: expression, recognition, comprehension, and regulation. The assessment tasks used were created or adapted from previous studies. The second challenge was to develop a training programme consisting of exercises aiming to improve emotional competencies. As the developmental model considers expression, recognition and comprehension as prerequisite skills for emotion regulation, the exercises of the EMO-T programme focused exclusively on these three competencies. The exercises used were created or adapted from previous studies in order to maintain consistency with the assessment tasks, without being identical.

The tasks and exercises are presented briefly below (for more details, see Supplementary Appendix A).


Assessment tasks


Expression

The two tasks used were created to assess spontaneous emotional reactions and voluntary production of emotional expressions [from Famelart et al.’s (9) study]. Scores are expressed as a proportion between 0 and 1, 1 meaning that the emotion is fully detectable and matches the theoretical pattern. The EMOrea Task consisted in recording the facial reactions of the child while he/she was watching a funny video clip (that was likely to induce the emotion of joy in children). The EMOmim Task consisted in asking the child to produce emotional facial expressions (voluntary expressions) of joy, sadness, fear, and anger.



Recognition

Three tasks with different levels of complexity were used to assess the ability to recognize and name the emotions of joy, sadness, fear, and anger. Scores are presented in percentage of correct responses. In the Identification task, the participant had to point out the picture of the person expressing the emotion specified in the verbal instruction. In the Matching task, the participant had to select the picture of the person expressing the same emotion as in the target picture presented at the top of the screen. In the Naming task, the participant had to say which emotion the person was feeling in a short video.



Comprehension

The AJQ task (Affective Judgment Questionnaire) was used to assess the ability to attribute an emotion according to the context of stories. The AJQ task consisted in presenting short illustrated stories and asking the child to say which emotion the character felt (emotions targeted: joy, sadness, fear, and anger) and to justify their response. Scores were based on emotion attribution and kind of justifications, and they are presented as the percentage of correct responses.



Regulation

To assess the emotion regulation skills, we used the Emotion Regulation Checklist (ERC—French version), which is a questionnaire completed by parents. Scores of the composite scale range between 0 and 4, and the higher the score, the better the regulation abilities.




EMO-T programme

The EMO-T programme was conducted by one of the child’s therapists (speech therapist, psychomotor therapist, or psychologist) and was included in the child’s regular care programme. The therapist received a half-day training session on the programme proposed by the researchers. The programme was applied weekly over six 30-min sessions. Each session consisted of the same exercises; however, the supports and stimuli evolved so that the task became more complex as the sessions progressed.

Each session included exercises to train the abilities of expression, recognition, and comprehension of emotions. All the exercises were based on the child’s justifications and arguments and the discussion with the therapist. The sessions followed the same sequence of five exercises:


(1)Sorting of static emotional facial expressions–Recognition;

(2)Naming of dynamic emotional expressions (vocal and facial) –Recognition;

(3)Mimicking emotions and recognizing them–Expression;

(4)Emotion attribution–Comprehension;

(5)Narration of emotional experience–Comprehension.






Experimental design

For each test session, the children were individually interviewed in a quiet room at home. All the children were met by the same experimenter, a researcher trained as a psychologist. The tasks were always presented in the same order: EMOrea, EMOmim, Matching, Identification, Naming, and AJQ. During this phase, the parents completed the ERC questionnaire.

All the children–PWS and TD children–were first assessed in a pre-test session. The PWS children included in the experimental group (PWS-EG) then received the training programme conducted by the previously trained therapist (see above), over 6 weeks (weekly 30-min sessions). During this phase, PWS children from the control group (PWS-CG) continued their usual rehabilitation with their therapist. In the third step, all the PWS children were retested, immediately after the end of the programme (post-test 1) and again 3 months later (post-test 2). Children in the PWS-CG group followed the training programme at the end of the protocol and their therapist was trained only at this time.




Results


Design of analyses

To test the efficiency of the EMO-T programme on the children’s EC, analyses were conducted in three steps for each task, considering the PWS Experimental Group as a reference for analyses: (1) comparison of PWS groups with the TD groups at the pre-test session (group effect); (2) comparison of the trajectory evolution of the two PWS groups between the pre- and the two post-test sessions (interaction effect); (3) comparison of the PWS groups at the second post-test session with the TD groups considered as a baseline (from the pre-test session). We used a Generalised Linear Mixed Model (GLMM) to adapt the analytical model to the specificity of the variable distribution and to integrate random effects (repeated measures). Preliminary analyses showed that age, IQ, and sex had no significant interaction or influence on any of the main effect shown.



Analysis results

Figure 2 and Table 2 summarize the results and statistical analyses for each task. All the details are presented in the Supplementary Appendix B.
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FIGURE 2
Graphical results of the three test sessions for each task. (A) Expression. (B) Recognition. (C) Comprehension. (D) Regulation.



TABLE 2    Summary of results of the three steps of analyses for each task.
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Regarding the first step of analyses, results from the pre-test session indicated a strong group effect for all tasks, except for the EMOrea task. The scores of the two PWS groups were significantly lower than those of the two TD groups. In addition, analyses showed that the scores of the two PWS groups were statistically similar. However, for the AJQ task, the scores of the PWS-EG group tended to be higher than the scores of the PWS-CG group.

In the second step, results revealed a strong interaction between the PWS groups and the test sessions for the EMOmim task and the three recognition tasks. The scores of the PWS-EG group increased significantly between the pre-test session and the first post-test session, in which they achieved significantly higher scores than the PWS-CG group. The scores of the PWS-EG group between the two post-test sessions remained statistically unchanged in the EMOmim task and the Naming task, while the group showed a significant increase in the Matching and Identification tasks.

No significant interaction was observed for the EMOmim task and the AJQ task. Nevertheless, results from the AJQ task indicated a group effect, with the PWS-EG group mainly displaying higher scores than the PWS-CG group. Results also highlighted an effect of the test session independently of the group. Specifically in the PWS-EG group, analyses showed a significant increase in scores between the pre-test session and the first post-test session, and a strong tendency to increase between the first and the second post-test session.

In the ERC questionnaire, analyses showed a strong tendency toward interaction. Scores in the PWS-EG group increased between the pre-test session and the first post-test session, without any significant differences between the two post-test sessions.

Lastly, in the third step of the analyses, we observed a significant group effect for the EMOmim task (Facial modality only), the three recognition tasks and the AJQ tasks. Scores in the PWS-EG group were significantly higher than those in the PWS-CG group at the second post-test session. The scores of the PWS-EG group no longer statistically differed from those of the two TD groups in the EMOmim task (Facial modality only) and in the AJQ task. In the three recognition tasks, the scores of the PWS-EG group no longer statistically differed from those of the TD-DA group, but they remained significantly lower than those of the TD-CA group. In the ERC questionnaire, scores in the PWS-EG group remained significantly lower than those of the two TD groups and statistically similar to those of the PWS-CG group. In the EMOrea task, the four groups remained statistically similar.




Discussion

This study aimed to test the effect of the EMO-T programme on EC, based on an integrative developmental approach. The programme was applied to children with PWS as they display specific patterns of emotion regulation which are part of a broader and multidimensional problem.

Analyses showed four main results. First, PWS children displayed a specific deficit in the four EC (i.e., expression, recognition, comprehension, and regulation of emotions). Second, at post-test 2, PWS children who benefited from the EMO-T programme showed a significant improvement in their voluntary expression and recognition abilities. Third, this level reached was maintained over time, and even continued to increase beyond the programme (recognition). Fourth, the post-programme level of PWS children was no longer different from the baseline level of TD children matched by intellectual developmental age, nor even of TD children matched by chronological age (voluntary expression and comprehension).

Lastly, PWS children in the experimental group tended to improve in their emotion regulation, although they received no specific training in this skill. These results support the developmental model of EC, showing that emotion regulation abilities require expression, recognition, and comprehension skills. Such prerequisite skills should be more fully considered in current training programmes.

Nevertheless, the improvement in emotion regulation was limited and was not sustained over time, which can be attributed to several reasons. First and foremost, the mixed results regarding emotion comprehension could be a cause of this. Since comprehension abilities require several skills in many areas, especially cognitive skills, they are considered as the pillar of emotional development (7, 8, 11). In this light, the programme should include the remediation of cognitive and executive abilities, which are also heavily involved in EC, as highlighted in the study by Li et al. (52) or the study by Weiss et al. (53).

The limited sample size could also have made the results less consistent. The fact that the theoretical sample determined from the power analysis could not be reached may also explain the trend results in the emotion regulation scale. In addition, the great variability of profiles existing in PWS (35) made it more complex to set up suitable tasks. This can be illustrated by the three children who were withdrawn from the analyses because they showed too low a level of understanding and were not able to follow the instructions.

The unsustainable improvement in emotion regulation could also be due to the programme format. The EMO-T programme was applied over 6 weeks, a choice that was determined by organizational constraints, but this can be considered as a minimum duration. From the other programmes, a longer period of 3 months seems to offer a better opportunity of stabilizing the progression (25, 26, 31). Additionally, the EMO-T programme could be made more progressive, focusing initially on the ability to express and recognize emotions, since they are prerequisites for social perception skills (43). From this basis, the sessions could then include exercises on social cognition (emotion comprehension, ToM, etc.). The work on emotion regulation could then be initiated in a final stage. Feedback from therapists supports this proposition, although they also highlighted that a certain degree of redundancy may be relevant for some children who need a routine.

Lastly, the issue of how to measure emotional regulation in children remains unresolved. It is still difficult to develop a standardized methodology to carry out direct observations to measure how and when regulatory strategies are used, and to assess their effectiveness (11). It would be worthwhile further investigating board games in this respect because they create a specific context that requires regulation skills in children (30). The coding system used in Hagstrøm et al.’s (54) study or in Penela et al. (55) also shows interesting possibilities.

To conclude, this study underlined the value of considering a developmental model to promote an EC training programme. This appears crucial especially in the case of neurodevelopmental disorders with multidimensional dysfunctions. The study also showed the importance of adopting an integrative approach, by including the training programme in regular care. The EMO-T programme delivered in a therapeutic context showed an improvement through assessment sessions conducted in the family context. Interestingly, the results on the emotion regulation questionnaire completed by parents showed a potential impact of the programme on daily life. The transfer of acquisitions could be even stronger, however, by considering the “caregiver triad”: family, school, and therapists. Further studies should be conducted to explore this perspective.
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Executive functioning (EF) processes are essential for adaptive and flexible responding to the demands and complexities of everyday life. Conversely, if impaired, these processes are a key transdiagnostic risk factor that cuts across autism and a range of other neurodevelopmental (NDD) and neuropsychiatric (NPD) conditions. However, there are currently no freely available informant-report measures that comprehensively characterize non-affective (e.g., working memory, response inhibition, and set shifting) and affective (e.g., emotion regulation) EF subdomains. This study describes the development, refinement, and initial psychometric evaluation of a new 52-item Executive Functioning Scale (EFS). Two independent data collections yielded exploratory (n = 2004, 169 with autism, ages 2–17) and confirmatory (n = 954, 74 with autism, ages 2–17) samples. Exploratory Structural Equation Modeling (ESEM) model with six specific factors that closely matched hypothesized executive functioning subdomains of working memory and sequencing, response inhibition, set-shifting, processing speed, emotion regulation, and risk avoidance, and one general factor, showed the best fit to the data and invariance across age, sex, race, and ethnicity groups. Model reliability and internal consistency were excellent for the general factor (ω = 0.98; α = 0.97) and specific factors (ω ≥ 0.89–0.96; α ≥ 0.84–0.94). Conditional reliability estimates indicated excellent reliability (≥0.90) for the total EF scale and adequate or better reliability (≥0.70) for subscale scores. With further replication, the EFS has excellent potential for wide adoption across research and clinical contexts.
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1. Introduction

Executive functioning (EF), emotion regulation (ER), and valuation of risk and reward are essential processes for adaptive and flexible responding to continuously shifting tasks and demands, and complexities of everyday life (1–3). Indeed, these processes underpin healthy social and emotional development (4–6) and have been associated with a range of outcomes, including academic performance (7), healthy habits (8), and different aspects of quality of life (9). Conversely, EF and ER impairments have been suggested as critical transdiagnostic risk factors that cut across a range of neurodevelopmental (NDD) and neuropsychiatric (NPD) disorders (10–14). For instance, impairments in these processes are frequent in autism spectrum disorder [ASD; (15, 16)], attention-deficit/hyperactivity disorder [ADHD; (17, 18)], schizophrenia (19, 20), depression (21, 22), obsessive-compulsive disorder [OCD; (23, 24)] and posttraumatic stress disorder (25). Further, EF and ER difficulties are associated with specific symptom domains commonly observed across NDD/NPD, including anxiety (16, 26), sameness/rituals (27, 28), social functioning difficulties (29, 30), positive and negative symptoms of psychoses (31–33) and externalizing problems (34). Thus, the existence of measures that can comprehensively evaluate noted processes that represent vital risk factors for developing and maintaining a range of clinically impactful symptoms seen across NDD and NPD is crucial for advancing etiological research and identifying treatment targets.

Although it is widely accepted that EF is best understood as a complex and multifaceted domain comprising several distinct, yet related subdomains mediated by fronto-striatal circuits (1, 35), the consensus in terms of the specific components is still lacking. More specifically, certain frameworks have focused on decontextualized and non-affective processes, emphasizing working memory, response inhibition, and set shifting, and in some instances, sequencing and planning as core EF components [e.g., (2, 36)]. Others have emphasized the need for broader conceptualization that in addition to noted “cool” EF components, also includes affective-related (or “hot”) processes, in particular, monitoring and modifying emotional responses, or ER (3, 37, 38), and risk aversion/risk-taking that encompasses evaluation of reward and punishment probability (39–41). In addition, although processing speed has not been consistently included in the definitions of EF, it has been noted that it is crucial for EF models and assessments to consider and capture processing speed given that it can underly distinct EF subdomains and has been demonstrated to show additional predictive validity regarding a range of psychopathology manifestations (42, 43). Given the noted complexity and lack of universally agreed on EF taxonomy, it is necessary for instruments to enable fine-grained capture of individual differences in a range of distinct “hot” and “cold” EF subdomains.

Several questionnaire instruments were specifically designed for assessing EF deficits in NDD and NPD. These include the Behavior Rating Inventory of Executive Functioning, second edition [BRIEF-2; (44)], the Comprehensive Executive Function Inventory [CEFI; (45)], and the Barkley Deficits in Executive Functioning Scale [BDEFS; (46, 47, 48)]. These measures have been shown to have better ecological validity compared to performance-based and experimental batteries, including, but not limited to, Delis-Kaplan Executive Function System [D-KEFS; (49)], Cambridge Neuropsychological Test Automated Battery [CANTAB; (50)], and a Developmental Neuropsychological Assessment, Second Edition [NEPSY-2; (51)], NIH Toolbox Cognition Battery (52), or the Computerized Battery for Neuropsychological Evaluation of Children [BENCI; (53)]. Further, the BRIEF-2, CEFI, and BDEFS have been extensively used across normative and a range of clinical populations, generally showing good validity and reliability. However, the above-noted instruments present a range of significant limitations. Firstly, BRIEF-2, CEFI, and BDEFS are all commercial instruments which significantly limits access and use in large-scale clinical and research collection efforts. Secondly, these measures have poor coverage and representation of specific domains. For instance, the BDEFS does not capture set-shifting. Importantly, none of the instruments capture the upregulation of positive emotions, which is a facet of ER that is just as important as the down-regulation of negative emotions (54–56) and when excessive, may also be associated with reward sensitivity and difficulties avoiding risk (57). Thirdly, there is limited evidence for the construct validity, measurement invariance, and conditional reliability of existing instruments (58). Measurement invariance is particularly important for ensuring that the measure is applicable across a broad demographic spectrum. Demonstrating good conditional reliability across a wide range of score levels is crucial for accurate assessment across neurotypical and pathological EF levels and essential for tracking change across development and due to interventions. Finally, rather than assessing everyday, developmentally appropriate behavioral instances related to specific facets of executive functioning, most available instruments assess symptoms/behavioral psychopathology thought to result from EF deficits. This focus on symptoms significantly limits the ability to capture subtle variations in functional abilities and to understand associations between these processes and specific symptom domains.


1.2. The present study

The present paper describes the development and preliminary psychometric evaluation of the Executive Functioning Scale (EFS)—a brief, freely available, informant-report measure specifically designed to address limitations of existing instruments and comprehensively characterize individual variation in specific, well-defined facets of EF across the normative-pathological continuum. The EFS was developed based on the recommendations for item generation and refinement outlined by the National Institute of Health’s Scientific Standards of the Patient-Reported Outcomes Measurement Information System (PROMIS) and in conjunction with NDD and NPD individuals and their parents. Detailed psychometric evaluation was conducted in two independent, large, representative samples spanning normative and atypical development and included evaluation of factor structure, measurement invariance, classical test theory and item response theory-derived reliability, and testing of convergent and discriminant validity.




2. Materials and methods


2.1. Participants

Parent informants were recruited using the Prolific online data collection service,1 and interested participants were directed via a link to the Qualtrics survey. Two separate data collections were conducted to establish exploratory and confirmatory samples. For the exploratory sample, data were collected from 03/04/2022 to 04/17/2022. A total of 2,486 informants consented and responded to the survey, with the final sample comprising 2,004 valid responses (124 respondents were excluded due to not completing the survey, 72 were excluded due to completing too rapidly to produce valid results, and 286 were excluded due to failing at least one of the four attention checks from the modified Conscientious Responders Scale [CRS; (59)]. According to informant reports, 169 children have received a diagnosis of autism spectrum disorder, 541 had other NDD/NPD, and 1,294 were neurotypical. For the confirmatory sample, data were collected from 05/03/2022 to 07/20/2022. A total of 1,361 informants consented and responded to the survey; however, given the considerable length of the survey, EFS data was collected only from 954 responders to reduce the participant burden (407 participants who did not complete the EFS completed additional instruments). Thus, the final confirmatory sample comprised 954 responses. Based on informant reports, 74 children have received a diagnosis of autism spectrum disorder, 249 had other NDD/NPD, and 631 were neurotypical. Inclusion criteria for both exploratory and confirmatory samples included: residence in the US, having a dependent child aged 2–17, and informant proficiency in English. Detailed characteristics across exploratory and confirmatory samples are presented in Table 1.


TABLE 1    Demographic and clinical characteristics across autism spectrum disorder (ASD), developmental disability (DD), and neurotypical (NT) controls across exploratory and confirmatory samples.
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2.2. Measures


2.2.1. Exploratory sample


2.2.1.1. Demographic and diagnostic information

Informants completed a background survey indicating informant and child age, informant and child gender, child race/ethnicity, informant relationship status, household income, and estimates of autism spectrum disorder (ASD) symptom severity and cognitive level. Informants also indicated whether the child had a clinical diagnosis of neurodevelopmental or neuropsychiatric disorder, including intellectual disability/global developmental delay, speech/language disorder, attention-deficit/hyperactivity disorder, oppositional defiant disorder/conduct disorder, anxiety disorder, specific learning disorder, motor/coordination disorder, depressive disorder, bipolar disorder/mania, OCD, tic disorder, and feeding/eating disorder. All children without ASD but with other diagnoses were recoded to a developmental disability (DD) category. Participants with no developmental or neuropsychiatric diagnosis were assigned to the neurotypical (NT) group.



2.2.1.2. Executive Functioning Scale (EFS)

EFS items were developed and refined through the iterative steps described by the PROMIS framework described below.


2.2.1.2.1. Conceptual model generation

Systematic literature search was performed to identify existing EF instruments and conceptual models. As noted, there is a lack of universally agreed-on EF taxonomy. Given different definitions and that a wide range of potential EF subdomains put forward across different conceptualizations is strongly related to clinical symptoms observed across NDD and NPD, we took the position that it is important to capture a broad set of distinct “hot” and “cold” EF subdomains. Identified subdomains included: working memory and sequencing, response inhibition, set-shifting, processing speed, emotion regulation, and risk avoidance.



2.2.1.2.2. Item writing

Systematic review of the literature was conducted to identify existing scales relevant to each domain and content area. Scales reviewed included: (i) dedicated questionnaire measures of executive functioning such as the BRIEF, ECI, and BDEFS, (ii) dedicated experimental measures of distinct executive functioning domains such as the Dimensional Card Sorting Task, Stroop Task, as well as comprehensive testing batteries including D-KEFS (49), CANTAB (50), and a NEPSY-2 (51); (iii) general psychopathology and development instruments including the Behavior Assessment System for Children [BASC; (60)] and Infant–Toddler Social and Emotional Assessment [ITSEA; (61)], (iv) temperament and personality measures [e.g., the Infant Behavior Questionnaire (62)], and (v) measures of emotion regulation and self-regulation such as the Emotion Regulation Checklist (63) and Difficulties in Emotion Regulation Scale (64). The first and senior authors reviewed instruments, and items across identified measures were organized into specific latent constructs, then pruned and adjusted for consistency. At least three items were written to ensure that the content area is adequately assessed and that future analyses on these items could identify any sub-factors within each domain. As much as possible, items were developed not to probe more than one construct, or the endorsement of an item is not a consequence of distinct processes.



2.2.1.2.3. Preliminary item evaluation and refinement

Fifty-two items were developed by the research team to evaluate each of the above executive functioning subdomains. The preliminary item bank was evaluated by ten neurodevelopmental disability clinician-scientist experts and ten neurodevelopmental disability caregiver/patient informants with regards to whether each item: (i) effectively evaluated the specific executive functioning subdomain (experts and informants), (ii) was relevant to patients (experts) or child (informants), (iii) was relevant to the full age and functional range of patients (experts), and (iv) was easy/difficult to understand (experts and informants). Neither parents nor experts indicated the need to remove any items; no additional behaviors/skills were identified as missing. Minor wording changes were made to several items following parental feedback.



2.2.1.2.4. Final scale

The final scale consisted of 52 items that were rated on a 5-point Likert scale (0 = Never, 1 = Rarely 2 = Sometimes 3 = Often 4 = Very Often). Parents were instructed to “for each item, please indicate how often over the last week the person shows this behavior, skill, or ability using the response options below.”





2.2.2. Confirmatory sample

In addition to the demographic and diagnostic information questionnaire and the EFS described above, informants completed a comprehensive set of questionnaire measures to evaluate the convergent and discriminant validity of the EFS. These measures included:

Abbreviated version of the Behavior Rating Inventory of Executive Function [BRIEF-sf; (44, 65)]. BRIEF-sf is a 24-item abbreviated version of the standard BRIEF that has demonstrated good reliability and validity across three independent youth samples (65). BRIEF is an informant-report scale designed to capture different aspects of executive functioning. Each item is rated on a 3-point Likert scale (1 = Never, 2 = Sometimes, 3 = Often). The total raw score was used (higher scores mean more severe impairments).

Attention-deficit/hyperactivity disorder assessment [ADHD-ASSESS; (66)]. ADHD-ASSESS is an 18-item informant-report scale designed to capture ADHD symptoms in children aged 2 to 17, including inattention, hyperactivity, and impulsivity. Each item is rated on a 5-point Likert scale A (0 = Never, 1 = Rarely, 2 = Sometimes, 3 = Often, 4 = Very Often). The total raw score was used (higher scores mean more severe impairments).

Comprehensive Anxiety Scale [CAS; (66)]. CAS is a 35-item informant-report scale designed to capture anxiety symptoms in children aged 2 to 17. The instrument provides a total score and six subscale scores covering generalized anxiety, social anxiety, separation anxiety, panic/physiological anxiety symptoms, obsessive/compulsive symptoms, and specific fears. Each item is rated on a 5-point Likert scale (0 = Never, 1 = Rarely, 2 = Sometimes, 3 = Often, 4 = Very Often). This study focused on the total raw score (higher scores mean more severe impairments).

Daily Living Skills Scale [DLSS; (67)]. DLSS is a 53-item informant-report scale designed to capture daily living skills in children aged 2 to 17. The instrument provides a total and three content subscale scores for enhanced interpretation across self-care, home care, and community participation. Each item is rated on a 4-point Likert Scale [0 = Not able to complete (total assistance needed), 1 = Requires significant prompting or assistance, 2 = Requires minimal prompting or assistance, 3 = Completely independent (does not require any assistance or prompting)]. For the current study, we focused on the total raw score (higher scores mean better ability).




2.3. Procedure

In Qualtrics, prospective participants reviewed an electronic consent form. Participants who decided to continue with participation indicated consent electronically and began the survey. All participants were paid US$10 for survey completion based on the expected survey completion time (35 min). All data were collected anonymously.



2.4. Statistical analyses

Descriptive statistics for demographic and clinical factors were computed to characterize the sample.


2.4.1. Factor structure

Exploratory structural equation models (ESEM) were estimated (68) in the exploratory sample to identify the factor structure of the EFS. These models used weighted least squares mean and variance adjusted estimation, specified four to seven specific factors with an additional general bifactor that included estimation of loadings from all items, and were estimated using geomin rotation. Models were re-estimated in the confirmatory subsample, and the best-fitting model was chosen using a combination of fit statistics and interpretability. Once the best-fitting ESEM model was identified, this model was re-estimated in the total sample, and an equivalent confirmatory ESEM model with all standardized loadings <0.20 set to 0 was estimated. Model fit was evaluated using the comparative fit index (CFI), Tucker–Lewis index (TLI), root mean square error of approximation (RMSEA), and the 95% confidence interval of RMSEA were used to examine model fit (69, 70).



2.4.2. Measurement invariance

The optimal model derived from the factor analyses described above was used as the basis for the evaluation of measurement invariance (71) across age groups (ages 2–4, 5–11, and 12–17 years), sex (male and female), race (Caucasian and other), and ethnicity (Hispanic and non-Hispanic). To examine measurement invariance (equivalence), a series of multi-group confirmatory factor analyses were computed using the theta parameterization and weighted least square mean and variance adjusted (WLSMV) estimation for categorical indicators, following recommended conventions (72) and prior work (73). Model comparisons for measurement invariance analyses were based on empirical work indicating that a drop in CFI or TLI > 0.01 or an increase in RMSEA > 0.01 implies measurement non-equivalence (74, 75).



2.4.3. Reliability

Using the optimal factor model, items with substantive loadings were assigned to scales and classical test theory (CTT) reliability (internal consistency and correct item-total correlations) (76), and item response theory (IRT) analyses were conducted (77) in the entire sample (n = 2,004). IRT analyses were conducted separately for each scale as the multi-dimensional bifactor IRT model was not possible to estimate. Analyses used maximum likelihood estimation with robust standard errors, and a logit link with the single factor mean and variance fixed to 0 and 1, respectively. Reliability estimates falling in the ranges 0.70 to 0.79, 0.80 to 0.89, and >0.90 were considered fair, good, and excellent (78). Average corrected item-total correlations ≥0.30 were considered adequate or better (76). Differential item and test functioning were evaluated by examining differences in item characteristic curves and test information curves across age groups, sex, race, and ethnicity.



2.4.4. Convergent and discriminant validity

Convergent and discriminant validity were computed using bivariate correlations (Pearson or Spearman’s non-parametric, where applicable).





3. Results


3.1. Participant characteristics

The exploratory sample included 2,004 children and adolescents, and the confirmatory sample included 954 children and adolescents. See Table 1 for detailed characteristics across exploratory and confirmatory samples.



3.2. Factor structure

In the exploratory and confirmatory samples, ESEM suggested improvements in fit through the six specific factors with a general bifactor ESEM solution. Increases in CFI and TLI and decreases in RMSEA beyond this solution tended to be modest (≤ | 0.006|). The ESEM with seven specific factors and a general executive functioning bifactor had inconsistent difficult to interpret loading patterns across the exploratory and confirmatory subsamples. Thus, the ESEM model with six specific and one general factor was considered the optimal model for additional consideration (Figure 1) (Exploratory sample fit indices: CFI = 0.967, TLI = 0.956, RMSEA = 0.054 [95% CI:0.052,0.055], SRMR = 0.021; Confirmatory sample fit indices: CFI = 0.966, TLI = 0.955, RMSEA = 0.055 [95% CI:0.053,0.056], SRMR = 0.022). A final model was estimated in the total sample (N = 2,958) using this model. Fit indices for this model were: CFI = 0.963, TLI = 0.950, RMSEA = 0.057 [95% CI:0.056,0.058], SRMR = 0.021. Given the observation of substantive cross-loadings from items with primary loadings on other factors, a CFA model based on the ESEM model was not estimated. The final scoring was based on the ESEM model, with the subscale choice based on the highest loading for each item. Figure 1 presents the ESEM factor structure of the EFS in the total sample. Identified factors strongly resembled six conceptually based EF constructs of working memory and sequencing (example items: Follows a complete sequence of steps or actions; Can hold several pieces of information in mind at once; Is good at remembering the exact way something happened), response inhibition (example items: Stops what they are doing when told to stop; Focuses on finishing important tasks without being distracted by more interesting activities; Can resist immediate desires because they are not good over the long-term), set-shifting (example items: Can transition from one activity to another without problems; Misses important information because they are engrossed in what they are doing; Has trouble with mentally juggling multiple things) processing speed (example items: Seems to process information slowly; Responds slowly, even when asked to do something they enjoy; Works quickly and accurately on an activity), emotion regulation (example items: Has trouble soothing themselves; Remains upset or emotional longer than others; If they are sad, they seem to have difficulty lifting their mood), and risk avoidance (example items: Does not consider possible danger when doing something; Considers consequences before acting; Seems to crave excitement and new experiences).
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FIGURE 1
Factor structure of the Executive Functioning Scale (EFS).




