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Abstract
Several researchers along with technicians have been developing software and hardware to support and/or replace the
standard method of teaching for children with autism spectrum disorders (ASDs) and/or other developmental disabilities.
Moreover, computer-based intervention and electronic tablets have shown benefits for people with special needs increasing
their independence, academic and cognitive skills, social communication, and leisure time. Therefore, the aim of the current
study is to evaluate the effectiveness of three tablet applications created to enhance specific abilities of children with ASD
(attention, vocabulary, and imitation), who followed applied behavior analysis treatment (ABA) compared with the internal
control group (CG). Training lasted 4 weeks for 15 children selected in a randomized way, while the CG followed only the
behavioral therapy. To sum up, we want to respond to three questions: (1) whether the experimental group (EG) using the
applications obtains greater progress within standard therapy in comparison to the CG, (2) whether the real skills of
children examined at baseline have an impact on the application scores, and (3) whether the graphic features of the
applications influence the motivation of children during training. At postintervention assessment, the EG showed higher
progress within standard therapy than the internal CG even though these differences didn’t overreach the significance level.
However, the probability of making progress in mastered targets at postintervention assessment was higher for the EG than
the CG. To conclude, the current study demonstrates the capability of tablet applications to reproduce effective
educational training for children with autism.
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People with autism spectrum disorders (ASDs) are charac-

terized by social communication deficit and a tendency to

engage in a pattern of restricted and repetitive behavior

(American Psychiatric Association, 2013). Moreover, chil-

dren with ASDs can present impairments in a large variety

of developmental abilities, from social–cognitive to fine

motor skills. Although cases of autism have been increasing,

currently effective educational interventions for these chil-

dren are widely diffused, and progress has been demon-

strated in intellectual, language, and adaptive skills

(Warren et al., 2011). At the same time, several researchers,

along with technicians, have been developing software and

hardware to support and/or replace the standard method of

teaching, including computer-based intervention, electronic

tablets, robots, and virtual reality in order to boost the learn-

ing skills of people with autism. Essentially, traditional tech-

nology (desktop computers, laptops, videotape, etc.) and

handheld electronic devices (smartphones, electronic tablets,

and personal digital assistance) created for children, adoles-

cents, and adults with ASDs and/or intellectual disabilities

(ID) have already shown benefits, increasing their indepen-

dence, academic, and cognitive skills, and improving social

communication and leisure time (Grynszpan, Weiss, Perez-

Diaz, & Gal, 2014; Kagohara et al., 2013; Odom et al.,

2015; Stephenson & Limbrick, 2015; Wass & Porayska-

Pomsta, 2014).
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Using Touch Devices as Educational Tools

In particular, touch devices (such as the iPod Touch, iPads,

smartphones, and others) have intrinsic advantages (they are

user-friendly, readily available, relatively inexpensive, and

portable), and above all among youngsters are the preferred

learning channel and therefore have been applied by trainers

(researchers, psychologists, and therapists) in different settings

(hospital, school, home, and community). To date, search

engines allow us to find different typologies of tablet and

smartphone applications for people with ASD, choosing them

by category, price, and specific programs. Some of these appli-

cations seek to recover cognitive and social ability and daily

living skills, by visual support, video modeling, and token

economy programs (Lofland, 2016), even though the efficacy

of most of these has not been validated by research designs.

Academic Skills

Some researchers have shown that an iPad Touch1 was used by

two children (Asperger’s syndrome and attention deficit hyper-

activity disorder diagnosis) to check the spelling of words on a

computer word processor, including video modeling and rein-

forcement schedules (Kagohara, Sigafoos, Achmadi, O’Reilly,

& Lancioni, 2012). Similarly, Kinney, Vedora, and Stromer

(2003) taught one child with ASD to spell with video modeling,

using a PowerPoint presentation (Dell Inspiron 3800 authored

in Microsoft PowerPoint). Moreover, we report one study

regarding learning written language, using video self-

modeling for three adolescents with Asperger’s syndrome

(Delano, 2007). Finally, some researchers have taught numer-

acy skills to one child with ASD, with the support of an iPad

with video modeling (Jowett, Moore, & Anderson, 2012).

Vocabulary

To increase the vocabulary of children with ASDs, other scien-

tists used TeachTown, a training system based on applied beha-

vior analysis (ABA) procedures for preschool children

(Whalen et al., 2010). TeachTown consists of computer lessons

offering an individualized learning environment where the

child works on the computer and completes lessons that incor-

porate ABA techniques (prompting, errorless teaching, fading

or increasing of distractors, verbal praise, and other reinforce-

ments). The training package uses discrete trial teaching

(DTT), where verbal instructions are given by the game and

the child clicks on the correct item from a field of three to eight

choices. Thus, a large variety of images are utilized to facilitate

generalization. Difficulty is gradually implemented, respecting

the child’s game progress. At the end of training, the child can

access an animated reward game lasting 15–45 s. A similar

program will be proposed in the current research using tablet

applications. Lastly, another computer program was implemen-

ted to increase vocabulary skills for children with autism. The

computer package created combined attention-getting features,

such as sound effects, colors, animation, and music, with beha-

vioral methods, such as chaining and immediate contingent

reinforcements (Moore & Calvert, 2000). The children using

the computer program, who were included in the experimental

condition, showed better results than with traditional teaching

regarding the acquisition of nouns, attention, and motivation.

