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Abstract 
Parental involvement in interventions based on Applied Behavior Analysis 
for children with Autism Spectrum Disorder (ASD) is encouraged to increase 
learning opportunities at home. The use of technologies increases the extent 
of interventions that occur outside therapeutic settings. Thus, our main goals 
were: 1) to compare the effect of the use of a mobile application—ESPIM—on 
the frequency of conducting complementary educational activities by parents 
at home, to traditional strategies (verbal and written instructions); 2) to ana-
lyze the strategies used by the parents and the reliability of the performance 
registry; 3) to analyze the viability of adoption of a software solution as sup-
port for parents. Three families and their children with ASD participated. The 
results indicated that the use of the application proved to be effective to in-
crease parental engagement in conducting the complementary educational 
activities at home with reliable registry. The technological support seemed to 
be a viable solution to increase parental engagement, as it was easily and rea-
dily adopted and as it was perceived by parents as useful. 
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1. Introduction 

The main behavioral characteristics of people with Autism Spectrum Disorder 
(ASD) are qualitative impairment in social interactions, communication and 
present restricted and repetitive patterns of behavior, interests or activities (APA, 
2013). Individuals with ASD may present deficits and/or behavioral excess in 
different areas of development, such as language, social skills, self-care skills, 
motor skills and cognitive tasks (Bagaiolo et al., 2017). 

Among the main therapeutic and educational approaches aimed at individuals 
with ASD, interventions based on Applied Behavior Analysis (ABA) present 
positive, replicable and evidence-based results for the acquisition basic beha-
vioral and complex developmental repertoires (Bagaiolo et al., 2017; Cooper, 
Heron, & Heward, 2007; Leach, 2014). ABA teaching practices are individua-
lized, planned according to each individual’s existing behavioral repertoires and 
aiming towards the acquisition of novel skills. These are assessed by the evalua-
tion of the expected performance according to a behavioral checklist. The inter-
vention is then guided by a personalized teaching curriculum that presents a de-
tailed schedule of each behavioral goal (Kabout, Mais, & Segal, 2003). 

The first study that used the principles of Experimental Behavior Analysis to 
teach children with ASD was documented by Lovaas (1987). The participants 
were exposed to an intensive teaching schedule with 40 hours of activities per 
week. In this study, 47% of the children presented similar performances to the 
children without ASD. This study was the first to point out the importance of 
the high intensity of the intervention programs for the effectiveness of the inter-
vention based on ABA. 

However, the intensiveness of the intervention is not always accessible to 
some families of individuals with ASD due to practical and financial issues, such 
as difficulties in finding available services and qualified professionals to carry out 
the interventions and the high costs associated with these intensive interven-
tions. An alternative to deal with this scenario is to involve parents and/or other 
family members in the intervention, training them to act as educational agents at 
home (Gomes et al., 2017). 

This strategy has become increasingly more common and several research 
present encouraging results (Gomes et al., 2017; Guimarães, 2018; Jacobson, 
2000; Johnson & Hastings, 2002) and it has proven to improve the effectiveness 
of the intervention by increasing the intensity of the intervention and also by 
creating more opportunities for the generalization and for the maintenance of 
the acquired skills (Benitez & Domeniconi, 2014; Gortmaker, Daly III, McCurdy, 
Persampieri, & Hergenrader, 2007; Mcconachie et al., 2005). 

Several studies aimed to investigate the impacts of the involvement of parents 
in the education process of their children with ASD. For example, Mcconachie et 
al. (2005), evaluated strategies of how to involve the parents of students with 
ASD in their children’s education and how to facilitate the social communication 
between them. Others were dedicated to promoting language teaching through 
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training the parents to start social interaction with their children with ASD (Gi-
rolametto, Sussman, & Weitzman, 2007), and to lead parents to better under-
standing the school trajectory of their children with ASD (Benitez, Gomes, Bon-
dioli, & Domeniconi, 2017). Specifically regarding ABA-based intensive beha-
vioral intervention, Gomes, Souza, Silveira and Oliveira (2017) aimed to evaluate 
the effects of parent involvement in the first year of intervention with their child-
ren with ASD with ages ranging from 15 to 35 months. The parents were trained 
to conduct educational activities organized in discrete trials and to register their 
children’s performance. The weekly workload was of 15 hours. They reported 
positive outcomes in the development of the children exposed to the parent-led 
home intervention. Seemingly, Guimarães (2018) trained caregivers to manage 
inappropriate behavior emitted by their children with ASD using three proce-
dures: video modeling, written instruction and role-play with immediate feed-
back. The results showed that the combination of the three strategies was effec-
tive in successfully managing the inappropriate behaviors.  

Despite the importance and the benefits of parental involvement in ABA-based 
interventions, adherence and parental engagement do not always occur nor are 
satisfactory. Parental engagement is here defined as the extent to which the par-
ents’ behavior coincides with the recommendations of a professional (Allen & 
Warzak, 2000). Even though studies evaluating the efficacy of ABA-based inter-
ventions are vast, investigation of the variables that affect parental engagement 
in such interventions are more scarce.  