3.3. Measurement invariance

Estimating measurement invariance for ESEM bifactor models often results in convergence problems. Therefore, a simple confirmatory model without the EF bifactor was used to estimate measurement invariance. This permits examination of measurement equivalence for the subscales with the assumption that if these show scalar invariance, then invariance of the general EF factor is likely. As can be seen from Table 2, results indicated strong (scalar) invariance across age, sex, race, and ethnicity groups.


TABLE 2    Measurement invariance analyses for the executive functioning (EF) specific factor model across sex, age, race, and ethnicity.
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3.4. Reliability

Table 3 shows detailed reliability indices. As can be seen, model reliability was excellent for the general factor (ω = 0.98) and specific factors (ω ≥ 0.89–0.96). Using item scores, internal consistency reliability was excellent for the total scale (α = 0.97) and very good to excellent for all subscale scores (α ≥ 0.84–0.94). Conditional reliability estimates indicated excellent reliability (≥0.90) for the total EF scale from extremely low (θ∼−4.2) to very high (θ∼ + 2.6) scores. Adequate or better reliability (≥0.70) was present for subscale scores in the range from very low (θ∼−3.0) to high scores (∼ + 1.8), except processing speed which showed a drop off in measurement precision beyond high average scores (θ∼ + 0.8) (Figure 2).


TABLE 3    Reliability statistics for Executive Functioning Scale (EFS) general (total scores) and specific factors (subscale scores).
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FIGURE 2
Conditional reliability for the Executive Functioning Scale (EFS) total scale and subscales.




3.5. Convergent and discriminant validity

The EFS showed strong convergent validity with the 24-item BRIEF-sf (r = 0.85) and with the ADHD-ASSESS total score (r = −0.76); the latter is relevant because ADHD symptoms include several aspects of cognitive functioning that overlap or are closely related to executive functions, particularly impulsivity (response inhibition). Evidence of discriminant validity with measures of other aspects of functioning and psychopathological symptoms was also good, including associations with DLS (r = 0.59) and CAS (r = −0.49). Analysis of the pattern of associations with EFS subscales provided further evidence for convergent and discriminant validity. For instance, the EFS ER subscale was significantly more strongly associated with anxiety (measured by CAS; r = −0.60) than with daily living skills (measured by DLSS; r = 0.35). Table 4 shows the full list of correlations between EFS total and subscale scores with relevant measures used to establish convergent and discriminant validity.


TABLE 4    Executive Functioning Scale (EFS) convergent and discriminant validity.
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4. Discussion

The EFS is an informant-report measure developed to comprehensively capture a range of crucial executive functioning subdomains relevant across normative and atypical development, including individuals with ASD, other NDD, and NPD. Findings presented in this initial validation demonstrated that the EFS is a psychometrically sound suggesting that it might be a promising instrument for assessing executive functioning across research and clinical contexts. Indeed, the EFS had a clear and replicable factor structure across two independent samples showing strong reliability, good measurement equivalence across age, sex, race, and ethnicity, and preliminary evidence for good convergent and discriminant validity. Crucially, EFS is considerably briefer (52 items) than other dedicated EF measures, such as the BRIEF (86 items).

The EFS was found to have a well-differentiated factor structure that replicated well across exploratory and confirmatory sub-samples. The final model included six specific factors matching the originally hypothesized EF subdomains of working memory and sequencing, response inhibition, set-shifting, processing speed, ER, and risk avoidance, as well as a general EF factor. As noted, there is a wide range of definitions and conceptualizations of EF, some of which emphasize a narrower range of non-affective (“cool”) processes [e.g., (2, 36, 79, 80)] and others arguing for a broader conceptualization that also includes affective (“hot”) constructs (37, 39, 41). Although most disorders are associated with relatively uniform impairments across specific constructs of “cool” EF, there are pronounced variations in effect sizes of specific EF deficits in certain conditions (14). Similarly, different NDD and NPD have been suggested to show distinct profiles of “hot” EF subdomains, including ER and risk avoidance (41). Thus, it is essential to fully capture different EF subdomains to understand whether specific subdomains might be more strongly associated with particular aspects of psychopathology.

Several existing instruments, including the BRIEF, CEFI, and BDEFS, have been designed explicitly for assessing deficits in different aspects of EF in NDD and NPD. However, as noted, certain domain coverage and representation limitations, such as lack of coverage of risk avoidance/taking and upregulation of positive emotions, restrict their utility for comprehensive characterization of EF. Further, a key assumption that must be met for widespread measure adoption across diverse sex, age, race, ethnicity, and clinical groups is demonstrated invariance; however, there is little evidence for the invariance of the existing scales. Moreover, the majority of existing EF instruments lacks evidence for conditional reliability, a key feature necessary for capturing and tracking very high and very low levels of a particular trait with good precision. Conversely, the best-fitting EFS model was consistent across sex, age, race, and ethnicity groups, indicating that it can be interpreted consistently when implemented across diverse demographics. Further, conditional reliability estimates showed excellent reliability (≥0.90) for the total EFS from extremely low to very high scores and at least adequate reliability (≥0.70) for subscales from very low to high scores.

Despite the strengths of this two-sample development and validation approach, several limitations are important to note. The main limitation of this study was a reliance on informant reports, including diagnoses, cognitive levels, and symptom severity estimates. Given the online nature of the research and the need to collect large sample sizes across both exploratory and confirmatory samples, it was not possible to independently confirm the diagnostic status of participants and administer gold-standard diagnostic assessments, including the Autism Diagnostic Observation Schedule and the Autism Diagnostic Interview-Revised and dedicated cognitive assessments. However, it is essential to note that high rates of verification of ASD from clinical reports (81, 82) and high concordance (>97%) with clinician best estimate diagnoses and with standardized instruments (83) have been shown across prior online studies collecting parent-reported diagnoses. It has also been demonstrated that parent-report of children’s IQ strongly correlates with standardized clinical IQ testing [e.g., (84)]. In addition, given that the current study relied on parent-reported clinical information only to describe the sample, we believe that these variables are an adequate proxy at the psychometric evaluation stage. However, it will be important for future studies to further evaluate the factor structure and psychometric properties of the EFS in large samples of individuals with discrete categorically defined neurodevelopmental and neuropsychiatric diagnoses established based on the gold-standard diagnostic instruments and clinical consensus. The present study was further limited by the lack of a more comprehensive set of questionnaires and performance-based EF assessments and by the relatively small sample of individuals with ASD. Thus, given the described limitations, it will be crucial for future studies to further validate the EFS in clinical settings conducive to detailed in-person observational and performance-based assessments and, ideally, utilize longitudinal designs to explore the predictive validity of the EFS. Finally, given dynamic and non-linear changes in the manifestation and complexity of specific facets of EF across different stages of development, it will be important for future studies to provide more detailed testing of the EFS performance across different periods of development, in particular during first 5 years of life, and, where relevant, develop further items to capture developmentally sensitive and specific instances and manifestations of the EF. Although not a limitation per se, it is important to highlight the fact that EFS captures several constructs, including emotion regulation and processing speed, that are not included in all of the existing EF models. However, given that there is no universally accepted EF taxonomy and given the high clinical relevance of noted constructs across a range of neurodevelopmental and neuropsychiatric conditions, EFS was designed to provide a comprehensive capture of a broader range of EF-related constructs.

In summary, despite the noted limitations, the present data provide preliminary evidence that the EFS is a free, relatively brief, open-source, valid, and reliable measure for the comprehensive characterization of distinct subdomains of executive functioning that are relevant for the understanding of individual differences in clinical outcomes across a range of NDD and NPD. Further, EFS shows excellent measurement precision for capturing a wide range of abilities, which suggests a tremendous potential for its use for treatment tracking. Thus, with further replication, the EFS has excellent potential for wide adoption across research and clinical contexts.
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Introduction: Attention Deficit Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder (ASD) are two neurodevelopmental conditions with neuropsychological, social, emotional, and psychopathological similarities. Both are characterized by executive dysfunction, emotion dysregulation (ED), and psychiatric comorbidities. By focusing on emotions and embodied cognition, this study aims to improve the understanding of overlapping symptoms between ADHD and ASD through the use of verbal fluency tasks.

Methods: Fifty-two adults with ADHD, 13 adults with ADHD + ASD and 24 neurotypical (NT) participants were recruited in this study. A neuropsychological evaluation, including different verbal fluency conditions (e.g. emotional and action), was proposed. Subjects also completed several self-report questionnaires, such as scales measuring symptoms of ED.

Results: Compared to NT controls, adults with ADHD + ASD produced fewer anger-related emotions. Symptoms of emotion dysregulation were associated with an increased number of actions verbs and emotions produced in ADHD.

Discussion: The association between affective language of adults with ADHD and symptoms of emotion dysregulation may reflect their social maladjustment. Moreover, the addition of ADHD + ASD conditions may reflect more severe affective dysfunction.

KEYWORDS
emotion dysregulation, verbal fluency, ADHD, ASD, neurodevelopmental disorders, executive functions


1. Introduction

Neurodevelopmental disorders affect 5–15% of children (1, 2) and often persist over the lifetime with significant impact on adaptive, academic, and social functioning (3). Attention Deficit Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder (ASD) in particular are among the most common neurodevelopmental disorders (4).

Attention deficit hyperactivity disorder is characterized by a triad of symptoms: i.e., inattention, hyperactivity, and impulsivity. In children, the prevalence is estimated between 7.2 and 9.4% (5). Moreover, ADHD symptoms persist in adulthood in two-thirds of them (6, 7), as 4% of adults have ADHD (8–10). Nevertheless, the clinical presentation of ADHD in adults is different: i.e., motor hyperactivity symptoms are internalized in favor of mental hyperactivity, and attentional difficulties persist or even increase (11–14). In addition to these cognitive symptoms, adults with ADHD often report emotional difficulties. Indeed, emotion dysregulation (ED) concerns 30–70% of adults with ADHD (15). Emotion dysregulation can be defined by three dimensions: affect control, affective lability, and emotional over-reactivity (16–18). These symptoms can, respectively be reflected by irritability, frequent emotional fluctuations and greater emotional sensitivity. Importantly, neurodevelopmental and psychiatric comorbidities associated with ADHD are in part related to emotion dysregulation and its functional impact (19). Indeed, up to 75% of adults with ADHD have an associated psychiatric disorder (20), including depression in half the cases, anxiety disorders, bipolar disorder, and personality disorders (21). ADHD is also often associated with learning disabilities (22) and one in eight children have a co-occurring ASD (23).

Autism spectrum disorder is characterized by social communication peculiarities and the presence of restricted, repetitive behaviors (3). ASD affects approximately 1% of the world’s population (24). Despite obvious differences between diagnostic criteria of ADHD and ASD, the differential diagnosis can be challenging. Indeed, both conditions are characterized by attention difficulties (25, 26), disturbances in social interactions (27, 28), and abnormal sensorial sensitivity (29). Furthermore, emotion dysregulation is also common among autistic individuals, affecting up to 80% of them (30). No study to date has accurately described the facets of emotion dysregulation in adults with autism. That said, several studies highlight irritability, aggression, self-injury, impulsivity (31, 32) as manifestations of emotion dysregulation in children. Other studies have pointed out strong links between emotion dysregulation and other ASD symptoms such as anxiety (33), cognitive rigidity (34), and repetitive behaviors (35).

From a neuropsychological standpoint, emotional regulation is defined as the process of initiating, avoiding, inhibiting, maintaining, or modulating emotional states to accomplish individual goals or social adaptation (36). In neurodevelopmental conditions, emotion dysregulation is mainly explained by executive dysfunction (37, 38). Executive functions refer to a set of high-level cognitive processes that enable goal-directed behavior and problem solving (39). Executive functions can be classified into two categories: “cold” executive functions, such as mental flexibility, inhibition, and working memory, and “hot” executive functions, associated with the processing of social-emotional components (40, 41). These components include emotion regulation, empathy, rewards processing, and social adaptation (36, 37). Most studies focusing on the neuropsychological mechanisms of emotion dysregulation in neurodevelopmental disorders emphasize the involvement of cold executive functions. As an example, Barkley’s ADHD model (37) postulates that inhibition impairments cause emotional impulsivity (37, 42). In ADHD, emotion dysregulation also results from an inability to engage in self-regulatory actions, such as the ability to refocus attention (42). In ASD, inhibition and mental flexibility deficits are thought to result in perseverative behaviors, which in turn are related to maladaptive emotion regulation strategies, such as excessive rumination (43–46). When ADHD co-occurs with ASD, studies in children show that maladaptive emotion regulation strategies are exacerbated by ADHD symptoms (46). Therefore, the combination of these two conditions is characterized by more severe social and adaptive dysfunction compared to ADHD or ASD alone (47–49).

One way to study cold and hot executive functions is to use verbal fluency tasks (VFT). VFT, particularly letter and semantic conditions (i.e., generation of a maximum of words based on a letter or a semantic cue during a given time), have long been used to assess the executive and language functioning of patients (e.g., 50). VFT tap on lexical-semantic language processes (51), mental flexibility, inhibition, and information processing speed (52). These same processes are involved in the generation of emotional words (53). While the letter and semantic conditions preferentially target cold executive functions and semantic memory, respectively, the Emotional Word Fluency Test (EWFT), developed by Abeare et al. (54), assess the affective component of word production, i.e., affective language. Affective language corresponds to the production and comprehension of words or sentences with affective valence, but also emotional intonation and prosody (54). The EWFT consists of producing the maximum of emotion nouns during an allotted time (54). Disturbances in affective language have been found in several clinical populations, including individuals with right hemisphere brain damage (55, 56), depressive disorder (57), schizophrenia (58), or ASD (59). Nevertheless, in clinical settings, the EWFT has only been used in studies with individuals with traumatic brain injury (60). Using the EWFT with healthy subjects, Abeare et al. (61) found that trait anxiety was positively correlated with the number of emotions with negative valence produced. Furthermore, they showed that the physiological response of the sympathetic nervous system, e.g., skin conductance, was higher during emotional word generation compared to a control task, i.e., semantic VFT (i.e., “animal names”).

Typically, performances on VFT are assessed by the number of words generated, rule breaks, and repetitions (62). However, these quantitative measures provide little information on the cognitive mechanisms (i.e., language or executive) involved in word output. Several qualitative methods have therefore been developed to identify the cognitive processes involved in spontaneous word generation. For example, Troyer et al. (63) investigated the involvement of lexical-semantic processing and executive functions in VFT, via clustering and switching. Clustering corresponds to the production of words within a semantic or phonemic category, while switching reflects the ability to shift efficiently to a new category. Moreover, VFT are also influenced by parameters of imaginability, and concreteness, as well as linguistic parameters (e.g., lexical frequency). Indeed, access to the lexical stock is facilitated for more frequent and concrete words (64, 65). This facilitation allows a faster speed of word production, and an increased number of words produced for a specific time duration (66).

Few studies have investigated VFT performance in people with ADHD and autistic adults, and none have focused on affective language. For instance, adults with ADHD have been shown to produce fewer words than NT controls in semantic VFT (67, 68), and especially in letter conditions (69, 70). Since the letter conditions rely more on executive functions (71), these findings have been explained by the executive dysfunction usually associated with ADHD. In contrast, other studies found no deficits in VFT (72, 73). Therefore, the results are overall inconsistent in ADHD, probably due to the fact that only the number of words and errors were measured in most studies. In studies focusing on process-oriented measures of VFT (i.e., clustering and switching), some authors reported a decrease in the number of switches in the ADHD + ASD group population (68), while others have found the opposite pattern (73).

In ASD, studies have found reduced (74–76) or identical word count compared to control subjects in letter and semantic VFT (77–79). In contrast, the process-oriented measures of VFT, including clustering, switching, imaginability, and concreteness, did not differ from the NT controls (75, 77). These discrepant findings may be due to the heterogeneity of ASD presentations (80, 81). Indeed, autistic adults without intellectual disability have been found to produce fewer words during the first thirty seconds of letter and semantic conditions of VFT, which could be explained by an initiation deficit (82). Autistic children, on the other hand, generate less prototypical exemplars of semantic categories than NT controls (83), which can be explained by semantic deficits involved in comprehension and expression difficulties (84–86).

Regarding the assessment of hot executive functions using VFT, in ASD, most studies have focused on emotion identification, but not on affective word generation. Yet, emotional language disturbances involve both language comprehension and production (59). Autistic individuals produce sentences of greater duration, amplitude, and intensity than NT subjects (87). In addition, difficulties in identifying and describing one’s own feelings, i.e., alexithymia, are common in ASD (88). These difficulties are associated with the production of fewer emotional words when subjects are talking about negative events (89). Moreover, autistic adults assign less nuanced intensity and valence to stimuli compared to NT subjects (90, 91). For example, positive and negative images or words are evaluated less positively and negatively, respectively, than control subjects (92).

In ADHD, reduced abilities to recognize facial, vocal emotions (93, 94), and contextual information (95) have been reported (27, 96). In a study comparing children with ASD, ADHD, and ASD + ADHD, Tye et al. (97) found atypical processing of facial emotions for all the three groups. Specifically, autistic children displayed reduced neurophysiological response to angry faces in early stages of information processing. In contrast, children with ADHD displayed electrophysiological abnormality at the contextual processing stage when they were confronted with the emotions of fear and joy. The ADHD + ASD group presented an additive effect of the unique deficits of both conditions. Therefore, emotion processing seems to differ between the two groups, with autistic individuals presenting more difficulties at the early stages of processing of anger, whereas children with ADHD have difficulties at later stages of processing of fear and joy.

In addition to EWFT, other VFT involving embodied cognition may provide additional information about emotional processing in ADHD and ASD. Embodied cognition refers to the relationship between cognitive and bodily experience, which can be tackled via the VFT condition of action words generation (98, 99). In this task condition, subjects have to produce as many names of action verbs as possible during an allotted time. Whereas other VFT (i.e., semantic and letter) involve mainly temporo-parietal regions (100), Action Verb Fluency Test (AVFT) is sensitive to the activation of left fronto-striatal circuits (101). Fronto-striatal circuits are involved in “hot” executive functions such as rewards processing, emotion regulation and motivational states (102), and dysfunction of these circuits is involved in the cognitive and motivational control impairment found in ADHD (103). Relatedly, the same regions are thought to be involved in the difficulties in predicting emotions and actions of others in ASD (104). When using AVFT with autistic adults, Inokuchi and Kamio (105) found a reduced production of semantic clusters and an increased production of phonological clusters compared to control subjects, which they attributed to initiation difficulties due to executive dysfunction (106). However, AVFT performance has not been investigated in ADHD.

To our knowledge, no study has compared the performance on the EWFT and the AVFT in adults with ADHD and ADHD + ASD. Yet, it is of the upmost importance to better understand the overlap between these two conditions, especially regarding emotional processing, given its impact on quality of life and social functioning. The present study aims to evaluate several types of VFT, including EWFT and AVFT, in adults with ADHD, ASD + ADHD, and NT controls. We are particularly interested in the relationship between emotion dysregulation and verbal fluency tasks performance on EWFT and AVFT in ADHD. To this end, the number of words and errors produced, but also the type, the valence, the arousal, and the dominance of words generated in the EWFT and the AVFT will be analyzed. Given that emotion dysregulation is found in ADHD and ASD, we hypothesize that affective language particularities, i.e., a reduction in the number of emotions produced on the EWFT, will be found both in ADHD, and ADHD + ASD compared to NT controls. However, since impairments at earlier stages of emotion identification are found in ASD (97) compared to ADHD (89, 93), we expect adults with ADHD + ASD to produce fewer emotions on the EWFT compared to adults with ADHD. Due to abnormalities in the contextual processing stages of specific emotions (97), we also hypothesize that the emotion generation difficulties of adults with ADHD will be related to joy and fear. In view of results from a previous study on co-occurring ADHD + ASD (97), this group may present with the emotional particularities of both conditions with emotion generation difficulties related to joy, fear and anger. Regarding AVFT, given the primary deficits in predicting, and interpreting the actions of others (107), and motor issues involving fronto-striatal circuits (108) in ASD, adults with ADHD + ASD are expected to produce fewer and rarer (low frequency in the language) action verbs than adults with ADHD and NT controls, whereas adults with ADHD will produce fewer action verbs than NT adults. Nevertheless, due to the hyperactivity found in ADHD, the action verbs produced are expected to be more arousing than those found in NT.



2. Materials and methods


2.1. Participants

Fifty-two adults with ADHD aged 18–57 (M = 34.75; SD = 11.49), and 13 adults with co-occurring ADHD + ASD aged 19–67 (M = 32.15; SD = 13.95) without intellectual disability, communication difficulties, nor difference in gender distribution (see Table 1) were recruited from the University Hospital of Strasbourg. We were also interested in a group of 12 autistic adults aged 18–48 (M = 26.92; SD = 8.35) from another study on emotion dysregulation conducted by our team. After diagnoses of ADHD and ASD were established by senior psychiatrists according to DSM-5 criteria (3), subjects were offered participation in one of the two studies. These diagnostic interviews also involve establishing a differential diagnosis between ASD and ADHD. Among the ADHD group, 78% of subjects had combined ADHD presentation, 20% of them had inattentive subtype, and the last 2% had hyperactive presentation. Subjects with psychopathological disorders, i.e., depressive disorders and anxiety, were excluded in the ADHD group but not in the ASD and ADHD + ASD group. Ten subjects from the ASD group had experienced one or more past depressive episodes. Four of them also suffered from anxiety disorders. In the ADHD + ASD group, four adults had depression, whereas three had an anxiety disorder. In addition, one participant had bipolar disorder. Twenty-four age-matched NT controls aged 20–46 (M = 32.71; SD = 9.45) were recruited. These participants did not have any history of neurological, psychiatric, or substance use disorders and did not use any psychotropic medication. Adults with ADHD and ADHD + ASD had significantly higher ADHD symptoms (measured by the Wender-Reimherr Adult Attention Deficit Disorder Scale; (16), compared to NT controls (p < 0.001; Table 1). In contrast, the Autism Spectrum Quotient score (AQ–10 items); (109) and social adjustment difficulties (WRAADDS); (16) were higher in the ADHD + ASD group compared to the ADHD group (p = 0.011; p = 0.010, respectively) and to NT subjects (p < 0.001). All participants were native French speakers. This study was approved by ethics committees (CPP South Mediterranean II; IDRCB: 2017-A01618-45 and CPP East of France; No. SI 21.01.21.41923).


TABLE 1    Demographic, clinical and neuropsychological characteristics of participants in each group.
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2.2. Materials and procedures

All subjects, with the exception of the ASD group, participated in a neuropsychological assessment and completed self-report questionnaires. Autistic adults only completed the VFT conditions.


2.2.1. Questionnaires

Attention deficit hyperactivity disorder and ASD symptoms were, respectively measured by the Wender-Reimherr Adult Attention Deficit Disorder Scale (WRAADDS); (16) and the Autism spectrum Quotient (AQ–10 items); (109). The WRAADDS is a self-reported scale assessing the three core symptoms of ADHD, some dimensions related to emotion dysregulation (e.g., affective lability and emotional over-reactivity), as well as other areas frequently disrupted in ADHD, such as organization, academic problems and social adjustment. The 10-item Autism Spectrum Quotient is a self-administered questionnaire used to assess traits of autism in adults without intellectual disability. Items are related to domains of the dyad of impairments, i.e., social communication peculiarities (e.g., I find it easy to “read between the lines” when someone is talking to me), restricted and repetitive behaviors (i.e., I like to collect information about categories of things).

Depressive and anxiety symptoms were measured by the Beck Depression Inventory (BDI); (110), and the Generalized Anxiety Disorder assessment 7-item (GAD-7); (111). These screening tools are used to measure the severity of depression and generalized anxiety in normal and psychiatric populations.

Emotion dysregulation was evaluated by the cyclothymic dimension of the Temperament Evaluation of Memphis, Pisa, Paris and San Diego-autoquestionnaire version (TEMPS-A); (112) and the WRAADDS (16). The TEMPS-A is a questionnaire designed to measure affective temperaments with four subscales: cyclothymic (e.g., my ability to think varies greatly from sharp to dull for no apparent reason), irritable (e.g., people tell me I blow up out of nowhere), hyperthymic (e.g., I love to tackle new projects, even if risky), and anxious (e.g., when someone is late coming home, I fear they may have had an accident). To study ED, in particular emotional lability in ADHD, we were interested in the cyclothymic temperament subscale of the TEMPS-A. All the scales used were self-reported and validated in French (113–117) with Likert scales to consider the frequency of symptoms.



2.2.2. Neuropsychological assessment

Intelligence quotient: In ADHD, ADHD + ASD, and NT groups, IQ was estimated via the matrix and the vocabulary subtests of the Wechsler Adult Intelligence Scale–Third Edition (WAIS-III); (118), whereas the matrix and information subtests of the WAIS-IV (119) were used to estimate IQ in the ASD group.

Executive functions: verbal working memory was assessed by the digit-span task (WAIS-III); (108). The “Go-Nogo” subtests with 1-target and 2-target from the TAP 2.3 (120) and the Stroop task (D-KEFS); (121) were, respectively used to investigate motor inhibition and interference inhibition. In addition, the Hayling test (122) was administrated to evaluate semantic inhibition abilities. The “Flexibility” condition of the Stroop task and the Trail Making Test (TMT A&B); (123) has been proposed to measure, respectively cognitive flexibility, speed and attention switching. The Tower of London test (124) was administrated to analyse planning strategies. In addition to EWFT and AVFT, three other conditions of VFT were used, i.e., the free word generation condition (125), as well as the semantic and letter conditions (62).



2.2.3. EWFT and AVFT

Emotional Word Fluency Test (EWFT); (54): the EWFT measures the production of emotion words within 1 min. Similar to other VFT, three scores are generated, including the number of emotion words, the number of repetitions, and the number of rule breaks (i.e., non-emotion words). Feelings such as “love,” or typical adjectives describing an emotion such as “happy” were included. In order to measure the variety of the emotional lexicon, words were systematically categorized into one of the six basic emotions defined by Ekman (126). We used Plutchik’s wheel of emotions (127), which is based on primary emotions and associated secondary ones. A percentage of the number of words generated by the subject related to each primary emotion (see Table 2) was calculated to compare the type of emotion. For example, the percentage of words related to joy compared to the total number of words produced was reported. We were also interested in the frequency of occurrence of every emotions produced in the whole sample. We then measured the average frequency of the emotions generated by each subject. This measure allows to evaluate the ability to produce more varied and less common emotions.


TABLE 2    Examples of words related to the six primary emotions defined by Ekman (126) and Plutchik (127).
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Action Verb Fluency Test (AVFT); (101): This task measures the production of action verbs within 1 min. The number of action nouns, repetitions, and rule violations (i.e., non-action words, such as “appear”) were calculated. The frequency of occurrence of action verbs was also averaged over the entire sample. Repetitions and errors were not analysed because their occurrences were too rare in the total sample.

Valence, arousal, dominance: Based on Osgood et al. (128), we analysed the valence, the arousal and the dominance of words. The valence refers to the pleasantness/unpleasantness of a word, while arousal refers to the intensity of the emotion provoked by the stimulus (129, 130). Dominance is the subjectively measured degree of control exerted by a word. This dimension expresses the extent to which the word denotes something that is weak/submissive or strong/dominant (130). This method, previously used in the analysis of the EWFT (61) and the AVFT (131), corresponds to study the average valence, arousal, and dominance of words generated by using a corpus of English words (130). This corpus established for a total of 13,915 words allows quantifying these variables for the majority of emotional and action words evoked. For each word, a score for valence, arousal and dominance is available based on the ratings of one million subjects. Specifically, ratings on (i) the valence of each word ranging from unhappy to happy; (ii) arousal from excited to calm and (iii) dominance from in control to controlled are available (130). The French words generated in the VFT were translated and then back-translated with translation dictionaries, i.e., WordReference and Linguee. Translations were chosen according to previously generated words when several equivalents existed.




2.3. Statistical analyses

Percentages for qualitative variables and means as well as standard deviations for quantitative variables were included in descriptive statistics. One-way ANOVA and post hoc Tukey were conducted to compare demographic and clinical variables between groups. One-way ANOVA and post hoc Tukey were also used for each VFT variables (i.e, quantity of words, errors, repetitions, valence, arousal, dominance, and percentage for each primary emotion). Assumptions for ANOVA were verified by the Shapiro-Wilk test for normality and by Levene’s test for equality of variances. When the conditions could not be met, Kruskall-Wallis and Mann–Whitney U tests were used to compare the results between groups. The alpha level was adjusted for multiple post hoc comparisons of VFT characteristics between groups using the false discovery rate (FDR) method (131). Statistical significance was set at 0.05. Pearson’s correlation coefficients were computed in the ADHD groups only between VFT characteristics, clinical symptoms, and cognitive performances. Statistical analyses were performed with the Jasp© and the Jamovi© software.