Communication Skills

Regarding assistive communication apps, some researchers

demonstrated the effectiveness of Proloquo2GoTM and Pick

a Word software to make requests for preferred stimuli by

selecting icons from an iPod Touch or iPad through prompting

procedures, physical guidance, backward chaining, and differ-

ential reinforcements for children and adolescents with ASD at

school (Achmadi et al., 2012; Flores et al., 2012; Kagohara

et al., 2010; van der Meer et al., 2011). Also, using the same

software, children displayed better maintenance of requests

than manual signs communication system (van der Meer, Did-

den, et al., 2012; van der Meer, Kagohara, et al., 2012; van der

Meer, Sutherland, O’Reilly, Lancioni, & Sigafoos, 2012).

Daily Living Skills

Moreover, scientists have applied technologies (iPod and

iPhone) by video training with Clock/Storykit/VoCal/iCal/

iTunes and other applications to train people with autism to

improve their daily living skills (reaching places, cleaning the

bathroom, emptying garbage, sweeping the dining area, fire

safety training, etc.) and employment (cleaning offices, sorting

e-mails, and caretaker duties; Burke, Andersen, Bowen,

Howard, & Allen, 2010; Cihak, Fahrenkrog, Ayres, & Smith,

2010; Gentry, Lau, Molinelli, Fallen, & Kriner, 2012).

Social Skills

The priority areas of intervention in ASDs are to improve the

quality of social interaction for children and youths with these

deficits (eye contact, joint attention, turn taking, play skills,

expressing emotion, theory of mind, pragmatic of language,

etc.) and to create specific games and applications to improve

these abilities through a supportive eye contact application

(Jeffries, Crosland, & Miltenberger, 2016), cooperative

games on tabletop (Piper, O’Brien, Morris, & Winograd,

2006), collaboration in the context of storytelling on Diamond

Multitouch for children with ASD (Gal et al., 2009), and to

cooperate using musical and problem-solving tablet applica-

tions (Hourcade, Bullock-Rest, & Hansen, 2012). In the first

study, the authors tried to increase the frequency of eye con-

tact of three children with autism during Mand training with a

therapist, through a tablet application that demanded a match-

to-sample response of a number situated on the eyes to a grid.

The children responded to questions such as “What number

did you see?” After four tokens received for correct responses,

they could access an interactive game as reinforcement. How-

ever, in this case, the training was not effective in improving

eye contact in contrast to a face-to-face differential reinforce-

ment technique.
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Creating Successful Games for Children With Autism

In order to create successful games for children with neurop-

sychiatric disorders, in recent years, an approach called

“serious game design” has focused on the integration of

educational goals with evidence-based game mechanics,

acknowledged to support learning, and generalization of skills

acquired (Whyte, Smyth, & Scherf, 2015). To date, diverse

elements have been found to be effective in fostering motiva-

tion and learning during the game. The first is the creation of a

story line or narrative that explains the future goals of the game.

Above all, the story lines, which introduce specific characters,

can encourage the social skills of children by their identifica-

tion. Another essential characteristic is the help provided by a

mentor, who gives step-by-step guidance to the children

(Marchiori et al., 2012). The levels of the game should also

offer a gradual increment of difficulty, with some clear inter-

mediate or final goals. Token economy strategies are habitually

implemented for earning collectable rewards to reach the final

objective in the game, while increasing the motivation of play-

ers. On the other hand, serious games can provide feedback

related to goals achieved, enhancing motivation for learning

and showing visual progress. Lastly, the provision of choice

to players is another important feature to promote their intrinsic

motivation and enjoyment (Ryan, Rigby, & Przybylski, 2006).

Thus, as described in the review, children and adolescents with

autism can be sensitive to some graphic and structural aspects

of the game realized on a tablet or computer. For example, they

seem to prefer short games with continuous acoustic and visual

feedback, self-managing and free choice of the tasks, familiar

activities, and the least possible burden on fine motor move-

ments. All of these features can guarantee better results to

professionals who put effort into creating successful applica-

tions for children with ASD.

