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Abstract

:

It is crucial for families and professionals to promote basic instrumental skills in children with autism, as these skills can help with comprehensive growth and development, and are a starting point in acquiring the essential tools needed for one to live an independent and successful life. These skills include oral language, reading, writing, and mathematics. Therefore, given that ICT and mobile applications (apps) are effective tools that offer suitable content, and are designed exclusively for people with this disorder, working on these skills with apps is an interesting option that is worthy of our attention. We analyzed 88 apps that focused on these skills, through a duly validated system of indicators, calculating frequencies, percentages, measures of central tendency and dispersion, and non-parametric contrast statistics. The app search was carried out in the Google Play Store, with the keyword “autism”, in English and in Spanish. Most of the apps focused on aspects linked to oral language and reading, but few were aimed at reading and mathematics. In addition to the apps’ lack of specialization in the last two skills, the vast majority did not specify the age group for which their content was intended.






Keywords:


autism; special education; ICT; educational technology; mobile educational services; computer applications; apps; assessment; educational indicators; measuring instruments












1. Introduction


Autism Spectrum Disorder (ASD) entails a series of difficulties, e.g., in communications and social interactions, as well as in learning essential life elements, such as basic instrumental skills (i.e., oral language, reading, writing, mathematics, etc.). Hence, early detection is important [1], as well as implementing early, integrated care [2] that stimulates a child on a cognitive, communicative, psychomotor, and socioemotional level.



ASD is influenced by alterations in communications and social interactions, which in turn entails the existence of repetitive patterns, restrictive interests [3], and difficulties in neuro-development, with effects on the higher brain functions [4]. In the words of Rogel-Ortiz [5], “autism is a static neurodevelopmental disorder that persists throughout life and includes a wide margin of behavioral alterations” (p. 1). Wing [6] discusses the autism triad, comprising symptoms linked to three areas: language and communication, social environment, behavior and thinking. This disorder is a lifelong condition; it manifest from infancy, and signs of autism normally appear before the age of three [7,8].



Families, teachers, and specialists, Due in part to research conducted by Kanner [9], have utilized early stimulation techniques when supporting people with autism, to help encourage comprehensive growth and development. In this regard, information and communications technology (ICT) has taken on a significant role in the educational sphere [10,11], with various learning options for people with autism. In fact, digital tools and resources designed exclusively for children and adolescents have proliferated, offering a large variety of opportunities for development in the different areas where they have greater difficulty [12]. Therefore, the most recent studies that focused on enhancing diverse skill sets based on smartphones, tablets, communication boards, and computers produced encouraging results in the therapy of children with autism [13,14,15,16,17]. Lozano et al. [18] describe ICT as versatile, flexible, and adaptable to the learning rates of children with autism, highlighting how motivating communication technology can be.



The use of apps in mobile devices is increasing and, fortunately, children with autism have a wide range of apps available that are specifically designed for them—apps that attend to their specific needs [19]. In various scientific fields, including healthcare and education, many researchers have created apps for use in therapy treatments for children/adolescents with autism, offering different experiences with remarkable results [20,21,22,23,24]. For example, Flores et al. [25], via iPad interventions, showed how communication behaviors and social skills increased in children/young people with ASD. Desai et al. [26], through an iPad-based alternative communication system, encouraged communication in a student with cerebral palsy and autism. Jiménez et al. [27], through the use of apps, in the sole case of a four-year-old child, discerned progress in the prerequisites prior to language, communicative intent, and behavior. Franco et al. [28], with the help of the app “aBoard CAA”, enhanced the development of cognitive skills, the expression of needs, feelings and opinions, language, and literacy. Fage et al. [29], through intervention in children aged between 12 and 17 with cognitive rehabilitation and care apps, obtained improvements in social-adaptive behavior and social responsiveness in school environments. Wisblatt et al. [30] used the tablet software “Point OutWords” to promote the development of manual and oral motor skills as a prerequisite for communication through pointing and speaking.