3. Results


3.1. Descriptive statistics

Compared to NT controls, adults with ADHD and with ADHD + ASD reported higher depressive symptoms [χ2 (2) = 25.780; p < 0.001; p = 0.001] and cyclothymic traits [F (2,60) = 27.276; p < 0.001; p = 0.012, respectively]. This is also the case for anxiety in adults with ADHD [χ2 (2) = 18,738; p < 0.001]. Regarding neuropsychological measures, adults with ADHD made more errors on the Hayling Test compared to NT subjects [χ2 (2) = 6,708; p = 0.013].



3.2. EWFT and AVFT characteristics

First, one-way ANOVA shows that the arousal of emotions produced is significantly different between groups [F (2,86) = 4.074; p = 0.020]. Post-hoc test revealed that adults with ADHD generated significantly more arousing emotions (M = 5.29; p = 0.033; Figure 1) than NT subjects (M = 5.08). This result is no longer significant after FDR correction (p = 0.099). Regarding the type of emotions, adults with ADHD + ASD produced fewer anger-related words (M = 12%) compared to adults with ADHD [M = 24%; χ2 (2) = 8.339; p = 0.015 with FDR; Table 3] and NT controls (M = 24%; p = 0.022 with FDR). Regarding disgust and surprise the number of occurrences of related words was too rare to be analysed.
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FIGURE 1
Median arousal of emotions produced in the emotion word fluency test (EWFT) according to diagnostic groups. *p = 0.033, after the false discovery rate (FDR) correction, p = 0.099.



TABLE 3    Emotional word fluency test (EWFT) and action verb fluency test (AVFT) characteristics in each group.
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Regarding the AVFT, differences between groups are significant for the number of words produced [F (2,85) = 3.655; p = 0.030]. Adults with ADHD + ASD produced fewer actions (M = 14.69) compared to NT subjects (M = 19.54; p = 0.024). However, this difference was no longer significant after the FDR correction (p = 0.072). The other measures, including rule breaks, repetitions, frequency, valence, arousal and dominance of generated words did not differ significantly between groups.

Secondly, we also looked at the VFT performance of a group of adults with ASD only (Table 4). Autistic adults produced more emotions (M = 10.67) and fewer rule breaks (M = 1.92) compared to subjects with ADHD (M = 7.52, p = 0.003; M = 3.73, p = 0.032, respectively; Table 4). Only the difference in the number of emotions produced remained significant after the FDR correction (p = 0.018).


TABLE 4    Comparison of demographic and neuropsychological characteristics of autistic adults (n = 12) with the three other groups.
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3.3. Correlation analyses between symptoms, EWFT and AVFT

In the ADHD group only, we were interested in the relationship between core symptoms, emotion dysregulation, cold and hot executive functions (i.e., EWFT and AVFT). Regarding ADHD symptoms, hyperactivity was related to the frequency of reported emotions (Table 5). Adults with ADHD produced more frequent emotions if they had an higher level of hyperactivity (r = 0.420; p = 0.012). The other main symptom domains, i.e., inattention and impulsivity, were not related to EWFT characteristics (p > 0.05; Table 5). Furthermore, emotional over-reactivity in adults with ADHD was associated with the number of emotions (r = 0.440; p = 0.008), as well as the frequency of these words in EWFT (r = –0.398; p = 0.018). The greater the emotional over-reactivity, the more numerous and infrequent the generated emotions were in adults with ADHD. In contrast, there was no relationship between EWFT performances and social adjustment (WRAADDS; p > 0.05).


TABLE 5    Correlation analyses between emotional word fluency test (EWFT), action verb fluency test (AVFT) and clinical characteristics in attention deficit hyperactivity disorder (ADHD) group (n = 52).
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Hyperactivity (r = 0.387; p = 0.024; Table 5) and impulsivity symptoms (r = 0.494; p = 0.003) were also associated with more arousing actions on the AVFT. In addition, affective lability symptoms tended to be related to the number of actions produced (r = 0.337; p = 0.051). This suggests that the more adults with ADHD experience mood swings, the more actions they generate spontaneously. Social maladjustment was negatively associated with the frequency of actions reported by adults with ADHD (r = –0.359; p = 0.037).



3.4. Correlation analyses between cold executive functions, EWFT and AVFT

Concerning cold executive functions, correlation analyses indicate significant associations between performance on free, letter, semantic, and action verb VFT (p < 0.05; Table 6). Nevertheless, VFT measures on the free, semantic, letter and action verb conditions were unrelated to those obtained in the EWFT. With this task, increased cognitive flexibility on the TMT-B is associated with an increased number of emotions (r = –0.443; p < 0.008). In addition, increased inhibition errors in the Hayling test is associated with fewer emotional words generated (r = –0.337; p = 0.048).


TABLE 6    Pearsons’s correlation matrix for performance on executive tests, number of emotions and actions in attention deficit hyperactivity disorder (ADHD) group (n = 52).
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For the AVFT, the faster the automatic response inhibition on the Hayling task, the more action nouns adults with ADHD can generate (r = 0.346; p = 0.045). The number of action verbs produced was positively related to working memory performance on the digit span task. Moreover, the number of correct responses in the ToL task, reflecting planning abilities, was also positively associated (r = 0.365; p = 0.034) to the number of words generated in the AVFT.




4. Discussion

This study is the first to use a wide range of VFT, including two conditions assessing hot executive functions, in adults with ADHD, ASD, and co-occurring ADHD + ASD, compared to NT controls. The EWFT and the AVFT conditions revealed specific patterns regarding the particularities of affective language and its potential links with emotion dysregulation symptoms in ADHD, i.e., especially emotional over-reactivity and impulsivity. Consistent with our hypotheses, adults with ADHD + ASD produced fewer action verbs compared to NT subjects. These results are congruous with those obtained by Inokuchi and Kamio in autistic adults (105) and are in line with previous studies conducted in adults with ADHD + ASD (46), indicating that the combination of these two conditions is characterized by more severe deficits compared to separate presentations of ADHD or ASD (47–49).

Indeed, process-oriented measures of the emotional output on the EWFT differed between groups. Adults with ADHD produced more arousing emotions than NT subjects. However, this result was no longer significant after FDR correction, which may be due to a lack of statistical power. Nevertheless, this result may be explained by the heightened emotional experience of adults with ADHD. Indeed, related to symptoms of emotional over-reactivity, individuals with ADHD report experiencing emotions more intensely, which could translate in the EWFT by more arousing emotional words (16–18). Consistent with Barkley’s model, which links hot executive functions, cold executive functions, and actions, it is possible that the inhibitory control impairment in ADHD may also involve emotion self-regulation abilities. Hence, inhibitory impairments in ADHD could be seen as widespread, leading to both emotional and non-emotional impulsivity (37, 42). In our study, in adults with ADHD, verbal inhibition abilities on the Hayling task were positively correlated with emotion generation in the EWFT, that is, the more people with ADHD have difficulties inhibiting a verbal response, the fewer the emotional words spontaneously generated. Given the link between emotion dysregulation and executive functions (132), it is possible that increased verbal impulsivity, especially in social interactions, is related to a lack of control over the retrieval of emotional words in ADHD, which translates here by fewer emotional words produced compared to the ASD group (69–71). This hypothesis is consistent with the functional impact of emotion dysregulation symptoms in adults with ADHD, especially in terms of social functioning (27, 133). Indeed, symptoms of ED, including emotional and verbal impulsivity, may lead adults with ADHD to say things impulsively, which can damage their social, marital, and professional relationships (27, 133). Furthermore, in past studies impulsivity in people with ADHD has been linked to increased sensation-seeking personality traits (106). As an example, heightened sensation-seeking in people with ADHD has been linked to the attraction to horror movies (104), which elicits the intense and arousing emotion of fear. Given that impulsivity was found to be positively correlated with intense actions produced in the AVFT in our ADHD group, we argue that this facet of impulsivity (i.e., sensation-seeking) in particular may be associated with intense emotional and movement-related feelings.

Regarding the emotional words related to the six primary emotions (126, 127), the ADHD + ASD group produced significantly fewer emotions related to anger, compared to NT controls and adults with ADHD. This result is consistent with studies showing deficits in the recognition of negative emotions in autistic individuals (136, 137). In particular, autistic people have deficits in the early stages of emotion recognition such as anger (97). According to Tye et al.’s (97) results and embodied cognition theories, difficulties in generating anger-related emotions are associated with the cognitive identification and processing (i.e., alexithymia) of emotions rather than a lower intensity of subjective feeling (138). Indeed, alexithymia leads to reduced emotional word production in a negative context (89). Alexithymia is frequent in ASD (139) and in ADHD (140) and appears to underlie symptoms of emotion dysregulation in autism, which are characterized by intense episodes of anger (139). Given that alexithymia and emotion dysregulation were not assessed in autistic adults in our study, the links between emotional word production, alexithymia, and emotion dysregulation would require further exploration in ASD and ADHD. This is especially important since alexithymia is related to self-harming behaviors (141, 142), used to regulate unidentified anger in ASD (31, 143).

Concerning AVFT, adults with ADHD + ASD generated fewer actions compared to NT controls. These results are consistent with those obtained by Inokuchi and Kamio (105), who found a deficit in the semantic clustering process in VFT in autistic adults compared to NT controls. A decrease in the number of action names spontaneously generated could be caused by executive dysfunction (105), motor impairment (108), or deficits in social cognition in ASD and ADHD. In addition, the performance of adults with ADHD in this task was correlated with an unconstrained VFT condition (the free condition; Table 6) which is particularly dependent on initiation strategies. Nevertheless, the difference with NT subjects was only significant in the ADHD + ASD group. These results are in line with studies postulating that the ADHD + ASD co-occurrence is not a simple addition of the cognitive alterations specific to each disorder (144). Indeed, the combination of these two conditions can lead to more severe disturbance of hot executive functions.

In ADHD, contrary to our hypothesis, participants did not produce more arousing actions compared to the other groups. Nevertheless, symptoms of hyperactivity and impulsivity were positively correlated with the generation of arousing actions. Moreover, we found a negative association between the frequency of actions generated and self-reported difficulties of social adjustment on the WRAADDS. This suggests that unusual actions are related to difficulties in social adaptation in adults with ADHD, which is consistent with the relationship between motor hyperactivity and impaired social functioning in adults with ADHD (11, 145). In our study, motor hyperactivity was also strongly correlated with emotion dysregulation and the number of actions generated was positively correlated with affective lability. Both findings are in line with those from results from past studies suggesting that emotion dysregulation is heightened in the combined ADHD subtype compared to the inattentive subtype (18, 146–149). Dysregulated arousal states have been put forward as an explanation to this association (150). It is therefore possible that dysregulated arousal states underlie affective lability in ADHD–i.e., brief and unpredictable shifts from ordinary mood to depression or mild excitation (151)—and lead to an unstable daily routine where adults with ADHD can rapidly alternate between initiated actions, akin to hyperactivity symptoms.

We also checked the EWFT and AVFT performance of autistic adults without the ADHD co-occurrence. We found that autistic adults produced significantly more emotion words compared to adults with ADHD (Table 4). Considering the observed links between the symptoms of emotion dysregulation and performance in the EWFT, these findings suggest that having increased affective language is not necessarily more adaptive, on the one hand, and that autistic adults do not have difficulties in spontaneously generating emotion words, but rather in processing and recognizing emotional states in themselves and others, on the other hand. This might also be due to the fact that people with ADHD are more impulsive, which are related to increased errors on the Hayling task, compared to autistic adults. Indeed, in an arousing context, such as the EWFT, increased verbal impulsivity might prevent people with ADHD from using efficient strategies to retrieve emotion nouns, instead of unrelated off-task words. Moreover, due to the time limited of VFT, errors prevent access to correct answers and result in decreased word output, which seems to have been the case here. This explanation is supported by the negative correlation between the number of words generated in the EWFT and verbal response inhibition errors in the ADHD group. Additionally, in our study, emotional over-reactivity in adults with ADHD was positively associated with the spontaneous generation of numerous and unusual emotions. As a matter of fact, emotional over-reactivity can lead to responses to minor stimuli in the environment that typically do not result in emotional reactions (151). Thus, adults with ADHD may have a broader repertoire of emotional experiences, both in terms of reactivity and experiences, that do not result in an increased word output in the EWFT due to their verbal impulsivity.

This study has several limitations. First, this study is limited by the small sample of adults with co-occurring ADHD + ASD and autistic adults, which results in a lack of statistical power. Analysing VFT performance in a larger sample could allow to tackle the specificities of the ASD group, including in the generation of anger-related words and action verbs. Second, we did not exclude participants with psychopathological comorbidities in the ADHD + ASD and ASD groups. These comorbidities, including anxiety and depressive disorders, are very common in these conditions (152) and are intrinsically linked to emotion dysregulation (33). In addition, hot executive functions are closely related to mood (153), and patients with mood disorders often present executive dysfunction (154–156), notably in verbal fluency (157). There also are specificities of emotion dysregulation in different presentations of ADHD—i.e., inattentive, combined and hyperactive (15). It is therefore important to explore the links between VFT performance and emotion dysregulation in different presentations of ADHD. Finally, given the potential relationship between alexithymia and sensation-seeking in spontaneous emotional and action word production in ADHD and ADHD + ASD, future studies should directly target these dimensions in relation to VFT performance in all groups.



5. Conclusion and perspectives

Taken together, our results suggest that even though emotional processing difficulties is a shared symptom domain between autistic adults, adults with ADHD and adults with ASD + ADHD, several differences can be found using hot executive functions conditions of VFT. First of all, adults with co-occurring ADHD + ASD could present unique affective features that are different from those found in separate presentations of ADHD or ASD, and may have more severe cognitive difficulties, especially in verbal initiation. Most importantly, these results point to the fact that their emotional symptoms do not seem to be a simple addition of both conditions. Secondly, increased emotional word output can also be dysfunctional and linked to emotion dysregulation. While future studies are needed with increased sample sizes and measures of emotion dysregulation symptoms in autistic adults, these findings suggest that different mechanisms are involved in emotional processing in each subgroup and different treatment options could be needed to target them.
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Introduction: The COVID-19 pandemic outbreak have caused increased levels of emotional and behavioral problems, particularly among people with pre-existing mental health conditions. Young individuals with autism spectrum disorders (ASD) and developmental delay (DD) are particularly at risk due to their vulnerability. The purpose of this study was to look into the different effects of the COVID-19 pandemic on 1–6-year-old children with ASD and DD.

Methods: Parents and guardians of children with ASD completed an online survey that included questions about their children’s socio-demographics characteristics, the effects of the COVID-19 outbreak on their health, and what they needed in order to deal with the conditions of the pandemic.

Results: This study compared 4,138 children with ASD to 711 children with DD. Children with ASD had a higher risk of having more emotional and behavioral problems than children with DD (OR 1.38, 95% CI 1.12–1.70). Compared to parent-oriented rehabilitation at home, discontinuing rehabilitation had a higher likelihood of negative emotional and behavioral change (OR 1.67, 95% CI 1.41–1.98). Having teachers’ online support had a higher likelihood of negative emotional and behavioral change for ASD children (OR 1.26, 95% CI 1.03–1.54).

Conclusions: This article provided evidence that children with developmental disabilities, particularly ASD, were at risk for a variety of challenges to their emotional functioning during the COVID-19 period, and that online support was not an ideal way for children with ASD to receive effective educational intervention in China.

KEYWORDS
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Introduction

The COVID-19 pandemic is a global health crisis that has resulted in a public health emergency. It has caused a high level of psychological stress in the general population (1) as well as an increased risk of emotional and behavioral problems in people who already have a mental health condition (2).

The massive effects of the COVID-19 pandemic have forced both the formal and informal sectors to halt operations, including the educational sector (3). Individuals with special needs are receiving fewer, if any, crucial therapy hours (e.g., speech therapy, behavioral therapy) and classroom time than they would normally (4), particularly children. Many parents have considered home education as an alternative mode of intervention during the pandemic (5). Several studies have confirmed that home education was an additional useful learning method for children during the COVID lockdown (3, 5, 6). However, implementing home education presents numerous challenges (7), and the provision of online educational intervention is insufficient (3, 8). The need for novel approaches and the continuity of care for those with chronic health problems during the pandemic cannot be overstated (9).

Among vulnerable populations, children with severe developmental disabilities are of particular concern regarding how the COVID-19 outbreak may have impacted their wellbeing and health (7, 8). Two common developmental disorders are autism spectrum disorders (ASD) and developmental delay (DD). ASD is a range of neurodevelopmental disorders that are characterized by impairments in social interaction and communication and restricted, repetitive behaviors (10). A child with developmental delay (DD) has delays in language, fine and gross motor functioning, sensory integration, cognitive functioning, or communication, as well as behavioral and socio-psychological problems during infancy or early childhood (11, 12). The COVID-19 outbreak has undoubtedly resulted in a rapidly shifting social situation, which may exacerbate the difficulties of children with developmental disabilities (13), particularly children with ASD. Because they are vulnerable to the effects of prolonged isolation or quarantine, they may struggle to adapt to this new norm, especially given the disorder’s inflexibility and insistence on sameness (10). Furthermore, children with ASD are more likely to have comorbidities such as anxiety and learning disabilities, which present additional challenges to be dealt with during the COVID-19 pandemic (4, 7, 14, 15). We may discover that people with developmental disabilities are more vulnerable in general, and that disruptions in routine caused by COVID-19 can cause major emotional and behavioral upheaval (16); however, this has not been thoroughly researched in potentially higher-risk groups, such as children with ASD and DD. We don’t know how the effects differ between severe developmental disorders. Children with ASD may have expressive communication challenges, making it difficult to communicate pain (17, 18), while children with DD may have delays in development of language and intellectual abilities. We can better study the significance of online educational intervention and gain a better understanding of different neurodevelopmental conditions by comparing the performance of the two types of children during the epidemic.

The government in China has taken strict measures to control the pandemic in order to protect vulnerable people from COVID-19 while not overburdening the health service. From February 2020, most Chinese residents were required to stay at home and maintain social distance. Although some institutions reopened after April, the primary focus remained on online education. Most institutions or schools reopened after June, but the hours of operation were not consistent due to the epidemic. Suspension of therapy courses for children and adolescents with specific requirement may result in missed opportunities for basic skill development (4, 13, 15–19). Worse, staying at home puts children with special educational needs and their families in an unusually stressful situation (20). According to recent surveys in China, the prevalence of ASD was 0.7% (21), while the prevalence of DD was 4.5% (22). As a developing country with a large population and an ineffective social security system, China faces a health crisis.

Beginning with the negative emotional and behavioral effects of the COVID-19 outbreak on children with ASD and DD, the overall goal of this study is to investigate child statute changes in Chinese families with children with ASD and DD during lockdown. We aimed to (1) investigate the different effects of the COVID-19 pandemic on the emotional and behavioral change of children with ASD and DD; (2) investigate whether any pre-pandemic sociodemographic or child characteristics would predict a negative impact of the pandemic on children with ASD and DD; and (3) investigate the effects of home education and family needs in the COVID-19 lockdown. Based on previous evidence (23), emotional and behavioral problems during the pandemic were hypothesized to predict a poor outcome.



Materials and methods


Data source

This study used data from the Survey on Family Circumstances and Demand for Support and Resources among Autistic Children in China (FCDSR). It was a survey that was distributed to members of the AlsoLife online patient community. The Quality Assurance staff at the China Association of Rehabilitation of Disabled Persons (CARDP) reviewed the survey for editorial and technical suggestions, which aimed to describe the family information, treatment, rehabilitation subsidies, and health expenditure of children with ASD. The other details of the survey have been described elsewhere (24). We did not use a sampling design because there is no nationwide ASD survey in China. A pilot field study (N = 20) was conducted to refine the instrument and data collection procedures, and the results indicated that respondents generally understood the questionnaire, so only minor wording changes were made.

The online survey was completed by parents and guardians of people with ASD or DD, of which 78.1% were mothers, 19.7% were fathers, and 2.2% were other guardians. Additionally, ASD advocacy and family support networks were used to distribute and directly encourage survey participation. During the questionnaire collection and data cleaning process, data with obvious errors or omissions were removed. A total of 8,014 households were analyzed, with 4,849 households included in this study, in which 4,138 households had children with ASD and 711 households had children with DD. Families with children diagnosed or suspected of having ASD or DD were invited to participate if their children met the following criteria: (1) age 1–6 years and diagnosed or suspected of having ASD through a hospital diagnosis; (2) diagnosing hospital and diagnosing hospital department both having diagnostic qualifications. Exclusion criteria were patients with physical disabilities, cerebral palsy, or epilepsy as comorbidities. The selection procedure is depicted in Figure 1. Thirty-one provinces and a total of 385 cities in China were included. Given the lack of a large-scale survey of children with ASD or DD in China, the second national sample survey of disabled people in China could also be used as a reference. These samples are representative (see Supplementary Tables 1, 2).
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FIGURE 1
Flow chart.




Measures

The survey included questions about the impact of the COVID-19 outbreak on their wellbeing as well as the requirements for dealing with the pandemic. Each multiple-choice question allowed participants to choose only one item. This measure of emotional and behavioral change was reported by parents who were asked about their children’s emotional and behavioral changes (e.g., emotional reactions to stress, emotional self-regulation system’s stability and emotional and behavioral problems related to ASD or DD) during the COVID-19 pandemic lockdown. Specifically, a scale of 1 = “improved,” 2 = “no change,” and 3 = “worse” was used. Demographic variables, family socioeconomic variables, and family treatment history variables were used as control variables in this study. The demographic variables included the age of the children, their gender, and the number of children in the household, and having comorbidities or not. The age was the age at the time of the survey. The comorbidities referred to neurodevelopment disorders, including intellectual disabilities (ID) and attention deficit and hyperactivity disorder (ADHD) in this study. Information on family sociodemographic and medical history was gathered. The income of families was divided into three categories: below average, average, and above average. According to the data distribution, the below average group had an annual income of less than $12,327 (RMB80,000), the average group had an annual income between $12,327 (RMB80,001) and $23,112 (RMB150,000), and the above average group had an annual income greater than $23,112 (RMB150,000).



Statistical analysis

The final raw data were downloaded from WJX Forms into a Microsoft Excel file for analysis using SPSS software. Descriptive statistics were used to provide baseline information concerning survey participants’ children with ASD. Logistic regressions were performed to investigate whether the socio-demographic or clinical characteristics of any individuals with ASD would predict a greater frequency and intensity of emotional and behavioral problems following the COVID-19 outbreak. Associations between predictors and independent variables were reported by odds ratios (ORs) and their 95% confidence intervals (CIs). All the estimated costs were converted to US dollar (US$) values in January 2021, when one US$ was equivalent to about 6.49 Chinese yuan. All statistical analyses were conducted using SPSS 22.0 for Windows (SPSS Inc., Chicago, IL, USA).



Consent and ethics approval

All families provided electronic informed consent before enrollment. We assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation. All procedures involving human subjects/patients were approved by the ethics committee of Peking University Institutional Review Board and approval number is IRB00001052-20016.




Results


Study population

A total of 4,849 eligible children (78.8%) were recruited for the study. Table 1 presents characteristics of the participating children. Compared with children with DD, children with ASD had a greater proportion of parents with higher education (father with a higher education degree, 66.92% vs. 59.63%; mother with a higher education degree, 66.67% vs. 59.35%; both, p < 0.01). Compared with children with DD, children with ASD had a smaller proportion of having comorbidities (19.33% vs. 24.47%, p < 0.01). Age, gender, and family income did not differ significantly between the two groups.


TABLE 1    Characteristics of ASD and DD groups.
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Emotional and behavioral impact at the outbreak of the pandemic

Table 2 shows the impact of the pandemic outbreak on children and parents. For the ASD group and the DD group, most of the families engaged in parent-oriented educational intervention (59.35% vs. 54.57%), while more than 20% of the families ceased intervention in the lockdown (22.40% vs. 27.14%). Changes in behavioral or emotional problems had some differences between the two groups, where more children in the ASD group showed a decline than the DD group (22.31% vs. 18.00%).


TABLE 2    The changes of children and parents after the outbreak of COVID-19.
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Most families in both groups increased their parental time spent with their children. In both groups, parental pressures were greater than before.



Predictors of negative impact on emotional and behavioral changes in the pandemic

The logistic regression model results showed that children with ASD had a higher likelihood of experiencing negative emotional and behavioral change (OR 1.38, 95% CI 1.12–1.70; Table 3). Compared with parent-oriented educational intervention at home, ceasing intervention had a higher likelihood of negative emotional and behavioral change (OR 1.67, 95% CI 1.41–1.98; Table 3). Children with comorbidities were associated with a more than one-fold likelihood of having negative emotional and behavioral change (OR 1.52; 95% CI 1.29–1.80; Table 3), and having conflicts with other family members was associated with a more than one-fold likelihood of having a poor mental status (OR 1.44; 95% CI 1.22–1.70; Table 3). Having a family income of average and above average was associated with a lower likelihood of negative emotional and behavioral change (OR 0.82; 95% CI 0.68–0.98 for average income families and OR 0.81; 95% CI 0.67–0.98 for above average income families; Table 3) compared to those having an income below average. Parental time spent with children had an effect on children’s emotions and behaviors. If the amount of time spent had not changed or had increased, the likelihood of having more negative emotional and behavioral changes decreased (OR 0.43; 95% CI 0.31–0.61 for families where there was no change in time spent with children; OR 0.41; 95% CI 0.30–0.57 for families where time spent with children increased; see Table 3).


TABLE 3    Logistic regression analysis for variables predicting the negative emotional and behavioral change* of children.
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Child gender, age, number of children in the household, and parent’s educational level were not significantly associated with negative emotional or behavioral change of children (Table 3).

Stratifying by age groups resulted in significant differences (p < 0.05). For the 4–6-year-old group, the likelihood of negative emotional and behavioral change for children with ASD was higher than children with DD (P < 0.05). However, for the 1–3-year-old group, the difference between children with ASD and DD was not significant. For the 4–6-year-old group, the amount of time spent with parents had significant influence on the likelihood of negative emotional and behavioral change in two age groups. The longer the accompanying time the less likely the children had negative emotional and behavioral change (Figure 2).
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FIGURE 2
The odds of negative emotional and behavioral change in two group.


Logistic regression was performed on children with ASD and DD to identify the factors that influenced each group. Table 4 shows the outcomes.


TABLE 4    Logistic regression analysis for variables predicting the negative emotional and behavioral change* of children in two groups.
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For the ASD group, the logistic regression model results showed that compared with parent-oriented intervention at home, ceasing rehabilitation had a higher likelihood of negative emotional and behavioral change (OR 1.67, 95% CI 1.41–1.98; Table 4) and having teachers’ online support had a higher likelihood of negative emotional and behavioral change in children (OR 1.26, 95% CI 1.03–1.54; Table 4). Having children with comorbidities was associated with a more than one-fold likelihood of having negative emotional and behavioral change in children (OR 1.59; 95% CI 1.33–1.90; Table 4). If the accompanying time did not change or was longer than it previously had been, the likelihood of negative emotional and behavioral changes occurring was lower (OR 0.40; 95% CI 0.29–0.55 for families where time spent did not change and OR 0.35; 95% CI 0.26–0.48 for families where time spent was longer than previously; see Table 4). Child gender, age, number of children in the household, parents’ education, and household income were not significantly associated with negative emotional and behavioral change in children (Table 4).

For the DD group, however, only ceasing rehabilitation had a higher likelihood of negative emotional and behavioral change (OR 1.95, 95% CI 1.33–2.88; Table 4).



What is needed to deal with conditions of the pandemic

A total of 4,849 survey participants responded to the open question about what could be done to help deal with the ongoing pandemic. The most commonly reported requirement was more professional one-to-one online support (53.93%), followed by financial support (28.05%), online knowledge training (16.33%), and others (1.69%); see Table 5.


TABLE 5    Responses to the open-ended question about what could be of help to deal with the conditions of the ongoing pandemic.
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In the ASD group, more professional one-to-one online support was needed by a higher percentage of parents compared to the DD group.




Discussion

This was the first study in China to use a national survey to investigate COVID-19’s negative impact on children with ASD and DD. This study yielded several key findings.

First, we discovered that 22.31% of children with ASD exhibited increased emotional and behavioral issues during the lockdown. For the children with DD, 18% experienced increased emotional and behavioral problems. According to the theory of mind, the age of 4–5 years old is critical for the development of social abilities (25, 26). However, governments and policymakers all over the world, including China, chose school closure and home confinement as two necessary measures to limit the spread of COVID-19 infection, making it impossible for preschoolers with ASD and DD to improve their ability during their critical developmental period. Child isolation was detrimental to the emotional wellbeing of children with developmental disabilities (27, 28). Due to COVID-19, home schooling occurred involuntarily and was associated with feelings of loneliness, negatively impacting the children’s mental health and worsening pre-existing psychiatric disorders and behavioral problems (14, 23, 29). Our findings were slightly lower than other studies; for example, 45% of the sample had a worsening of their pre-existing psychiatric disorder (30), and 35.5% and 41.5% of children with ASD presented with more intense and frequent behavior problems, respectively (31). On the one hand, we used a larger sample, which may reduce the percentage of negative outcomes; on the other hand, differences between countries may cause some difference, as a Chinese small sample survey found that one-third of children’s social and emotional status had worsened (32). In our study, a recall bias could lead to underestimation.

