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Abstract (317 words) 

 

Background: Children with autism spectrum disorder (ASD) tend to have communication 

and social interaction deficits. Their impaired communication is derived from difficulties in 

acquiring language. The use of interactive technologies has been demonstrated to enhance 

verbal and non-verbal communication, as well as the social interaction tendencies of children 

with ASD. Artificial intelligence has played a growing role in the habilitation of children 

with ASD. However, little research exists on the possible roles and effectiveness of virtual 

voice assistants in developing language and social skills in children with ASD. This study 

examined the effects of using a voice assistant in children with ASD on two outcomes: 

speech skills (expressive verbal vocabulary and production of short phrases) and social 

interaction skills (playing/sharing).  

Methods: An interventional single-case design study was used to explore this concept 

using three children with ASD between the ages of 4 and 11 years. The participants used an 

accessible virtual voice assistant, Apple’s Siri, for three months. Pre- and post-intervention 

questionnaires and semi-structured interviews with mothers were administered to measure the 

communication and social interaction skills of the participating children.  

Results: Participant One, Two and Three showed a notable improvement in the total 

number of correct words produced with fewer attempts during the VVA intervention 

compared with the baseline phase. Further, all participants showed increases in the social 

interactions in the intervention phase, compared with the baseline phase. Finally, all the 

mothers noted improvement in their children’s speech intelligibility and social interactions. 

Conclusions: Results showed that the virtual voice assistant had positive effects on the 

speech and social interaction skills of children with ASD. The findings of this study implied 

that children with ASD can use readily available voice assistant software to improve their 

speech and social interaction skills. Furthermore, this study’s findings could be used to 

develop strategies to increase the availability of artificial intelligence infrastructure in schools 

and homes to help children with ASD.  

Keywords: Autism Spectrum Disorder; virtual voice assistants; language skills; social 

skills; artificial intelligence; children 
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Introduction 

Autism Spectrum Disorder (ASD) is a developmental disorder that affects the way 

individuals interact with their environment and how they communicate with others. Children 

with ASD have difficulties initiating or taking turns in conversations. ASD is considered a 

spectrum of disorders, because the degree of impairment differs from one individual to 

another. Consequently, ASD management strategies should be individually tailored [1]. One 

way to achieve this is through the use of interactive technologies. Several interventions, both 

clinical and non-clinical, using interactive technologies have been tested on children, with 

varying degrees of success [2,3,4,5,6]. In particular, applying artificial intelligence in 

interventions and blending this with human interaction has been widely studied in the past 

decade, and recent advances in information communication technology continue to facilitate 

novel methods that attract renewed attention from practitioners [7]. These research avenues 

show much promise, and research into the widespread application of such technology for 

managing ASD clearly represents the next frontier for providing support to children with 

ASD. 

Autism Spectrum Disorders comprises a range of severe developmental disorders that disrupt 

social relationships, communication, play, and academic skills and usually lead to life-long 

disability [8]. According to the Diagnostic and Statistical Manual of Mental Disorders [9], 

ASD is one of 20 types of neurodevelopmental disorders (NDD) that are characterized by a 

group of symptoms that share a common history and course. NDDs, including ASD, are 

heterogeneous disorders, thus indicating that not all patients manifest all possible symptoms, 

and many symptoms are shared with other disorders. [10, 11] noted that ASDs are complex 

NDDs characterized by qualitative impairments in three domains: social interaction; 

communication; and repetitive, stereotyped behavior. Thus, ASD influences how people 

communicate and behave due to atypical brain development. 

Tracking the prevalence of ASD poses unique challenges, as the symptoms are heterogenous, 

and no biological diagnostic markers can be detected. Global studies have identified the 

average prevalence of ASD to be between 1% and 2% [12]. [13] demonstrated that 58 per 

10,000 children were noted to have characteristics of ASD in a study that used an autism 

screening questionnaire. In a follow-up using a clinical interview conducted as part of the 

same study, [13] demonstrated that the weighted prevalence was estimated to be 29 per 

10,000 for a DSM IV diagnosis of pervasive developmental disorder. 