As well of enriching intervention and therapy treatments for children with autism, apps are appealing [14], and offer content that is suited to the needs of the user [31]. García-Rodríguez and Gómez-Díaz [32] examined the interests these children show in smartphones and tablets, and reviewed the features that good apps, aimed at this group, must have, as well as examined the best search engines for finding suitable apps. Teixeira and Cunha [33], following a rigorous review of the particular traits of children with autism, created the for-pay app “123 Autism”, focused on teaching basic mathematical skills (association of numbers with their corresponding quantities, numerical sequences, sums, etc.). Aguilar-Vázquez et al. [7] designed the app “LEA: Lecto-Escritura para Autismo” [LEA (READ): Reading-Writing for Autism], based on the high affinity children with autism have with electronic devices and used the agile methodology of XP (extreme programming), which means that the user is involved in the development of the app throughout the process. This app is closely connected to the needs and characteristics this disorder entails, and is capable of working on reading-and-writing processes from very basic to more advanced levels. Bondioli et al. [20] created the app, “MyDentist”, with accessible design and content for children with autism, in order to help them become familiar with strange or unpleasant situations linked to the environment of dentistry. Sweidan et al. [34] developed the app “Autistic Innovative Assistant (AIA)” with the aim of promoting language, mathematics, and social skills. Smith et al. [35] created the “SOFA” app, which is focused on social stories. Vyshedskiy et al. [36] designed the app “Terapia del Lenguaje y Cognitiva con MITA” [Cognitive and Language Therapy with MITA (Mental Imagery Therapy for Autism)], closely related to the teaching–learning processes that the basic instrumental skills require, and based on the needs of children with autism.



In this field, it is very important, as has been stated, to stimulate and develop basic instrumental skills from an early age, since attaining them tends to require greater effort, depending on the degree to which the child with autism is affected. Instrumental learning is based on acquiring essential tools and instruments, as the basis to grow more knowledgeable and attain quality education [37]. Therefore, learning is a key aspect in the development of children, as it plays a decisive role in school success or failure, and causes or prevents the risk of one suffering social exclusion [37,38,39].



These skills are framed within the fields of language, mathematics, and education in Spain; their importance was established in the organic law of education, LOE 2/2006, 3 May [40], through competence in language communication and competence in mathematics. Toribio [41] (p. 36) defines them as follows:




	
Competence in language communication: this refers to the use of language as an instrument of oral and written communication, of representation, interpretation, and understanding of reality, of construction and communication of knowledge, and of organization and self-regulation of thought, emotions, and behavior.



	
Competence in Mathematics: this consists of the ability to use and relate numbers, their basic operations, symbols, and forms of mathematical expression and reasoning, to produce and interpret different types of information, to increase knowledge on quantitative and spatial aspects of reality, and to solve problems related to daily life and work.








O’Malley et al. [42] suggest that children with autism usually present difficulties in language, reading, writing, and mathematics; hence, developing these skills is essential for one to lead an independent and successful life. Children with autism often present difficulties in processing verbal information via the auditory channel. However, they do “have a good capacity for visual memory, which is why the use of tools with graphic and symbolic content, as in the case of reading and writing, is of great help to them” [43] (p. 1). Hardy et al. [44] show how various computer programs encourage vocalization and a predisposition towards oral communication.



“Learning to read and write is perhaps the first truly academic action in schools; it marks a before and after in the life of a child. Knowing how to read and write is, nowadays, something we expect of any person” [45] (p. 1). The learning of reading and writing represents a step forward in development, since it gives an improved understanding of language and its development. Pérez et al. [46] stress, “teaching to read in autism does not only mean one step further in the natural process of education and culturalization. In autism, reading and writing can provide a way in for intervention on particularly affected aspects” (p. 85).



In order to begin the reading–writing process, it is essential to implement schedules, establishing work routines, and conditions that are stimulating and controlled [47]. In ConecTEA [43], there are various key phases in the reading–writing assimilation process, such as matching words with their corresponding drawings, distinguishing images, separating words into syllables, and introducing verbs, articles, and prepositions. Lence and Fernández [48] state that the process of learning reading and writing can be a long one, but that help from families, schools, and other specialists is vital during the learning process. Similarly, Badillo [49] shows that the use of interactive stories heightens comprehension of reading and writing for people with autism—something that a more traditional teaching methodology often fails to achieve.