Second, the COVID-19 pandemic affected children with ASD differently than children with DD. Children with ASD had a higher likelihood of negative emotional and behavioral changes than children with DD, particularly those aged 3–6 years. The abrupt removal of resources during the first national lockdown, as well as the prolonged isolation, may have had a disproportionate impact on this vulnerable group, putting them at a higher risk of behavioral problems exacerbations (33). DD is defined as having a significantly lower-than-average intellectual disability, and research shows that, when compared to children and adolescents with intellectual disabilities, children and adolescents with ASD have significantly higher rates of behavioral and emotional problems (34). ASD is more severe when compared to other disabilities. Individuals with ASD have differences in receptive communication skills and may experience delays in processing information (35), which affects their ability to respond to the pandemic in an accepting and efficient manner (8, 36). Our findings add to the growing body of evidence that people with severe disabilities, such as ASD, are disproportionately affected by negative events (37, 38).

Third, some families stopped recovering, but most of the families were undertaking the rehabilitation recovery (77.6% for ASD group vs. 72.86% for DD group). The implementation of an online form of education during the COVID-19 pandemic was less than optimal for children. The literature on the efficacy of telehealth for individuals with ASD is mixed (39, 40). The implementation of home education presents its challenges, even for the professional developmental behavioral pediatrician (8). Home education for children with special needs should be more focused on parental roles (41), as the online advice from others only decreases parents’ responsibilities. For children who rely on gestures or picture exchange, they often require a parent or additional support to help them to communicate responses. This study also collected parents’ narratives on their perceived needs throughout the pandemic through an open-ended question. About half of the participants reported needing one-to-one support and guidance from professionals online, where the answers were consistent with those of earlier studies that stated that healthcare services, especially in-home services, were badly needed (31); this also reflected that those parents were not satisfied with the current online support. Delivery of programs that are easily implemented and meet the needs of children and their families is needed (42). Although clinical trials and systematic reviews have shown telehealth interventions to result in promising improvements in learning under the circumstances of limited access to in-person services, we have not obtained optimistic results in the case of a real scenario (COVID-19). It also reminds us of the differences between the real world and experiments.

Fourth, we found that low family income increased the risk for negative changes in children’s emotions and behavior. This finding aligned with recent research highlighting significant socioeconomic health inequities in other populations (e.g., adults) during the pandemic (43, 44). Parents with low income who have children with ASD may be more vulnerable to employment loss and may experience greater challenges finding care for their child. This in turn can exacerbate behavioral challenges in these children, adding to the myriad of challenges already faced by caregivers (8, 45, 46).

Fifth, the increase in time spent with the child was conducive to the improvement of the emotional functions and skills of children with ASD during the pandemic. With long-term restrictions at home, parents had more time to spend with their children, thus more family activities could be done. The results of the British Millennium Cohort study found that in the early development of children, a series of activities with parents and children had a significant effect on children’s cognitive development (47). Long-term home life also increases the chances of home language input. Home language input is positively correlated with children’s cognitive ability and vocabulary diversity (48). This had a positive effect on the development of children with ASD. But for children with DD, we did not find the accompanying time as an influence. This finding showed that different factors play a role in different kinds of developmental disorders.


Limitations

First, the sample is drawn from a network survey. All families were invited to participate in this study and completed an electronic questionnaire, which did not allow for control stratification in sampling. Although the sex ratio and family location distribution of this study were consistent with the main data of the Second National Survey of Disabled People (SNSDP), we should adopt more rigorous sampling methods to improve our research in the future. Second, the data’s accuracy should be considered. A considerable amount of information was in the form of parents self-reporting, which might deviate from the real situation. Our questionnaire did not assess whether worsening changes reached a level of clinical significance or represented normative variations over time. Third, more studies following the cohorts of children longitudinally should be conducted to understand the long-term impacts of the COVID-19 pandemic on the functioning of children with ASD and DD as well as on their families. Fourth, the impacts of specific comorbidities of the children and parental genders were not further discussed in this article. In the future, better classification of comorbidities and respondent bias caused by gender will aid in the development of more appropriate procedures.




Conclusion

In conclusion, the current survey study indicates that the ongoing COVID-19 pandemic has resulted in a difficult period for the majority of families with preschoolers with ASD and DD, showing increased emotional and behavioral problems. During the COVID-19 pandemic, the implementation of online education was less than ideal for children and even teachers’ online instruction was not as effective as parental-oriented instruction. More professional one-to-one online support and psychiatric care should be made available in the future. Our findings could help shape future policies and interventions to reduce the negative effects of COVID-19 on young people with developmental disorders and their families. More importantly, we should better evaluate the impact of policies on people’s health, take timely measures to protect the interests of vulnerable groups, and reduce health inequities.
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Many children with Williams syndrome struggle with fears and phobias that significantly impact their daily lives. Yet, there is sparse literature about the impact of behavioral interventions to treat anxiety and phobias among children with Williams syndrome. Using observational coding of intervention videos, the current study examines patterns of the therapist's use of play and humor and relations to child behavioral responses for four children with Williams syndrome who were identified as treatment responders to humor- and play-infused exposure therapy for fears and anxieties. Sessions were coded for therapist behaviors (exposure with or without play/humor, stimulus type used during exposure, passive or invited attention to feared stimulus, and spontaneous parent participation in exposure) as well as positive, negative, and neutral child behaviors (verbalizations and behaviors). Temporal patterns between therapist and child behaviors were analyzed using lag sequential analyses. The results showed that tolerance of feared stimuli improved for two of the four children following this play- and humor-infused exposure therapy approach, and the remaining two participants demonstrated progress beyond tolerating the feared stimulus and showed increased positive behaviors with the feared stimulus across sessions. Findings also showed patterns of therapist attunement to the child's anxiety level demonstrated through efforts to flexibly adjust the degrees of exposure. Therapist-initiated invited attention behaviors, indicative of the therapist's use of narration and priming, were associated with child tolerance and positive behaviors during exposure to the feared stimulus. Limitations of this study include a very small sample size, short duration of intervention, and a single-subject research design, which limit the generalizability of findings. Implications and future directions of this research are discussed.
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Introduction

Williams syndrome is a rare neurodevelopmental disorder caused by a hemizygous microdeletion on chromosome 7q11.23 and characterized by physical, cognitive, and behavioral markers (Mervis and John, 2010). Williams syndrome has a prevalence of 1 in every 7,500 births and with roughly equal rates across males and females (Strømme et al., 2002). People with Williams syndrome have distinct facial features, cardiovascular complications, and often co-occurring mild-to-moderate intellectual disability, attention problems, and anxiety (Mervis, 2000; Collins et al., 2010). Children with Williams syndrome also exhibit strong motivation for social interaction, indiscriminate friendliness, empathy for others (Järvinen et al., 2013), and relative strengths in verbal short-term memory and concrete expressive language (Mervis and John, 2010).

Anxiety is one of the most prevalent co-occurring conditions among people with Williams syndrome (Stinton et al., 2012; Royston et al., 2017; Ng-Cordell et al., 2018). A comprehensive examination of anxiety among children and adolescents ages 4–16 with Williams syndrome (n = 119) found that 53.8% met diagnostic criteria for specific phobia and 11.8% met criteria for generalized anxiety disorder (Leyfer et al., 2006). Furthermore, examination of the type of phobias experienced showed that loud noises were the most prevalent (27.7%) compared to common phobia types (e.g., situational, natural environment). Longitudinal research has provided evidence that anxiety and fears experienced by children and adolescents with Williams syndrome tend to persist over time, interfere with daily life, and may negatively impact socioemotional development, pointing to the need for interventions for children with Williams syndrome and co-occurring fears and anxiety (Einfeld et al., 1997, 1999, 2001; Woodruff-Borden et al., 2010).

Intervention studies with individuals with developmental and intellectual disabilities that specifically target anxiety, fears, or phobias are scant, with the majority of research conducted with autism spectrum disorder (ASD) populations (Kreslins et al., 2015; Ung et al., 2015). CBT interventions have demonstrated some effectiveness for individuals with higher functioning ASD (Ung et al., 2015), but few studies have tested the effectiveness of behavioral interventions on specific fears among people with ASD and co-occurring intellectual and developmental disabilities (Rosen et al., 2016). Single-subject design studies utilized systematic desensitization, graduated exposure, reinforcement procedures (some implemented by parents), modeling, hierarchy/stimulus fading, among other behavioral strategies (Rosen et al., 2016). Notably Koegel et al. (2004) conducted a within-subjects study targeting auditory-based fears (fear of toilet-flushing, animal toy sounds, and noises related to vacuum cleaners, blenders, and hand mixers) with three children with ASD and co-occurring developmental and/or intellectual disabilities. The results showed that all three children in this study were comfortable in the presence of their previously feared stimuli following the systematic desensitization intervention and at follow-up (based on child progress through their fear hierarchies) (Koegel et al., 2004). The treatment of anxiety and co-occurring intellectual disability is largely understudied. Case studies provide some evidence of effectiveness of graded exposure, response prevention, psychoeducation, and relaxation techniques to treat specific phobias in adults with intellectual disabilities (Hurley, 2004; Cowdrey and Walz, 2015; Dagnan et al., 2018). Further treatment effectiveness research is warranted to address the needs of individuals with intellectual disabilities and co-occurring anxiety.

Treatment studies with people with Williams syndrome and anxiety are exiguous, with the vast majority including case studies with small samples (1–3 participants) (Klein-Tasman and Albano, 2007; Phillips and Klein-Tasman, 2009; Conelea and Klein-Tasman, 2013). These case reports demonstrate some success treating anxiety symptoms using CBT-based interventions, with a tailored emphasis on behavioral aspects such as repeated practice of skills and role-playing replacement behaviors and less emphasis on cognitive components such as cognitive restructuring. Essau and Longhi (2013) found improvements in emotional and social skills with reduced anxiety following a case study analysis using a six-session CBT-based approach that taught skills connecting thoughts, emotions, and behaviors: Emotional and Social Skills Training for Individuals with Williams Syndrome (ESST-WS). Recent research of an adapted virtually delivered CBT-based group intervention for adults with Williams syndrome and anxiety (n = 4) showed promise as a feasible and effective approach (Thom et al., 2022). In sum, the research literature on evidence-based interventions with children and adults with Williams syndrome and co-occurring anxiety is remarkably scant, with few published studies, none with younger children, and none (outside very recent work by our group) specifically focused on fears and phobias.

In younger children with Williams syndrome, fears are a central manifestation of anxiety. While for typically developing children anxiety symptoms relating to specific phobias decrease over time with development (Costello et al., 2011), children with Williams syndrome and/or co-occurring intellectual disability are likely to experience worsening anxiety symptoms across development (Maiano et al., 2018; Ng-Cordell et al., 2018). Cognitive behavioral interventions have been identified as empirically supported approaches to addressing fears and phobias in typically developing children (Hirshfeld-Becker et al., 2010; Ollendick and Davis, 2013; Whiteside et al., 2020) and have also shown benefit for children with ASD (Davis et al., 2007; Ollendick et al., 2021) and children with intellectual disabilities (Hagopian et al., 2001; Moskowitz et al., 2019; Dovgan et al., 2020; Fodstad et al., 2021). Furthermore, evidence is accumulating that these interventions are also useful, with developmentally appropriate incorporation of play activities, with young typically developing children (Oar et al., 2015; Kershaw et al., 2017; Farrell et al., 2018). Leveraging the socially motivated tendencies of individuals with Williams syndrome (Mervis et al., 2001) by using social, adult–child play and humor in the context of a behavioral intervention may be useful to treat anxiety in children with Williams syndrome. We are engaged in a research program to examine the impact of play- and humor-infused exposure therapy on fears in children ages 4 through 10 with Williams syndrome and have described preliminary evidence of the utility of this approach (Klein-Tasman et al., 2022). The approach used is based in well-established graduated exposure (APA Division 12 Society of Clinical Psychology, 2022), uses functional behavior assessment to tailor treatment (Davis et al., 2009), and is informed by client-directed principles of outcome-informed therapy (Duncan and Miller, 2000). In our prior study, we demonstrated reductions in fear and anxiety (based on clinician and/or parent-report metrics) with four of the eight participants with complete data who participated in a brief, play- and humor-infused exposure-based intervention. Hence, this play- and humor-based behavioral approach shows promise as a developmentally attuned systematic desensitization intervention to treat fears and phobias in children with Williams syndrome. However, one significant limitation of the prior work was reliance on therapist and caregiver ratings of improvement rather than direct observation.

The current study employs behavioral coding to examine patterns of therapist use of graduated exposure and systematic desensitization using play and humor, and child anxiety behaviors in a subset of children with Williams syndrome who showed a positive response to the brief intervention in the pilot study (Klein-Tasman et al., 2022). For the purposes of this study, fear was operationally defined as observable child behaviors that indicated the child was experiencing emotional and/or physiological responses reflecting reluctance to engage with or an aversion to the stimulus. We hypothesized that children with Williams syndrome in this sample would exhibit observable reductions in fear within and across sessions, facilitated by this play- and humor-infused exposure therapy approach. We anticipated that the therapist techniques (use of play and humor during exposures, gradual exposure up the fear hierarchy by stimulus type (media, toy, and actual), and invited attention and passive exposure) would facilitate reduced anxiety and improved regulation, evidenced by increased frequency of tolerating and/or positive behaviors in the presence of the feared stimulus.



Materials and methods


Participants

Participants were recruited through the Williams Syndrome Association's research registry as well as referrals from the PI of a largescale study of the cognitive and behavioral phenotype in Williams syndrome. Participants included four children with Williams syndrome who initially had high levels of anxiety and then showed reduced fear and anxiety based on parent and/or clinician report in our preliminary work (Klein-Tasman et al., 2022). Participants range from 4 to 9 years of age and include three boys and 1 girl. See Table 1 for participant characteristics. Inclusion criteria included a diagnosis of Williams syndrome (confirmed through prior genetic testing), age 4–10, the presence of fear or a strong emotional response to a definable stimulus that could feasibly be addressed in a university-based research laboratory, and English as the primary language spoken.


TABLE 1 Participant characteristics.
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Measures
 
Background questionnaire

This parent-report questionnaire includes questions about child demographics, child's academic background, family information, birth and developmental history, medical history, and parent's primary concerns.



Differential Ability Scales – Second Edition

The Differential Ability Scales – Second Edition (DAS-II; Elliott, 2007) is a clinical measure of cognitive functioning for children ranging from age 2 years and 6 months to 17 years and 11 months. Children younger than age 9 were administered the Early Years battery, and children older than age 8 were administered the School Age battery. This instrument is used to identify where a child's abilities fall in comparison with their peers as well as an individual profile of their cognitive strengths and weakness. Scores are represented as standard scores. See Table 1 for participant scores.




Procedure
 
The play- and humor-infused exposure-based intervention

The therapy approach is summarized as follows: The therapist provides a space for free play with toys that are tailored to the child's interests. The therapist encourages the parent(s) and caregiver(s) to participate and/or observe throughout sessions. After the child acclimates to the therapy room and happily plays together with the therapist, the therapist begins introducing the feared stimulus using the least intimidating level of exposure, which may be talking about the item, showing video of the item, or incorporating some aspect or representation of the item into the adult–child play (e.g., a pretend form of the item) and gauges the intensity of their reaction. As the child exhibits increased comfort in the presence of the feared stimulus, the therapist uses graduated exposure techniques to work up a fear ladder (based on functional assessment discussion with the parent prior to the intervention) toward direct contact with the feared stimulus. The therapist flexibly moves up and down levels of the fear hierarchy depending on the child's response following presentation or encouraged engagement with the feared stimulus. Throughout the sessions, socially engaging interactive play with the child is the consistent backdrop to help maintain contact and positive engagement with the feared stimulus. When anxiety becomes heightened as exposures incrementally move toward direct contact with a phobic stimulus, the therapist is likely to use socially attuned humor with the child (e.g., playful exaggerated emotion as a form of systematic desensitization) to help co-regulate, that is, to help the child sustain an emotionally regulated state, and to align themselves with the child, model emotional expression, and introduce a new emotional tone to interaction with the feared stimulus. In summary, the therapist spontaneously decreases the degree of exposure and/or increases playfulness and humor if the child shows signs of dysregulation and then increases the degree of exposure if the child appears regulated. Across sessions, the goal is for the child to sustain an emotionally regulated state, as manifested by exhibiting fewer fearful and anxious reactions to their feared stimulus to reduce functional impairment.



Behavioral coding procedure

Archival video-recorded intervention sessions of four participants (total of 12 sessions) were coded and analyzed using Noldus Observer XT 15.0 software to determine how child fear and anxiety-related behaviors change within session and across sessions, and characterize therapist use of play and humor and exposure techniques in this therapy. Behavioral coding (systematically defining and identifying overt behaviors) was conducted based on the coding scheme described in Tables 2, 3.


TABLE 2 Therapist behavior coding scheme.
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TABLE 3 Child behavior coding scheme.
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Therapist behaviors were coded using duration and frequency recording. The duration of therapist use of play- and humor-infused exposure therapy and pure exposure was coded to identify patterns of therapist-led exposure by type, as well as spontaneous parent use of exposure by type. The use of different types of feared stimuli (media, toy, and actual) was also coded during pure or play- and humor-infused exposure therapy. Therapist behaviors also included passive and invited attention to the feared stimulus. For example, the therapist may direct attention to a non-feared stimulus (e.g., toy car), thereby making the feared stimulus secondary to the stimulus where attention is invited (i.e., passive exposure). If the therapist used verbal and/or non-verbal cues to guide the child's gaze toward the feared stimulus (e.g., “Hey want to check this out?”), this was coded as invited attention to the stimulus. See Table 2 for the detailed therapist behavior coding scheme.

Child behaviors were coded as frequency of positive, tolerating (i.e., neutral), and negative behaviors within intervals, to capture observable fear-related behaviors. Verbalizations (e.g., articulated speech or verbal approximations) and physical behaviors (e.g., physical approach or avoidance) were also coded. See Table 3 for the detailed child behavior coding scheme.




Data analytic approach
 
Interrater reliability process

Interrater reliability was calculated using Noldus Observer XT 15.0, including Cohen's kappa and agreement percentage. Cohen's kappa ranges from −1 to +1, and kappa values should be interpreted using the following ranges: Values of ≤ 0 suggest no interrater agreement, values of 0.01–0.20 suggest no agreement to slight agreement, values of 0.21–0.40 suggest fair agreement, values of 0.41–0.60 suggest moderate agreement, values of 0.61–0.80 suggest substantial agreement, and values of 0.81–1.00 suggest almost perfect interrater agreement. For the current study, interrater reliability was considered met when k ≥0.70 and agreement percentage ≥80%.

The first author and a graduate student trained in the coding scheme separately coded one intervention session video (of a participant that is not included in the current sample) to pilot the developed coding scheme. It was expected that the coding scheme would need revisions as the development of a behavior coding scheme is an iterative process, often requiring discussions about revisions and refinement of operational definitions (Chorney et al., 2015). Macrocoding (i.e., codes that may apply to the broader context of the behaviors) and microcoding approaches (i.e., codes that are more specific and time-intensive) to the coding scheme were considered during the revision process (Chorney et al., 2015). The two coders discussed areas of disagreement during the preliminary coding process and revised the coding scheme accordingly. When all child codes and all therapist codes were analyzed as respective groups, minimum kappa values were reached. For all child codes, agreement percentage for frequency recording was 87.90%, and k = 0.84. For all therapist codes, agreement percentage for frequency was 82.46%, and k = 0.79 and agreement percentage for duration was 92.69%, and k = 0.91. See Table 4 for detailed reliability coding.


TABLE 4 Interrater reliability.
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Once interrater agreement of the behavior coding scheme was established (agreement ≥80% and/or k ≥0.70) with one intervention session video of a participant that is not included in the current sample, one randomly selected intervention video for each participant was coded to ensure continued interrater reliability for all participants in this sample. Once interrater reliability was established with four intervention session videos (one for each participant), series data trends of frequency and duration of behaviors (per session and across) were coded, graphed, and visually inspected. Based on the interrater reliability findings, we elected to concentrate on frequency of child behavior and duration and frequency of therapist behavior. Specifically, the number of child behavior occurrences in each session of each participant (frequency) was calculated within 5-minute intervals and graphed and visually inspected to demonstrate patterns of change. Similarly, the duration and frequency of therapist behaviors (e.g., use of play and humor) in each session were coded and calculated within 5-minute intervals and graphed and visually inspected. Lag sequential analyses (event state lag of 1) were also conducted to identify sequential patterns between therapist and child behaviors as well as sequential therapist behaviors (e.g., invited attention followed by exposure with play and humor).





Results


Child demographics and overview of course of treatment

Each of the four participants' demographic information as well as verbal and non-verbal norm-referenced cognitive functioning are displayed in Table 1. The fear hierarchy (i.e., course of treatment) for each participant is displayed in Table 5.


TABLE 5 Description of fear hierarchies.
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Behavioral coding analyses

The duration of each therapist behavior code was analyzed using duration-within-interval recording. Intervals were also 5-minute each across the duration of each session.

The frequency of each child behavior code was calculated, graphed, and visually inspected using frequency-within-interval recording. Intervals were defined as 5-minute each across the duration of each session. Each child participated in 3–4 therapy sessions. For two participants, one session video was excluded because the intervention focus was on a secondary feared stimuli (i.e., not the primary targeted fear identified). Each session video duration ranged from 30 to 65 min as indicated in Table 1.

Analyses of temporal patterns were conducted using lag sequential analyses in Noldus Observer XT 15.0. Lag sequential data are defined as identifying an event that immediately follows an event (i.e., state lag event of 1). Lag sequential data for therapist behavior codes following child behavior codes and child behavior codes following therapist behaviors were analyzed to identify high frequencies of sequential behavior patterns. First, lag sequential data for therapist behaviors following child behavior codes were analyzed to identify ways in which the therapist responded to the child, within and across sessions. Second, lag sequential data for child behaviors following therapist behaviors were analyzed to identify how each child responded to each therapist technique within the context of exposure therapy.

Each participant's behavioral coding data analyses will be presented individually, using pseudonyms to protect privacy for each child, in a case series design format. Of note, passive exposure was only occasionally observed and is therefore not interpreted here. To illustrate the unique response to the intervention observed for the different participants in this sample, we have individually tailored presentations of the findings to best capture the nature of each participant's response. Common behavioral coding trends across participants will be presented in the discussion.


Ashton

Ashton's primary targeted fear was hand dryers found in public restrooms. Therapy sessions 1 and 3 were coded and analyzed as these sessions focused on this primary feared stimulus. Below child behavior (frequency coding) will be discussed first, followed by therapist behaviors (duration coding) and last, lag sequential findings (state event lag of 1).

Across sessions, Ashton exhibited low frequencies of all negative behaviors (verbalizations and physical avoidance), with a total frequency of 8 in session 1 and a total frequency of 7 in session 3. This highlights the flexible and attuned nature of the intervention, where the therapist works to minimize overly distressing the child during exposures. The observed frequency of tolerating the feared stimulus decreased from a total frequency of 47 in session 1, to a total session frequency of 21 in session 3. However, this decrease in tolerance of the feared stimulus can be explained by the maintained frequency of positive verbalizations (frequency of 34 during both sessions 1 and 3) and even an increase in positive physical behaviors (e.g., approach or direct contact with the feared stimulus) from session 1 (frequency of 33) to session 3 (frequency of 35) (see Figure 1).


[image: Figure 1]
FIGURE 1
 Ashton: across session child behavior.


Furthermore, Ashton's observed positive behaviors maintained and increased in the face of increasingly challenging stimulus types used by the therapist across sessions. In session 1, the therapist used pure exposure with media stimulus types (i.e., least challenging stimulus type), followed by exposure with play and humor using a toy stimulus type (i.e., a portable hand dryer) (see Figure 2). In the first half of session 3, the use of play and humor was paired with the toy version of the hand dryer along with allowing scarves to be blown by the hand dryer, to engage with the stimulus in a new and unconventional way. In the latter half of session 3, this child engaged in increasingly longer durations of pure exposure with the most challenging stimulus type: an actual hand dryer in a community restroom (see Figure 2). The most frequent child behavior group in session 3 was positive behavior (frequency of 89), relative to tolerant behavior (frequency of 21) and negative behavior (frequency of 7). Across sessions, Ashton's progress was observed through the frequency of positive verbalizations, and an increase in positive physical behaviors (e.g., approach or direct contact with the feared stimulus) in the presence of his feared stimulus. These data reveal that over the course of this brief play- and humor-infused exposure therapy, this child was able to not only tolerate the feared stimulus, but also engage with the previously feared stimulus in positive ways with no observable signs of distress—even when faced with the most challenging level of his fear hierarchy (i.e., using an activated hand dryer in a community restroom) (see Figure 2).


[image: Figure 2]
FIGURE 2
 Ashton: therapist stimulus type and exposure type across sessions.


Next, temporal patterns between child and therapist behavior codes were analyzed using lag sequential data analyses. First, temporal patterns between therapist use of invited attention and all child behaviors were analyzed. The results show that therapist use of invited attention most frequently followed the child tolerating the feared stimulus and also followed positive child behaviors and was less common following negative child behaviors. This differential use of invited attention demonstrates how the therapist uniquely tailors the timing of such techniques (e.g., redirection, narration, and exaggerated emotion to facilitate co-regulation). When a child is observed to tolerate a feared stimulus, it can appear quite ambiguous to the therapist. For instance, the child's absence of negative or positive behaviors can suggest to the therapist that a redirection to the exposure activity may be warranted to prevent an occurrence of negative behavior (i.e., proactive strategy) and to continue tolerance of the feared stimulus. The use of invited attention following the child's positive behaviors suggests that the therapist uses techniques to encourage continued positive engagement with the feared stimulus (see Table 7). Importantly, the results also show that following the therapist's use of invited attention, the most frequent child behavior code included positive physical behaviors (e.g., approaching or making direct contact with the hand dryer) (see Table 6). This pattern is suggestive that the therapist's technique to gently entice the child to participate in play-based exposures most frequently yields positive child behavioral responses.


TABLE 6 Frequency of child behaviors immediately following therapist use of invited attention.
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Beth

Beth's primary targeted fear was identified as blenders. Therapy sessions 1, 2, and 3 were coded and analyzed as all sessions focused on this primary feared stimulus. Below child behavior (frequency coding) will be discussed first, followed by therapist behaviors (duration coding) and last, lag sequential findings (state event lag of 1).

Beth exhibited lower frequencies of within-session negative behaviors (verbalizations and physical avoidance) relative to within-session positive behaviors in the first session (negative behavior frequency of 28 and positive behavior frequency of 46) and in the final session (negative behavior frequency of 36 and positive behavior frequency of 50). Across session data show increasing frequencies of both negative and positive behaviors. It was observed that negative physical behaviors (e.g., covering ears) often co-occurred with positive physical behaviors (e.g., approaching the feared stimulus) within each of the three sessions. This behavior pattern has been highlighted in the literature as unique among children with Williams syndrome who experience fears and phobias (Gallo et al., 2008). Her verbalizations (both negative and positive) increased from session 1 (negative verbalizations: frequency of 4; positive verbalizations: frequency of 21) to session 3 (negative protest: frequency of 17; positive verbalizations: frequency of 34), while her physical behaviors decreased from session 1 (negative: frequency of 24; positive: frequency of 25) to session 3 (negative: frequency of 19; positive: frequency of 16). This increase in verbal protesting may be suggestive of attempted avoidance (similar to an extinction burst) of the feared stimulus as increasingly challenging levels of the fear hierarchy are presented over the course of this brief intervention (i.e., media to toy to actual blender) (see Figures 3, 4). Beth did exhibit some negative verbalizations while she simultaneously engaged in positive physical behaviors (e.g., approaching the blender). Notably, the observed frequency of Beth tolerating the feared stimulus showed a consistent increase across all sessions (frequency of 12 in session 1; frequency of 24 in session 2; frequency of 40 in session 3), with Beth making direct contact and operating an activated blender by session 3 (see Figure 3).


[image: Figure 3]
FIGURE 3
 Beth: across session child behavior.



[image: Figure 4]
FIGURE 4
 Beth: therapist stimulus type and exposure type across sessions.


Beth's pattern of co-occurring negative and positive behaviors along with a steady increase in tolerating the feared stimulus likely resulted from the therapist's deliberate use of specific exposure type(s) paired with specific stimulus type(s) across sessions. The therapist used play and humor to co-regulate, to help Beth sustain emotional regulation, and to prevent anxiety from becoming overwhelming. In session 1, the therapist infused play and humor into exposures with all stimulus types (i.e., media, toy, and actual blender) and implemented pure exposure with media examples of blenders and brief durations of the actual stimulus. The actual blender was introduced near the end of session 1 and unplugged and turned off to begin exposure to the sight of the object before working up the fear hierarchy to auditory exposure of the blender turned on later in the course of treatment (see Figure 4).