However, although the number of interesting tablet applica-

tions for children has been increasing, there are still very few

randomized control studies on their effectiveness, with poor

samples and a lack of comparison between different groups,

in spite of the fact that the literature on this topic appears to

have demonstrated advantages for people with ASD. Further-

more, these studies report minimal or poor generalization of

learning, with no or poor transfer to real social interactions as

suggested by the serious game design approach.

Therefore, the aim of this study is to evaluate the effec-

tiveness of three tablet applications created to enhance spe-

cific abilities of children with ASD (attention, vocabulary,

and imitation) who followed ABA treatment, compared with

the control group (CG; children who followed only ABA

intervention). To sum up, we endeavor to respond to three

relevant questions: (1) whether the experimental group (EG)

following training with tablet applications obtains greater

progress within standard therapy in comparison to the CG

(the dependent variable will be represented by the acquisition

of the behavioral targets of standard therapy), (2) whether the

real skills of children examined at baseline of standard ther-

apy, for example, to imitate the therapist and respond to their

instructions, have an impact on the application scores, and (3)

whether the graphic features and structure of the three elec-

tronic applications influence the motivation and relative

scores of children during the game time.

Method

Participants (N ¼ 30) aged 47 months average (SD ¼ 14.37;

27 males) were selected on the basis of the diagnosis of ASD,

made by experienced clinicians operating in the “Pediatric

Hospital Bambino Gesù” in Rome, based on the criteria of

the Diagnostic and Statistical Manual of Mental Disorders

(DSM-IV-TR) and assessments by means of standardized

diagnostic instruments, that is, the Autism Diagnostic Obser-

vation Schedule–Generic (ADOS-G; Lord, Risi, Lambrecht,

Cook, & Leventhal, 2000), the Autism Diagnostic Inter-

view–Revised (ADI-R; Lord, Rutter, & Le Couteur, 1994),

the Griffiths Mental Developmental Scale–Extend Revised

(GMDS-ER; Griffiths, 2006), and the Vineland Adaptive

Behavior Scales (VABS; Sparrow, Balla, & Cicchetti,

1984). Note that we conducted the study prior to the variation

in diagnostic criteria for ASD. Children were not recruited if

they had seizures, were 6 years of age or older, and had

additional medical diagnoses (e.g., genetic syndromes). All

the children were Italian and for 1 year followed comprehen-

sive ABA treatment that included 6 hr a week of 1:1 therapy

with a behavioral therapist (half of the time was spent in

quasi-natural settings) divided between DTT and naturalistic

environment teaching (Sundberg & Partington, 1999) at the

research and treatment center “Una Breccia nel muro,”

through a modification of a previous clinical model (Fava

& Strauss, 2011).

The clinical staff was independent from research staff and

blinds to the hypotheses of the intervention study. The thera-

pists and supervisors had at least a master’s degree in applied

behavior analysis and 2 years of experience in treatment of

children with ASD. Each child’s skills, strengths, and deficits

were also evaluated on the basis of their performance in the

Assessment of Basic Language and Learning Skills (ABLLS;

Partington & Sundberg, 1998) carried out by the assigned

supervisor. The ABLLS was used both to identify learning

goals and to control either progress or regression during the

standard treatment. Additionally, the intervention comprised

direct supervision (1 hr a week) by an expert professional to

ensure the reliability of teaching procedures and parent inclu-

sion (parents spent 2 hr a week in the therapy room with

clinical staff). Parents followed a parent training course at the

beginning of the behavioral program with an expert super-

visor on six main units (evidence-based treatments, teaching

methodologies, verbal behavior approach, augmentative alter-

native communication, analysis and management of challen-

ging behaviors, and development of play skills). Each unit

lasted 3 hr and after the course parents took part in the treat-

ment by first observing and then implementing the ABA ther-

apy with their children. Parents were asked to follow their

children for 1 hr a day on the generalization and maintenance
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of the targets acquired with the therapist at the center, generally

in the afternoons at home, when therapy with staff had been

concluded. The parents presented the natural activities on mand

training, generalization of cognitive targets, management of

challenging behaviors, development of autonomies, and func-

tional play activities. Data from the standard therapy were gath-

ered from data sheets provided by supervisors for both therapists

and parents. During the training with tablet applications, none of

these aspects were changed in order to guarantee the greater

reliability of the internal validity of the study.

The individualized educational plan for the children

involved preschool goals regarding communication, attention,

imitation, social play, gross and fine motor skills, receptive and

expressive language, and autonomy. Subsequently, the sample

was divided into two parts, with randomized assigning of the

children to two test conditions (training and internal control),

so 15 children were assigned to an EG and the others consti-

tuted an internal CG. The groups were not significantly differ-

ent on all variables at baseline assessment (see Table 1). No

other behavioral interventions were undertaken during the

experiment for any of the children.

The research was conducted with the prior consent of

both parents and with the approval of the host institution.