Moore and Symons (2009), for example, conducted a survey of 220 parents of 
children with ASD and found that adherence to behavioral treatments was sig-
nificantly lower in comparison to adherence to medical treatments. In a subse-
quent study in 2011, the same authors investigated adherence to behavioral 
treatments for children with ASD based on six barriers perceived by parents ex-
ist relative to the behavioral strategies: 1) too difficult; 2) not effective; 3) limited 
support from family and friends; 4) belief that other clinical approaches would 
be more appropriate; 5) limited energy to be consistent; and 6) practices not 
aligned with family values. Among the main results, the authors reported that 
adherence was greater for those parents who perceived themselves as effective 
behavior modification agents, who believed that the intervention would produce 
benefits and who accepted their children in terms of limitations and potentiali-
ties among the family and in the community. 

Several studies pointed out that ABA-based interventions demand availability 
of time, dedication and consistency from the staff and from the parents involved 
in order to achieve better results (e.g., Gomes et al., 2017; Guimarães, 2018; Lo-
vaas, 1987; Sallows & Graupner, 2005). These interfere in the parental engage-
ment, sometimes leading to low adhesion to the behavioral intervention at 
home, which can be perceived by parents as a “burden” for the family (Anan et 
al., 2008). There are other variables that may hinder parental engagement in 
conducting the recommended activities at home, such as difficulties in following 
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instructions, excessive skill complexity, weak management of the intervention 
environment, competing punitive contingencies to parents’ behavior during the 
intervention (e.g., crying, temper tantrum), competing reinforcing contingencies 
to parents’ behavior during the intervention, for example, resting or watching 
television (Allen & Warzak, 2000). 

One way to improve parental engagement in ABA-based interventions at 
home is through the use of technological resources that allow information ex-
change between parents and therapists and that allow some degree of monitor-
ing of the activities to be conducted at home. Aligned to these goals, the com-
puter system ESPIM—Experience Sampling and Programmed Intervention Me-
thod—is a software solution that offers alternatives for the remote data collec-
tion and the execution of interventions programmed by specialists from differ-
ent domains of knowledge, such as education and health (Zaine et al., 2016). 

The system allows a specialist, for example an educator or a therapist, to 
create personalized intervention programs. These intervention programs are ex-
ecuted through an application installed on the mobile devices (smartphones and 
tablets) of the target population. One of the features of the application is that it 
sends “reminders” so that participants engage on the programmed activities, by 
sending them visual and auditory notifications, scheduled by the specialist. The 
system also allows the exchange of different types of media between a specialist 
and the participants, such as text, image, audio and video (Rodrigues et al., 2017; 
Zaine et al., 2016). Through the use of the system it is possible to expand the 
scope of the data collection and the programmed set of interventions that can be 
remotely performed, in the participants’ natural environment, without the pres-
ence of the researcher.  

Regarding the importance of parental engagement in ABA-based interven-
tions for children with ASD and the availability of a technological support, this 
study aimed to increase parental engagement in at-home complementary educa-
tional activities in ABA-based interventions for children with ASD using a soft-
ware application—ESPIM. Our main goal was to compare the effect of intro-
ducing the variable “application” on the frequency in which parents conducted 
complementary educational activities at home, recording their children’s per-
formance in such activities, compared to traditional verbal instruction. A sec-
ondary goal was to analyze the interaction among parents and children during 
the interventions regarding the strategies used by the parents and the reliability 
of the performance record. Finally, a third goal was to analyze the viability of 
adoption of a software solution, such as the ESPIM system, as support for par-
ents to conduct the educational activities at home. We consider that innovative 
solutions involving technology that somehow support parents to be more particip-
ative in conducting ABA-based activities at home provide children with more time 
of training and to more learning opportunities, ultimately fostering the children’s 
development. These alternative and creative solutions are of special importance 
in low-income countries, such as Brazil, in which the costs of conducting ABA-based 
interventions with the appropriate weekly workload are still high, being less ac-
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cessible to a part of the population. 

2. Method 
2.1. Participants 

The participants were three Brazilian parents of children with ASD with low en-
gagement in conducting at-home ABA-based complementary educational activi-
ties. All children were students at a Brazilian non-governmental organization 
(NGO)1 with a 2-hour/week workload. The NGO trained parents to conduct se-
lected complementary educational activities2 at home and instructed them to do 
those daily, using a standardized data sheet to register performance. The three 
students were male and their parents were highly familiar with using smart-
phones and applications. The inclusion criteria were: 1) parental low engage-
ment in conducting at-home complementary educational activities—frequency 
of 1 to 2 times a week for three consecutive months; 2) to own an Android 
smartphone or tablet; 3) internet access; 4) to allow the download of the ESPIM 
application on the mobile device. The behavioral/cognitive repertoire of the stu-
dents with ASD was accessed by the VB-MAPP—Verbal Behavior Milestones 
Assessment and Placement Program (Sundberg, 2008). Table 1 presents each 
family’s demographic information. 

2.2. Location and Materials 

The complementary educational activities were conducted by the parents at 
home and the data on the frequency of execution was automatically collected by 
the ESPIM application. The material was: the parents’ personal Android smart-
phones with the ESPIM application and a performance data sheet. All the par-
ents had already been trained by the professionals from the NGO on how to 
fill-in the performance data sheet, although they received new training before 
the beginning of this study. The parents also responded to a pre-and post-trial 
semi-structured interviews. The pre-trial interview presented two queries about  
 

Table 1. Participants’ demographic profiles. 