Next, temporal patterns between child and therapist behavior codes were analyzed using lag sequential data analyses. First, temporal patterns between therapist use of invited attention and all child behaviors were analyzed. Findings reveal that during sessions 1 and 2, when the actual stimulus was presented to Beth and elicited some avoidance (i.e., negative behaviors) as well as interest in the blender (i.e., positive behaviors), therapist invited attention often followed all child behaviors (negative, tolerant, and positive) (see Table 7). Differential use of invited attention was often tailored to the type of child behavior exhibited. Narration, exaggerated emotion using toys with play and humor, and redirection prompts were often used in response to Beth's simultaneous negative (e.g., verbal protest) and positive behavior (e.g., direct contact with the blender) to re-engage or maintain participation in the exposures. Additionally, invited attention was also used as a priming technique to cue the child that an exposure activity was beginning to minimize upset or startle response with the transition. From sessions 1 and 2 to session 3, fewer negative child behaviors followed therapist invited attention. Rather, positive behaviors more often followed invited attention in session 3, suggesting effectiveness of the co-regulation efforts and encouraging the child to continue engagement in the therapy session—even as the stimulus type became increasingly challenging over the course of intervention sessions (see Table 6).


TABLE 7 Frequency of therapist invited attention immediately following child behaviors.
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Colton

Colton's primary targeted fear was identified as blood pressure cuffs. Therapy sessions 1, 2, 3, and 4 were coded and analyzed as all sessions focused on this primary feared stimulus. Below child behavior (frequency coding) will be discussed first, followed by therapist behaviors (duration coding) and last, lag sequential findings (state event lag of 1).

Colton exhibited lower frequencies of within-session negative behaviors (verbalizations and physical avoidance) relative to within-session positive behaviors in sessions 1 and 2. In session 3, frequencies of negative behaviors were equal to his tolerating behaviors (frequency: 18), with twice the frequencies of positive behaviors (frequency: 36) in response to his feared stimulus. In session 4, although negative behaviors increased, Colton's observed tolerating of the feared stimulus increased as well (negative behaviors: frequency of 27; tolerating behavior: frequency of 26) (see Figure 5). Colton exhibited a relatively lower frequency of within-session negative verbalizations compared to positive verbalizations in sessions 1–3. In session 4, however, the frequency of his within-session positive verbalizations was relatively lower than his within-session negative verbalizations. Notably, Colton demonstrated a steady across-session increase of tolerating his feared stimulus (session one frequency: 13; session two frequency: 15; session three frequency: 18; session four frequency: 26). Furthermore, positive physical behaviors increased across sessions from the first (frequency of 12) to the final session (frequency of 20), indicating more frequent approach and direct contact with blood pressure cuffs, which most often included the actual stimulus type in session 4. Taken together, Colton's improved tolerance and positive physical behaviors are suggestive of improved regulation skills in response to his previously feared stimulus over the course of this brief therapy approach (Figure 5).


[image: Figure 5]
FIGURE 5
 Colton: across session child behavior.


The therapist attunement to Colton throughout treatment fostered the observed increase in his ability to tolerate his feared stimulus. Therapist use of pure exposure was brief and only used in session 1 with media examples of the feared stimulus. However, exposure with play and humor was used across all sessions with a toy version and the actual stimulus type (see Figure 6). Parent use of spontaneous play- and humor-infused exposure was also observed in session 2 (duration: 15 s) and session 4 (duration: 2 min, 50 s), suggesting that Colton's parent began acquiring and applying play- and humor-related skills with increasingly longer durations as therapy progressed (see Figure 6). The observed behavior pattern in Colton (who has relatively less developed verbal abilities compared to other children in this sample) highlights the benefit of this developmentally attuned intervention which incorporates adaptations to meet and respond to the individual child's needs and abilities during exposures. Colton's verbal score on the DAS-II was in the lower range (SS = 59), which speaks to the need for the therapist to gauge his behavior and non-verbal cues during exposures to sustain emotional regulation, avoid distress and upset, and minimize anxiety as they work up his fear hierarchy to the most challenging stimulus type: an actual blood pressure cuff. Taken together, the primary use of play and humor by the therapist and parent, along with shorter session durations, reflects the attunement to this child's individual needs.
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FIGURE 6
 Colton: therapist stimulus type and exposure type across sessions.


Next, temporal patterns between child and therapist behavior codes were analyzed using lag sequential data analyses. First, temporal patterns between therapist use of invited attention and all child behaviors were analyzed. The results show that in response to varied child behavior (negative, tolerant and positive), the therapist frequently used invited attention techniques to either redirect the child to the activity (if negative child behavior was observed), use gesture or verbal prompts to gauge child's anxiety level (if child tolerating was observed), or narration in a playful and humorous way to continue child engagement in exposures (if positive child behavior was observed) (see Table 7). Following therapist invited attention, the most frequent observed child responses across sessions were positive physical behaviors (e.g., approaching the feared stimulus) and tolerance of the feared stimulus (i.e., blood pressure cuff) (see Table 6). These data provide some support for the effectiveness of the therapist's varied and tailored use of invited attention techniques with Colton considering he had limited verbal skills and was younger than the other participants.



Danny

Danny's primary targeted fear was identified as vacuum cleaners. Therapy sessions 1, 2, and 3 were coded and analyzed, but session 4 was not coded because the primary fear was not targeted during this session. Below, child behavior (frequency coding) will be discussed first, followed by therapist behaviors (duration coding) and last, lag sequential findings (state event lag of 1).

Danny exhibited lower frequencies of within-session negative behaviors (verbalizations and physical avoidance) relative to within-session tolerating and positive behaviors in session 1 (negative behavior frequency of 20; tolerating behavior frequency of 38; positive behavior frequency of 57), session 2 (negative behavior frequency of 16; tolerating behavior frequency of 19; positive behavior frequency of 46), and session 3 (negative behavior frequency of 24; tolerating behavior frequency of 26; positive behavior frequency of 53). Across session data show a slight increase in positive physical behaviors (i.e., approaching or making direct physical contact with the feared stimulus) from session 1 (frequency: 31) to session 3 (frequency: 39). Danny's profile of behavioral data trends shows his ability to tolerate and positively engage with vacuum cleaners within each session, even as the stimulus type became increasingly challenging (i.e., media to toy version to actual feared stimulus). It is notable that the child spent several minutes independently vacuuming the carpet in session 3 (see Figure 7).


[image: Figure 7]
FIGURE 7
 Danny: across session child behavior.


Therapist use of pure exposure was primarily used with media versions of vacuum cleaners during sessions 1 and 2 and then used with a toy version and with an actual vacuum cleaner during session 3. Exposure with play and humor was used across all sessions primarily with a toy version and the actual stimulus type, and in shorter durations with media examples in session 1 (see Figure 8). Notably, Danny progressed through his fear hierarchy well, and by session 3, he was able to engage in independent vacuuming (i.e., pure exposure with the actual stimulus) (see Figure 8).


[image: Figure 8]
FIGURE 8
 Danny: therapist stimulus type and exposure type across sessions.


Next, temporal patterns between child and therapist behavior codes were analyzed using lag sequential data analyses. First, temporal patterns between therapist use of invited attention and all child behaviors were analyzed. The results show that the most frequently used therapist technique following child behaviors was invited attention (see Table 7). Specifically, invited attention in session 1 most often followed child tolerating the feared stimulus and child negative behaviors. This demonstrates the therapist working to build and maintain rapport and encourage engagement early in therapy (e.g., redirection and narration) to prepare the child for increasingly challenging levels of the fear hierarchy. In sessions 2 and 3, the therapist most often used invited attention techniques following child tolerant behavior (session 2: 6; session 3: 7) and positive physical child behavior (session 2: 10; session 3: 13) (see Table 7). The pattern of invited attention used in sessions 2 and 3 suggests that as the child progressed through the fear hierarchy and was able to make direct physical contact with the feared stimulus more frequently, the therapist facilitated continued contact and positive engagement through narration, modeling of exaggerated emotion (e.g., “That vacuum is so loud! I'm going to cover my ears!”), and redirection prompts to the exposure. Lag sequential data of child behaviors following invited attention show that this approach yielded some success with Danny. Across sessions, Danny responded to the therapist's use of invited attention with increased frequency of positive physical behaviors (session 1: 5; session 2: 16; session 3: 18) (see Table 6).





Discussion

In our prior work demonstrating preliminary acceptability and utility of play- and humor-infused exposure therapy for children with Williams syndrome, parent and clinician ratings indicated improvements in fear for some children with Williams syndrome, even after a very brief course of treatment. The current study validated these clinician and parent ratings by demonstrating that this observed improvement was evident based on behavioral coding. Increased tolerance of the feared stimulus across sessions and/or movement from engagement with videos or toys to engagement with real feared objects was observed over the course of this brief intervention for all of the participants. These findings add to our preliminary evidence of the promise of this play- and humor-infused exposure therapy for children with Williams syndrome to address intense emotional dysregulation in response to specific stimuli (i.e., fears and phobias). Additionally, the combination of therapist techniques, including use of invited attention, social play and humor, and relations of these techniques to child behavior, suggests that the therapist's attunement to the child's distress level encourages continued contact with the feared stimulus and results in adjustment of the intensity of the exposure through use of videos, toys, and real-world objects. Findings of the therapist techniques for co-regulation used within this play- and humor-infused approach show that attunement to the child, exaggerated emotion to join the child in their fear, and use of play and humor yield child behaviors suggestive of improved coping through co-regulation, ability to maintain contact with the feared stimulus without becoming overly distressed, ultimately leading to increase in the child's capacity to sustain emotional regulation, improved tolerance, and sometimes positive engagement with their feared stimulus.

The use of humor-infused therapy for children has been suggested to potentially be useful for treatment of anxiety (Consoli et al., 2018) in sustaining emotional regulation in the face of a moderate level of discomfort without overly distressing the child, thus minimizing disengagement from therapy. However, systematic examination of humor-infused therapy is lacking. One critique of this approach is that core to exposure is a need to avoid distractions to facilitate activation and subsequent extinction of the phobic association between the conditioned stimulus and the fear response (Rescorla, 1972). However, we propose that the mechanism of fear reduction here is the establishment and reinforcement of a new association of fear inhibition that goes against the typical activation of the amygdala during fear conditioning, rather than simply extinguishing the previously established fear association (Slifer et al., 2002; Craske et al., 2014). Furthermore, behavior therapy has recently been the subject of some critique based on clients' lived experiences due to its perceived aversiveness (Anderson, 2023). Importantly, while the intervention employed in this study is rooted in evidence-based, gold-standard therapies for fears and phobias (APA Division 12 Society of Clinical Psychology, 2022), the therapeutic approach of the current study focused on gradual incorporation of the feared stimulus into play, maintaining the comfort of the child in the context of the exposure to minimize its aversiveness. Essentially, we posit that this intervention fosters formation of an association between the feared stimulus and socially engaging play and humor, which runs counter to the fear response. This model fits well with what is known of the atypical amygdala-prefrontal connectivity thought to be responsible for more pronounced fear associations and subsequent responses (Meyer-Lindenberg et al., 2005).

This play- and humor-infused exposure intervention explicitly uses a therapist–child interactive play-based approach to deliver the therapy to children. The study therapist demonstrated some common patterns related to stimulus type (media, toy, or actual stimulus) and type of exposure (pure exposure or exposure with play and humor). Media examples of the feared stimulus were most often used within pure exposures (i.e., no play or humor). Toy versions of the feared stimulus and the (actual) feared stimulus were typically presented and incorporated within play- and humor-based exposures. This highlights the developmentally attuned nature of the therapeutic approach. By infusing more play and humor into the exposures as the child progresses up the fear hierarchy, the therapist is able to co-regulate with the child and thus the child is able to sustain emotional regulation, minimize distress and anxiety while simultaneously allowing for continued engagement and increasingly more direct contact with the feared stimulus. The feared stimulus is gradually incorporated into the sessions. As designed, this intervention is largely therapist-led, in the presence of the parent. Nevertheless, during this intervention, we observed some parent involvement in the exposures for one participant. It is likely that parental involvement would indeed facilitate generalization of the skills to the home environment. Therefore, future work developing this intervention approach may benefit from more explicit guidance of parents as play- and humor-infused exposure facilitators.

The combination of both behavioral (exposure, systematic desensitization, and counterconditioning) and play-based (age-appropriate social adult–child play development) approaches may be especially well-suited for children with Williams syndrome. The gregarious nature of children with Williams syndrome may mask the underlying emotion dysregulation stemming from anxiety. The focus of this intervention for children with Williams syndrome was to improve emotion regulation relating to specific phobias by building coping skills through social play-based approaches (Farrell et al., 2018) which leverages the social nature and motivation of children with Williams syndrome.

Patterns related to the use of invited attention were also observed. In the context of this study, invited attention was coded when one of the following techniques was observed: priming before an exposure began, narration during or immediately after an exposure, or gesture or verbal prompts during an exposure to direct or redirect the child's attention. Across participants in this sample, the therapist invited attention to the feared stimulus both before and after particular child behaviors were observed. Specifically, the therapist often primed the child before beginning an exposure. The use of narration and exaggerated emotion modeling (e.g., personifying a toy to cry when in the presence of the feared stimulus) was used with all children in this study to encourage continued engagement and promote co-regulation by joining the child in their fear. This approach leverages the empathic and social nature of children with Williams syndrome, by allowing them to experience discomfort and co-regulate with the therapist in a safe and supportive setting. By joining each child in their fear during exposures, the therapist helped them work through these more difficult and uncomfortable emotions (e.g., fear) while gently encouraging their progress through increasingly challenging levels of the fear hierarchy. In some instances, over the course of the intervention, a child even comforted the personified toy (e.g., “it's okay, it's not that loud”). Additionally, when a child's behavior was not clearly positive or negative (i.e., tolerant), the therapist frequently used redirection to prevent escalated anxiety and to promote continued engagement in the exposure activity. The therapist-initiated techniques were often tailored to the individual needs of each child to facilitate progress through the fear hierarchies and ultimately reduce distress in the presence of the phobic stimulus.

Although children with Williams syndrome tend to have auditory-based phobias, the underlying etiology of these sound sensitivities is still undefined. Noise sensitivities may be associated with biological or cognitive behavioral mechanisms. Hyperacusis (i.e., hearing disorder of sensitivity) and phonophobia (i.e., anxiety disorder relating to fear of specific sounds) are two concerns that are commonly expressed by people with Williams syndrome (Silva et al., 2021). Rates as high as 95% (Klein et al., 1990; Nigam and Samuel, 1994) have been reported for people with Williams syndrome and co-occurring hyperacusis, with even more severe symptoms among children (Gothelf et al., 2006). The vulnerability to hyperacusis may be due to the genetic underpinnings of Williams syndrome. Two genes that are deleted on chromosome 7q11.23, one responsible for elastin (ELN) and the other (LIMK-1) dedicated to encoding a serine/threonine kinase, may provide a biologically based explanation for hyperacusis. Deficiencies in elastin may stiffen the stapedius tendon, which is responsible for sound regulation, and may therefore contribute to hyperacusis (Levitin et al., 2005; Prasad et al., 2019). Additionally, the LIMK-1 gene is responsible for the regulation of outer hair cell movement, and dysfunction in this gene has been suggested to increase sound amplification and subsequent startle response to auditory stimuli (Stanyon and Bernard, 1999; Meng et al., 2002; Matsumoto et al., 2011; Tyler et al., 2014). Further research is needed to provide clearer characterization of sound processing abilities and dysfunction among people with Williams syndrome, with particular attention toward the presentation of simultaneous aversion and keen interest in certain sounds (Krilčić and Petranović, 2017). A case study examined the effectiveness of a modified CBT intervention on anxiety and avoidance related to noise sensitivity in an adolescent with autism spectrum disorder and co-occurring intellectual disability (Fodstad et al., 2021). Treatment progress in this study was defined as improved tolerance to auditory input and reduced problem behaviors, with predefined coping skills available for participant use during exposure to such noise. Our current research study aligns with this procedure by allowing participants to engage in simultaneous negative and positive physical behaviors in the presence of the auditory-based feared stimulus (e.g., Beth covering her ears while also approaching a blender turned on), to ultimately increase emotional regulation in the presence of the feared stimulus in naturalistic settings. It is notable that evidence-based treatments for misophonia are largely exposure-based (Bernstein et al., 2013; McGuire et al., 2015; Reid et al., 2016). It may be that developmentally, when the children are young, they may be vulnerable to actual intense discomfort in response to some sounds. Physiologically, this may improve as they physically develop, yet the initial frightening experiences may evolve into an emotionally based phobia, with or without continued sensory sensitivity. Taking sound sensitivities into consideration, it is important to note that the brief play-and humor-infused exposure intervention used in this study demonstrated effectiveness for all four children, regardless of the etiology of such noise sensitivities.



Limitations and future directions

Limitations include a very small sample size (n = 4) and an A-B single-subject research design, which limit the generalizability of findings. This sample is made up of four participants who were White, hence lacked racial diversity. Recruitment strategies to diversify samples in future studies are needed. Furthermore, there were limitations to the behavior coding scheme. Specifically, the behavior coding scheme focused on coding the child's primary fear only (identified during the initial functional assessment interview) and did not capture the intensity of the stimulus sound or the intensity of the child's verbal responses (e.g., volume of protest). Therapist behavior patterns of exposure using sequenced feared stimuli across sessions that included secondary feared stimuli (identified during the functional assessment interview) were not coded (e.g., exposure with the use of a thunder video as a secondary feared stimulus, followed by exposure with the primary feared stimulus of a hand dryer). Furthermore, the behavior coding scheme did not explicitly capture child-initiated coping, which was on occasion observed. For example, Ashton was exhibiting increasing fearful behaviors while the hand dryer was turned on, and he then requested the use of a thunder tube to hold and shift attention toward; after holding and listening to the thunder tube while still in the presence of the hand dryer, his observable fear response reduced. Finally, we acknowledge that behavior coding introduces the possibility of rater bias (i.e., differences between rater identities and participant identities), which we aimed to minimize through independent behavior coding by respective coders.

Further examination of the effectiveness of this approach is needed using a more controlled, multiple baseline research design. Notably, the main aim of this initial round of this research was to gather video illustrations of this play- and humor-infused exposure therapy approach to disseminate to community clinicians; none of the participants completed what would be considered a full round of the intervention. Future research would benefit from collection of more systematic baseline and follow-up data as well as inclusion of community clinicians who can implement the appropriate length of intervention based on the specific needs of the child without the time constraints inherent in the design of the current study. Future studies may also explore associations between the auditory intensity of feared stimuli and the intensity of the child response, or physiological response to the feared stimuli, to better characterize the etiology of sound sensitivities among children with Williams syndrome and provide recommendations on intervention modifications based on co-occurring conditions (e.g., hyperacusis, misophonia, phonophonia, and ASD) and degree of general cognitive and language difficulties. Additionally, the role of parent psychoeducation within this play- and humor-infused exposure therapy may be investigated in future research. Specifically, examination of the effects of parent psychoeducation about mechanisms for fear and anxiety and parental instruction in the use of play- and humor-infused approaches on the sustained impact of the intervention within the naturalistic environment is warranted.



Conclusion

This study adds to the sparse research on the utility and effectiveness of interventions for children with Williams syndrome and co-occurring fears and phobias. Specifically, the findings of the current study provide support for increased emotion regulation in the form of improved tolerance of the feared stimulus and/or the ability to progress through the fear hierarchy (i.e., media version to toy version to real-world stimulus) following a brief social play- and humor-infused exposure therapy approach with four children with Williams syndrome and co-occurring fears and phobias based on observational behavior coding. For two of the four children, improvements were evident in a move beyond tolerating the feared stimulus toward increased positive behaviors with the feared stimulus across sessions. All four children in this sample progressed through their fear hierarchy and were able to tolerate or even positively engage with the real-world previously feared stimulus by the final therapy session. This line of research provides evidentiary support for developmentally attuned approaches to exposure-based interventions for children with Williams syndrome, adding to the paucity of treatment development literature addressing anxiety and phobias in children with rare neurogenic conditions.
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Introduction: Odors are closely linked to emotions, play an important role in the well-being of individuals and can influence mood. Despite these crucial properties, the hedonic responses to odors of people with profound intellectual and multiple disabilities (PIMD) remain little explored.

Aim: This within-subjects study aims to examine whether children and young people with PIMD react in a differentiated way to odors evaluated as pleasant or unpleasant by neurotypical adults and, if so, with which behaviors. The influence of their global mood on their emotional responses to odors is also examined.

Method: Twenty children and young people (7–18 years old) with PIMD were exposed to four pairs of hedonically contrasted odors. A control stimulus was presented before each odorant. Five emotional responses, one physiological reaction (nausea reactions), and three responses reflecting approach toward or avoidance of the stimulus were recorded throughout the duration of the stimulus exposure. The participants’ global mood status was measured before the start of the research with the French version of the Mood, Interest and Pleasure Questionnaire (Ross and Oliver, 2003).

Results: The results show that when exposed to pleasant odorants, participants kept their heads aligned with the odorant source longer, smiled longer, and produced more positive vocalizations. In contrast, unpleasant odorants elicit more pouts and grimaces. Nausea reactions occurred in the presence of unpleasant odorants. The hedonic responses were more marked during the second presentation of the stimuli. Participants with a higher MIPQ score showed significantly more emotional reactions to odors.

Conclusion: The results confirm the presence of olfactory preferences in participants with PIMD and the existence of a link between their mood, emotions and olfactory hedonic processing. They prompt the use of odors to support not only the cognitive development of this population, but also their mood and their emotional regulation abilities.

KEYWORDS
 profound intellectual and multiple disabilities, olfactory hedonic processing, olfaction, mood, emotion


1. Introduction

Profound intellectual and multiple disabilities (PIMD) refer to profound cognitive and motor impairments, as well as health problems and/or sensory limitations, mostly due to pre- or peri-natal causes (1, 2). For caregivers concerned about this population’s well-being and mental health, it is important to know how positive or negative affective messages are conveyed by individuals with very limited or non-existent expressive language (3). However, little is known about how people with PIMD express themselves, how differentiated their responses are, and whether their emotions are congruent with their internal states or the characteristics of the stimulus. This study aimed at exploring odor hedonic responses in children and young people with PIMD and to explore the link with their mood.

Odor hedonics refers to the ability to assign valences to perceived odors and express olfactory preferences. Olfactive processing includes detection, habituation, identification, discrimination and preference abilities, that can be studied separately, even if they operate closely together and interact most frequently (4). Experiencing pleasure and displeasure is a fundamental part of life and a core process of motivational and bodily state (5). Odors inducing pleasure are perceived as beneficial by the organism, which tries to approach and/or explore them. In contrast, the organism tries to move away from or reject odors causing displeasure and are perceived as negative. Emotions or feelings of positive value, characterized by enjoyment, happiness or satisfaction, often accompany odors perceived as positive, while emotions of negative value usually induce discomfort or dissatisfaction (6). However, literature in typical population shows that hedonic evaluation differs depending on age, the averages of the pleasantness ratings in children under 12 years old being usually higher than in adolescents or adults (7, 8).

A few exceptions aside, sensory studies in PIMD mainly focused on vision and audition and research on hedonic olfactory processing is still in its infancy (9). However, Vlaskamp and Cuppen-Fonteine (10) found that the reactions of children with PIMD to pleasant and potentially comforting odors were more reliably reported by their teachers than their reactions to other stimuli. An explanation might be that the reactions of children with PIMD to olfactory stimuli are less ambiguous than their reactions to other sensory stimuli, that these children rely more on the sense of smell in comparison to other senses, and/or that the emotional component, which is known to be strongly linked to odor processing, induces more explicit reactions in odorous conditions. Although, Soussignan et al. (11) found that odors elicit spontaneous highly legible reactions in a clinical population made up of children with severe developmental disorders and no verbal language, Lima et al. (12), who presented stimuli from five different sensory modalities (visual, auditory, olfactory, gustatory, and tactile) to three children with PIMD, reported heart rate and electrodermal reactions, but no behavioral responses to two odors (vanilla, orange) and one trigeminal stimulus (vinegar) supposed to induce contrasted emotional reactions. In a second study involving a 3-year-old boy with PIMD, the same authors (13) observed no responses at all for vanilla, physiological responses to orange, and both behavioral and physiological responses to vinegar. They also reported that their participants did not exhibit observable distress or defensive responses to vinegar, a potentially aversive stimulus, but a consistent increase in motor activity, occurring simultaneously with acceleration in heart rate, that nevertheless could suggest some degree of discomfort. The authors concluded that, at least under their exposure conditions in which the stimulus was presented for 5 s only, the behavioral responses of people with PIMD to odorous, respectively trigeminal stimuli, were either limited and hardly visible or absent.

The lack of scientific knowledge about the hedonic olfaction of people with PIMD is problematic because odors are particularly powerful, both in humans and animals. They may relieve pain, reduce stress and promote well-being thanks to the unique characteristics of odor processing and anatomical and psychological ties that it shares with emotions (14–16). First, the chemical senses project onto regions of the brain that also process basic affects and reward, cortical and subcortical cerebral areas involved in the perception of emotion are therefore related to the olfactory structures (17). Second, similarity judgment studies have shown that the affective dimension of smells is one of the most salient, and odors are appropriate stimuli to generate affects (18). Literature reports that they can act on mood (15) as well as on perceived emotions (19–21), the latter being linked to the activation of the autonomous nervous system. Odors can influence the way individuals interact with others and perceive their environment. They can particularly regulate positive or negative emotional states and mood. They also can modulate behavior (toward food for example), cognition, learning processes, memories and reactions to certain events, consciously or not. Finally, beyond its strong emotional tone, olfaction is also characterized by its distal component, enabling a non-intrusive approach (e.g., compared to other emotional distal senses such as gustation or texture sensitivity).

Olfactory experience begins during the third trimester of gestation thanks to the amniotic fluid and the placenta that allow the baby to be in contact with various external odorous substances (e.g., food, smoke, perfume). At the time of birth, life becomes air-dependent and the little human consolidates and diversifies their olfactory experience. Rooted in both prenatal and postnatal experiences, encounters with odors elicit the individual’s various emotions and reactions, including appetence and rejection (22). Most human emotional responses to odors are triggered by association learning and encounters with certain odors in their daily lives play a big role in individuals’ olfactory preferences (14).

Odors elicit behavioral and/or psycho-physiological manifestations, which often occur simultaneously (23, 24) and are observed both in typical children and adults (4). Three types of factors can modulate or alter a response: namely the characteristics of the odorant itself, those of the perceiver, or both of them together (6). The individual’s internal affective state, particularly their mood is a well-known modulator of hedonic response, and vice versa (25). Because they interact closely, overlap heavily and connect in a bidirectional way, emotions and mood are often mistaken for each other (26). However, emotions refer to short-lived, event- or stimulus-driven immediate responses to the anticipation or occurrence of rewarding or punishing stimuli or events, while mood is depicted as a long-lasting affective state which is internally generated and not necessarily induced by a specific situation (27). People with PIMD, children as well as adults, are not spared from low mood or even depression. Families and professionals who describe signs of deep psychological distress in some of them, manifested by agitation, screaming, crying, but also more passive signs, such as the absence of communication, withdrawal, lack of facial expression, attribute their causes to loneliness, regression of abilities, physical pain and/or epilepsy (28). Affective disorders, which are very difficult to assess in this population, who do not communicate verbally (3), are suspected to reach a prevalence of 30% (29). Because they both have limited access to symbolic communication, people with PIMD, like typical young children, rely heavily on their caregivers to modulate their emotions. Self-control is very challenging for them and extremely understudied, even if a few authors however report the presence of simple non-verbal strategies such as, for instance, gaze shifting, behaviorally driven situation modification or response modulation (30, 31).

Considering the need to maximize the well-being of people with PIMD and to promote support to them, and in light of the identified gaps in the current knowledge about how individuals with PIMD process pleasant or unpleasant odors and the fact that, in the general population, the hedonic processing of odors is related to mood, this study raised the three following research questions: (1) What kind of behavioral manifestations do children and young adults with PIMD express when presented with a pleasant vs. an unpleasant odorant? (2) Are these behavioral manifestations hedonically differentiated? (3) Does the global mood of children and young adults with PIMD influence their behavioral responses to odors? Do age (puberty), or feeding mode, also influence these responses?



2. Participants, materials and methods


2.1. Ethics and general design

Three specialized schools participated in the study. Ethical approval was given by the Geneva and Vaud Ethics Committees (ID: 2019-00234). Written consent was obtained from parents or legal guardians before the start of the study. To respect the well-being of the highly vulnerable participants, the session was postponed if the participant’s state of alertness, fatigue or health required it. Participant’s participation was permanently discontinued if they showed discomfort after two sessions.

A within-subjects experimental design was chosen to explore the research questions. The experimental manipulation of the odors appeared to be the better option to study odor processing in this population. Previous literature has indeed noticed that smelling behaviors are difficult to observe in ecological conditions and that, in such contexts, the researchers themselves are not always aware of the presence of the odors (9). We decided against creating a control group. The first reason is the insoluble problem of finding matching criteria with people with PIMD (32); the second lies in the limited constructive scope of comparative studies that focus on the difficulties of people with disabilities compared to typical people, and not on the functioning of people with disabilities per se.



2.2. Participants


2.2.1. Selection criteria

Direct support workers from the three participating schools were asked to select all participants meeting the following inclusion criteria: (1) presenting the key characteristics of PIMD (1); (2) being aged between 7 and 18 years and (3) attending the school for at least 6 months at the time of recruitment. Children and young people presenting food allergies or chronic airway problems with indication of daily respiratory therapy were excluded.