The project was submitted for prior approval to the local

ethics committee and conducted in compliance with the

Code of Ethics of Research in Psychology in accordance

with national (Code of Ethics Italian Association of Psy-

chologists [AIP]) and international guidelines (Code of

Ethics Society for Research in Child Development).

Training With Tablet Applications

For this study, we added daily practice (30 min) with three

tablet applications (attention, vocabulary, and imitation) to the

EG to verify an increment in the children’s mastered targets

after 4 weeks, while the CG followed only the standard therapy

described above. In reality, before the beginning of the experi-

ment, the research staff developed a single test for a month with

one child to guarantee the reliability of the electronic products.

The single child who used the applications was excluded from

the experiment with the groups, respecting the gradual research

phases (Smith et al., 2007). Successively, the games were prac-

ticed at the children’s homes with the assistance of parents,

generally in the afternoons when the educational therapy had

been concluded. Prior to the experiment, the parents of parti-

cipants were trained in the use of the applications (1 hr of

consultation with the research coordinator and one with a tech-

nician) in order to support the child throughout the practice and

to offer informatics assistance. Note that parents already knew

much of the effective teaching methodologies, having theore-

tical and practical knowledge of behavioral treatments, so the

researchers explained only how to train their child to access and

to manage the applications. For any problems, the parents

could contact the project staff throughout the training. Access

to the games was protected by a user name and personal pass-

word issued by a member of the project staff. The progress by

game scores was monitored daily through an online database

via Wi-Fi connection. After 4 weeks, we asked parents to stop

the access to games and the applications were returned to the

Table 1. Differences on All Variables at Baseline Assessment Between Experimental and Control Group.

Experimental
Group (n ¼ 15)

Control
Group (n ¼ 15)

Group
Difference

Characteristic Variables
Mean (SD)/
Proportion Range

Mean (SD)/
Proportion Range t(df)/z

p
Value

Gender Male 0.87 0.93 �0.608 .543
Age Months 45.5 (14.1) 25–68 48.5 (15) 26–70 �0.555 (28) .585
Intensity of standard therapy Hours a week 6 (0) 6 (0)
Mother’s education Degree 0.2 0.13 0.49 .625
ADOS-G Communication 5.1 (2.0) 3–8 3.8 (2.2) 8–16 1.349 (16) .196

Social interaction 10.5 (1.9) 7–12 11.1 (3.1) 5–15 �0.506 (15) .62
Total score 16.1 (3.2) 12–20 15.1 (4.1) 8–22 0.599 (17) .557

VABS Communication 2.2 (1.7) 1.6–6.6 1.6 (0.1) 1.6–1.9 1.068 (8) .316
Daily living skills 2 (0.8) 1.1–3.8 2 (0.5) 1.6–3.0 0.22 (13) .983
Socialization 1.7 (0.5) 1.1–2.8 1.7 (0.3) 1.1–2.1 0.449 (14) .66
Motor skills 2.2 (0.7) 1.1–3.8 2 (0.6) 1.1–3 0.374 (14) .714

GMDS-ER GQ 59.4 (12.8) 42–86 60.7 (20) 27–94 �0.173 (15) .865
Mastered targets standard

therapy
Attention 2.2 (2.6) 0–9 2.1 (1.9) 0–7 0.161 (25) .873
Imitation of actions with

objects
53.1 (31.3) 9–11 41.9 (31.3) 8–98 0.98 (28) .335

Receptive identification of
objects

41.9 (45.5) 2–60 42.3 (60.4) 0–212 �0.024 (26) .981

Note. ADOS-G ¼ Autism Diagnostic Observation Schedule–Generic (Lord et al., 2000) with the following scales communication (cutoff for autism ¼ 4, cutoff for
spectrum ¼ 2), social interaction (cutoff for autism ¼ 7, cutoff for spectrum ¼ 4), and total score (cutoff for autism ¼ 11, cutoff for spectrum ¼ 6); VABS ¼
Vineland Adaptive Behavior Scales (Sparrow et al., 1984), the VABSs show the associated age equivalent scores; GMDS-ER ¼ Griffiths Mental Developmental
Scale–Extend Revised (Griffiths, 2006), we report standard scores on the general developmental quotient (GQ; M¼ 100, SD¼ 15) and the related levels of mental
retardation (profound: <32; severe: 32–44; moderate: 45–57; and mild: 57–74; Ivens & Martin, 2002).
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research staff. In order to respond to the three hypotheses of the

study, real (standard therapy) and virtual progress (game

scores) of children pre- and postintervention was gathered to

compare groups.