In regards to mathematical skills, developing “number sense” is fundamental in the learning process. This allows progress to continue once the child gives meaning to numbers [50]. Adkins and Larkey [51] show the importance of teaching mathematics to children with autism, due to the relevance it has on the development of other skills, such as reading or spelling. They also highlight key starting points, such as numbers, sequences, and counting. Arciniegas and Acevedo-Rincón [52] stress the importance of introducing the concept of the number, starting with four approaches: “number-quantity relation, bodily (hands) representation of numbers, writing numbers, and order and sequence relations” (p. 12).



Lloréns [53], in his interventions on students with autism, used computer programs, and highlighted how mathematical concepts and numerical calculation skills can be strengthened through them with perseverance and appropriate structuring. After children with autism utilized the mathematical skills app—“123 Autism”—Teixeira and Cunha [33] concluded that the participants’ motivations to use tablets was higher compared to traditional formats (pencil and paper), and that they had greater interests and commitments in carrying out the proposed activities.



ICT and apps focused on teaching these skills are possible, given the volume of apps that work on these skills, as well as their designs [12]. Thus, a variety of studies focused on their assessments. For example, Hourcade et al. [54] examined apps for tablets for children with autism. Crescenzi and Grané [55] explored the interactive designs of educational apps for children up to the age of eight. Larco et al. [56] studied the quality of apps for people with disabilities. Studies of this nature are needed, given the large number of apps available [19,57]. In this context, it would be useful to examine what apps are offered to children with autism that focus on developing basic instrumental skills. Therefore, the objectives of this study are as follows:




	
To evaluate the quality of free apps focused on basic instrumental skills for children and adolescents with autism, available on the Google Play Store.



	
To determine what instrumental skills each app focuses on (oral language, reading, writing, or mathematics).



	
To examine what sub-areas of oral language, reading, writing, or mathematics the various apps focus on.









2. Materials and Methods


This study took a non-retrospective documentary, non-experimental quantitative design, where the sources of study were not people, but apps. We applied an assessment tool to the apps in order to obtain the data for this study.



2.1. Sample


In order to begin the assessment of apps aimed at children and adolescents with autism, we created two searches in the Google Play Store. The first was with the search term “autismo” in Spanish, and the second, “autism”, in English, with both focused on free apps. Previous studies [22,29,58,59,60] used app stores because they are the most popular and safest platforms for finding and downloading apps. We carried out two independent searches in order to take in the highest number of apps in both languages. In Spanish, 228 apps were found, from which we excluded 123; and in English, 247, excluding 192 apps. The decision to exclude an app was governed by the criteria shown in Figure 1.



The sample was made up of 160 apps for children with autism, of which 117 worked on basic instrumental skills. Due to incompatibility or lack of availability, in the end, 88 apps were assessed.




2.2. Instrument


To assess the quality of the apps, we used a “System of indicators and instrument for the assessment and selection of apps for people with ASD”, which was designed and previously validated by Gallardo-Montes et al. [61]. With this instrument, app quality was assessed in relation to three dimensions: Design/Form (D1), from 0 to 22 points; Content (D2) from 0 to 18 points; Pedagogical Aspects (D3), from 0 to 6 points; and globally. Dimension 1 assessed aspects connected to the “availability of the app”, “ergonomics”, “usability”, “popularity”, and “accessibility”. Dimension 2 evaluated indicators linked to “audio quality”, “content”, “notifications”, “help and tutorials”, and “safety”. Finally, Dimension 3 looked at aspects associated with “interactivity”, “suitability of pace and learning”, and “follow-up/assessment”.



This system of indicators comprised 14 items, divided in turn into a total of 46 sub-indicators, which made it possible to give a final rating to each app as: highly recommendable/Group 1 (≥37 points); recommendable/Group 2 (between 23–36 points); or not recommendable/Group 3 (≤22 points). The instrument was subjected to validation by expert judgement, in which 12 judges, who were experts in the fields of education and technology, provided positive assessment. The system obtained excellent intraclass correlation coefficients (ICC) (ICCD1 = 0.955, ICCD2 = 0.973, and ICCD3 = 0.966) and significant and strong Kendall’s W inter-rater concordance (.757 and 1.00, p < 0.001). With a very high Cronbach’s alpha coefficient (αD1 = 0.955, de αD2 = 0.973 y αD3 = 0.966), this was a valid and reliable instrument.