 Student with ASD Parents 

 Age 
Performance—VB-MAPP (%) Main home  

educational agent 
Age Educational level Profession 

1 2 3 4 5 6 

Fam1 3y 40 20 20 0 0 0 Father 38y Graduate Administrative technician 

Fam2 6y6m 50 0 60 0 0 0 Mother 38y Undergraduate Finance assistant 

Fam3 8y2m 100 100 80 90 0 0 Mother 46y Graduate Educational coordinator 

Note: The numbers 1 to 6 under “Performance—VB-MAPP” (Sundberg, 2008), refer respectively to motor imitation level 1; echoic level 1 (repeating words); 
listener response level 1 (identification of objects/pictures); 4 tact level 1 (naming objects/pictures); intraverbal level 2 (e.g., answering questions and com-
pleting phrases), 6 tact level 2 (naming objects/pictures). 

 

 

1The study was approved by the Committee of Ethics in Research with Humans from the School of 
Arts, Science and Humanities—EACH/USP (#57875016.3.0000.5390).  
2It is important to highlight that the complementary activities were not intended to substitute any 
ongoing educational, behavioral or medical interventions. 
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the frequency that they conducted at-home complementary educational activi-
ties and about their main difficulties in doing so. The post-trial interview was 
comprised of eight questions about: 1) Frequency of execution of at-home com-
plementary educational activities; 2) Inclusion of other people while conducting 
the activities; 3) Advantages and difficulties in the use of the application; 4) A 
user experience and usability questionnaire. 

2.3. Variables and Design 

The independent variable was the introduction of the ESPIM application as a 
support for parents to conduct the at-home ABA-based complementary educa-
tional activities. The design was the A-B type: A—baseline; B—intervention. 
During baseline, for three weeks the families received verbal and written instruc-
tions to daily conduct at least one of three educational activities at home and to 
register their children’s performance using a performance data sheet. This was 
the general strategy of the NGO, which we will refer to in this paper as “tradi-
tional”. It is important to remember that these parents were selected to partici-
pate in the study because they already presented low engagement in the at-home 
activities for three consecutive months prior to the study. The parents were also 
encouraged to video record the activities for future feedback. On condition B, 
the parents received through the ESPIM application notifications that func-
tioned as reminders to conduct the activities daily, as well as instructions on how 
to proceed in each activity. The parents also registered their children’s perfor-
mance on the application. This condition lasted from 3 to 4 weeks. Thus, on con-
dition A, the application was not used and on condition B, the application was 
used.  

The dependent variables were the parental engagement in conducting the 
recommended activities and the registry of the children’s performance on each 
activity. The parental engagement was measured by the number of times that the 
parents conducted the educational activities at home relying on the traditional 
strategy (condition A) or on the use of the application. Even though the child-
ren’s performance was also collected, an analysis of the progression of the child-
ren’s performance was not a goal of this study, once reliable data on learning 
would require the experiment to be carried out for a longer period of time. 

2.4. Procedure 

The parents were instructed to conduct at least one out of three planned educa-
tional activities at home with their children, once a day, for six consecutive 
weeks. The activities were selected by the professionals of the NGO and corres-
ponded to relevant skills in phases of acquisition or maintenance, according to 
each student’s individualized teaching curriculum based on their assessment on 
the VB-MAPP. Table 2 presents the activities selected for each student of the par-
ticipant families.  

The parents underwent through two different conditions: Baseline—condition  
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Table 2. Description of the activities selected for each student of the participant families. 

Family Activity Phase Description VB-MAPP 

Fam 1 

A1. Blow Acquisition Adult models blowing (with or without objects): “Do this (blows)” Motor imitation—Level 1 

A2. Wave good-bye Acquisition Adult presents the verbal instruction: “Wave good-bye”. Listener—Level 1 

A3. Repeat “woof-woof” Acquisition Adult presents verbal model: “Say ‘woof-woof’” Echoic—Level 1 

Fam 2 

A1. Stick tongue out Acquisition Adult models sticking tongue out: “Do this (sticks tongue out)” Motor imitation—Level 1 

A2. Bang hands on table 
and clapping hands 

Maintenance 
Adult models banging hands on table and clapping hands in  
sequence: “Do this (bangs on table and claps hands)” 

Motor imitation—Level 1 

A3. Point to objects Acquisition 
Adult positions familiar objects near the child and asks him/her to 
point to the named objects: “Point to (...)” 

Listener—Level 1 

Fam 3 

A1. Enumerate categories Maintenance Adult presents the instructions: “Say things that grow on trees” Tact—Level 2 

A2. Rhyme Acquisition Adult presents the instructions:”Say words that rhyme with (...)” Tact—Level 2 

A3. Answer question Maintenance Adult asks the question: “What is your full name?” Intraverbal—Level 2 

 
A—and Application—condition B. On the first three weeks, they relied on the 
traditional strategy and on the last three, on the application. All parents were 
trained to conduct and to register the performance on all the three required ac-
tivities: they observed a professional from the NGO conduct the activities with 
the children and then they conducted a couple of trials under the professional’s 
supervision. 