Characteristics and Contents of Applications

Researchers at the center, along with external technicians

(engineers, programmers, designers, and computer scientists)

and a project manager, set up a project called Brecciapps,

designed to create games for children with autism with the aim

to transfer educational activities from the practical experience

of clinical staff to tablet applications. At the end of the project,

the research staff produced 80 applications to support the same

areas of the ABA treatment. The games included behavioral

strategies such as discrete trials, gradual advance of difficulty,

alarms, rewards and feedback on performance, prompting and

fading techniques, and multiple choice for various games to

foster motivation and enjoyment (Ryan et al., 2006). In addi-

tion, an animated tutor showed the tasks required of the player

beforehand in order to reduce errors (Marchiori et al., 2012).

The goal was to provide not-too-easy and not-too-difficult tar-

gets to maintain higher motivation, integrating learning theory

with technology tools (Whyte et al., 2015). Essentially, the

content of three apps was represented by simple-to-complex

time-based barrage tasks (attention app), as the player had to

tap various stimuli such as fish and farm animals, avoiding

distractors; this game also provided multiple choices about

what scenery the child preferred. The second app regarded the

discrimination of words heard in discrete trials (vocabulary

app): For example, the items were represented by animals,

vehicles, musical instruments, and household objects. The

players had to choose the correct item from a field of at least

three images after the narrator asked a question such as “where

is the cow?” Finally, the third app was characterized by the

imitation of actions with objects (imitation app) such as rock-

ing a doll, moving a toy car, and so on, respecting the visual

model (see Figure 1). After three correct responses per task, the

children received an animated reinforcement lasting 30 s, while

the multiple choice in the discrete trial format was always

given in a field of a minimum of three choices. To increase

motivation during the game, vocal and written praise was deliv-

ered after every correct response along with a funny animation

of the objects (e.g., the fish became colored and bigger). Like-

wise, if the children failed to respond in time or made mistakes,

the applications delivered a prompt (e.g., the object became

larger or brighter). The instructions delivered by the applica-

tions were the same as the standard therapies provided by

therapists. For example, during DTT sessions of the ABA

therapies, professionals had a list of behavioral targets (flash-

cards or objects) and through verbal instruction, such as “do

this” for imitation/attention targets and “where is the cat?” for

vocabulary, taught children skills with prompting, fading, and

reinforcement techniques. Thus, programmers transferred tar-

get lists and related instructions within the three applications.

This parallelism between therapy sessions and applications

would not have lead to greater reliability of virtual teaching,

considering that the technology would never have been able to

comprise all aspects of social interactions.

All games were performed on an ASUS-K010 tablet with

android system. The web platform to pick games data was pro-

duced on cloud and was developed using the following tech-

nologies: MongoDB (database), ExpressJS (web server),

AngularJS, and NodeJS (programming language for client and

server). The games were created through two different technol-

ogies, Game Closure and Construct 2: the first was used for the

applications that needed granular control. In addition, the appli-

cations contained a module/library of analytics, permitting par-

ents to log in and save the children’s performances. In this way,

the researchers could observe the children’s daily progress by

game scores.

Screenshot view 

Attention app: barrage task 

Imitation app: actions with objects 

Vocabulary app: identification of objects 

Attention app: barrage task 

Imitation app: actions with objects

Figure 1. Examples of the games.
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Assessment of Game Scores

We have collected the following measures regarding the three

applications only for children who participated in the experi-

ment: every access to applications, the number of correct

responses (the incorrect responses were about latency and

topography), the best scores with the related best sessions,

the means of the scores across all sessions, and finally, the

time spent on apps, to control the reliability of training. The

game scores regarding the three apps at baseline were repre-

sented by the average of the first three sessions in order to

avoid an underestimation of the children’s performances. In

addition, we detected every crash and malfunction of the sys-

tem, such as the problems reported by parents. The common

gaps were represented by unexpected freezing of games or the

lack of Wi-Fi connection.

Assessment of Standard Therapy

Each therapy session consisted of nine teaching trials for each

acquisition, mixed with trials that assessed previously mastered

targets. The therapists taught more than one acquisition target

during an instructional session in accordance with the daily

educational plan made by an assigned supervisor (generally

not more than eight acquisition targets a day). If there was not

enough time left to complete the daily program during a ses-

sion, the therapists taught from three to five acquisition targets

only. The therapist presented the initial instruction at the start

of each trial and waited 3 s for the child’s response. If the child

responded incorrectly or did not respond, the therapist deliv-

ered a prompt. The therapist faded the prompts by progressing

from the most intrusive to the least intrusive prompts across

trials. Likewise, the therapists offered differential reinforce-

ment in order to increase the frequency of behavior. Teaching

terminated following a minimum of three consecutive sessions

with (a) correct unprompted responses at or above 88% of the

trials (continuous data) and (b) a correct unprompted response

on the first trial (Lerman, Dittlinger, Fentress, & Lanagan,

2011). One session a week was assessed for the therapist’s

adherence to the teaching procedures (n ¼ 4 sessions in a

month). Interobserver agreement ranged from 79% to 100%.