Complementary to this, we evaluated which sub-areas of the basic instrumental skills (oral language, reading, writing, and mathematics) each of the apps worked on, to determine which were the most multi-purpose and which sub-areas were the most heavily worked on, as shown in Table 1. A maximum score (MS) was obtained for the set of key aspects that made up each instrumental skill. Finally, we analyzed whether each app indicated its target age range. Age was recorded in years.




2.3. Procedure


The assessment of each app was always carried out on the same smartphone and connected to the same Wi-Fi network, at a speed of 600 Mb/s. The apps were installed progressively on the device, carrying out an in-depth analysis, focused on basic instrumental skills, in January 2021.



The app analyses and assessments were recorded using Microsoft Office Excel 2019, indicating either 1 or 0 in each cell, depending on whether it fulfilled the described indicator, and whether it worked on the key aspects of each of the basic instrumental skills described above.




2.4. Data Analysis


The data were analyzed using the SPSS statistical package, version 25.0, calculating frequencies, percentages, and measures of central tendency (mean) and dispersion (standard deviation), as well as the Kruskal–Wallis non-parametric contrast test for independent samples, because the data did not present a normal distribution.





3. Results


3.1. Assessment of App Quality


Table 2 shows the 88 apps—each app is designated with the name that appears in the Google Play Store search engine—ordered by the total score attained in the assessment, including the score in each dimension, and the group to which it belongs. The total score of the apps ranged from 16 to 40 points, with an average of 32.02 points (SD = 4.37). None of the apps assessed attained the maximum of 46 possible points, with 40 being the highest score obtained, but only by two of them (2.27%): “#Soyvisual” and “Otsimo”. #Soyvisual stood out above the rest in Dimension 1, particularly in its ergonomics, usability, and accessibility, while Otsimo did so in Dimension 2, thanks to its safety qualities and content. Apps that scored below the mean made up 38.63% (n = 34), with “Autism mindAwakener” obtaining the lowest score of 16 points.



The dimension of design fluctuated between 7 and 20 points, with a mean of 16.99 (SD = 1.95). Only 5 apps (5.68%) achieved the maximum score in this dimension: “SymboTalk-AAC Talker”, “Aboard CAA”, “Asistente de voz AAC”, “Isecuencias lite”, and “LetMeTalk: Talker SAAC”. Here, 34.09% (n = 30) of the apps scored below the mean, with the app “Autism mindAwakener” being the worst rated, with only 7 points.



The dimension of content ranged between 4 and 17 points, with a mean of 11.27 (SD = 2.81). None of the apps attained the maximum score, with the app “Otsimo” scoring the highest with 17 points. This app, on top of having similar indicators to the others, also presented tutorials in audio and in written form, and sent notifications to the smartphone even when the app was not in use, as well as emails to the address of the registered user, informing the user about changes or new exercises, which made it even more interactive. In this dimension, 48.86% (n = 43) of the apps scored below the mean, with “Games for kids modern cars” obtaining the lowest score with 4 points.



The pedagogic dimension ranged from 2 to 6 points, with a mean of 3.78 (SD = 0.94). Only two apps (2.27%) attained the maximum score: “Michelzhino–Emoções” and “CPA”. Both apps allowed the user to add their own images or pictographs, offered different codes of communication, sufficient time to carry out the activities, and followed/assessed the proposed activities, so that the user could receive feedback on their progress. Here, 40.91% (n = 36) of the apps scored below the mean, with six apps obtaining the lowest score of only 2 points: “Aprender español para niños”, “Baby piano games & music for kids”, “Rompecabezas para niños-juego de dinosaurio”, “Talk to me 100® lite–Autism”, “PetterDay, Agenda Pictogramas”, and “Autism mindAwakener”.



The apps that made it into the “highly recommendable” group (G1) made up 14.77% (n = 13); 82.95% (n = 73) were placed in “recommendable” (G2), and 2.27% (n = 2) in the “not recommendable” group (G3). This shows the average quality (“recommendable”) of the apps that worked on basic instrumental skills (M = 1.87, SD = 0.39). Comparing the groups, statistically significant differences were found in the scores obtained in the three dimensions (Table 3). The apps in group 1 attained higher scores in all of the dimensions, with scores above the mean. The apps in group 3, meanwhile, scored below the mean in all dimensions, and those in group 2 were below in dimensions 2 and 3 but above in dimension 1. The dimension in which groups 1 and 2 differed the least was that of design—mostly of content. Comparing groups 1 and 3, they differed the most in the dimension of content, and the least in the pedagogical dimension. Groups 2 and 3 differed the most in design and the least in the pedagogical dimension.