During the baseline, the parents were provided with a performance data sheet 
that presented three different educational activities and written instructions on 
how to conduct them. They were encouraged to conduct at least one of them on 
a daily basis for three consecutive weeks. On condition B the parents received 
the same instructions and the performance data sheet, with the difference that 
the application was introduced to foster parental engagement as it follows: on 
week 1 the application requested the activity 1; on week 2, the activity 2; and on 
week 3—the activity three. Even though the application requested only one ac-
tivity per week, as in the baseline condition, they were encouraged to conduct 
one or more activities per day, as in the baseline condition. Furthermore, re-
questing only one activity at a time through the application could demonstrate if 
the parental engagement would be generalized and extended to the other activi-
ties. For example, if the parents conducted the activity 1 requested through the 
application, they could take advantage of the training situation and also conduct 
activities 2 and 3, registering the performance on the data sheet.  

The educational activities were different on condition A and B, though they 
were comparable in terms of difficulty, according to the VB-MAPP assessment. 
The activities were different for each student, once the ABA-based intervention 
is personalized according to each individual’s behavioral goals.  

An example of the flow of events and screens presented by the application are 
shown in Figure 1. It basically consisted of: 1) Receive of a notification as a re-
minder; 2) Presentation of the instructions identical to the instructions on the 
performance data sheet and/or a video-model (10 s) of how the activity should  

https://doi.org/10.4236/ce.2019.108136


I. Zaine et al. 
 

 

DOI: 10.4236/ce.2019.108136 1890 Creative Education 
 

 
Figure 1. Example of the flow of events and screens presented by the application as de-
picted on the smartphone. Note: The original language of the application interface and 
text was Brazilian Portuguese, which is the participants’ native language. 
 
be performed; 3) Requisition to video-record the activity (optional); 4) Perfor-
mance registry; 5) Description of their main difficulties through a text entry 
(when applicable). 

Video-recording the activity was optional so that the situation would better 
correspond with the “traditional” instructions, in which the professionals of the 
NGO encouraged the parents to record the activity when possible, also to avoid 
that parents would not engage in the activities due to practical difficulties in re-
cording or privacy concerns. In every activity request, the first interaction of the 
parents with the application was to read the instructions of how to carry on an 
activity and/or to watch an instructional video. Watching the video was a man-
datory request only for the first time that a certain activity was requested and it 
could be skipped in the subsequent requests. The video depicted the therapists 
video-modeling how to conduct the activity. In sequence, the application gave 
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the parents the option to video-record the activity. If they agreed with it, the ap-
plication automatically started the camera. If they preferred not to record, the appli-
cation showed a screen similar to the data recording sheet, so that they could register 
the children’s performances. Finally, the application presented parents with an 
open-ended question (“Did you have any difficulties during the activity?”) for 
them to register their main difficulties, if any, while conducting the activity. To 
finalize the interaction, the application presented a feedback message and sent the 
data to the server. The daily notifications that served as reminders were scheduled 
according to each family’s preferences and were automatically triggered by the ap-
plication. In the case that the parents could not do the activity in the scheduled 
moments, that could perform it in a more convenient time by self-initiating the 
application. 

After the six-week trial, each family participated in an individual semi-structured 
interview and responded to a user experience questionnaire. In these opportuni-
ties, they also received feedback over their interaction with their children while 
conducting the activities and their main perceived difficulties.  

3. Results 

In this section, the results are presented in terms of: 1) Parental pre-experimental 
non-compliance to the at-home ABA-based educational activities; 2) Parental en-
gagement in conducting the activities; 3) Reliability of parental performance regi-
stry; 4) Strategies used by the parents during the activities; and 5) Experience of 
use of the application.  

The pre-experimental non-compliance data was collected at the pre-trial 
semi-structured interviews and corresponded to the motives perceived by par-
ents that interfered with their commitment to conduct the at-home ABA-based 
educational activities. The parental engagement was measured by the number of 
times the parents conducted the selected at-home ABA-based educational activi-
ties with their children prior and after the application was introduced. The data 
was analyzed using nonparametric statistical tests due to the properties of the 
sample. We used the Wilcoxon signed-rank test for related samples related to as-
sess potential differences in the parental engagement before and after the appli-
cation was introduced (baseline vs. application). The Kruskal-Wallis test for inde-
pendent samples was used to compare parental engagement across activities. All 
tests were two-tailed with a level of significance of p < 0.05.  

The parental registry reliability was assessed by the accuracy of the corres-
pondence between registries of what parents judged as correct or incorrect res-
ponses to the actual responses given by the children. For this, three judge’s spe-
cialists in Applied Behavior Analysis conducted a blind evaluation of the videos 
recorded by the parents. The strategies used by the parents were also assessed by 
the video recordings and were qualitatively analyzed. Finally, the experience of 
use of the application was analyzed based on the parents’ responses to the User 
Experience Questionnaire and additional information provided on the post-trial 
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interview. This analysis was important to evaluate the viability of including a 
technological solution such as the ESPIM application to the practices related to 
enhancing and monitoring parental engagement in at-home complementary 
educational activities based on ABA to children with TEA. 