Many children with ASD exhibit developmental speech and language deviations and delays 

that are a result of intellectual and linguistic impairments [14]. The severity of language 

deviations and delays significantly varies in terms of symptoms. Studies have indicated that 

children with ASD a) present delayed and limited development of phonology and syntax 

[14]; b) have impaired comprehension and use of personal pronouns, errors of verb tense 

marking, impaired use of articles and conjunctions, and diminished use of closed class words, 

especially in the early stages of language acquisition [15]; c) use stereotypical, echolalic, and 

bizarre language[14]; d) have a fundamental impairment in conceptual knowledge acquisition 

[16]; e) often produce stereotypical and monotonous sounds and experience difficulties using 

words such as pronouns[14]; f) have limited depth of word knowledge [17]); g) experience 

difficulties integrating phonological information [18]; h) consolidate new word knowledge 

less readily [19]; i) repeat questions and take idioms and axioms as literal [20]; and j) have 

difficulties engaging in conversations as a result of these impairments [21]. 
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Virtual voice assistants (VVA) are interactive mechanisms that can interpret people’s speech 
and respond in a synthesized voice. VVAs can interact with humans through such actions as 

answering basic questions, telling jokes and stories, singing, and performing simple math 

calculations [22]. At present, there is an inadequate body of research exploring the role of 

VVAs in helping children with ASD learn effective communication skills, despite the 

significant promise that such an approach holds. Although the fact that language difficulties 

are common in children with ASD is widely known, the application of artificial intelligence 

in the teaching language is limited [22]. Most research has focused primarily on the roles of 

augmented reality, virtual reality, and games in relation to social and communication skills 

[23,24,25]. Furthermore, children’s interpretations of non-verbal cues and the effects of 

augmented reality have also been emphasized [26].  

The wide availability of VVA offers potential benefits for improving social and 

communication skills in children with ASD, as VVA technology can enhance their quality of 

life by helping them to integrate into society more effectively. However, no studies have been 

found to date that investigate this topic. With improvements in VVA voice quality and the 

availability on most smart device platforms, such as smartphones, tablets, and computers—
which are accessible and easy to use at home or school [22,242], VVAs could be a daily asset 

for children with ASD who have difficulties with social interactions and communication [22]. 

In many areas worldwide, the resources necessary to improve communication and speech 

skills, such available speech therapists and special education teachers; are often inaccessible. 

Consequently, to improve these skills in children with ASD, there is a need for innovative 

methods using tools and devices that are readily available in their home environment. 

However, there is currently a lack of research, due to the recency of technological 

developments. Thus, this study aimed to address this imbalance and explore the use of 

artificial intelligence—particularly the recent developments in VVAs technology—to 

facilitate the development of language and social skills in children with ASD. 

This study will be of significance for a number of reasons. By providing insight into new 

methods to develop language skills in children with ASD, it takes a step toward creating an 

equal and intelligently adaptive playground for all children. Stakeholders could use this 

study’s results to develop strategies for increasing the availability of artificial intelligence 

infrastructure in schools and homes to help these children. For teachers, the study will serve 

as a benchmark in the application of artificial intelligence. The study will also be beneficial 

to practitioners who work with children with ASD. Furthermore, it will serve as a guiding 

framework on the use of VVAs in helping children develop spoken language and provide real 

examples of how VVAs can be used successfully in this manner.  

This study was guided by a conceptual framework which proposed that the interactive nature 

of VVAs has a positive direct impact on speech development, interpretation of non-verbal 

cues, and social interaction skills in children with ASD. VVAs can be used as tools that 

provide children with a chance to listen and respond verbally, thus improving their ability to 

produce intelligible verbal responses. Furthermore, interaction with virtual characters can 

also serve to expose children to non-verbal cues, which can improve their ability to interpret 

non-verbal cues through repetition. 

Additionally, it has been argued that VVAs can act as partners with whom children with ASD 

can interact, which may boost their social skills when interacting with adults and other 

children. In this framework, the strength of the correlation between the independent variable 

(VVAs) and dependent variables (expressive verbal abilities and social interaction skills) will 
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be influenced by each child’s age and degree of impairment, which serve as the moderating 

variables. The conceptual framework is illustrated in Figure 1. 