3.2. Assessment of the Basic Instrumental Skills and the Sub-Areas That the Apps Address


Following the assessment of the app qualities, we analyzed which basic instrumental skill(s) each one addressed (Figure 2). We observed that 87.5% (n = 77) focused on the skill of reading; 81.82% (n = 72) on oral language; 44.32% (n = 39) on writing; and 23.86% (n = 21) on mathematics. As can be seen by the non-exclusive percentages, most of the apps did not specialize on one single skill (22.72%, n = 20). Rather, they worked on several simultaneously: 10 addressed four skills areas (11.36%), 34 focused on three skills (38.63%), and 24 apps on two (24.27%). Of the 10 apps that focused on four instrumental skills, three belonged to group 1 (highly recommendable), seven to group 2 (recommendable), and none to the not recommendable group. In contrast, of the 20 apps specializing on one single instrumental skill, 19 belonged to group 2 (recommendable) and one to group 3 (not recommendable). Of the 88 apps assessed, 71.59% (n = 63) worked on oral language and reading simultaneously; 42.05% (n = 37) oral language and writing; 21.59% (n = 19) language and mathematics; 44.32% (n = 39) reading and writing; 21.59% (n = 19) reading and mathematics; and 11.36% (n = 10) writing and mathematics.



Table 4 shows the 88 apps ordered according to the score obtained in the assessment of basic instrumental skills, which ranged from 1 to 25 points, with a mean of 6.21 (SD = 4.86). None of the apps we assessed attained the maximum possible 29 points, with “Smile and Learn” obtaining the highest score. Only eight apps (9%) earned at least half the points available (SB = 14): “Smile and Learn”, “Symbotalk AAC Talker”, “Teacch.me”, “Visual Reading® Educación Especial”, “Commboards-gratis terapia del autismo AAC”, “Preescolar juegos en español”, “Aboard CAA”, and “Proyect@ PECS”.



The scores of the apps that worked on oral language (OL) fluctuated between 1 and 8 points, with a mean of 3.20 (SD = 1.36). None of the apps obtained the maximum score for this skill (OL = 9), with “Visual Reading® Educación Especial” being the highest scorer, while 64.38% (n = 47) of the apps treating oral language scored below the mean.



The apps for reading (R) scored between 1 and 6, with a mean of 2.91 (SD = 1.30). None attained the maximum score (R = 7), with only two apps “Smile and Learn” and “Symbotalk AAC Talker” obtaining the highest recorded score. In this basic skill, 50.65% (n = 39) of the apps scored above the mean.



The scores of the apps addressing writing (W) ranged from 1 to 7 (M = 2.77, SD = 1.22), with the app “Smile and Learn” being the only one to achieve the maximum score. Only 8 apps (20.51%) attained at least half the points available (W = 3.5): “Smile and Learn”, “Symbotalk AAC Talker”, “Teacch.me”, “Commboards-gratis terapia del autismo AAC”, “Aboard CAA”, “Proyect@ PECS”, “CPA” and “Asistente de voz AAC”.



The mathematics (M) apps scored between 1 and 6, with a mean of 2.14 (SD = 1.59). Just one app, “Smile and Learn”, attained the maximum score, and only 6 apps earned half the points available (M = 3): “Smile and Learn”, “Preescolar juegos en español”, “Preescolar aprende números 123”, “Ajedrez y Matemáticas para Niños Infantil gratis”, “Autastico” and “Niño conectar los puntos libre”.



In regards to the age (in years) of the target users of the apps (Table 4), most made no specification. Only 24 of them (27.27%) included a recommended age range for their use in their description. Of these, seven were recommended for children and only three were aimed at higher evolutionary stages, such as adolescents, adults, or the elderly.



Below, we present the detailed analysis of the specific sub-areas that each app addresses for the acquisition and improvement of the instrumental skills studied.