3.1. Parental Pre-Experimental Non-Compliance to the At-Home  
ABA-Based Educational Activities 

In the pre-trial interviews, all families admitted that they rarely conducted the 
at-home activities as instructed by the professionals of the NGO. They consi-
dered that performing the educational activities in a more structured way and 
registering the children’s performance was high demanding and that they often 
did not have the time or the energy to do so after a day of work. They also men-
tioned having difficulties managing some of the children’s “misbehavior”, such 
as crying and temper tantrums, which led to a lack of motivation to even try to 
conduct the activities at home. The family, for example, reported: “We know 
that it is important to practice at home (...) but we come home tired and we 
know that he is going to be a handful that he will cry and throw a tantrum”.  

Two of the families (2 and 3) also considered that the lack of support from 
other people to conduct the at-home activities, especially other family members, 
was a problem that hindered their engagement. In the case of this study, for both 
families the mother was the main career and the one responsible to conduct the 
educational activities and they reported feeling overloaded, as reported by the 
mother from family 3: “I have no support. It’s always on me to conduct the ac-
tivities, so I feel tired”.  

Another challenge perceived by a couple of families (families 1 and 2), was to 
feel insecure to conduct the activities at home without direct professional super-
vision. They reported to be afraid of incorrectly conducting the activities, which 
could jeopardize their children’s learning process. For example, family 2 re-
ported: “Even though I watch the professionals at the NGO do the activities (...) I 
am afraid of doing it wrong (...) I am always insecure that if I do it wrong I will 
impair his learning”.  

Finally, all the families mentioned that they perceive a behavioral and perfor-
mance discrepancy between the activities conducted at the NGO and at home. 
They considered that the children were more cooperative at the NGO and also 
presented a better performance when compared to the activities conducted at 
home. For example, family 1 reported: “I see him doing everything at the NGO 
(...) he stays seated and keeps quiet. Then, when he comes home I can’t even get 
him to seat to start”.  

3.2. Parental Engagement in Conducting the At-Home ABA-Based  
Activities 

The data collected on the number of times the parents conducted the comple-
mentary educational activities at home show that there was a substantial increase 
after the introduction of the application. Figure 2 presents the number of sessions  
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Figure 2. Number of sessions conducted by the parents of each family during the Base-
line (BL) and Application (App) conditions. *Family 3 requested to use the application 
for an extra week to re-do Activity. 
 
conducted by the parents of each family during the Baseline (BL) and Applica-
tion (App) conditions. It can be observed that during the three weeks of baseline, 
two of the families (2 and 3) did not conduct any of the activities and one family 
(family 3) conducted only one session in the entire period. Although, after they 
started using the application, there was a significant increase in the number of 
sessions conducted by the parents for all the families: the number of sessions 
conducted increased from zero or one per week to an average of five sessions per 
week. The Wilcoxon test indicated that the number of sessions conducted by the 
parents at home in the baseline and in the application conditions significantly 
differed, being significantly superior after the application was introduced (Z = 
−2.80, p < 0.01).  

Despite the general increase in the number of sessions conducted for all fami-
lies, there was some variability. Families 1 and 3 conducted between 5 to 7 ses-
sions per week, with an average of 5.3 and 6.7 sessions per week, respectively. 
Family 2 presented slightly inferior results, conducting from 1 to 4 sessions per 
week, with an average of 2.3 sessions per week.  

Figure 3 presents the frequency that each family conducted the activities week 
by week after the application was introduced. It can be observed that all the fam-
ilies conducted at least once each one of the selected activities at home. The 
mean frequency that each activity was conducted was similar to one another: 
4.66 times for Activities 1 and 3, and 5.66 times for Activity 2. The Kruskal-Wallis 
test did not indicate any significant differences between the number of con-
ducted sessions between activities (H = 0.16, p = 0.92) indicating that the activi-
ties were comparable in terms of difficulty, as it was planned by the professionals 
from the NGO.  

Even though the parents were instructed that they could conduct all of the se-
lected activities in a daily basis, it can be observed that in most cases the parents 
only conducted the activity that was requested by the application. The only ex-
ception was Family 3, in which case the mother also conducted the Activity 2  
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Figure 3. Weekly frequency that each family conducted the activities after the application 
was introduced. *indicates which activity was requested by the application during each 
week. 
 
once during Week 1 of use of the application (and in this case, on Week 1 the 
application requested the Activity 1). In all other cases the activities conducted 
were restricted to the ones requested by the application each week.  

3.3. Reliability of Parental Performance Registry 

We analyzed 11 videos that parents recorded. No videos were sent on the base-
line condition, thus all the videos corresponded to the Application condition. 
From these, six videos were sent by Family 1, four from Family 2 and one from 
Family 3. As each session required parents to conduct five discrete trials for the 
activity to be considered concluded, a total of 55 trials were analyzed.  

There was a correspondence of the performance observed by the judges in the 
videos and the performance registered by the parents in all of the trials for Fami-
lies 2 and 3. For Family 1, there was a correspondence between five out of the six 
videos and the only divergence was that the parents registered one correct re-
sponse as incorrect. Thus, in this sample of videos the parents correctly regis-
tered the performance in 92.7% of the trials with 100% of agreement between 
judges.  