 

Figure 1. The study’s conceptual framework. 

The following research questions were addressed in the present study: 

1. What are the effects of expressive language stimulation activities using VVAs on 

expressive vocabulary skills in children with ASD? 

2. What are the effects of expressive language stimulation activities using VVAs on the 

social interaction skills in children with ASD? 

3. What are the effects of expressive language stimulation activities using VVAs on the 

intelligibility of children with ASD, as rated by their mothers? 

Material and Methods 

Research Design 

The study applied a single-case research A-B-A design, which involves the manipulation of 

the independent variable(s) over time to determine how such variables impact the dependent 

variable(s), thus allowing for hypothesis testing [28]. This research was interventional and 

aimed to determine the effectiveness of an expressive language intervention using a VVA by 

assessing participants before the intervention and comparing those assessments with 

measurements taken during various study phases [29]. The data obtained prior to the 

intervention acted as a control (baseline). This research design allows for vigorous 

experimental evaluation of an intervention’s effectiveness while relying on one or only a few 
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participants as opposed to obtaining data from a large pool of samples. Although single-

subject experimental studies use a small sample size, such a design can be preferable as a 

source of rich information on each participant [30], can be used in making causal inferences 

[29], and seeks to obtain data from children with ASD before, during, and after implementing 

an intervention using an A-B-A design. 

 

Figure 2. Illustration of the intervention’s A-B-A design. 

Sample 

This study targeted children who were diagnosed with ASD at around preschool age (4 

years). UAEU ethics approval was obtained for this study, and informed consent was 

obtained from each participant’s parents. To confirm participants’ ASD diagnoses, the 

GARS-3 was administered by a qualified speech language pathologist. The selection criteria 

for participants were a) a valid diagnosis of ASD, b) the presence of an expressive language 

delay, and c) difficulties with social interactions. 

Participants and Setting 

Participant 1 (P1): A four-year-old male enrolled in kindergarten at the time of the study 

that did not provide any special education support. He did not receive any speech language 

therapy while participating in this study. His autism index was 84, as measured by the 

GARS-3 [31], equivalent to Level Two in the DSM IV. Regarding receptive language 

abilities, he was able to follow instructions if they were broken down into one- or two-step 

commands. 

Participant 2 (P2): A six-year-old male enrolled in the first grade at the time of the study. 

He had received special education support, as well as speech therapy and behavioral 

modification sessions in the past; however, he did not receive any therapy while participating 

in this study. His autism index was 87, as measured by the GARS-3 [31], equivalent to Level 

Two in the DSM IV. Similar to P1, P2 was able to follow instructions if they were broken 

down into short steps.  

Participant 3 (P3): An 11-year-old male enrolled in grade six at the time of the study. He 

had received special education support, as well as speech therapy and behavioral 

modification sessions in the past; however, he did not receive any therapy while participating 

in this study. His autism index was 87, as measured by the GARS-3 [31], equivalent to Level 

Two in the DSM IV. His receptive language abilities were at a level where he able to follow 

instructions if they were broken down into short steps.  

A 

B

A

Initial baseline 

VVA/one month 
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Procedure 

Phases 

A. Baseline Phase 

The baseline phase involved observing and assessing each child for speech and social 

interactions over four weeks. During this phase, participants took part in traditional language 

stimulation sessions with their mothers, using only traditional toys and cards.  

 

To decrease threats to internal validity, a subsequent baseline (A) assessment period that 

lasted four weeks was also implemented following the intervention phase. This assisted in 

confirming the intervention’s effectiveness and whether the changes occurred due to the 

intervention or another extraneous variable [19]. In this second baseline, the intervention 

withdrew, and each student was introduced to new words with only his mother’s assistance, 
and not with a VVA.  