Subsequently, the sum of the mastered targets was collected

only for three educational programs connected to the exercises

of the applications, such as attention, receptive identification of

objects, and the imitation of actions with objects. The attention

program grouped the following targets: immediate response to

name, or during play and conversation, maintaining eye contact

for 5 s, joint attention, and selective attention by barrage tasks.

The receptive identification of objects program included the

discrimination of words heard regarding common objects (ani-

mals, body parts, foods, musical instruments, cartoons, etc.)

and lastly, the imitation of actions with objects program asked

children to replicate the action of the therapist (rocking a doll,

waving a flag, moving a car, beating a drum, drinking from a

glass, etc.). To clarify, pre- and postexperiment, the means of

the mastered targets for these three educational programs were

chosen as criteria to compare both groups, evaluating the

effects of the tablet applications training.

Results

Analytical Approach

Firstly, a set of descriptive analyses on the sample was con-

ducted either on the characteristics of participants or on tablet

applications data. To verify whether groups differed at baseline

and postintervention, we applied t-test analysis between the

groups, as the data met the assumption of normal distribution.

As a dependent variable, we selected the means of the mastered

targets of standard therapy. Subsequent logistic regression anal-

ysis, considering the improvement in the target score after the

experiment, was applied to investigate whether it could represent

an advantage in learning within standard therapy for the children

taking part in the EG. A correlational analysis using Pearson’s

coefficient was then conducted to study the relationship between

time spent on games and outcomes. This analysis was applied to

control the effect of the intensity of the exercise. The correlation

analysis was conducted by selecting a significance level a < .05.

Finally, linear regressions were conducted to control the value of

possible predictors. We were interested in exploring the associ-

ation between the real abilities of children at baseline on game

scores and if the applications could be capable of eliciting the

same behaviors requested in the face-to-face therapy. Data anal-

ysis was performed using the R package Version 1.15-4.

Preintervention Comparability

The assignment of children to groups was randomized, and as

expected, none of the characteristics were significantly dif-

ferent between groups at baseline: age (EG ¼ 45.5, CG ¼
48.5, p ¼ .585), gender (EG ¼ 87% of males, CG ¼ 93% of

males, p ¼ .543), mother’s level of education (EG ¼ 20%
degree, CG ¼ 13% degree, p ¼ .625), ADOS severity (EG

¼ 16.1, CG ¼ 15.1, p ¼ .557), ADOS communication (EG ¼
5.1, CG ¼ 3.8, p ¼ .196), ADOS social interaction

(EG ¼ 10.5, CG ¼ 11.1, p ¼ .62), GMDS-GQ (EG ¼ 59.4,

CG ¼ 60.7, p ¼ .865), VABS communication (EG ¼ 2.2, CG

¼ 1.6, p¼ .316), VABS Daily Living Skills (EG¼ 2, CG¼ 2, p

¼ .983), VABS socialization (EG ¼ 1.7, CG ¼ 1.7, p ¼ .66),

VABS motor skills (EG ¼ 2.2, CG ¼ 2, p ¼ .714), and finally

attention program (EG ¼ 2.2, CG ¼ 2.1, p ¼ .873), receptive

identification of objects program (EG ¼ 41.9, CG ¼ 42.3, p ¼
.981), and imitation of actions with objects program (EG¼ 53.1,

CG ¼ 41.9, p ¼ .335) regarding behavioral standard therapy.

Postintervention Comparability

Regarding the amount of mastered targets of the standard ther-

apy, we report the comparison between groups at posttraining

assessment following three educational programs, attention

(EG: M ¼ 2.9, SD ¼ 2.6; CG: M ¼ 2.0, SD ¼ 1.9; p ¼
.348), receptive identification of objects (EG: M ¼ 60.7, SD

¼ 55.5; CG: M ¼ 52.9, SD ¼ 59.7; p ¼ .712), and imitation of
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actions with objects (EG: M¼ 64.3, SD¼ 40.7; CG: M¼ 54.2,

SD¼ 29.5; p¼ .441). Therefore, even if after 4 weeks children

in the EG showed better learning than the children in the CG

within standard therapy, the differences between groups did not

overstep the significance level. However, applying the logistic

regression analysis, the statistics showed the effect of training

exclusively for the first of the three programs (attention, b ¼
1.736, p ¼ .059; receptive identification of objects, b ¼ 1.193,

p ¼ .209; and imitation of actions with objects, b ¼ 0.177, p ¼
.837); for detailed information, see Table 2. Also, concerning

the second hypothesis of the study, the linear regression anal-

ysis confirmed the influence of the children’s abilities at base-

line (mastered targets of the standard therapy) on game scores

(means), but this effect was achieved only for the imitation app

(b ¼ 0.13, p¼ .02) and not for the attention app (b¼ 4.87, p¼
.47) and vocabulary app (b ¼ 0.21, p ¼ .32; see Table 3). This