2.2.2. Experimental sample—demographic characteristics

Thirty-one children and young people were identified. However, four were removed from the list after a thorough check between the researchers and the schools due to uncertain key characteristics of PIMD; two families declined the participation call; three participants left the study at the very beginning of the data collection: two because of severe health problems and a third because he could not stand the experimental setting. A further two left due to organizational constraints at the time of data collection, including a hospitalization. The final sample contained 20 participants aged between 7 and 18 years (M = 13.2 years; SD = 3.5), comprising two 7-year-olds, one 8-year-old, two 10-year-olds, two 11-year-olds, one 12-year-old, two 13-year-olds, two 14-year-olds, one 15-year-old, two 16-year-olds, three 17-year-olds and two 18-year-olds. Clinical characteristics: Most participants were impacted by pre- or perinatal causes (i.e., maternal hemorrhage during pregnancy; neonatal anoxia; epileptic encephalopathy of genetic origin; neonatal herpes simplex virus infection; adrenoleukodystrophy; Christianson syndrome; Wolf-Hirschhorn syndrome; startle syndrome; partial trisomy 9; cerebral palsy; multicystic encephalomalacia). PIMD was acquired in two participants, one as a result of an acute encephalopathy when he was 2 years old, the other because of a head injury at 18 months. Etiology was unknown for two and the onset of epileptic encephalopathies uncertain for the last two (Table 1).



TABLE 1 Participants’ characteristics.
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2.3. Odor stimuli


2.3.1. Selection of odorants

A set of 18 stimuli was preselected by the researchers in collaboration with one of the schools that initiated the research. Odors that were common or likely to be encountered by participants in their daily life were given priority. The hedonicity of the stimuli was evaluated by neurotypical adults and not by the participants on a 3-level categorical scale: U=Unpleasant; N=Neither pleasant nor unpleasant; P=Pleasant. The adult group comprised 8 men and 21 women: three 18–29 years old, twelve 30–39 years old, eight 40–49 years old, four 50–59 years old and one 60–69 years old. Odor perceived intensity was determined by the same individuals on a 9-level Likert scale (1 = no odor at all to 9 = extremely strong odor). The concentration of non-commercial odorants was manipulated to select those of medium intensity according to neurotypical judgments (33, 34). Eight hedonically contrasted odorants were selected. Two odors came from the standardized “Sniffin’ Sticks Test” manufactured by Burghart Messtechnik GmbH,1 five were produced by the Swiss manufacturer of flavors and fragrances Givaudan, Geneva, one, hand sanitizer [Sterilium®], comes from a commercially available product and was chosen because it was used by school staff for their own hand hygiene. An odorless stimulus—dipropylene glycol—was used as control.



2.3.2. Stimulus properties

Four of the eight stimuli were considered pleasant by typical adult raters, and four unpleasant. Intensity ranged between 3.59 and 6.45, with an average of 5.01 for pleasant and 5.59 for unpleasant stimuli on a scale of 9. Participants’ stimuli familiarity, checked by their parents or legal guardians on a binary scale (0 = unfamiliar or not familiar at all; 1 = somewhat familiar or very familiar), ranged between 0.13 (lily of the valley) and 0.81 (cheese), with an average of 0.34 for pleasant and 0.51 for unpleasant stimuli on a scale of 1.



2.3.3. Stimulus delivery device

The odors were presented at ambient temperature in a 14 cm long and 1.3 cm diameter Burghart pen-like device (Burghart Medical Technology) using a tripod with an articulated arm and a clip. The device was made from an adjustable microphone stand with a telescopic 70 cm long swivel arm to prevent the researcher from bringing his or her hand too close to the participant’s face and hiding their face. During the odor presentation, the tip of the stick was protected by a rubber tube to prevent direct contact with the mouth or any other part of the participants’ face (Figure 1). Each stick was stored in a hermetically sealed glass container to avoid contamination and to minimize loss due to solvent evaporation between sessions.

[image: Figure 1]

FIGURE 1
 Clip holding the delivery device with its protective cylindrical ring.




2.3.4. Stimuli delivery sequences

Stimuli were combined to form food and non-food pairs, respectively. The first, which are usually processed retronasally, may elicit a different hedonic experience in comparison to the second, which have a high orthonasal but low retronasal familiarity (35). Food pairs were: orange-garlic and cinnamon-cheese. Non-food were: lily of the valley-sweat and summer rain-hand sanitizer odors. Each pair teamed a pleasant (OP) with an unpleasant stimulus (OU). See Table 2 for the characteristics of the pairs.



TABLE 2 Identity, concentration, origin and average values (±standard deviations) of odor properties as reported by a panel of neurotypical adults.
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2.4. Experimental setting


2.4.1. Physical environment

The experiment took place in the participants’ schools. Quiet, easily ventilated rooms, far from the kitchen and/or places that may generate odors (laundry), were used. To limit competing visual or auditory stimuli during the sessions, adjustments were made such as drawing the curtains, partially lowering the blinds, hiding potentially attractive objects, etc. The experimenters and the teacher were careful not to wear perfume and not to bring food into the rooms. The researcher presenting the stimuli wore cotton gloves to prevent contamination of the odorants when handling the sticks. The rooms were aired before and after each session, as well as before and after each participant. A white 12.5 cm x 12.5 cm grid was used to harmonize the flat surface behind the participant and provide marks for adjusting the zoom. It also facilitated the coding of some indicators, such as head displacements. The rest of the material consisted of a transparent pouch containing numbered cards corresponding to the steps of the study and the odorants presented. This pouch was fixed on the black screen behind the participant and the experimenter changed the cards as the stimuli were presented. Finally, the equipment included a poster informing that the experiment was in progress to avoid inopportune interruptions, photographs of the participant and experimenters, as well as pictograms to present the stages of the session to the participant and a small bell to announce the beginning and end of the test to the participant.



2.4.2. Participants’ condition

The test procedure took place during school time (9–11:30 or 13:45–16:00). Sessions and lunchtime were a minimum half hour apart to limit the influence of the participants’ satiety or hunger state on their hedonic olfactory responsiveness. The interval was respected independently of the participants’ feeding mode (blended, chunky, partial or full enteral), the influence of which on hedonic responses is unknown. As epilepsy is a high comorbidity in people with PIMD and can cause loss of consciousness and altered perception of the environment, monitoring it throughout the session was of great importance. The presence of a direct support worker who knew the participant well was systematically organized during the data collection to alert the researchers to possible seizures and ensure the participant’s well-being and safety. Before each session, the researchers asked about the participant’s current state of health and alertness and decided with the teacher if the session could take place or would have to be postponed. Finally, determining the positioning of the participant during the presentation of the odors was essential so that, to the extent of their possibilities, the participant had as much freedom of movement as possible. For this reason, a member of the research team met every participant a few weeks before the data collection and asked about the type of personal seat used by the participant to be sure that this seat allows enough freedom of movement and minimizes tonic and motor fluctuations. If necessary, a better postural adaptation was sought with the participant’s physio- and/or occupational therapists, i.e., introduction of a headrest or support behind the neck for the sessions. The pilot study confirmed that the sitting position in the participant’s own seat was favorable to present the odors.



2.4.3. Social environment

The experiment was attended by the participant, a direct support worker who knew the participant well, and two researchers. At the time the odors were presented, the experimenters and the teacher refrained from speaking to the participant so that they could focus their full attention on the olfactory stimuli. Nonverbal interactions with the participant were also kept to a minimum (without appearing totally indifferent) so as not to bias the observations.




2.5. Experimental procedure


2.5.1. Experimental design

To avoid a possible fatigue and olfactory saturation effect, data were collected in four sessions –one pair of odors per session– spaced about 1 week apart (one session/week for 4 weeks). The total assessment time for each session was 4 min per participant. Of the 20 participants, 19 completed the four sessions, i.e., were exposed to the eight odors, while one was only exposed to six odors as he was absent at a session. The dataset results in a total of 158 records (19 × 8 + 1 × 6). Each session involved the odor pairs and the control stimulus being presented twice (T1 and T2) alternately for 30 s each. Thirty-second exposure was chosen to be enough long to observe how the participants react and cope emotionally with the odor. For the interstimulus interval, 30 s are usually considered enough time for the olfactory recovery between two odorous stimuli (36). We decided to not counterbalance the order of the stimuli across the sessions to (1) avoid exposing participants to two successive unpleasant stimuli at the start or end of the session and (2) because in contrast to typical participants, participants with severe neurodevelopmental disorders do not exert control over their spontaneous facial configuration (11). Their responses are therefore unlikely to be biased by social expectations. Table 3 shows the sequence of stimuli presentation for each pair.



TABLE 3 Sequence of presentation of pairs of odors.
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2.5.2. Procedure

The experiment was preceded by (1) a pilot study and (2) a preliminary contact with the participant. The pilot study was conducted with five children and young adults with PIMD who were not part of the sample. The aim was to decide how the stimuli should be presented (sticks or bottle), to test the procedure (session duration, tolerance of participants toward the setting, experimenters’ and participants’ locations) and to confirm the predicted indicators. The pilot study showed the advantage of sticks over bottles in terms of ease of handling. It also showed the need to add the protective rubber tube at the end of the stick. It confirmed that the participants were tolerant toward the setting and the duration of the sessions. Finally, it confirmed the selection of the panel of indicators.

The purpose of the preliminary meeting was to allow the experimenter to meet each participant for half a day, around 2 weeks before the experiment, to get to know them and discuss adaptations and organizational points with their teachers (i.e., when, morning or afternoon, the participant’s state of awareness was more favorable, determining the positioning of the participant during the presentation etc.).



2.5.3. Experimenters’ operational roles

Two researchers and the participant’s teacher or educator were present during the data collection. The researcher, who presented the stimuli to the participant, stood either to the right or left of the participant, alternating from one session to another to avoid participant orientation bias. The second researcher oversaw time indications and made sure that both cameras were working properly. The participant’s teacher or educator attended the session for the safety reasons described above. The researcher who presented the stimuli to the participant opened the stick, fixed it on the clip and presented it about 2 cm in front of the participant’s nose, between their nose and chin (12). Sessions were videotaped by 2 digital camcorders located 2 meters in front of the participant, one focusing on the participant’s face, the other on his or her body. For close-up framing, the camera focus on the participant’s face was 3 background black screen squares high by 5 wide (37.5 × 62.5 cm). For wide frame, the participant had to be seen from head to toe. Neither the researchers nor the teacher or educator spoke to the participant between the beginning and the end of the presentation of the odorants. The researchers were not blind to the kind of stimulus presented.




2.6. Behavioral variables and coding


2.6.1. Definition of the variables

Five hedonic indicators, i.e., smiles, positive vocalizations, pouts, negative vocalizations, emotional outburst, plus nausea reactions as physical response, were recorded throughout the duration of exposure to the stimuli. The selection of these indicators was based on two rationales: (1) that they have been reported in the developmental literature [(37) for a systematic review] and that they (2) belonged to the register of behaviors of people with PIMD (3, 9, 38, 39). As a positive hedonic attribution usually induces approach or avoidance behavior (5), three more indicators were used, namely: head alignment on the stick, nose/hand coordination on the stick and attempts to reject the stick, resulting in nine indicators in total. Depending on the relevance for the target behavior, five behaviors were coded on duration (head alignment on the stick, nose/hand/stick coordination, smile, positive vocalizations, negative vocalizations) and four on occurrences (pouts, attempts to reject the odor, emotional outbursts and nausea reactions). This choice was validated by the practicality of the measurement, methodological recommendations (40), coding procedure used in olfaction research on newborns and young children (41), and the results of the pilot study.



2.6.2. Approach or avoidance responses

The head alignment on the stick was coded when the participant was holding their head up (immobile or with very slight movements) and aligned on the axis of the stick (the projected straight line as a continuation of the stick reaching the nostrils). With regard to the stick rejection, the behavior had to appear within 2 s after the insertion of the stick, the participant pushing either the holder or the stick away from under their nose or genuinely turning their head away while it was aligned with the odorant at the moment of presentation, i.e., the angle of the head in relation to the stick ends up at about 45° (perpendicular). Nose/hand coordination on the stick was coded when the participant grasped the stick under their nose without moving it maintaining the nose motionless aligned with the stick, or making small lateral head movements the nose on the stick or when they applied lateral or vertical movements to the stick in the proximity of their nose.



2.6.3. Hedonic responses

Smiling was defined as the elevation of the two corners of the mouth (42), with the mouth open or closed (43); rictus due to epileptic manifestations or paradoxical smiles and social smiles directed toward persons were excluded. Pouting referred to momentary deformations of the face. i.e., frowning the nose to express displeasure (pouting) or disgust (grimacing). Positive vocalizations referred to sounds produced with the vocal cords in a “positive” (e.g., cooing with pleasure, babbling) mode (44), or to vocal sounds made while smiling. Plaintive vocalizations, such as whining, moaning, screaming and/or irritated/aggrieved/enervated vocal sounds, were defined as negative vocalizations. The sounds could be single, regardless of their duration, or linked, i.e., a series of close vocal sounds, each one less than 1 s apart from the one preceding or following it. Emotional outburst refers to massive emotional reaction (e.g., cries of distress, crying, trembling, paradoxical laughter).



2.6.4. Physiological response

Nausea reactions refer to rapid and intense contraction of the pharynx, causing the opening of the mouth and usually the protrusion of the tongue (heave).



2.6.5. Coding

The coding was carried out by a team of three coders experienced in video analysis, two of them with the target group. Two had a doctoral degree in special education, the third a MA degree. Only one coder was fully blind to the odor being tested. The coding was done both in continuous and real-time measurement. The direct support workers were consulted when the coders had a doubt about certain behaviors. The coding procedure was set up in the EUDICO Linguistic Annotator (ELAN) Software version 5.9 (Max Planck Institute for Psycholinguistics, Nijmegen, The Netherlands). A refined reliability assessment procedure using EasyDIAg algorithm (45) was used to check both the observers’ agreement about presence/absence of a behavior and the temporal overlap of their coding. The reliability value (kappa) was calculated on 20% of the data. The accuracy of the grid makes it possible to reach a satisfactory interobserver agreement for 5 out 9 indicators: head alignment on the stick (k = 0.83); smiling (k = 0.72); pouting (k = 0.77); rejecting the stick (k = 0.85); positive vocalizations (k = 0.80). The interjudge of four indicators could not be calculated due to too few data. Full details on the coding procedure are available in a previous publication (33).




2.7. Measurement of mood

Nonverbal communication prevents people with PIMD from self-reporting on their emotional state (46, 47). The Mood, Interest and Pleasure Questionnaire (MIPQ) (48) was used to identify the participants’ affects. This 23-item Likert hetero-reported questionnaire is based on definitions of low mood and anhedonia outlined under the criteria for major depressive episode in DSM-IV (49), as well as on studies validating behavioral indices of the measured constructs in the population with PIMD (50). The total score is a maximum of 92 points, high scores denoting high mood and interest and pleasure levels. Both the internal consistency and interrater reliability of the French version are good [Cronbach’s alpha = 0.97 for the total scale; Pearson r = 0.90, (51)]. The study required the participant’s teacher or a member of the educational team to complete the MIPQ with reference to the two preceding weeks.



2.8. Statistical analyses

As the data was not normally distributed, nonparametric statistics were used to perform the analyses. A Wilcoxon signed ranks test was used to compare the responses between pleasant and unpleasant modalities as well as at time 1 and time 2. Effect sizes for the Wilcoxon signed ranks test were calculated according to Pallant (52) that is by dividing the Z value of the test by the square root of the number of observations [r = Z/√(n1 + n2)]. Confirmatory analyses comparing control, pleasant and unpleasant modalities, were performed with Friedman tests (χ2), alpha level at 0.05 (unilateral) with Dunn-Bonferroni post hoc tests with a correction for multiple testing being used for pairwise comparisons. Effect sizes were carried out with Kendall W statistics. The role of the mood, age (puberty), and feeding mode, on the olfactory responses was investigated thanks to generalized linear mixed models (t). The participants were divided into two groups based on their MIPQ scores for this analysis. Group 1 includes participants who scored less than 60 in total and/or obtained low scores on 2 out of the 3 MIPQ subscales (i.e., positive mood score ≤ 23, interest score ≤ 17 or negative mood score ≤ 17) and were therefore considered to have a low general mood. Group 2 includes participants who scored above these cutoffs. Two groups were also formed to study the influence of puberty (“up to 11 years” vs. “12 years old and over”), and two others to study feeding mode (“blendy and chunky” vs. “complete or partial enteral feeding mode”). All analyses were performed using SPSS software version 26.0.0 (IBM Corp.). No analysis was carried out for the indicator “emotional outburst, which did not obtain any occurrences.




3. Results


3.1. Participants’ responses to pleasant vs. unpleasant odors and control stick

The first analysis aimed to answer the first two research questions, namely, to explore if the participants exhibited differentiated behaviors in the presence of pleasant vs. unpleasant odors and, if so, how? For this analysis, the participants’ (n = 20) responses to all pleasant odorants (orange, cinnamon, lily of the valley, summer rain) were compared to those to all unpleasant odorants (garlic, sweat, cheese, hand sanitizer) on time 1 (T1) and 2 (T2) aggregated (Table 4). For greater clarity of the results, we replaced the medians (Mdn), which were often small, by the means (M) and the standard deviations (SD) in the Wilcoxon statistics. The results show that the participants responded significantly differently when presented with pleasant vs. unpleasant odors for five of the nine responses studied. They emitted more positive vocalizations (MPleasant = 1.09 s, SD = 3.51, MUnpleasant = 0.36 s, SD = 1.56, Z = −3.05, p = 0.001, r = 0.25) and smiled longer when presented with pleasant odors than with unpleasant odors (MPleasant = 4.11 s, SD = 7.75, MUnpleasant = 2.81 s, SD = 6.08, Z = −1.77, p = 0.039, r = 0.14). Faced with unpleasant odors, the participants exhibited significantly more pouting in comparison to pleasant odors (MUnpleasant = 1.78, SD = 2.27, MPleasant = 0.70, SD = 1.82, Z = −4.60, p < 0.001, r = 0.37). It was also noticed that nausea reactions were manifested only in the presence of unpleasant stimuli (MUnpleasant = 0.12, SD = 0.54, MPleasant = 0, SD = 0, Z = −2.06, p = 0.020). Because of the scarcity of the nausea reaction manifested by four participants with three unpleasant odors out of four, i.e., garlic, sweat and hand sanitizer triggered such a response, but not cheese, the effect size was small (r = 0.17). Finally, about approach or avoidance behaviors, participants aligned their heads in line with the source significantly longer when they were exposed to the pleasant odors compared to the unpleasant (MPleasant = 27.24 s, SD = 15.76, MUnpleasant = 24.32 s, SD = 15.18, Z = − 2.11, p = 0.017, r = 0.17).



TABLE 4 Responses per odor (times 1 and 2 aggregated).
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A verification of the results using a Friedman test, which is a more conservative test allowing more than two conditions to be compared, and thus enabling the previous comparison to be extended to the control modality, confirms the significant influence of the hedonic modality on two indicators. The results confirm the significant effect of the hedonic modality on the duration of participants’ head alignment on the stick [X2 (2, n = 20) = 6.30, p = 0.021], with an effect size that could be described as small (W = 0.178) and pairwise comparisons with Dunn-Bonferroni corrected for multiple testing showing that the head alignment is significantly longer when participants are exposed to pleasant compared to unpleasant odors (p = 0.026). The comparison of the three modalities (un/pleasant and control) also showed a significant effect of the hedonic modality on pouting [X2 (2, n = 20) = 18.29, p = 0.000], with an effect size that could be described as moderate to large (W = 0.457) and pairwise comparisons with Dunn-Bonferroni correction revealing that the participants exhibited significantly more pouting when faced with unpleasant odors compared to pleasant (p = 0.002), as well as when they faced unpleasant odors compared to control (p = 0.002).



3.2. Participants’ responses during the first exposure to odors vs. the second

The second analysis aimed to study whether the differences in hedonic responses were already present during the first exposure to the odor (T1) in comparison to the second (T2). The analyses were performed on all participants (n = 20). The results show that differentiated responses were already present during the first exposure. At the first exposure, participants vocalized positively significantly longer in the presence of pleasant odors (MPleasant = 0.53 s, SD = 1.67, MUnpleasant = 0.13 s, SD = 0.35, Z = −2.56, p = 0.006) and made more pouts in the presence of unpleasant ones (MUnpleasant = 0.76, SD = 1.12, MPleasant = 0.33, SD = 0.96), Z = −3.41, p < 0.001, with mean effect sizes (r = 0.20 and r = 0.27 respectively). With a smaller effect size (r = 0.14), participants smiled significantly more in the presence of pleasant odors than in the presence of unpleasant odors (MPleasant = 2.19 s, SD = 4.17, MUnpleasant = 1.43 s, SD = 3.05, Z = −1.72, p = 0.043).

At the second exposure, participants vocalized positively for significantly longer in the presence of pleasant odors (MPleasant = 0.59 s, SD = 2.19, MUnpleasant = 0.27 s, SD = 1.42, Z = −2.39, p = 0.009, r = 0.19). In contrast, they made significantly more pouting and faces (MUnpleasant = 0.95, SD = 1.54, MPleasant = 0.33, SD = 0.97, Z = −3.89, p < 0.001) and longer negative vocalizations (MUnpleasant = 0.195 s, SD = 0.71, MPleasant = 0.12, SD = 0.86, Z = −2.04, p = 0.021), in the presence of unpleasant stimuli, with moderate (r = 0.31) and small (r = 0.16) effect sizes, respectively. They exhibited nausea reactions only with unpleasant odorants (MUnpleasant = 0.08, SD = 0.31, MPleasant = 0, SD = 0, Z = −2.12, p = 0.034, r = 17). With smaller effect sizes, participants held their heads aligned on the stick significantly longer (MPleasant = 14.02 s, SD = 9.62, MUnpleasant = 11.92 s, SD = 8.34, Z = −1.94, p = 0.026, r = 0.15) and smiled more in the presence of pleasant odors (MPleasant = 2.14 s, SD = 4.29, MUnpleasant = 1.48 s, SD = 3.75, Z = −1.65, p = 0.049, r = 0.13).

Emotional reactions at Time 1 and Time 2 considered separately are consistent with the previous analysis on T1 and T2 aggregated, with participants showing, on average, more positive emotional reactions when presented with pleasant odors and more negative emotional reactions when presented with unpleasant odors. However, we note only 3 significant indicators out of 9, at T1, but 6 out of 9, at T2. Table 5 shows the significant emotional reactions in each of the odorant presentation times.



TABLE 5 Summary of the significant results for the different measurement times.
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3.3. Impact of the mood on the participants’ olfactory hedonic responses

The purpose of this analysis was to answer the research question about the influence of the participants’ general mood on their behavioral responses to odors. For this analysis, the participants were divided into two groups based on their MIPQ scores. The first group includes seven participants considered to have a low general mood (score total < 60); the other 13 participants were considered to have a high general mood (score total > 60). The mean overall MIPQ score is M = 46.12 (SD = 6.64) for the low mood group and M = 74.54 (SD = 6.57) for the high mood group. A generalized linear mixed model analysis ([image: image] was performed with group membership (high vs. low mood), the hedonic value of the stimulus (pleasant vs. unpleasant) and their interaction as independent variables.

The results show an interaction effect of mood and hedonic value of the stimuli on positive vocalizations. On average, participants vocalized positively longer when presented with pleasant odors (M = 0.47 s, SD = 0.14) than when presented with unpleasant odors [M = 0.18 s, SD = 0.07, F(1, 154) = 8.56, p = 0.004]. In addition, participants with a high mood vocalized longer (M = 0.62 s, SD = 0.19) than those with a low mood [M = 0.03 s, SD = 0.03, F(1,154) = 8.82, p = 0.003]. The significant interaction effect between the two factors indicates that the response of participants with high mood to pleasant vs. unpleasant odors differs significantly from those of participants with low mood (see Figure 2).

[image: Figure 2]

FIGURE 2
 Effect of mood and odor pleasantness on average (±standard deviation) duration of positive vocalizations.


About simple interactions, the results show a significant main effect of hedonic valence of odors on the head alignment duration on the stimulus [F(1, 154) = 11.19, p = 0.001] with participants remaining aligned significantly longer on pleasant (M = 28.53, SD = 2.2) than on unpleasant odorants (M = 25.39, SD = 2.26). This result is consistent with that of the first analysis. A second main effect was noted for this indicator [F(1, 154) = 8.01, p = 0.005], participants with low mood aligning their head on the stick for significantly longer (M = 33.13, SD = 3.91) than participants with high mood (M = 20.79, SD = 1.93). The third effect is that of participants’ mood on smile duration [F(1, 154) = 6.69, p = 0.011], participants with high mood smiling significantly longer (M = 4.86, SD = 1.51) than those with low mood (M = 0.76, SD = 0.47). With respect to positive vocalizations, two main effects were found: one with mood [F(1, 154) = 8.82, p = 0.003], the other with the hedonic valence of odors [F(1, 154) = 8.56, p = 0.004]. Participants with high mood vocalized positively significantly longer (M = 0.62, SD = 0.19) than those with low mood (M = 0.03, SD = 0.03), and pleasant odors triggered significantly longer positive vocalizations (M = 0.47, SD = 0.14) compared to unpleasant (M = 0.18, SD = 0.07). Finally, a significant main effect was found with respect to negative vocalization duration and mood [F(1, 154) = 4.84, p = 0.029], with participants with high mood vocalizing negatively significantly longer (M = 0.23 s, SD = 0.10) than those with low mood (M = 0.001, SD = 0.001).



3.4. Impact of the age and the feeding mode on the participants’ olfactory hedonic responses

No interactions effect were found between the hedonic value of the stimuli and the participants’ age, or their feeding mode, on the behavioral responses to odors.




4. Discussion

To date, the abilities of individuals with PIMD to express emotions have mainly been extrapolated from reporting by proxies (11). This research offers a systematic analysis of the responses of participants with PIMD to pleasant and unpleasant odorants. Three results stand out: first, the participants expressed hedonically differentiated and congruent responses to odorous stimuli of contrasted valence; second, their expressive and vocal repertoires toward odor-borne hedonic modalities seem basically the same as those observed in typical pre-verbal populations; third, the results show that their general mood has a significant influence on their emotional reactions.

Emotions are adaptive and serve as a basis for reacting to contextual events and forming representations. They also enable organisms to signal what contributes to their well-being (53). In this sense, confirming the existence of emotional discrimination abilities in individuals with PIMD is an important step and suggests a first lever for understanding their emotional balance. To our knowledge, it is the first time that an interaction effect of both mood and stimuli valence is found in this population. In a study involving 27 participants with severe and profound intellectual disability, Vos et al. (54) found single effects between stimuli valence, mood and participants’ behavioral emotion score, but they did not find any links between the three parameters. In our research, participants with low mood expressed significantly fewer contrasted emotional reactions both to pleasant and unpleasant odors, in comparison to peers with higher mood. Three models studied the link between mood and emotions (54): the Positive Attenuation model suggests that depressed people show attenuated physiological responses to stimuli with a positive valence, but that they do not differ from nondepressed individuals in their reaction to unpleasant, negatively valenced, stimuli (55); the Negative Potentiation hypothesis states that depression increases reactivity to negative stimuli that are felt even more negatively in comparison to nondepressed people, positive stimuli reactivity remaining preserved (56); finally the Emotion Context Insensitivity theory (57), with which our results are best aligned, states that low mood, depression risk, and especially diagnosed depression, lead to a general disengagement with the environment and a lack of contextually appropriate reactions to both positive and negative stimuli. Of course, emotion reactivity and emotional behaviors are two different sides of the same coin, but the comparison with these theories may draw attention to the influence of mood in the responses of people with PIMD to hedonic stimuli. It also highlights the importance of assessing emotional multiaxial indices across these individuals’ development and contexts, as for typical ones (58). Finally, our findings raise the question of the gradation of the emotions expressed, as pleasant odors trigger both significant emotional and appetitive responses, and unpleasant only emotional ones. This result can be interpreted in different ways, either people with PIMD only have limited experience of opportunities to disengage, which seems to be contradicted by the statistically significative presence of rejection reactions to odorous stimuli of any valence vs. controls; or unpleasant stimuli are sufficient to elicit negative hedonic facial reaction, but not gestural responses, which might suggest a gradation of reactions. A greater variety of responses, which was not part of the research questions, was observed during the second stimulus exposure. With regard to this result, two points come to mind. Either the repetition of the stimulus presentation offers additional time for odor exploration and helps the participants to confirm and enrich their first impressions and reactions. Or their responses are functionally correlated, and graded in terms of intensity of response between first and second presentation. From an applied perspective, and in terms of information processing and pedagogical implications, a confirmation of these interpretations might clarify the fact that the hedonic response is not fully expressed during the first contact with the stimulus and that a second exposure is necessary to trigger a fuller and more marked expression of preferences.