B. VVA Intervention Phase 

Training parents on the VVA intervention. Each family was provided with an iPad. The 

three participants were assessed for their ability to use Apple smartphone and tablet devices 

prior to the intervention. Each of the participants and their mothers were taken through a 

training session on using VVAs (i.e., Apple’s Siri). The first three sessions of the intervention 

phase (Phase B) were conducted with the researcher, while the remaining sessions were 

conducted with the children’s mothers at their homes. The first session was an introductory 

training session to provide education on the study’s purpose and procedure, as well as to 

establish a rapport with the child in an informal familiar setting (i.e., home). Then, the 

mothers were asked to sign the consent form. Initially, neither the children nor their mothers 

were familiar with Siri. Therefore, the researcher introduced them to Siri and trained them to 

it by interacting with Siri application informally via the iPad. P3 required an additional 

training session. During the next two consecutive sessions, the researcher modeled a typical 

session using VVA for the mothers. The mothers were asked to repeat the demonstration to 

make sure they understood the concept as well as are able to implement the intervention 

adequately.  

VVA application intervention sessions. Each participant used a VVA (Siri) for two months. 

Participants took part in two 10-minute interventional sessions per day. Most sessions were 

conducted after school and during weekends. To reduce threats to the validity of the results, 

the intervention was administered in the children’s natural environment (home) with the same 
researcher and parent throughout the program [32]. 

 

The mothers were required to initiate each intervention session by using Siri before the child 

(for instance saying, “hey Siri”). Then, the child was given the chance to do the same. If the 

child did not follow the stimulus, the mother was required to repeat the modeling behavior. If 

the child did not show interest, the mother was asked to terminate the session and reattempt 

later that day. If the child was successful in engaging with the stimulus, the mother was 

required to use the next word or phrase from an assigned list. Figure 3 presents a sample 

conversation during an intervention session.  
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Figure 3. A sample interaction with Siri. 

 

Stimuli sets. Three sets of stimuli were used in this study; Set 1 consisted of eight social 

words such as “hi” or “hello,” Set 2 consisted of nine two-word phrases, and Set 3 consisted 

of seven three-word phrases. 

Response Measurement 

A. Daily Measurments 

Following each session, the parents counted how many times their child verbally produced 

the assigned words/phrases correctly. This was based on Siri’s response. The mothers were 

required to video record at least one session per day and send it to the researcher. 

B. Weekly Progress Measurements 

To monitor each mother’s consistency in conducting the sessions, as well as each child’s 

progress, two weekly checklists were used. The Parent Assessment Checklist (PACL) is a 

weekly checklist that was developed by the researcher and consists of a questionnaire to 

collect data on parents’ consistency in following the intervention procedure as well as the 

child’s ability to use Siri on his own (see Appendix A for details). The Social Assessment 

Checklist (SACL) was developed by the researcher to monitor progress related to social 

interactions before the initiation of Phase A and following each phase. The SACL consists of 

10 questions to evaluate social aspects of communication (see Appendix B for details). 

 

Data Analysis 

In this study, data analysis involved visual analysis of graphical data, as suggested by Lobo et 

al. [29]. The data for the three participants were presented graphically, with spaghetti plots 

for each participant’s data. This served to aid in visualization of the data and making valid 

comparisons. Visual analysis is generally used to determine whether there is a functional 

relationship between the independent and dependent variables. Each case will be compared to 

itself. The visual analysis focused on a) slope/trend and b) the total ratio of responses to 

opportunities.  
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Results 

This study was conducted over three months, from September to December 2019. The total 

number of sessions per child ranged from 22 to 29. 

Improvements in Expressive Verbal Skills 

The first research question was “What are the effects of expressive language stimulation 

activities using VVAs on expressive vocabulary skills in children with ASD?”  

P1 showed a notable improvement in the total number of correct words produced with fewer 

attempts during the VVA intervention (Phase B) compared with the traditional ones (Phase 

A; see Table 1). Additionally, a visual inspection of Figures 4 and 5 reveals that the number 

of new words produced was higher in the VVA intervention phase, indicating that VVA 

contributed to improvements in P1’s expressive vocabulary.  

 

Table 1. Total number of attempts and correct words produced for P1. 

  List 1 List 2 

Phase 

Total 

Attempts 

Total Correct 

Words 

Total 

Attempts 

Total Correct 

Words 

A 47 28 35 14 

B 30 51 28 57 

A 40 48 23 29 

 

 

Figure 4. Change in number of correct words produced in relation to attempts per sessions for P1 (1st set of 

words). 
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Figure 5. Change in number of correct words produced in relation to attempts per sessions for P1 (2nd set of 

words). 