Of the 73 apps involving oral language (Table 5), the most common sub-area was “words” (n = 70, 95.89%), followed by “vocabulary” (n = 65, 89.04%), “oral language comprehension” (n = 36, 49.32%), and “sentences” (n = 36, 49.32%). In contrast, the sub-areas least addressed were “phonological awareness” (n = 10, 10.70%), “fluency” (n = 8, 11%), “phonemes” (n = 5, 6.85%), “pronunciation” (n = 3, 4.11%), and “syllables” (n = 1, 3.40%).



Regarding the 77 apps addressing reading (Table 6), the sub-areas that were most featured were “words” (n = 71, 92.21%) and “vocabulary” (n = 67, 87.01%), followed by “sentences” (n = 29, 37.66%), “reading comprehension” (n = 20, 25.97%), and “decoding” (n = 19, 24.68%). Those that featured the least were “letters” (n = 14, 18.18%) and “fluency” (n = 4, 5.20%).



The 39 apps for the skill of writing (Table 7) focused mostly on “vocabulary” (n = 30, 76.92%) and “words” (n = 30, 76.92%), followed by “sentences” (n = 25, 64.10%) and “written composition” (n = 15, 38.46%). In contrast, the aspects that were addressed the least were “orthography” (n = 3, 7.69%), “graphomotricity” (n = 3, 7.69%), and “written form” (n = 2, 5.13%).



Regarding the skill of mathematics (Table 8), the most common sub-area addressed in the 21 apps was “learning numbers” (n = 18, 85.71%), followed by “counting” (n = 10, 41.62%), “addition and subtraction” (n = 6, 28.57%), “place value” (n = 5, 23.81%), “problem solving” (n = 4, 19.05%) and “multiplication and division” (n = 2, 9.52%).





4. Discussion and Conclusions


Through the assessment of apps focused on basic instrumental skills, it was possible to learn what free apps are available for children with autism in the Google Play Store, and their quality levels. This search has shed light on the potentials of these apps, and, at the same time, it revealed details that are closely linked to instrumental skills that should not be ignored.



One important aspect, when it comes to choosing apps for people with autism, should be the age of the target user. However, most of the apps do not specify age, with those that do so forming a minority (27.27%). In regards to this aspect, there is a near inexistence of apps for adolescents, since, out of those apps that included age; only three were aimed at children older than 12.



Interest in (and motivation for the use of) digital resources covers all evolutionary stages, which is why it is essential for families and professionals in the field of autism to have an idea of the target age of the child, to guide the teaching–learning process based on ICT and apps. Both agents undertake important roles, which is why working jointly is key to a child’s development [48].



Regarding the first research objective, in general, the set of apps reviewed produced positive results, as the majority belonged to the “Highly recommendable” and “Recommendable” groups. Just two of them were deemed “Not recommendable”. Therefore, we conclude that the apps that focused on basic instrumental skills, offered to children with autism, in terms of their design, content, and pedagogic aspects, attained high scores and showed notable qualities.



In regards to the study’s second aim—most of the apps worked on the skills of “oral language” and “reading”, but far fewer focused on “writing” (n = 39) or “mathematics” (n = 21). Evidence of this was seen in the simultaneousness apps that addressed each area, showing how the apps focused on writing and mathematics; mathematics and reading; or mathematics and language, representing a percentage that was far lower than the rest, at 11.36%, 21.59%, and 21.59%, respectively.



In this regard, the importance of learning writing for the comprehensive development of children with autism, and for language comprehension, should not be forgotten [43,45,46]. The same can be said for the relevance of teaching mathematics as a bridge to enhancing skills linked to reading and spelling [51], as well as for success in daily life [62]. In general, the full development of instrumental skills is the pillar upon which other, equally enriching forms of knowledge can be taken on [37]. Hence, it is hard to understand why something so important for human beings and for personal development, as mathematics and writing, has such low visibility in the app store.



Furthermore, the percentage of apps focused on mathematics reveals a lack of specialization in this skill. Authors, such as Adkins and Larkey [51], stress that getting a start in mathematics, i.e., learning numbers and counting, is fundamental, but these two areas had scant representation in the 88 apps assessed. Only 18 apps worked on teaching numbers, and just ten addressed counting. In terms of the assessment, although “learning numbers” was more present than “addition and subtraction”, “place value”, “problem solving”, and “multiplication and division”, these sub-areas were the least represented of all the basic instrumental skills.