4.1. Limitations

Despite various precautions, this study has several limitations. The perceptual properties that is intensity, familiarity, and the trigeminal properties, were only partially or not controlled at all while this may play a salient role on odor perception and especially valence attribution (59). A second limitation is that only one of the three coders was fully blind to the experimental conditions. Another weakness is that the sample, which was heterogeneous in terms of disabilities and syndromes, can question the integrity of the participants’ olfactory system. First because, as in the typical population, they are exposed to acquired factors, such as sinonasal and upper respiratory tract infections that can alter olfaction (60). Second, because individuals with developmental delay or epilepsy are overrepresented in pediatric population with radiological anomalies of the olfactory system (61). Although the literature did not report any relationship between the participants’ disabilities and syndromes and olfaction, olfactory impairment has been reported in mesial temporal lobe epilepsy due to unilateral hippocampal sclerosis (62), and in prenatal hypoxia or herpes simplex virus in rare animal research (63, 64). It is also well known that medication can modify olfactory perception and people with PIMD are heavy consumers of medication. In our study, a medical student and a professor of pharmacology helped us to analyze the participants’ medications and to calculate the percentage of those known to interfere with the sense of smell. The analysis was based on the literature as well as the monographs about Swissmedic-approved drugs.2 Thirty-six active constituents (see Supplement 1) were identified corresponding to nearly 50 brand names, among which four were known for a potential side effect on olfaction, i.e., Topiramate (an antiepileptic), Risperidone (an antipsychotic), morphine, and Levothyroxine (hormones). Two participants were taking Topiramate, two Risperidone, one morphine and one hormonal medication; we cannot rule out that side effects on olfaction could have occurred in one or more of them. The wide participants’ age range may explain why no age effect on olfactory preferences was found, in contrasts to the typical population (22). A control group would have been welcome. Finally, asking typical children, and not typical adults, to characterize the intensity as well as the hedonic dimension of the stimuli would have made it possible to take better account of the developmental factor.




5. Conclusion and perspectives

In spite of these limitations, this study provides a more in-depth knowledge of the olfactory hedonic functioning of children and adolescents with PIMD. It also shows that despite the severity of the participants’ impairment, odors trigger clearly contrasted emotions in most participants, emphasizing the relevance of using olfactory simulation for cognitive, emotional, regulation, and well-being purposes. In this approach, given their strong interconnections, the use of odors to support emotional expression and mood regulation opens particularly interesting intervention perspectives, including the use of pleasant potentially comforting odors for therapeutic interventions. The findings should invite caregivers to pay systematized attention to somatic and whole-body responses, i.e., nauseous reactions, in daily and research settings when people are nonverbal or have few means of action on the world. Alternatives have to be found to substances inducing aversive reactions, e.g., the hand sanitizer that is used daily by educational personnel working with the participants. Finally, the findings remind us that emotional competence supposes access to the full range of emotional experiences, and that the presence of negative emotions, because of their adaptive function, is not worrying in itself, contrary to a blunted or overly vivid emotional expression (65).
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v [ Analysis J ,L

Analyzed (n = 50) Analyzed (n = 44)
Excluded from analysis (n = 0) Excluded from analysis (n = 0)
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Variable ICT

M

N (boys/girls) 50 (34/16)
Age 10.44
SES 48.88
WISC-V VCI 105.9
Race/Ethnicity (W, B, H, MR) 36,6,4,4
Medication (no/yes) 34/16
ADHD presentation (I, H/I, C) 16, 1,33
Comorbidity (no/yes) 18/32
BASC-3 emotional self-control (total raw score)

Parent 11.86

Teacher 9.44

BASC-3 negative emotionality (total raw score)
Parent 8.60
Teacher 4.96

SD

1.53
9.82
1.52

6.44
5.46

4.54
3.46

CET

M

44 (31/13)
9.96
47.06
100.82
35,5,3,1
28/16
14,1,29
16/28

11.34
11.15

8.66
598

SD

129
11.70
13.60

5.40
7.40

4.03
4.85

Cohen’s d

0.34
0.17
0.36

0.09
0.27

0.01
0.25

BFo;

4.15
1.43
3.42
0.86
34.48
3.77
66.67
31.25

4.26
222

4.61
2.48

0.80, ns
0.11, ns
0.42, ns
0.053, ns
0.64, ns
0.66, ns
0.99, ns
0.29, ns

0.68, ns
0.21, ns

0.95, ns
0.25, ns

B, black; BASC-3, behavior assessment scale for children; C, combined presentation; CET, central executive training; H, Hispanic/Latino; H/I, predominantly hyperactive/impulsive
presentation; I, predominantly inattentive presentation; ICT, inhibitory control training; MR, multiracial; SES, Hollingshead SES total score; W, white/non-Hispanic; WISC-V VCI,
WISC-V verbal comprehension index standard score; BE, Bayes factor, BF(, is the odds ratio of the evidence favoring the null to the evidence favoring the alternative hypothesis. A value

of 1 indicates that the data are equally likely under the null and alternative hypotheses, values >1 favor the null hypothesis that the groups are equivalent, and values >3 are considered

statistically significant evidence of equivalence.
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ER strategies

Isolation/withdrawal
Information avoidance
Information search

Rumination

Expressive suppression
Aggressive behaviors

Repetitive behaviors
Sharing/talking about COVID-19
Distraction

Cognitive reappraisal
Focusing on the positive

Humor

Parent shielding

Parent routine

= emotion regulation.
“p <005, **p < 0.01,

p < 0.001.

Effect of group

F(3,2251) = 3453
F(3,1584)

ne
F(3,2062) = 1244
F(3,1681) = 22.87*"
F(3,1536) =
F(3,2147) =7.04"
F(3,2245) = 843

28"

F(3,2136) = 8.33**

F(3,2127) = 1507
F(3,2026) = 0.
F(3,2248) = 12.38"

7

F(3,2123) = 1827
F(3,2278) = 0.72
F(3,2268) = 4.70°*

Effect of age

F(1,2280) = 27.15***
F(1,1997) = 14.86**
F(1,2216) = 3553
F(1,2038) = 35.05**
F(1,1966) = 16.93***
F(1,2249) = 795"
F(1,2279) = 040
F(1,2244) = 15,16
F(1,2244) = 11.29**
F(1,2206) = 1084
F(1,2282) = 878"
F(1,2242) = 6.56°
F(1,2277) = 145
F(1,2282) = 0.20

Effect of gender

F(1,2267) = 0.00
F(1,1983) = 0.27
F(1,2277) = 1.00
F(1,2281) =255
F(1,2282) = 0.00
F(1,2276) = 0.17
F(1,2272) = 0.09
F(1,2276) = 0.18
F(1,2275) = 0.40
F(1,2275) = 0.00
F(1,2258) = 1.35
F(1,2275) = 1.80
F(1,2264) = 1.41
F(1,2270) = 0.09
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Pre-treatment Evaluation

e Participants completed psychoeducational evaluation. Parents were provided with diagnostic feedback.
e Measures completed:

o Parent: BASC-3 and EDI

o Teacher: BASC-3
e Eligible participants initiated treatment following diagnostic feedback

Five weeks of treatment with CET/ICT

Mid-treatment Evaluation

e Measures completed:
o Parent: BASC-3, EDI, NICT Expectancies Questionnaire, Teacher Masking

Five weeks of treatment with CET/ICT

Post-treatment Evaluation

e Measures completed:
o Parent: BASC-3 and EDI
o Teacher: BASC-3

Two to four months with no CET/ICT
treatment or contact with the study team

Long-term follow-up Evaluation

e Measures completed:
o Parent: BASC-3 and EDI
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Session Negative behavior Tolerance of the feared stimulus Positive behavior

Ashton Beth Colton Danny Ashton Beth Colton Danny Ashton Beth

Colton Danny

Session 1 0 14 2 9 12 7 6 10 11 13 7 6
Session 2 N/A 27 0 8 N/A 5 5 6 N/A 13 9 12
Session 3 1 9 4 6 6 5 8 7 16 4 14 15
Session 4 - - 8 - - L - - 8

N/A, session was not coded for this participant.
Lag sequential frequencies of 10 or more are bolded.
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Gender

Marital status.

Ethnicity

Number of children

Children’s ages

Children’s gender

Children’ functioning

Education

Employment

Male

Female

Married
Caucasian
Pacific Islander
Other

Single child

‘Two children
“Three children
Eight children
5-9

10-17

Male

Female

Rating of 5
Rating of 4
Rating <=3
Absent data
High school or GED
College or associate’s degree
Bachelor’s degree
Master’s degree
PhD, MD, JD
Not mentioned
Full-time
Part-time
Self-employed

Homemaker

N (%)

3(11.1%)
24(88.9%)
27 (100%)
17 (63.0%)
8(29.6%)
2(7.4%)
3(111%)
19 (70.4%)
4(14.8%)
1(3.7%)
14(51.85)
13 (48.15%)
20 (74.07%)
7(25.93%)
18 (66.679%)
2(7.41%)
6(22.22%)
1(3.70%)
1(3.7%)
3(11.1%)
6(222%)
13 (48.2%)
3(111%)
1(3.7%)
9(33.3%)
9(33.3%)
2(7.4%)
6(22.2%)
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Behavior code

Negative behaviors

Operational de

Negative verbalizations

Child verbally protests the interaction with the feared stimulus (utterance) or otherwise makes sounds indicating discomfort
during exposure, such as saying “No!”, “I don’t like that” etc.(vocalization).

Negative physical

Child displays a negative physical reaction to the feared stimulus, such as cowering, backing up, or placing their hands over their
ears (i.e..avoidance).

Neutral behaviors

Tolerating presence of feared stimulus

Child does not display any observable positive or negative reaction to the exposure (feared stimulus), indicating tolerance of the
feared stimulus.

Positive behaviors

Positive verbalizations

Child verbally exhibits excitement or engagement with the feared stimulus through articulated speech (utterance) or produces
verbal indication (vocalization), grunt, or other verbal approximation indicating excitement or enjoyment during exposure, such
as saying, “I want to try”, “wow!”, etc.

Positive physical

Child displays a positive physical reaction to the feared stimulus, such as moving their body toward the feared stimulus or
engaging in exposure with physical contact, which followed a therapist/parent/caregiver prompt or cue.
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Preliminary Preliminary Ashton Beth Colton Danny
reliability reliability

Frequency Duration®* Frequency Duration* Frequency Duration®* Frequency Duration* Frequency Duration®

Negative child behaviors 88.89 % 89.10% 80% 72.67% 92.86% 94.78% 85.71% 60.44% NP NP
Negative vocalizations 80% 96.61% 100% 55.58% NP NP NP NP NP NP
Negative utterances 100% 90.27% 0% ** 0% ** 80% 45.66% 100% 53.57% NP NP
Negative physical 84.62% 87.71% 100% 77.68% 95.65% 96.88% 83.33% 61.05% NP NP
Positive child behaviors 89.74% 94.06% 86.67% 56.67% 88.89% 74.19% 86.49% 90.15% 88.89% 75.16%
Positive vocalizations 88.89% 87.51% 100% 59.63% NP NP 83.33% 56.91% NP NP
Positive utterances 84.62% 89.38% 83.33% 95.71% 95.45% 90.87% NP NP 100% 91.67%
Positive physical 94.12% 98.56% 83.33% 37.38% 82.61% 71.75% 88.00% 94.22% 87.50% 74.56%
Neutral/Tolerating child behaviors 86.21% 65.26% 91.67% 86.18% 92.31% 79.21% 86.67% 80.57% NP NP
All child codes 87.90% 71.78% 87.23% 65.41% 90.70% 81.44% 86.44% 83.79% 88.89% 75.16%
Therapist - pure exposure 92.86% 84.45% NP NP 100% 95.51% NP NP NP NP
Therapist - play and humor 83.33% 98.05% 100% 99.15% 100% 95.25% 75.00% 100% 100% 88.56%
Therapist - stimulus type: media 89.47% 97.66% NP NP 100% 95.56% NP NP NP NP
Therapist - stimulus type: toy 50% 94.52% 50% 99.48% 100% 81.75% 100% 80.79% 100% 89.42%
Therapist - stimulus type: actual 66.67% 89.06% NP NP 66.67% 83.30% 66.67% 94.74% 100% 95.29%
Therapist - directed attention 88.41% 92.67% 72.22% 85.23% 89.58% 96.03% 94.44% 82.97% 61.54% 92.29%
Therapist - passive exposure 100% 86.51% NP NP NP NP 66.67% 85.28% NP NP
Parent - pure exposure 81.25% 95.23% NP NP NP NP NP NP NP NP
Parent - play and humor N/A N/A NP NP NP NP 100% 93.17% NP NP
All therapist codes 82.46% 92.69% 70.83% 95.70% 91.78% 91.14% 80.43% 93.54% 68.75% 91.10%

Interrater reliability values are reflected as percent agreement (%).

*Duration interrater reliability values are conservative, reflecting agreement on milliseconds(ms).

**Negative utterances disagreement was a disagreement of 1 observation (frequency) and 1 second(duration).
N/A: not applicable to the videocoded.

NP: behavior code not present in this session video.
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Pa

pant pseudonym Targeted fear

Fear hierarchy

Ashton Hand dryers 1. Watched videos of a variety of hand dryers in action, with increasing volume levels
2. Used portable hand dryer in the therapy room to blow scarves, push toy school bus first with
the therapist placing the objects
3. Over time used portable hand dryer in the therapy room to blow scarves, push toy school bus
with the child placing objects
4. Visited hand dryers in nearby restrooms, taking along scarves to play with, and therapist
facilitates exposures
5. Finally, used hand dryer in naturalistic setting (i.e., public restroom) on hands, and child
initiating exposures
Beth Blenders 1. Played with toy blender with therapist initiation
2. Played with toy blender without therapist initiation
3. Watched videos of varying blenders with increasing volume
4. Therapist placed actual blender in the therapy room (unplugged) in the child’s view
5. Therapist activated actual blender in the therapy room (without content) for short durations,
with child observing/listening from next door and eventually entering the room
6. Therapist activated actual blender in the therapy room (without content) for increasingly
longer durations, with child observing/listening from next door and eventually entering the
room
7. Therapist activated actual blender in the therapy room with ice/berries, with child observing
from next door and eventually entering the room
8. Therapist activated actual blender while child was in the room
9. Therapist activated actual blender while child was in the room, with child in closer proximity
to the blender (< 3')
10. Therapist activated actual blender while child added berries
11. Child activated the blender
Colton Blood pressure (BP) cuff | 1. Therapist and child played with toy BP cuff on stuffed animal, with therapist initiating
2. Therapist and child played with real BP cuff on stuffed animal, with therapist initiating
3. Therapist and child played with toy BP cuff on stuffed animal, with child initiating
4. Therapist initiated play with toy BP cuff on therapist (e.g., arms and legs)
5. Child initiated play with toy BP cuff on therapist (e.g., arms and legs)
6. Therapist initiated play with real BP cuff on therapist
7. Child initiated or joined play with real BP cuff on therapist
8. Therapist initiated play with toy BP cuff on child
9. Therapist initiated play with real BP cuff on child
Danny Vacuum cleaners L. Therapist initiated play with toy vacuum cleaner without sound
2. Child initiated play with toy vacuum cleaner with sound
3. Watched videos of varying vacuum cleaners with increasing volume
4. Therapist presented (actual) vacuum cleaner in the room, unplugged
5. Therapist presented (actual) vacuum cleaner in the room plugged in but turned off.
6. Therapist initiated play with (actual) vacuum cleaner (turned on) in the therapy room with

the child in a separate room

7. Therapist initiated play with (actual) vacuum cleaner (turned on) in the hallway with the child
seated on rolling chair and gradually brought closer (with child’s permission) by throwing a
stuffed animal closer and closer toward the vacuum cleaner

8. Therapist playful use of (actual) vacuum cleaner (modeling) to “vacuum” up bubbles

9. Therapist initialed playful use of (actual) vacuum cleaner by the child to “vacuum” up bubbles

10. Child initiated use of (actual) vacuum cleaner (by the child) to vacuum debris from the

carpet
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Session Negative response Tolerance of the feared stimulus Positive response

Ashton Beth  Colton Danny Ashton Beth Colton Danny Ashton Beth Colton Danny

Session 1 0 13 5 % 0 4 4 7 10 19 5 12
Session 2 N/A 20 0 4 N/A 4 4 4 N/A 12 9 16
Session 3 1 4 3 4 2 2 5 7 19 7 18 19
Session 4 7 6 7

N/A, session was not coded for this participant.
Lag sequential frequencies of 10 or more are bolded.
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Participant Age Non-verbal ASD Primary fear =~ Total sessions Total sessions Session length
pseudonym (years; reasoning clinical w/primary fear (range)
months) SS diagnosis
Ashton M 68 63 79 85 No Hand 3 2 23-35 min
Dryer
Beth F 65 82 108 83 No Blenders 3 3 45-55 min
Colton M 41 63 97 59 Yes Blood Pressure 4 4 25-30 min
Danny M 92 69 66 85 No Vacuum 4 3 40-45 min

GCA, general cognitive ability; non-verbal and verbal standard scores (SS) on the DAS-II.
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Therapist exposure type

Pure exposure

The therapist presents the feared stimulus without play or humor (e.g., blood pressure cuff) with or without invited attention to
the feared stimulus, or prompts the parent/ caregiver to present the child with the feared stimulus without play or humor.

Exposure with play and humor

The therapist presents the feared stimulus, with or without invited attention to the feared stimulus, with play and humor attempts
to engage with the stimulus. This may be observed as a video playing in the background, and the therapist prompts play or humor
(e.g., playful narrating techniques with humor) to engage with the media example. This may also be coded if the therapist prompts
the parent/ caregiver to use play or humor with the child during exposure.

Stimulus type

Media Use of media version of feared stimulus in either pure exposure or exposure with play and humor. The therapist presents the child
with a media example (image, video, or other media version) of the feared stimulus or the media example is present/ in view.

Toy Use of a toy version of the feared stimulus in either pure exposure or exposure with play and humor. The therapist presents the
child with a toy example (doll and toy vacuum cleaner) of the feared stimulus or the toy example is present/ in view.

Actual Use of actual (realistic) version of feared stimulus in either pure exposure or exposure with play and humor. The therapist

presents the child with their feared stimulus (e.g., blood pressure cuff) or the feared stimulus is present/ in view.

Attention to feared stimulus

Invited attention Therapist-initiated verbal or gestural cues or prompts attempting to direct the child’s attention to the feared stimulus indicates
presence of invited attention. Invited attention can also be observed in the form of therapist narration immediately before
(primer) exposure, during exposure, or immediately after the exposure (within 3 seconds of exposure termination). Invited
attention cannot occur during an independent child behavior.

Passive exposure Invited attention toward another stimulus that is not the feared stimulus, thereby making the feared stimulus secondary to the
invited attention stimulus.

Parent exposure type

Pure exposure

The parent spontaneously presents the child with their feared stimulus, with or without invited attention to the exposure stimulus,
without play or humor.

Exposure with play and humor

The parent spontaneously presents the feared stimulus, with or without invited attention to the exposure stimulus, with play and
humor attempts to engage with the stimulus. This may be observed as a video playing in the background, and the parent prompts
play or humor (e.g., playful narrating techniques with humor) to engage with the media example.
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Responses Sign. asymp p/effect size r

Positive
Smiling

Positive vocalizations

Negative

Emotional outburst

Pouting, making a face
Negative vocalizations

Physiological reaction
Nausea reactions
Approach/escape behavior
Head alignment on the stick
Nose/hand on the stick

Rejecting the stick

p<005, **p<0.01, ***p<0.001, IEEINOUOSUPIEHSNIOUOR: PICGSAALOd0r < UnpIEiSantodors

19 participants completed 4 sessions while one participant completed only 3 sessions.
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(%)

Male 14 (70%)
Female 6(30%)
Etiology
Known or strongly suspected within 18 (90%)
Pre- and perinatal* 14.(70%)
Postnatal 2(10%)
Time of onset not available 2(10%)
Unknown 2(10%)
Epilepsy
Seizures controlled by medication 9 (45%)
Seizures once a month 2(10%)
Seizures once a week 3(15%)
Seizures once a day 1(5%)
No epilepsy 5(25%)

Visual impairment
Confirmed 16 (80%)
No visual impairment 420%)

Auditive impairment

Confirmed 1(5%)
Presumed 2(10%)
No auditive impairment 16 (30%)

Missing 1(5%)

Tactile impairment

Confirmed 5(25%)
Presumed 6(30%)
No tactile impairment 8 (40%)
Missing 1(5%)
Medication
Medicated 19.95%)
Non medicated 1(5%)
Feeding mode
Blended food 7(35%)
Chunky food 3(15%)
Enteral feeding (partial) 9 (45%)
Enteral feeding (complete) 1(5%)

‘Onset through seven days after birth.
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Hedonicity

Intensity

Concentration

%

NA, Non available.

Pair 1 Pair 2 Pair 3 Pair 4
Orange Garlic Cinnamon Cheese Lily of Sweat Summer ET ]
(Burghart) (Burghart) the rain sanitizer
valley
Pleasant Unpleasant Pleasant Unpleasant~ Pleasant Unpleasant Pleasant Unpleasant
500 645 610 507 536 566 359 521
(0.92) (©0.91) (0.93) (133) (1.02) (1.44) (0.93) .17)
048 038 029 081 013 033 048 052
(0.48) (0.49) (0.46) (0.40) (0.35) (0.48) (0.51) (0.51)
NA Na 10 1 20 1 50 NA
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All samples (n=8014)

The children aged 0-17 years old with
ASD diagnosed/suspected, language
delay or intellectual delay (n=6667)

Excluded the samples having obvious
errars or omissions (n=1347)

The children aged 1-6years old
with ASD diagnosed/suspected or with
DD (n=48439)

Excluded the samples aged 0 years and
7-17 years old (n=1818)
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ASD (N = 4,138) DD (N = 711) P-value

Mean/Number SD/% Mean/Number SD/%
Age (years) 4.21 1.23 4.21 1.26 0.130
Gender of child
Male 3,451 83.40 542 76.23 <0.001
Female 687 16.60 169 23.77
Only children
No 1,969 47.58 355 4993 0.255
Yes 2,169 52.42 356 50.07
Comorbidity?
No 3,338 80.67 537 75.53 0.002
Yes 800 19.33 174 2447

Higher education degree-father

No 1,369 33.08 287 40.37 <0.001

Yes 2,769 66.92 424 59.63

Higher education degree-mother

No 1,379 33.33 289 40.65 <0.001
Yes 2,759 66.67 422 59.35
Family annual income® 22448.87 25124.34 19521.42 19295.19 0.067

ASD, autism spectrum disorder; DD, developmental delay. *Including intellectual disabilities (ID) and attention deficit and hyperactivity disorder (ADHD). bUsD, $.
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ASD (N = 4,138) DD (N = 711)

N % N %
Rehabilitation type
Parent oriented 2,456 59.35 388 54.57
Teachers’ online 755 18.25 130 18.28
support
Cease 927 22.40 193 27.14

Emotional and behavioral change

Improved 1,573 38.01 286 40.23
No change 1,642 39.68 297 41.77
Worse 923 22.31 128 18.00

Time spent between parents and children

Shorter 195 4.71 18 253
No change 1,102 26.63 212 29.82
Longer 2,841 68.66 481 67.65

Parental pressures change

More 2,577 62.28 430 60.48
No change 1,241 29.99 231 32.49
Less 320 773 50 7.03

ASD, autism spectrum disorder; DD, developmental delay.
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WRAADDS WRAADDS WRAADDS | WRAADDS WRAADDS WRAADDS social|, TEMPS-A

inattention | hyperactivity | impulsivity | affective emotional maladjustment | cyclothymic
lability over-reactivity temperament

EWFT-Number of —0.075 —0.275 —0.175 0.185 0.440* —0.089 0.052
words

EWFT-Rule breaks —0.002 0.169 0.052 0.061 —0.118 0.156 0.291
EWFT-Frequency 0.088 0.420* 0.237 —0.004 -0.398* —0.103 —0.138
EWFT-Valence —0.236 —0.076 —0.177 —0.131 0.107 —0.072 0.151
EWFT-Arousal —0.109 —0.204 —0.229 —0.268 —0.123 —0.373 —0.395
EWFT-Dominance —0.170 —0.072 —0.095 —0.068 0.114 —0.010 —0.115
AVFT-Number of —0.097 —0.056 0.019 0.337* 0.003 0.105 0.228
words

AVFT-Rule breaks 0.026 0.048 0.041 0.031 0.163 —0.059 —0.270
AVFT-Frequency 0.014 0.154 0.112 —0.171 0.082 -0.359* —0.125
AVFT-Valence —0.236 —0.076 —0.177 —0.131 0.107 —0.072 —0.067
AVET - Arousal 0.320 0.387* 0.494* 0.287 —0.170 0.043 0.047
AVFT-Dominance —0.122 —0.000 —0.148 —0.200 —0.043 —0.210 —0.115

“p < 0.05.
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EWFT AF VF free VF VF Digit spanDigit span Hayling | Hayling TAP TAP Stroop | TMT Part| TolL TolL TolL
(number | (number  (humber | semantic| phono- | forward backward  test test |Go-Nogo|/Go-Nogoitest inter- B—Part A| (total |(additional (initation

of words) of words) of words)| (humber | logical | (number | (number |inhibition inhibition 1 out of 2|2 out of 5| ferenc— |(seconds) correct)| move- time)
of words) | (number | of digits) | of digits) (seconds)| (errors) | (errors) | (errors) | reading ments)
of words) (seconds)

EWFT - - - - - - - - - - - - - - - -
(number of
words)

AVET 0.236 = = = - - - - - - - - - - - -
(number of

words)

VEFT free 0.049 0.613* - - - - - - = = - - = _ _ _

(number of

'words)

VEFT -0.001 0.517* 0.552* - - - - - = - = - - = = _
semantic
(number of

words)

VET letter 0.168 0.595* 0.504* 0.716* - - - - - - - - - - _ _
(number of

'words)

Digit span 0.116 0.468* 0.291 0.319 0.304 - - - - - - = - - _ _
forward
(number of
digits)

Digit span 0.222 0.391* 0.342* 0.303 0.263 0.369* - - - - - - = = = =
backward
(number of
digits)

Hayling test -0.108 -0.346* -0.343* -0.480* -0.452* -0.162 0.037 - - - - - - - _ _
inhibition

(seconds)

Hayling test -0.337* -0.232 -0.059 -0.079 -0.291 -0.050 -0.401* 0.141 - - - - - - - -
inhibition

(errors)

TAP -0.137 -0.191 -0.103 -0.085 0.011 -0.173 -0.017 0.252 0.024 B - - B - - -
Go-Nogo 1
out of 2

(errors)

TAP -0.109 -0.194 -0.154 -0.056 -0.026 -0.272 0.300 0.308 -0.221 0.467* - - B - - -
Go-Nogo 2
out of 5

(errors)

Stroop test -0.273 -0.427* -0.351* -0.340 -0.209 -0.344* -0.426* 0.359* 0.131 0.032 -0.113 - - - - -
interference
reading
(seconds)

TMT Part -0.443* -0.038 0.098 -0.176 -0.004 -0.167 -0.274 0.202 0.262 0.047 -0.034 0.353* B - B -
B-Part A

(seconds)

ToL (total 0.263 0.365* 0.260 0.282 0.385* 0.166 0.320 -0.154 -0.416* -0.090 0.046 -0.032 -0.180 B - B

correct)

ToL -0.290 -0.101 -0.065 -0.288 -0.306 -0.035 -0.306 -0.024 0.418* 0.035 -0.144 -0.020 0.165 -0.805* - -
(additional

movements)

ToL -0.193 0.336 0.165 0.413* 0.360* 0.274 0.343* -0.167 -0.299 -0.121 -0.128 0.156 -0.201 0.428* -0.419* -
(initation

time)

< 0.05.
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ADHD (AD) ADHD + ASD Neurotypical | Statistical
(N = 52) (AS + AD) controls (NT) EREIN
(N =13) (N = 24)
EWFT-number of words 7.52 (2.42) 8.15 (3.16) 8.67 (2.84) F (2,86) = 1.598 0.208 /
EWFT-rule breaks 3.73 (3.36) 261 (3.15) 3.08 (2.38) x> (2) =2.869 0238 /
EWFT-repetitions 0.38 (0.74) 0.15 (0.38) 0.42 (0.83) x2(2)=0783 0.676 /
EWFT-frequency 0.05 (0.01) 0.05 (0.02) 0.04 (0.01) F (2,86) = 0.469 0.628 /
EWFT-valence 4.59 (0.71) 4.64 (0.44) 4.41 (0.64) F (2,86) = 0.715 0.492 /
EWFT-arousal 529 (0.35) 5.09 (0.36) 5.08 (0.28) F (2,86) = 4.074 0.020* AD > NT
EWFT-dominance 5.05 (0.44) 4.91(0.23) 4.88 (0.40) F (2,86) = 1.555 0217 /
EWFT-% joy 35% (14%) 35% (8%) 31% (13%) F (2,86) = 0.692 0.503 /
EWFT-% sadness 20% (12%) 27% (19%) 19% (10%) F (2,86) = 1.800 0.653 /
EWFT-% anger 24% (15%) 12% (9%) 24% (16%) x> (2)=8.339 0.015*  |AD,NT > AS + AD
EWFT-% fear 18% (16%) 24% (16%) 22% (14%) X2 (2)=3.829 0.147 /
EWFT-% disgust 1% (4%) 1% (3%) 0% (2%) ¥2 (2) = 0.411 / /
EWFT-% surprise 2% (6%) 1% (4%) 3% (6%) x2 (2)=1.386 / /
AVET-number of words 18.22 (5.59) 14.69 (3.94) 19.54 (5.07) F (2,85) = 3.655 0.030*  |NT > AS+AD
AVFT-rule breaks 0.41 (1.47) 0.31(0.85) 0.00 (0.00) / / /
AVFT-repetitions 0.41 (0.70) 0.15 (0.38) 0.67 (1.05) X2 (2)=2619 0270 /
AVFT-frequency 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) X2 (2)=2.038 0361 /
AVFT-valence 5.76 (0.42) 5.83 (0.39) 5.84(0.33) F (2,85) = 0.452 0.638 /
AVFT-arousal 430 (0.23) 4.27(0.26) 431(0.18) F (2,85) = 0.107 0.898 /
AVFT-dominance 5.71(0.29) 5.80 (0.30) 5.83(0.21) F (2,85) = 1.670 0.194 /

*p < 0.05.