 

Additionally, P1 demonstrated improvements in developing new expressive words during the 

VVA intervention (Phase B), compared to the traditional intervention (Phase A; see Figure 

6). 

 

 

Figure 6. Comparing the ratio of new words produced to number of sessions between the traditional intervention 

and VVA intervention for P1. 

P2 also showed notable improvement the total number of correct words produced with fewer 

attempts during the VVA intervention (Phase B), compared with the traditional intervention 

(Phase A; see Table 2). Visual inspection of Figures 7 and 8 reveals that the number of new 

words produced was higher during the VVA intervention phase, indicating that using the 

VVA contributed to improvements in P2’s expressive verbal vocabulary.  
 

Table 2. Total Attempts and Correct Words Produced for P2. 

  List 1 List 2 

Phase 

Total 

Attempts 

Total Correct 

Words 

Total 

Attempts 

Total Correct 

Words 

A 48 37 56 48 

B 30 70 31 76 
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A 40 68 34 37 

 

 

Figure 7. Change in number of correct words produced in relation to attempts per sessions for P2 (1st set of 

words). 

 

 

Figure 8. Change in number of correct words produced in relation to attempts per sessions for P2 (2nd set of 

words). 

 

Like P1, P2 demonstrated an improvement in developing new expressive words during the 

VVA intervention (Phase B), compared to the traditional intervention (Phase A; see Figure 

9). The number of new words produced was significant in the VVA intervention phase; P2 

produced five new words, compared to no new words in the first traditional phase and two 

words in the second traditional phase. 
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Figure 9. Comparing the ratio of new words produced to number of sessions between the traditional intervention 

and VVA intervention for P2. 

 

P3 demonstrated similar results. He showed a notable improvement in the total number of 

correct words produced with fewer attempts during the VVA intervention (Phase B) 

compared with the traditional ones (Phase A; see Table 3). Visual inspection of Figures 10 

and 11 shows that the number of new words produced was higher during the VVA 

intervention phase.  

 

Table 3. Total attempts and correct words produced for P3. 

  List 1 List 2 

Phase 

Total 

Attempts 

Total Correct 

Words 

Total 

Attempts 

Total Correct 

Words 

A 47 35 65 51 

B 19 51 32 63 

A 43 49 29 44 
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Figure 10. Change in number of correct words produced in relation to attempts per sessions for P3 (1st set of 

words). 

 

 

Figure 11. Change in number of correct words produced in relation to attempts per sessions for P3 (2nd set of 

words). 

 

Similar to P1 and P2, P3 demonstrated an improvement in developing new expressive words 

during the VVA intervention (Phase B), compared to the traditional intervention (phases A; 

see Figure 12). 

 

 

Figure 12. Comparing the ratio of new words produced to number of sessions between the traditional 

intervention and VVA intervention for P3. 

 

Changes in Social Interaction Skills 

The second question was “What are the effects of expressive language stimulation activities 

using VVAs on the social interaction skills in children with ASD?” 
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To answer this question, the results from the SACL were used. Visual analysis was also used 

to investigate changes in social interactions during VVA use. The bar charts for P1, P2, and 

P3 in Figures 13, 14, and 15, respectively, show increases in the social interactions of all 

participants in the intervention phase, compared with the baseline. These results indicated 

that the use of artificial interactive technological programs, such as VVAs, could produce a 

small yet positive influence on participants’ social interaction skills. 

 

 

Figure 13. Social Assessment Checklist (SACL) scores per phase for P1. 

 

 

Figure 14. Social Assessment Checklist (SACL) scores per phase for P2. 
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Figure 15. Social Assessment Checklist (SACL) scores per phase for P3. 

 

Mothers’ Perceptions of Changes in Speech Intelligibility and Social Interactions 

The third research question was “What are the effects of expressive language stimulation 

activities using VVAs on the intelligibility of children with ASD, as rated by their mothers?” 