phenomenon can be explained by a fine virtual reproduction of

the imitative exercises demanded of children within the beha-

vioral standard therapy. Finally, we report the differences

between game scores at baseline (average of the first three

sessions) and the best scores reached for the attention app

(baseline ¼ 56.49, average of the best scores ¼ 168.27), voca-

bulary app (baseline ¼ 48.97, mean of the best scores ¼
113.69), and imitation app (baseline ¼ 23.40, mean of the best

scores ¼ 20.36) showing a considerable increment of scores

with tablet applications, particularly for attention and vocabu-

lary apps, while children had already reached the best scores

for the imitation app after only a few sessions, demonstrating

the intrinsic simplicity of the game. In fact, the best sessions

were represented by the eighth for attention, the seventh for

vocabulary, and the fourth for the imitation app. Neither the

number of online accesses nor the amount of time spent on

games were significantly different across participants. Simi-

larly, the time spent on the three applications had no significant

correlation with the averages and best game scores, showing

that the intensity of the exercise had no effect.

Discussion

This study sheds light on different questions concerning the

link between technology and learning, above all for special

education. Research studies on the effectiveness of traditional

technology and handheld electronic devices on the skills of

children with diverse neuropsychiatric disorders have

increased over the last decades, showing advantages in their

use (Grynszpan et al., 2014; Odom et al., 2015; Stephenson &

Limbrick, 2015; Wass & Porayska-Pomsta, 2014). Specifi-

cally, different researchers have tested the development and

the implementation of electronic tools to enhance specific cog-

nitive skills for children with ASD, such as vocabulary and

attention (Jeffries et al., 2016; Moore & Calvert, 2000; Whalen

et al., 2010). Similarly, the first goal of our research team was

to assess the efficacy of additional tablet application training

(attention, vocabulary, and imitation) for children with ASD, in

contrast with an internal CG which followed only the beha-

vioral standard therapy. The training lasted 4 weeks, and at

postintervention assessment, the EG showed greater progress

within standard therapy than the internal CG for all three edu-

cational programs investigated: attention, imitation of actions

with objects, and receptive identification of objects. Unfortu-

nately, these differences did not exceed the significance level.

However, the probability of making progress in mastered tar-

gets at postintervention assessment was higher for the EG than

the CG, especially for the attention program, as shown by

logistic regression analysis. These results have reinforced our

belief that we have created a potentially effective tool which

reproduces similar exercises offered in the behavioral therapy.

In fact, the group of children using the tablet applications could

represent an advantage in the learning of adaptive abilities,

such as visual attention and comprehension of common object

and actions. Accordingly, tablet applications can also offer a

new learning environment in the classroom, where the presence

of a trained teacher is often required for the implementation of

Table 2. Logistic Regression With Target Improvement as Dependent Variable.

Target
Attention Imitation of Actions With Objects Receptive Identification of Objects

b SE z Value p Value b SE z Value p Value b SE z Value p Value

Group effect 1.736 .919 1.889 .059 .177 .86 0.206 .837 1.193 .949 1.257 .209
Baseline target level 0.016 .185 0.086 .931 �.016 .014 �1.135 .256 �0.007 .008 �0.893 .372

Table 3. Linear Regression With Average Game Score as Dependent Variable.

Target
Attention (R2 ¼ .146)

Imitation of Actions
With Objects (R2 ¼ .480)

Receptive Identification
of Objects (R2 ¼ .298)

b SE t Value p Value b SE t Value p Value b SE t Value p Value

Baseline target level 4.87 6.58 .74 .47 0.13 0.05 2.74 .02* 0.21 0.20 1.05 .32
Age 0.11 1.19 .09 .93 �0.01 0.10 �0.13 .90 0.68 0.66 1.04 .32
Gender �46.61 48.6 �.96 .36 �1.24 3.77 �0.33 .75 14.77 31.0 0.48 .65

*a < .05.
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behavioral interventions. In these cases, technology that inte-

grates effective teaching methodologies with evidence-based

game mechanics can represent either a momentary alternative

to standard teaching or a complementary educational instru-

ment to increase children’s skills through an individualized

educational program.

Furthermore, looking at the descriptive and inferential data

on games, it seems that the tablet applications were suited to

our participants, since the number of correct responses

increased during the training. After only a few sessions the

children doubled their initial scores, showing great motivation

during the games. However, the applications also proved too

easy for the majority of children, because the best scores were

acquired before the end of the intervention, and as a result, the

outcomes could be influenced by a possible loss of motivation

for the games. The data that can confirm this explanation are

also supported by the absence of correlation between time

spent on the game and the outcomes. In spite of this trend, the

project staff are already working to modify and extend the

games, in order to enhance their appeal, efficacy, and complex-

ity by the introduction of new game levels and fun animated

activities, addressing the third study question.