**Comparisons that remain significant after the false discovery rate (FDR) correction.

P-values in bold = significant post hoc comparisons.
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Statistical analyses Post hoc

Demographic characteristics
Age 26.92 (8.35) x2(3) =5.736 0.125 /
Gender 41.66% F x2(3) =3.830 0.280 /
Years of education 14.67 (1.63) %2 (3) = 6.047 0.109 /
1Q estimation 114.65 (15.82) F (3,72) = 1.529 0.214 /
WAIS-IV-information (SS) 14.00 (2.88) / / /
Neuropsychological characteristics
VET free (number of words) 54.00 (23.95) F (3,65) =1.171 0.021* /
VET letter (number of words) 23.73(6.39) F (3,65) = 0.465 0.087 /
VET semantic (number of words) 33.36 (6.96) F (3,65) = 0.893 0.072 /
EWFT-number of words 10.67 (3.31) F (3,97) = 4.557 0.005%* AS > AD
EWFT-rule breaks 92 (2.19) X2 (3) =6.432 0.092 AD > AS
EWFT-repetitions 0.17 (0.39) ¥%(3)=1.243 0.544 /
EWFT-frequency 0.04 (0.01) F (3,97) = 0.698 0.556 /
EWEFT-valence 4.23(0.81) F (3,97) = 1.247 0.297 /
EWFT-arousal 5.17 (0.16) F (3,97) = 3.015 0.067 AD > NT
EWFT-dominance 4.78 (0.34) F (3,97) = 1.960 0.125 /
EWET-% joy 25% (14%) F (3,97) = 1.905 0.134 /
EWFT-% sadness 9% (9%) %2 (3) = 0.987 0.804 /
EWFT-% anger 18% (11%) x2 (3) = 9.806 0.020* AD,NT > AS + AD
EWFT-% fear 29% (12%) x2 (3) =7.969 0.047* AS > AD
EWFT-% disgust 7% (6%) / / /
EWFT-% surprise 3% (5%) / / /
AVET-number of words 18.33 (4.72) F (3,96) = 2.502 0.064 NT > AS+ AD
AVFET-rule breaks 0.25 (0.87) / / /
AVFT-repetitions 0.17 (0.58) x? (3) = 4.877 0.147 /
AVFT-frequency 0.01 (0.00) F (3,96) = 1.093 0.356 /
AVFT-valence 5.92 (0.29) F (3,96) = 0.686 0.562 /
AVFT-arousal 4.27 (0.25) F (3,96) = 0.116 0.951 /
AVFT-dominance 5.81(0.20) F (3,96) = 1.325 0.271 /
*p < 0.05.

**Comparisons that remains significant after the false discovery rate (FDR) correction.
P-values in bold = significant post hoc comparisons.
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Characteristics (N = 4,849)

Odds ratio 95% ClI
Disorder
DD 1.00 reference
ASD 1.38 1.12 1.70
Rehabilitation type
Parent oriented 1.00 reference
Teachers’ online support 1.19 0.99 1.44
Cease 1.67 1.41 1.98
Rehabilitation hours
<4haday 1.00 reference
>4haday 0.85 0.68 1.05
Only children
No 1.00 reference
Yes 0.96 0.83 1.11
Gender of child
Male 1.00 reference
Female 1.03 0.85 1.11
Age of child
1-3 years 1.00 reference
4-6 years 1.15 0.98 1.34
Comorbidity?
No 1.00 reference
Yes 1:52 1.29 1.80
Household income
Below average 1.00 reference
Around average 0.82 0.68 0.98
Above average 0.81 0.67 0.98
Higher education degree-father
No 1.00 reference
Yes 1.04 0.86 1.27
Higher education degree-mother
No 1.00 reference
Yes 1.11 0.91 1.34
Time spent between parents and children
Shorter 1.00 reference
No change 0.43 0.31 0.61
Longer 0.41 0.30 0.57

*Emotional and behavioral change is “worse” in the survey. ASD, autism spectrum disorder;
DD, developmental delay. *Including intellectual disabilities (ID) and attention deficit and
hyperactivity disorder (ADHD).





OPS/images/fpsyt-14-1134396/fpsyt-14-1134396-t004.jpg
Characteristics ASD group (n = 4,138) DD group (n = 711)

Odds ratio 95% ClI Odds ratio 95% ClI
Rehabilitation type
Parent oriented 1.00 reference 1.00 reference
Teachers online support 1.26 1.03 1.54 0.80 0.45 1.42
Cease 1.72 1.44 2.07 1.95 1.33 2.88

Rehabilitation hours

< 4haday 1.00 reference 1.00 reference

> 4haday 0.84 0.67 1.05 0.91 0.46 1.78

Only children

No 1.00 reference 1.00 reference

Yes 0.97 0.84 1.13 0.91 0.61 1.36
Gender of child

Male 1.00 reference 1.00 reference

Female 1.00 0.81 1.22, 113 0.72 1.78
Age of child

1-3 years 1.00 reference 1.00 reference

4-6 years 1.15 0.97 1.35 1.11 0.72 1.71

Comorbidity?

No 1.00 reference 1.00 reference

Yes 1.59 1.33 1.90 1.28 0.82 2.00

Household income

Below average 1.00 reference 1.00 reference
Around average 0.84 0.69 1.02 0.74 0.45 1:22
Above average 0.83 0.68 1.01 0.72 0.43 1.22

Higher education degree-father

No 1.00 reference 1.00 reference

Yes 1.06 0.86 1.30 1.02 0.61 1.72

Higher education degree-mother

No 1.00 reference 1.00 reference

Yes 1.13 0.92 1.39 0.94 0.55 1.59

Time spent between parents and children

Shorter 1.00 reference 1.00 reference
No change 0.40 0.29 0.55 0.62 0.19 2.04
Longer 0.35 0.26 0.48 0.80 0.25 2.54

*Emotional and behavioral change is “worse” in the survey. ASD, autism spectrum disorder; DD, developmental delay. “Including intellectual disabilities (ID) and attention deficit and
hyperactivity disorder (ADHD).
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ALL

ASD

DD

Financial support 1,360 (28.05) 1,134 (27.40) 226 (31.79)
Professional one-to-one 2,615 (53.93) 2,251 (54.40) 364 (51.20)
online support

Online knowledge training 792 (16.33) 684 (16.53) 108 (15.19)
Others 82(1.69) 69 (1.67) 13 (1.83)
Sum 4,849 (100.00) | 4,138 (100.00) 711 (100.00)

ASD, autism spectrum disorder; DD, developmental delay.
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N
(girls/boys)
CA

Mean (SD)
Range

1Q

Mean (SD)
Range

DA

Mean (SD)
Range
SES
Median

(Q1-Q3)

All PWS

25
(14/11)

756 (1;6)
5;5-10;4

75.7 (17.1)
44-103

5;7 (1;5)
3;2-9;2

4
(3-4)

PWS-EG

13
(7/6)

8;0 (1;8)
5;9-10;4

75.9 (19.6)
44-103

5:11 (1;7)
4;3-9;1

4
(4-4)

PWS-CG

12
(7/5)

750 (1;1)
5;5-8;7

75.4 (14.8)
50-94

52 (1;1)
3;2-6;9

35
(3-4)

PWS groups equivalence

t3) =—1.754;ns;d = 0.73
(Student ¢-test)

t3) = —0.072; ns; d = 0.03
(Student ¢-test)

t3) = —1.273; ns;d = 0.53
(Student ¢-test)

W =60; ns

(Wilcoxon test)

TD-CA

25
(14/11)

756 (1;5)
5;2-10;10

4
(3-5)

TD-DA

25
(14/11)

5;7 (1;4)
3;0-8;4

5
(4-5)

Means, ranges, and SDs of chronological age (CA), intellectual developmental age (DA), and full-scale IQ (IQ); Medians, 1st and 3rd quartiles of socioeconomic status (SES); Results

of PWS groups equivalence tests. ns, not significant; age, [years; months]; PWS-EG, PWS experimental group; PWS-CG, PWS control group; TD-CA, TD group with chronological age

matched; TD-DA, TD group with development age matched.
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Task Base level

Comparison group pre-test

Expression

EMOrea EG-CG-DA-CA
ns

EMOmim

Facial EG-CG < DA-CA

Bodily EG-CG < DA-CA
ok

Recognition

Matching EG-CG <DA <CA

Identification EG-CG <DA <CA

Naming EG-CG < DA <CA
ok

Comprehension

AJQ CG < EG <DA-CA
ok

Regulation

ERC EG-CG < DA-CA

ok

Sign improvement

EG: Pre#postl

Ao
o

o
o
o

Ns

Ns

EG: Post1#2

o
o

(=)

Level reached

Comparison group post-test 2

EG-CG-DA-CA

ns

CG < DA-CA-EG
EG-CG < DA-CA

S+t

CG < DA-EG < CA
CG < DA-EG < CA
CG < DA-EG < CA

P

CG < DA-CA-EG

S+t

EG-CG < DA-CA

P

EG, PWS experimental group; CG, PWS control group; CA, TD group with chronological age matched; DA, TD group with development age matched. Comparisons group (X-Y: no

difference score between X and Y; X < Y: X’s score is lower than Y’s score; X < Y: X’s score tends to be lower than Y’s score). The improvement sign shows the difference between pre-
test and post-test 1/between post-test 1 and 2 for the PWS-EG group (—: no difference; : increase; °: higher score than PWS-CG group). P-values (ns: not significant; **p < 0.001; z:

tendency 0.05 < p < 0.08). P-values refer to group effect analyses (comparison group at pre-test and at post-test 2) and to interaction effect analyses (two PWS groups X three test sessions).
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Criterion/commentary

Best practice recommendations from Simons et al. (66)

v

J

Assess pre-treatment baseline performance for all groups

The current study used a pre/mid/post (parent) and pre/post (teacher) design in which outcomes were assessed at a priori specified time points that included

pre-treatment. Pre-treatment performance was assessed and controlled when probing between-group differences at post-treatment.
Include an active, credible control group matched for expectancies

Working memory and inhibitory control are both putative core mechanisms implicated in ADHD-related emotion dysregulation. The two versions of the
intervention are identical in all aspects except the target mechanism, and served as active, credible controls for each other. The CET and ICT interventions have

been shown previously to be identical or not differ significantly in terms of expectancies as well as caregiver- and child-reported feasibility and acceptability (11).
Include at least 20 participants in each treatment arm

All analyses include ICT n = 50 and CET n = 44 participants.
Randomly assign children to condition

Children were randomly assigned using unpredictable allocation concealment.
Pre-register the trial, and explicitly acknowledge departures from pre-registered plan

The trial was preregistered [https://osf.io/abwms]. All collected emotion regulation outcomes measures were reported. Data analyses were conducted masked to
treatment allocation.

Mask raters for all subjective outcome measures

Teachers were masked to treatment status and allocation condition. Caregivers were masked to allocation condition. However, caregivers were not masked to the
fact that their child was receiving an intervention because they are active participants in both treatments (66). Meta-analytic evidence indicates that estimates of
treatment effects are inflated for unmasked raters vs. masked raters by d = 0.36-0.40 for neurocognitive training studies (49).

Label any analyses conducted after inspecting the data as “exploratory”

The analyses reported herein did not depart from the a priori plan, with one clearly marked exception related to an administrative error during data collection for
our secondary outcome measure (EDI). Analytic decisions regarding this measure were made based on missing data counts without knowledge of their effects on
study results.

Avoid subgroup analyses unless preregistered

No subgroup analyses were preregistered; therefore, none were conducted. Within-group analyses were limited to planned comparisons to characterize the pattern
of change for each group across assessment points.

Identify all outcome data collected, including outcomes not reported herein

A complete list of data collected for secondary research questions can be found on the study’s OSF preregistration website.

Additional recommendations from Redick (75)

J

J

Report full pre-test and post-test means and SDs for all groups

Pre-treatment and post-treatment means and SDs are shown in Tables 1, 3, respectively.
Provide full, subject-level data as supplementary material

JASP (.jasp) data files are posted for peer review on the study’s OSF website [https://osf.io/86fwu/].
Use likelihood ratios, in particular Bayes Factors

Traditional p-values are supplemented with Bayes Factors to allow stronger conclusions regarding both between-group equivalence and emerging between-group

differences.
Examine outcomes graphically to ensure that the pattern of pre- to post-test change is theoretically consistent with the expected pattern of results

Graphical representations of study outcomes are shown in Figure 3.
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Variable ICT (n = 50) CET (n=44) Cohen’s d BFy,; P
M SD M SD
Primary Outcomes
BASC-3 emotional self-control (total raw score)
Parent 8.60 5.36 8.99 4.46 0.08 4.31 0.70, ns
Teacher 6.11 4.26 8.18 5.76 0.41 0.80 0.05, ns
BASC-3 negative emotionality (total raw score)
Parent 6.31 3.48 7.12 327 0.24 2:57 0.25, ns
Teacher 3.67 325 4.38 4.08 0.19 3.13 0.35, ns
Other Treatment-Related Variables
Medication changes (stop, no, add) 2,33,15 2,29,13 = 20.41 0.99, ns
Informant expectancies
Parent NICT expectancy score (mean raw score) 4.53 1.01 4.67 0.74 0.15 3.65 0.47, ns
Teacher masked to study (yes/no) 30/20 27/17 - 4.02 0.89, ns
COVID-19 telehealth (yes/no) 11/39 10/34 - 4.69 0.93, ns
Time elapsed from treatment to post ratings (days)
Parent 17.02 31.60 16.10 34.31 0.03 4.55 0.89, ns
Teacher 40.33 42.19 37.80 35163 0.06 4.35 0.75, ns

CET, central executive training; ICT, inhibitory control training; BASC-3, behavior assessment scale for children; effect sizes and statistical tests for the BASC subscales reflect control

for pre-treatment scores for the same subscale. BE, Bayes factor, BFy, is the odds ratio of the evidence favoring the null to the evidence favoring the alternative hypothesis. A value of

1 indicates that the data are equally likely under the null and alternative hypotheses, values >1 favor the null hypothesis that the groups are equivalent, and values >3 are considered

statistically significant evidence of equivalence.
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TARGET POPULATION
CHILDREN WITH PWS DIAGNOSTIC
& AGED 5 TO 10 YEARS

N =240

CALL FOR PARTICIPATION via
v" NATIONAL REFERENCE CENTER OF PWS (HOSPITAL)
v" NATIONAL ASSOCIATION OF PWS
Families were not to be included in another ongoing study

INITIAL SAMPLE

FAMILIES ENROLLED IN THE STUDY
With the voluntary participation of one of each child’s regular therapists

N=29

1 family stoped his participation before the post-tests sessions ‘

3 children were not able to fully follow the assessment sessions
(missing datas)

FINAL SAMPLE
FAMILIES WITH FULL PARTICIPATION
& COMPLETE DATAS

N=23
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ADHD (AD)
(N =52)

ADHD + ASD
(AD + AS)

Neurotypical

controls

Statistical
analyses

Post hoc

Demographic characteristics

(N =13)

(NT) (N = 24)

Age 34.75 (11.49) 32.15(13.95) 32.71 (9.45) x% (2) = 1.699 0.428 /

Gender 46.14% F 38.46% F 66.66% F )(2 (2) =3.452 0.178 /

Years of education 3.61(3.29) 5.09 (1.81) 15.37 (1.53) ¥ (2) = 5.764 0.056 /

1Q estimation 111.19 (14.15) 108.55 (15.65) 105.00 (9.52) F (2,65) = 1.635 0.203 /
WAIS-ITI-vocabulary (SS) 2.12 (2.74) 3.00 (2.00) 10.71 (1.60) X2 (2) = 6.250 0.044 AD + AS > NT
Clinical characteristics

WRAADDS—inattention 7.71 (3.85) 7.17 (3.92) 5.74 (4.34) F (2,61) =63.991 <0.001* AD, AD + AS > NT
WRAADDS— hyperactivity 7.54 (3.24) 7.33 (1.86) 2.52 (2.39) x2 (2) =25.138 <0.001* |AD, AD, AD + AS > NT
WRAADDS—impulsivity 2.31(3.77) 0.50 (5.32) 4.00 (3.33) X2 (2) =32.145 <0.001* |AD, AD + AS > NT
WRAADDS—affective Lability 1.69 (2.92) 1.33 (4.55) 6.00 (4.17) X2 (2) = 22.063 <0.001* |AD, AD + AS > NT
WRAADDS—emotional 2.80 (3.16) 3.33(3.20) 5.13 (3.33) x% (2) =34.122 <0.001* AD, AD + AS > NT
over-reactivity

WRAADDS—social maladjustment 21.83(8.42) 32.33(8.71) 6.26 (6.67) F (2,61) = 39.442 <0.001* AD + AS>AD >NT
Autism spectrum quotient 4.29 (1.79) 6.50 (2.37) 2.87 (2.32) F (2,64) = 12.801 <0.001* AD + AS>AD >NT
BDI—total 19.80 (10.64) 29.92 (18.28) 6.37 (5.95) )(2 (2) = 25.780 <0.001* AD, AD + AS>NT
GAD-7—total 9.29 (4.54) 5.80 (6.22) 2.79 (1.76) x2 (2) = 18.738 <0.001* |AD>NT
TEMPS-A—cyclothymic 22.28 (7.98) 17.67 (10.31) 7.35 (5.80) F (2,60) = 27.276 <0.001* AD, AD + AS>NT
temperament

Neuropsychological characteristics

VEFT free (number of words) 69.03 (22.27) 54.91 (17.66) 73.54 (19.50) F (2,64) = 1.698 0.191 /

VET letter (number of words) 28.46 (6.95) 26.45 (7.02) 29.92 (6.91) F (2,64) = 0.635 0.533 /

VFT semantic (number of words) 37.09 (8.04) 32.36 (8.22) 38.50 (6.28) F(2,64) =1.136 0.328 /

TMT Part B minus Part A (seconds) 36.52 (18.35) 24.82 (15.53) 30.41 (14.45) X2 (2) = 2.479 0.290 /

Stroop interference minus reading 34.37 (14.27) 29.02 (7.03) 25.83 (8.39) ¥ (2) = 5.368 0.068 /

(sec)

Digit span forward (number of digits) 6.31 (1.16) 5.83 (0.41) 6.67 (0.76) x? (2) =4.533 0.104 /

Digit span backward (number of 5.20 (1.43) 4.67 (0.52) 5.79 (1.47) ¥ (2) = 3.868 0.145 /

digits)

Hayling test inhibition (seconds) 60.04 (32.29) 57.47 (13.84) 63.73 (33.93) x? (2) = 0.240 0.887 /

Hayling test inhibition (errors) 6.94 (3.73) 6.33 (3.33) 4.42 (2.43) ¥? (2) = 6.708 0.035* AD > NT

TAP Go-Nogo 1 out of 2 (errors) 0.97 (0.98) 1.17 (1.94) 0.75 (0.94) X2 (2)=1.114 0.573 /

TAP Go-Nogo 2 out of 5 (errors) 0.34 (0.72) 0.17 (0.41) 0.04 (0.20) ¥2 (2) =3.925 0.140 /

ToL (total correct) 4.86 (2.38) 433 (2.73) 425 (2.64) F (2,62) = 0.919 0.640 /

ToL (additional movements) 26.80 (17.96) 28.33(14.83) 28.46 (18.23) x%(2)=0.195 0.907 /

ToL (initation time) 73.30 (47.24) 56.16 (25.97) 61.29 (44.97) x2 (2) = 1.698 0.428 /

*p < 0.05; Years of education, number of years after the first grade in elementary school; SS, scaled score. p-values in bold = significant post hoc comparisons.
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NT DD ASD | X2/F (p)

n (%) n (%) n (%)

N 1925 790 243

Informant (n,%) 74.86 (<0.001)

Biological mother 1119 (58.1%) | 513 (64.9%) | 167 (68.7%)

Biological father 686 (35.6%) | 184 (23.3%) | 53 (21.8%)

Other/Not reported | 120 (6.3%) | 93 (11.8%) | 23 (9.5%)

Highest parental 26.8 (0.003)
education (n,%)

Less than HS 6 (0.6%) 2 (0.6%) 1(1.0%)

High school or GED | 90 (8.9%) | 38 (10.8%) | 11 (10.6%)

Some college 178 (17.6%) | 94 (26.8%) | 32 (30.8%)

College graduate 427 (42.2%) | 132 (37.6%) | 40 (38.5%)

Graduate degree or | 295 (29.2%) | 80 (22.8%) | 18 (17.3%)
higher

Unknown 16 (1.6%) 5 (1.4%) 2 (1.9%)
US region 10.9 (0.205)
Northeast 188 (18.6%) | 51 (14.5%) | 16 (15.4%)
Midwest 215 (21.3%) | 69 (19.7%) | 23 (22.1%)
South 402 (39.8%) | 168 (47.9%) | 50 (48.1%)
West 203 (20.1%) | 62 (17.7%) | 15 (14.4%)

Other/Chose not to 4 (0.4%) 1 (0.3%) 0(0.0%)

respond

Household income 59.2 (<0.001)
(n,%)

<$25,000 281(9.5%) | 92 (11.6%) | 38 (15.6%)

$25,000-$34,999 288(9.7%) | 87 (11.0%) | 29 (11.9%)

$35,000-$49,999 348 (11.8%) | 96 (12.2%) | 43 (17.7%)

$50,000-$74,999 641 (21.7%) | 176 (22.3%) | 50 (20.6%)

$75,000-$99,999 496 (16.8%) | 140 (17.7%) | 34 (14.0%)

$100,000-$149,999 | 563 (19.0%) | 129 (16.3%) | 26 (10.7%)

$150,000-$199,999 176 (5.9%) | 36 (4.6%) 13 (5.3%)

$200,000 and above | 138 (4.7%) | 28 (3.5%) | 8 (3.3%)

Unknown 27 (0.9%) 6 (0.8%) 2(0.8%)

Child age (M, SD) 8.58 (4.70) | 11.46 (4.50) | 10.31 (4.74) | 111.8 (<0.001)

Child biological sex | 915 (47.7%) | 431 (54.6%) | 181 (74.8%) | 69.9 (<0.001)
(n,% male)

Race

White/Caucasian | 1578 (82.0%) | 658 (83.3%) | 200 (82.3%) | 0.67 (0.716)
(n,%)

Black/African 182 (9.5%) | 71(9.0%) | 29 (11.9%) | 1.9 (0.385)
American (n,%)

Middle Eastern 5(0.3%) 4 (0.5%) 2(0.8%) 2.4 (0.305)
(n,%)

East Asian (n,%) 66 (3.4%) | 11(1.4%) | 4(1.6%) | 9.9 (0.007)

South Asian (n,%) 33(1.1%) | 2(0.1%) | 2(0.1%) | 10.1(0.006)

Pacific Islander 10 (0.5%) 4 (0.5%) 1(0.1%) 0.5 (0.975)
(n,%)
Native American 22 (1.1%) 20 (2.5%) 6 (2.5%) 7.9 (0.019)
(n,%)

Multiracial (n,%) 151 (5.1%) | 74 (2.5%) | 27(0.0%) | 3.9(0.139)

Unknown race 3(0.2%) 2 (0.3%) 0(0.0%) 0.7 (0.683)
(n,%)

Chose not to 15(0.8%) | 3(04%) | 1(0.4%) | 1.6(0.445)
respond (n,%)

Hispanic or Latino | 101 (11.4%) | 43 (12.1%) | 26 (22.4%) | 12.4(0.015)
(n,%)

Non-ASD diagnoses (n,%)

ID/GDD - 10 (2.8%) | 6(5.8%) | 2.1(0.150)
Speech/Language = 75(21.4%) | 16 (15.5%) | 1.7(0.193)
disorder

ADHD - 146 (41.6%) | 29 (27.9%) | 6.1 (0.014)
ODD/CD - 25(7.1%) | 5(4.9%) | 0.7(0.415)
Anxiety disorder - 111 (31.6%) | 19 (18.4%) 6.8 (0.009)
Specific learning - 33 (9.4%) 3(2.9%) 4.6 (0.032)
disorder

Motor/Coordination - 16 (4.6%) 2 (1.9%) 1.4 (0.231)
disorder

Depressive disorder - 50 (14.2%) | 8(1.8%) 3.0 (0.083)
Bipolar - 7(20%) | 1(1.0%) | 0.5(0.488)
disorder/Mania

Obsessive - 11 (3.1%) 5(4.9%) 0.7 (0.405)
compulsive disorder

Tic disorder - 6 (1.7%) 1(1.0%) 0.3 (0.593)
Feeding/Eating - 16 (4.6%) 0 (0.0%) 4.9 (0.029)
disorder

NT, neurotypical controls; DD, non-ASD developmental disability; ASD, autism
spectrum disorder; ID/GDD, intellectual disability/global developmental delay;
ADHD, attention-deficit/hyperactivity ~disorder; ODD/CD, oppositional defiant
disorder/conduct disorder. Non-ASD diagnoses do not sum to 100% because children

could be diagnosed with more than one condition. Cognitive level information was
completed for n = 886.
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Sex (M, F)

Difference testing

Model P ARMSEA

Configural 607 26721.6 2461 0.082 0.904 0.896 - - - - - B
Metric 511 9453.5 2557 0.043 0.973 0.972 85.1 96 0.779 —0.039 0.069 0.076
Scalar 331 11630.5 2737 0.047 0.965 0.966 1269.4 180 <0.0001 0.004 —0.008 | —0.006
Age (2-4, 5-11, and 12-17)

Configural 899 25120.7 3703 0.077 0.917 0.911 B - B - - -
Metric 707 15692.6 3895 0.055 0.954 0.953 1219.8 192 <0.0001 —0.022 0.037 0.042
Scalar 347 18757.4 4255 0.059 0.944 0.947 4100.1 360 <0.0001 0.004 —0.010 | —0.006

Race (Caucasian, other races)

Configural 607 23891.5 2461 0.077 0.915 0.908 B - B - - -
Metric 511 9484.4 2557 0.043 0.973 0.971 112.6 96 0.118 —0.034 0.058 0.063
Scalar 331 9453.0 2737 0.041 0.973 0.974 279.3 180 <0.0001 —0.002 0.000 0.003

Ethnicity (Hispanic, non-Hispanic)

Configural 607 21860.2 2461 0.073 0.918 0.911 - - - - = =
Metric 511 8447.5 2557 0.039 0.975 0.974 69.5 96 0.981 —0.034 0.057 0.063

Scalar 331 8422.9 2737 0.037 0.976 0.977 217.1 180 0.031 —0.002 0.001 0.003

The observed X? from WLSMV estimated measurement invariance models cannot be directly compared but rather must be compared using difference testing in MPlus. Thus, the

apparent reduction from configural to metric models is not an accurate representation of model fit. Instead, the positive X? values from difference testing reflects worse fit of metric

relative to configural models.
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Internal Model

consistency reliability

o (V)
EF total 0.97 0.98
Sequencing/Working memory 0.94 0.96
Risk avoidance 0.82 0.89
Response inhibition 0.89 0.92
Emotion regulation 0.90 0.93
Set shifting 0.91 0.95
Processing speed 0.84 0.90

Model reliability is McDonald’s omega coefficient derived from bifactor modeling.
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ADHD-ASSESS DLS CAS BRIEF-sf
EFS total score —0.76** 0.59** —0.49** —0.85**
EFS sequencing/Working memory —0.61** 0.63** —0.34** —0.66**
EFS risk avoidance —0.54** 0.38** —0.20%* —0.52**
EFS response inhibition —0.63** 0.61** —0.29** —0.66**
EFS emotion regulation —0.64** 0.35%* —0.60** —0.80**
EFS set shifting —0.74** 0.47** —0.51%* —0.82**
EFS processing speed —0.52** 0.28** —0.42%* —0.79**

*p < 0.01; **p < 0.001; ADHS-ASSESS, attention-deficit/hyperactivity disorder assessment; BRIEF-sf, Behavior Rating Inventory of Executive Functioning, second edition short form;

CAS, Comprehensive Anxiety Scale; DLSS, Daily Living Skills Scale; EFS, Executive Functioning Scale.
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