To answer this question, the results from the PACL was used. Before engaging in the study, 

as well as after each phase was completed, mothers were asked to complete the PACL. 

Figures 16, 17, and 18 present the PACL results for P1, P2, and P3, respectively. As shown in 

the figures, all the mothers noted improvement in their children’s speech intelligibility and 

social interactions. Additionally, they indicated that they were satisfied with the VVA. 

Overall, the results suggested that using VVAs had a positive effect on the intelligibility of 

children with ASD, with mild to minimal parental support.  

 

 

Figure 16. PACL scores per phase for P1. 
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Figure 17. PACL scores per phase for P2. 

 

 

Figure 18. PACL scores per phase for P3. 

 

 

Discussion 

Children with ASD tend to have communication and social interaction deficits. Their 

deficiencies in communication mainly come from the difficulties they face regarding 

language acquisition. Although researchers have demonstrated the significant role artificial 

intelligence can play in interventions for children with ASD, the role and effectiveness of 

VVAs has not been satisfactorily examined. Therefore, this study aimed to explore the 

effectiveness of VVAs for enhancing speech and social interaction skills in children with 

ASD.  

Overall this study’s results showed improvements in participants’ expressive verbal 

vocabulary, production of short phrases, and social interactions during the intervention 

phases compared with a traditional intervention. The participating children were able to 

interact effectively with the VVA platform and produce new expressive vocabulary. The 

intervention phase data showed improvement in expressive verbal output and social 

interactions compared with the traditional baseline data. The children were able to correctly 

pronounce more words in fewer attempts. Additionally, the children’s interactions with their 
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siblings were also reported to increase. The mothers reported being satisfied with using this 

program. These findings suggest that VVA programs might be useful as home-based 

intervention for children with speech and social difficulties. Sahin et al. [26] reported very 

similar findings in their study that investigated the use of digital augmented reality in an 

intervention for social communication, motivation, and cognition in individuals with ASD in 

a school environment. Further, this study is notable, as it explores the use of a technology that 

is readily available in home settings. Furthermore, it strengthens suggestions that utilizing 

VVAs’ “humanlike” conversational skills could provide support for developing speech and 

social interaction skills at home [22,33]. 

Children with ASD generally have significant challenges in social interactions. Thus, 

utilizing a tool that could be readily available in their homes and that could potentially 

improve their social interaction skills could be very beneficial to these children and their 

families. In studies performed by Ireland et al. [24] and Parson et al. [25], participants 

showed improvements in their social interactions with the use of avatars and virtual reality 

applications in a simulated environment. Likewise, the findings of this study supported the 

effectiveness of using VVAs to enhance the participants’ speech and social interaction skills. 

Qualitatively, the mothers, who participated in this study, noted multiple advantages of using 

VVAs. They asserted that Siri captured the children’s attention, as they asked their siblings to 

speak to and play with Siri. Further, the mothers noted that the time the children spent 

interacting with their siblings increased dramatically while using Siri. They indicated that 

prior to this, they experienced difficulties in finding activities that would be of interest to 

their children and could also potentially be beneficial for developing social and language 

skills. Indeed, these advantages could indirectly benefit children who have difficulties using 

expressive language, as well as with social interaction. It is also worth noting that one of the 

participants developed an interest in writing whatever he asked Siri, since the child observed 

Siri typing whatever was said to it. 

Although the results of this study showed that the VVA intervention had positive effects on 

expressive language and social interaction skills, it is still unclear whether this was entirely 

due to the VVA. These improvements could be attributable to the mothers’ compliance to the 

intervention and follow-up. However, undoubtedly, the VVAs played some role, because the 

mothers also noted that their children were more interested in using the VVAs than they were 

in the traditional (baseline) method of learning new vocabulary and social interaction skills. 

The participating mothers reported that their children started to imitate the new words they 

heard from Siri. For example, the mother of P1 described her surprise over her child’s 

improvement and excitingly sent a video to the researcher showing the child saying, “I am 
not sure I understand,” which was identical to a phrase commonly used by Siri. Similarly, the 

mother of P2 said that her child kept asking Siri questions, such as “Who are you?” and 

“How old are you?” P3 showed less interest in saying new words and more interest in asking 

Siri to open his favorite game. Nevertheless, this can be considered a positive interaction. 