3.4. Strategies Used by the Parents during the At-Home  
ABA-Based Activities 

The parents presented high behavioral variability and used several strategies to 
engage their children in doing the educational activities at home. They tried to 
conduct the activities in a playful way and alternated between the educational 
activities and other activities with higher reinforcing value to the children, in 
order to maintain their engagement and interest in the situation. Among the 
observed strategies that produced positive results were: 1) the use of objects as 
reinforcing stimuli; 2) the use of food as reinforcing stimuli; 3) the use of social 
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consequences as reinforcing stimuli; 4) varying the location in which the activi-
ties were conducted; 5) involving other family members in the activity.  

For example, the Family 1 used several external objects to stimulate the child 
in the blowing imitation activity. In the session that there were a higher number 
of correct responses, the parents used a piece of paper that moved when they 
blew into it. The movement was highly reinforcing to the child that smiled and 
clapped hands while imitating the parent. Family 2 used chocolate as a reinforce 
to the activity of motor imitation. All the families used social consequences as 
potential reinforces in case of correct answers (e.g. saying “Well done!”, “Awe-
some” and clapping hands) and in most cases the children also celebrated their 
successes.  

All the families varied among different locations to conduct the activities at 
home, varying among more structured settings, such as a desk, and less struc-
tured settings, such as the floor, a couch or bed. This variation did not disrupt 
the children’s compliance to the activities nor their performance. In fact, it is 
possible that conducting the activities in less structured settings that are not so 
associated with the educational demands, may facilitate compliance and the ge-
neralization of target behaviors. They all also included other family members in 
the activities. The variation of people that help to conduct the activities is also 
desirable and favors generalization of the learned behaviors, such as the varia-
tion of the location. In the case of Family 1, the father and mother conducted the 
activities; in Family 3, the mother and younger brother were involved. In both 
cases the performance and compliance of the children were not disrupted. In the 
case of Family 2, on one occasion, the mother also involved three other family 
members (all adults) to conduct one activity. The situation, though was disorga-
nized, with all of the adults interacting and making concomitant demands, 
which lead to a disruption of the child’s responses. In this case, it is recom-
mended that only one person interacts with the child at a time. 

3.5. Experience of Use of the Application 

To evaluate the viability of the use of the ESPIM system to support parental en-
gagement in ABA-based complimentary at-home educational activities, besides 
analyzing the number of sessions conducted by the parents, we also collected 
data about their experience of use of the application in the post-trial interviews. 
The main characteristics pointed out by the families as positive were: 1) the noti-
fications sent by the application; 2) the increase of the frequency of activities 
conducted at home; 3) the functionality of receiving and sending videos by the 
application; 4) the registry of their main difficulties immediately after conduct-
ing an activity.  

All families considered the notifications a positive feature of the application as 
they served as daily reminders to conduct the activities, and that the reminders 
also motivated them to conduct the activities. For example, Family 1 reported: 
“Without the reminders we end up forgetting to do the activities or we surrender 
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to tiredness (...). But when we heard the notification, we felt more motivated (...) 
we knew that we had to do the activity (...) that that was the time we reserved for 
that”.  

Regarding the frequency that they conducted the activities, all the families rea-
lized that they engaged more in them after they started using the application and 
considered that this extra training at home was important to improve their 
children’s performance overall. Furthermore, the Family 1 reported that con-
ducting more activities at home with their child made them more aware of the 
child’s improvements: “In one day, he didn’t do much, then on the other day he 
gave a lot of correct answers and on the following as well (...) it felt really good to 
see him progress in such a short time (..). The application helped us to commit 
in doing the activities more often and this helped him to improve”.  

The families also found useful that the application automatically received and 
sent videos and that by the end of every activity they could write their main dif-
ficulties that were also automatically sent by the application. They reported that 
receiving the video-models helped them to feel more confident and to reproduce 
the activities as recommended. They also appreciated that they could record and 
send the video-recordings of the activities conducted at home to the profession-
als for feedback. Even though previous to the use of the ESPIM application the 
parents were encouraged to send videos using other communication systems, 
such as WhatsApp or e-mail, the families reported that they usually did not do 
this because they either forgot and/or they considered inconvenient to record 
and then send the video as an attachment using other communication systems, 
resulting in many steps that should be taken separately. On the other hand, the 
ESPIM application automatically guided the parents through all of these steps 
without having to use several different applications. Regarding the registry of the 
parents’ difficulties, although they were verbally encouraged to report them to 
the professionals of the NGO, once they rarely engaged in doing the activities at 
home, their reports, as described by the professionals of the NGO, or more related 
to general disruptive behavior than to specific behaviors related to the educational 
activities. The fact that every activity request was finalized with a query about 
their main difficulties encouraged parents to be more specific leading to better 
feedback from the professionals from the NGO. 

Finally, all the families considered the application easy to use, they would use 
it frequently, they would continue to use it to conduct novel educational activi-
ties with their children at home, they judged the solution as useful, novel and 
creative and would recommend the use of the application for the purpose of in-
creasing parental engagement in at-home ABA-based complementary educa-
tional activities.  