Nevertheless, a notable result of this research is the impact

that the children’s skills at baseline had on the same exercises

transferred into the games, above all for the imitation program

by linear regression analysis. This effect can be explained by

the capacity of the imitation app to capture the actual ability

practiced by preschoolers within ordinary educational trials,

responding to our second hypothesis, while the other two appli-

cations, attention and vocabulary, could have oversimplified

the format of the responses demanded of children, decreasing

the correlation between real and virtual ability. In fact, con-

cerning the standard therapy, the attention program comprised

more complex behaviors such as eye contact and joint attention

than the related application; similarly, the vocabulary app

could seem to have a poorer learning environment (only 2-D

materials, absence of visual model, too highly structured teach-

ing, etc.) than face-to-face therapy.

Another strong point of the project is the reliability of data

recording, as the scores were gathered on an online database,

with a lower margin for error than with manual procedures. At

the same time, we monitored other possible threats to the internal

validity of the study, without altering the quantity of direct

supervision of the standard therapy and maintenance therapies

provided by parents at home. No other cognitive or behavioral

interventions were followed by the children other than our ser-

vices. Moreover, the advantage of having created applications

that reproduced similar exercises to the behavioral therapy leads

to an easier generalization of trained skills, especially if the

children continue to follow standard teaching methods. Games

may be more effective when they are paired with other activities

that supplement the game-based instruction and encourage gen-

eralization of the material beyond the game (Ploog, Scharf, Nel-

son, & Brooks, 2013). In other cases, generalization problems

can be explained by the simplified nature of the technological

environment (Wass & Porayska-Pomsta, 2014). For this

purpose, Whyte, Smyth, and Scherf (2015) defined training

effects as the generalization of skills which occur within the

training, near transfer as those effects that lead to measurable

improvements in similar training, and far transfer with regard to

daily living situations, suggesting strategies to tackle these

problems through games (story line, gradual game advances,

from short-term to long-term goals, rewards and feedback,

personalized learning with tutoring, and progress monitor-

ing). In the same way, the current training shows an influence

only on the training effect and near transfer, because we did

not evaluate the same behavior at school or at the children’s

homes, but only in the treatment center, not controlling a

possible generalization within naturalistic environments.

Furthermore, we did not investigate probable indirect effects

of training on other abilities of the children, such as visual

motor and actual play skills, although this analysis will be

possible when we have modified the complexity of the games.

It is still not clear if training could be more effective at the

beginning of ABA treatment than after 1 year, as our research

design proposed; it is possible that after 1 year of intensive

treatment some specific abilities may not be easily increased.

Finally, although this work represents an innovative praxis for

special education methods, we suggest interpreting our data with

caution, particularly because the sample may not be representa-

tive of the entire population with ASD. Specifically, all the chil-

dren followed ABA treatment, and so they had familiarity with

behavioral targets, having base skills with regard to imitation of

objects and comprehension of simple instructions, as the baseline

assessment had shown, and as a result, these base competencies

could have been prerequisites for successful usage of the tablet

applications. On the other hand, the simple nature of these games

means that children using them would not necessarily need to

have existing skills. In accordance with the last supposition, the

tablet applications could be suited to low-functioning children, as

our sample study shows, providing simple games with little cog-

nitive and motor burden. Eventually, future research could

explore whether or not these games are also suitable for children

with ASD or ID not previously included in behavioral or cognitive

interventions in order to support learning before and at the begin-

ning of standard individualized educational plans.

Conclusion

Considering the diversity of phenotypes in ASDs, clinicians and

technicians will be increasingly requested to form partnerships

with the academic and industrial world to assemble experience

and competencies in order to create efficient products for chil-

dren and adults with special needs. In addition, professionals will

be required to acquire funds from private and public financial

institutes to support research and interventions (McCleery,

2015). To date, modern technology has been shown to be a

useful learning tool because essentially it offers students fun

animated presentations, use of large screens, repetition of spe-

cific learning tasks, application of techniques, demonstrated effi-

cacy such as video modeling, visual prompting, audio coaching,

performance feedback, reinforcement, and self-management.
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The current study shows the capability of tablet applications

to reproduce effective educational training for children with

ASDs through the presentation of repetitive trials, presented

with behavioral teaching strategies. At the same time, the

children in our study increased their game scores in just a few

sessions, displaying a spontaneous, immediate approach to

virtual games. Future goals will comprise improving our tech-

nological products, evaluating their utility with related bene-

fits for children with developmental disorders. To conclude,

we suggest that the selection of a specific electronic device for

children with special needs should be essentially personalized

by clinical staff in order to achieve the perfect combination

between virtual learning and standard teaching methods.
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