For the third aim, certain sub-areas of the different instrumental skills were developed very little. In “oral language”, the apps dealing with “fluency”, “phonemes”, “pronunciation”, and “syllables” were the least common. The same occurred with “phonological awareness”, “fluency”, “phonemes”, “pronunciation”, and “syllables” for the skill of “reading”. These aspects are indispensable prerequisites for understanding language and the subsequent learning of writing. ConecTEA [43] highlights the importance of syllable identification and the association of words with their illustrations and verbalization, but neither aspect was well represented in the apps reviewed.



Regarding the apps that addressed “writing”, those that dealt with activities related to the sub-areas of “orthography”, “graphomotricity”, or “written form” were a minority. These sub-areas are essential for the development of adequate fine motor skills, and are starting points for structuring oral language, promoting its comprehension and expression [45].



The app with one of the highest total scores in the different dimensions, and the best score in all of the instrumental skills, was “Smile and Learn” (Group 1). This app provided content linked to all the skills, even working on “phonological awareness” (10.70%), “phonemes” (6.85%), “letters” (18.18%), “orthography” (7.69%), “graphomotricity” (7.69%), “written form” (5.13%), “problem solving” (19.05%), and “multiplication and division” (9.52%)–sub-areas that, as can be seen, were given very little attention in the other apps.



In regards to the other apps that attained a total score for the basic skills that was above the mean, “Symbotalk AAC Talker” and “Commboards-gratis terapia del autismo AAC” belong to the Highly Recommendable group, while “Teacch.me”, “Visual Reading® Educación Especial”, “Preescolar juegos en español”, “Aboard CAA”, and “Proyect@ PECS”, belong to the “recommendable” group. Most of these were noteworthy for addressing “oral language” and “reading” more thoroughly but giving less attention to “mathematics”. However, “Preescolar juegos en español” excelled more in the skill of “mathematics” and less so in “writing” and “oral language”. In turn, “Visual Reading® Educación Especial” concerned itself more with “oral language” and less with “writing” and “mathematics”.



As we stated in the introduction, Aguilar-Vázquez et al. [7] show that the app “LEA: Lecto-Escritura para Autismo” is capable of working on the processes of reading and writing in a way that is adapted to children with autism. In our assessment, this app obtained 37 points, placing it in group 1 (Highly recommendable), confirming its quality for use with children with autism. It was highly specialized in “reading” (L = 5), coming fourth in the ranking of this skill.



Similarly, Vyshedskiy et al. [36], through the app “Terapia del Lenguaje y Cognitiva con MITA”, demonstrate improvement in language acquirements by children with autism from the ages of 2 to 12, and consider it suitable for the development of the teaching–learning processes of the basic instrumental skills. In the assessment of quality, the app was ranked third highest with 39 points. However, it fell to 19th place in the total score for basic instrumental skills (“oral language” = 3, “reading” = 3, “writing” = 1 y, “mathematics” = 2). It did address them all, as the authors indicate, but not in any depth.



The results obtained show how, despite the importance that certain skills have in the development of children with autism, there is still much work to be done in providing greater depth and development in highly important areas, such as “writing” and “mathematics”. O’Malley et al. [42] affirmed the significance of advancing and perfecting these skills for the sake of a self-sufficient and successful life.



In terms of future research, it would be valuable to examine the use that families and autism professionals make of apps focused on basic instrumental skills, as well as the purpose for which they use them (language development, reading–writing processes, or teaching and practicing mathematics). It would also be worthwhile to carry out a more thorough search, where the search terms (“autismo” and “autism”) are combined with others, such as reading and writing, language, phonological awareness, mathematics, numbers, etc. This search could open the way to new analyses—to consider new (or repeated) apps that result from it.



One important limitation of this study is the vast array of apps that different app stores (e.g., Google Play Store) offer. This means that, if one does not perform a meticulous analysis of the information, it will become complicated to assess, resulting in there being many apps repeated, or unconnected to the needs of children with autism. This limitation has been resolved by eliminating those that are redundant during the search process and painstakingly analyzing each app with the system of indicators.