4. Discussion 

The main goal of this study was to analyze the effect of introducing the use of 
the ESPIM application on the frequency in which parents conducted ABA-based 
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complementary educational activities at home with their children with ASD, com-
pared to traditional verbal instruction. The parental engagement was measured by 
the frequency that parents conducted the recommended complementary educa-
tional activities at home using a novel technological application—ESPIM—to 
support their practice.  

The results indicated that the use of the application increased the number of 
times that parents conducted the complementary educational activities with their 
children at home. The frequency that parents conducted the educational activities 
at home increased from null or nearly null to an average of five times per week 
after the use of the application was introduced. The parents also successfully 
registered their children’s performance. Thus, the introduction of the applica-
tion favored parental engagement in conducting the selected educational activi-
ties compared to the baseline data, a condition in which parents relied on verbal 
and written instructions of the activities and a data sheet to record performance. 
This data corroborates the results of other studies that aimed at training of fam-
ily members to conduct complementary educational interventions at home (Be-
nitez & Domeniconi, 2014; Girolametto et al., 2007; Gomes et al., 2017; Gort-
maker et al., 2007; Guimarães, 2018; Mcconachie et al., 2005).  

Besides the increase in the number of at-home activities conducted by the 
parents immediately after the use of the application was introduced, the fre-
quency remained high until the end of the study. This is possibly a combined 
product of certain variables such as the novelty of the application and the possi-
bility for parents to actually notice their children’s improvement in performance 
day-by-day. These may have increased the parents’ tolerance to frustrations due 
to difficulties especially associated with the children’s resistance to participate in 
the educational activities at home. Behaviors associated with “temper tantrums” 
discourage parents to conduct at-home educational activities (Anan et al., 2008) 
and may lead to low parental engagement. In our study, the parents reported some 
difficulties of managing their children’s behaviors, such as crying, whining and 
throwing a tantrum. However, these reports consistently decreased throughout the 
study. Thus, it could be discussed that parents become more tolerant towards these 
disruptive behaviors and developed more efficient strategies to get their children 
involved in the educational activities. Furthermore, the parents also reported to 
in the post-test interview that they felt more confident in conducting the at-home 
activities across the experiment. All of these outcomes are likely to be reinforcing 
to parents and, as a consequence, may lead to higher and consistent engagement 
in the conduction of the at-home educational activities. 

The parents’ reports in the post-test interviews indicated some features of the 
use of the application that they considered the most relevant to the increase in 
their engagement in the educational activities at home such as: 1) Receiving daily 
notifications that served as reminders; 2) Receiving text or video instructions; 3) 
The possibility of video-recording the activities that were automatically sent to 
the researchers, which allowed feedback on parents’ performance; 4) The possi-
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bility of registering their children’s performance through the number of correct 
answers; 5) The possibility of registering their main difficulties faced while con-
ducting the activities at home. With all these features combined, the use of the 
application also favored access not only to the children’ performance, but also to 
the parents’ and to the behavioral management strategies used by them. All of 
this information is extremely relevant for the education professionals to make bet-
ter decisions while putting together the personalized teaching curricula. However, 
when the execution of the activities at home is encouraged exclusively through 
verbal and written instructions, such as in the baseline phase in this study, it is 
common that these data either “lost”, as is the case of parents who do not turn in 
the performance data sheets, or that the information is vague relying on parents’ 
verbal reports rather than the accurate performance registering.  

Furthermore, a higher parental engagement conducting the complementary 
educational activities at home contributes not only to increasing the total amount 
of training opportunities to the children, but also to the process of generalization 
of the learned skills, broadening the students’ behavioral repertoire. The teach-
ing conditions and the home are not nearly as structured as the teaching envi-
ronments at the formal educational institutions, although, if the learning proce-
dures favor generalization it can be expected the student to successfully respond 
despite the physical location or people conducting the educational activity. Va-
rying to some extent the people involved in a behavioral training as well as the 
environmental setting and stimuli is a desirable strategy to increase the chances 
of generalization of learned skills, which can avoid restricted stimulus control 
(Cooper et al., 2007; Lovaas, 1987; Foxx, 2008).  

In addition to the use of the application have directly resulted in an increase 
in the number of activities carried out by the parents at home, which was the 
main goal of this study, the use of the application also had an effect in other dif-
ficulties faced and perceived by the parents, such as forgetfulness, lack of support 
from other family members, and fear of incorrectly conducting the activities. In 
the first case, the application’s daily notifications, which served as a reminder 
that an activity should be conducted, helped the families to include the at-home 
educational activities as a part of their daily routines. In the second case, the use 
of the application favored the support of other people for conducting the activi-
ties, making the other relatives curious about the application and the activities. 
They offered to participate in some occasions, assisting both in video-recording 
and in the execution of the activities per se. In the last case, the parents reported 
to feel more confident as they received video-models of the activities, thus re-
producing the educational activity more accurately similar to the professionals 
of the NGO. Also, as they were able to send videos of themselves while conduct-
ing the activities, they felt less insecure of “doing something wrong”, as if that 
was the case the professionals could comment on their performance and give 
additional instructions. 