Previous research suggested that distraction-free, non-judgmental conversation could be why 

children with ASD find it appealing to interact with smart interactive platforms similar to 

VVAs, and the present study also supports such a supposition [34,35].  

 

One important advantage of using a single-subject design in autism studies is that it allows 

the use of a small sample size while focusing on rich, in-depth data collection, as well as 

tracking participants’ individual progress. Such an experimental design is advantageous in 

ASD interventional studies, because ASD is heterogenous, with a wide range of 



 

 

17 

 

characteristics; thus, generalizations are usually difficult to make. Further, these experimental 

interventions can be customized according to the needs and goals of each participant, while 

each participant’s pre-study performance can act as their own baseline.  

Study Limitations and Implications 

Several limitations can be identified in this study. First, it was a single-subject design 

study with a low number of participants, thus limiting the generalizability of the 

findings. The second is the use of the A-B-A single-subject design because of time 

constraints. To further develop the findings on the effectiveness of VVA use for 

children with ASD, an A-B-A-B design might be stronger, because it would provide 

another opportunity to evaluate the effects of the intervention phase on the target skills 

or behaviors for the second withdrawal phase. The third limitation is the small number 

of sessions per phase. Increasing the number of sessions for each phase could also help 

more accurately determine the intervention’s effectiveness.  

Directions for Future Research 

In addition to considering how to overcome the aforementioned limitation in future studies, 

the following constructive suggestions can be made. The first is to extend the range of the 

target population to include not only children with ASD but also all children with speech and 

social difficulties. The second is to measure the impact of mothers’ intervention as compared 

to regular therapy sessions provided by therapists or special education teachers using 

validated objective and subjective assessment tools. 

Despite its limitations, the findings of this study could contribute to providing assistance to 

children with speech and social difficulties, such as ASD, by using artificial intelligence 

platforms, such as VVAs, in homes and schools. 

Conclusions 

In conclusion, this study’s results demonstrated that using VVA had positive influence on on 

expressive verbal vocabulary, production of short phrases, and social interactions in 3 

children who have expressive language difficulty as well as social interaction difficulty due 

to ASD.   The participated children were able to interact effectively with the VVA platform 

and produce new expressive vocabulary. The children were able to correctly pronounce more 

words in fewer attempts. Additionally, this study strengthens the idea that  utilizing VVAs’ 
“humanlike” conversational skills may provide support for the development of  speech and 

social interaction skills at home for children with ASD . 
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Appendix B. Social Assessment Checklist. 

 

 

 



Figures

Figure 1

The study’s conceptual framework.



Figure 2

Illustration of the intervention’s A-B-A design.

Figure 3

A sample interaction with Siri.



Figure 4

Change in number of correct words produced in relation to attempts per sessions for P1 (1st set of
words).

Figure 5

Change in number of correct words produced in relation to attempts per sessions for P1 (2nd set of
words).



Figure 6

Comparing the ratio of new words produced to number of sessions between the traditional intervention
and VVA intervention for P1.

Figure 7

Change in number of correct words produced in relation to attempts per sessions for P2 (1st set of
words).



Figure 8

Change in number of correct words produced in relation to attempts per sessions for P2 (2nd set of
words).

Figure 9

Comparing the ratio of new words produced to number of sessions between the traditional intervention
and VVA intervention for P2.



Figure 10

Change in number of correct words produced in relation to attempts per sessions for P3 (1st set of
words).

Figure 11

Change in number of correct words produced in relation to attempts per sessions for P3 (2nd set of
words).



Figure 12

Comparing the ratio of new words produced to number of sessions between the traditional intervention
and VVA intervention for P3.



Figure 13

Social Assessment Checklist (SACL) scores per phase for P1.

Figure 14

Social Assessment Checklist (SACL) scores per phase for P2.

Figure 15

Social Assessment Checklist (SACL) scores per phase for P3.



Figure 16

PACL scores per phase for P1.

Figure 17

PACL scores per phase for P2.



Figure 18

PACL scores per phase for P3.