A secondary goal of this study was to analyze the interaction between parents 
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and children during the interventions regarding the strategies used by the par-
ents and the reliability of the performance registering. The parents presented 
high behavioral variability to stimulate their children’s participation in the activ-
ities, such as using objects and food items, using social consequences as rein-
forcers (e.g. praising, clapping hands) and including other family members in 
the activities. In most cases such strategies were successful. In the few cases in 
which the strategies led to negative results, the families received a detailed feed-
back on the reasons why the outcome was not positive and on how to proceed 
on future occasions. We consider that the possibility of providing more accurate 
feedback to parents may stimulate a more socially skillful parent-child interac-
tion.  

The video-records also allowed an evaluation the reliability of the data on the 
children’s as registered by the parents. There was a correspondence of approx-
imately 92.7% between the performance registered by the parents and the per-
formance evaluated by ABA experts. Thus, it could be inferred by the sampled 
videos that the parents accurately distinguished between correct and incorrect 
responses, being able to emit the appropriate differential consequences to each, 
which is vital to behavioral interventions (Vollmer, Roane, Ringdahl, & Marcus, 
1999). Thus, we consider that this strategy should be encouraged whenever possi-
ble in ABA-based at-home interventions. 

Despite the increase in the number of activities performed at home and the 
high adherence to the use of the application by the parents, they almost exclu-
sively conducted the activities requested through the application, even though 
they were instructed that they could perform all of the activities in a daily basis. 
One could expect parents to take advantage of their children’s compliance in one 
activity to perform the other two that were planned. Although, the parents re-
ported in the final interview that they did not conduct than one activity per day 
due to difficulties in keeping their children’s interest for longer periods of time. 
This might be a parents’ difficulty associated to disruptive behavior management 
difficulties and not due to the children’s “lack of interest”, once these were used 
to performing educational activities at the NGO for up to 2 hours straight. It is 
possible that if the use of the application was maintained for a longer period of 
time the parents would become more competent in managing their children’s 
behavior and, therefore, being able to conduct more than one activity at once.  

Regarding the length of use of the application (3 or 4 weeks) it is possible, 
however, that the results were influenced by this reduced time window. All the 
three participating families maintained their commitment to perform the activi-
ties from the beginning to the end of the trial, with some variation in frequency. 
However, it is not known whether such initial adherence would continue in case 
the trial was extended. In future studies, it will be important to investigate the 
effects of the use of the application over time and habituation effects to the ap-
plication, which could decrease engagement. 

Finally, it is important to highlight the positive user experience over the ap-
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plication reported by the participants and the perceived usefulness of the appli-
cation. In this study, the parents readily adopted the application and evaluated 
their experience while interacting with the application as positive, corroborating 
with research that present that positive user experience when interacting with 
new technologies (e.g. applications, devices) can lead to increased adherence to 
them (Norman, 1988). In addition, the parents also considered the application to 
be useful to achieve their goals in conducting the educational activities at home. 
The fact that users consider a technological solution to be of real value to their 
lives also enhances its adoption (Davis, 1989; Nielsen, 1993, 1994). Even though 
the number of participants was reduced in our study it can be expected that 
these results would be replicated with other participants with similar history of 
persistent low engagement in conducting at-home ABA based educational activ-
ities precisely because of the reported positive user experience and perceived 
usefulness of the use of the application. It is important to remember that before 
this study was conducted, the professionals of the NGO encouraged the parents 
to conduct the home activities using different communication technology solu-
tions to register the home sessions, such as WhatsApp and e-mail. Although, 
those solutions did not increase the parents’ engagement, whereas the use of the 
ESPIM application did. 

The results obtained from the present study strengthen the discussion of the 
effects of at-home behavioral intervention conducted by parents and advance on 
the study of parental involvement in such activities, corroborating results from 
previous studies (Benitez & Domeniconi, 2014; Gomes et al., 2017; Guimarães, 
2018). The data here presented are optimistic about the viability of using creative 
solutions, such as the ESPIM system, to increase parental engagement in at-home 
ABA-based activities for children with ASD. It is extremely relevant in this con-
text to constantly create novel alternatives, procedures and solutions to encour-
age and to support parents to be more participative in conducting ABA-based 
activities at home with their children as well as feeling more confident to per-
form themselves the recommended activities. This increases the children’s learning 
opportunities and favors their development. Furthermore, if parents perceive 
themselves as competent and prepared to conduct the complementary educational 
activities at home, this task can be perceived as motivating, instead of burden-
some, as the parents can actually perceive their children’s progress closely, one 
day after the other, and playing a direct role in this process. Finally, engaging 
parents in conducting these activities at home themselves leads to an increase in 
the weekly workload without imposing additional financial expenses, making the 
behavioral intervention more accessible. 

Based on these encouraging results, the same research group is now designing 
studies using the ESPIM system in order to overcome some limitations, such as 
reduced number of participants and novelty effects of the use of the application. 
We believe that extending the length of use of the application may help answer-
ing some of these questions, as well as allowing the investigation of the effects of 
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parental engagement in at-home complementary educational activities on the 
children’s learning, which can only be measured over time. 
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