To conclude, the number of apps designed for learning oral language and reading is high, as well as rich in content and subject matter. The app qualities, as we confirmed, are good. For example, in addition to including designs and content that are suitable to the needs of children with autism, these apps work on areas that are closely connected with difficulties that children face daily, both in social and academic spheres. In contrast, fewer apps focus on writing and mathematics. The apps that do, however, boast excellent qualities, in terms of their pedagogical aspects, formatting, and content. Nevertheless, it would be beneficial for families and specialists to have a wider range of apps aimed at basic instrumental skills, and designed for more age groups.







Author Contributions


Conceptualization, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; methodology, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; software, C.d.P.G.-M.; validation, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; formal analysis, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; investigation, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; resources, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; data curation, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; writing—original draft preparation, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; writing—review and editing, C.d.P.G.-M., M.J.C.C., E.C.M. and S.J.F.; visualization, C.d.P.G.-M. and M.J.C.C.; supervision, M.J.C.C.; project administration, M.J.C.C.; funding acquisition, C.d.P.G.-M. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by University of Granada and Spanish Ministry of Education, Innovation, and Universities (aid for university teacher training (FPU19/00026)).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sánchez-Raya, M.A.; Mártínez-Gual, E.; Moriana, J.A.; Luque, B.; Alós, F. La atención temprana en los trastornos del espectro autista (TEA). Psicol. Educ. 2015, 21, 55–63. [Google Scholar] [CrossRef]

	



Mestas, L.; Gordillo, F.; Castillo-Parra, G.; Escotto, A.E. Diagnóstico y tratamiento de los trastornos del espectro autista. Eye-traking e integración sensorial. Edupsykhé Rev. Psicol. Psicopedag. 2016, 15, 93–110. Available online: https://journals.ucjc.edu/EDU/article/view/3905/2851 (accessed on 1 May 2021).

	



American Psychiatry Association. Manual de Diagnóstico y Estadístico de los Trastornos Mentales (DSM-V), 5th ed.; Editorial Médica Panamericana: Madrid, Spain, 2014. [Google Scholar]

	



Mulas, F.; Ros, G.; Millá, M.; Etchepareborda, M.; Abad, L.; Téllez, M. Modelos de intervención en niños con autismo. Rev. Neurol. 2010, 3, 77–84. Available online: https://faros.hsjdbcn.org/adjuntos/1839.1-bdS03S077.pdf (accessed on 1 May 2021).

	



Rogel-Ortiz, F.J. Autismo. Gac. Méd. México 2005, 141, 143–147. Available online: https://dialnet.unirioja.es/servlet/articulo?codigo=4362855 (accessed on 1 May 2021).

	



Wing, L. El autismo en niños y adultos. Una guía Para la Familia; PAIDÓS: Barcelona, Spain, 1988. [Google Scholar]

	



Aguilar-Velázquez, R.; García-Hernández, L.I.; Corla-Ávila, G.; Toledo-Cárdenas, M.R.; Herrera-Covarrubias, D.; Hernández-Aguilar, M.E.; Manzo-Denes, J. LEA: Aplicación web para estimular la lectoescritura en niños con autismo. Eduscientia Divulgación Cienc. Educ. 2020, 6, 46–63. Available online: http://eduscientia.com/index.php/journal/article/view/74 (accessed on 1 May 2021).

	



López, S.; Rivas, R.; Taboada, E. Revisiones sobre el autismo. Rev. Latinoam. Psicol. 2009, 41, 555–570. Available online: http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S0120-05342009000300011&lng=es&nrm=iso (accessed on 1 May 2021).

	



Kanner, L. Autistic disturbances of affective contact. Nerv. Child 1943, 2, 217–250. Available online: http://mail.neurodiversity.com/library_kanner_1943.pdf (accessed on 1 May 2021).

	



Gómez-García, M.; Hossein-Mohand, H.; Trujillo-Torres, J.M.; Hossein-Mohand, H. The Training and Use of ICT in Teaching Perceptions of Melilla’s (Spain) Mathematics Teachers. Mathematics 2020, 8, 1641. [Google Scholar] [CrossRef]

	



Trujillo-Torres, J.-M.; Hossein-Mohand, H.; Gómez-García, M.; Hossein-Mohand, H.; Cáceres-Reche, M.-P. Mathematics Teachers’ Perceptions of the Introduction of ICT: The Relationship between Motivation and Use in the Teaching Function. Mathematics 2020, 8, 2158. [Google Scholar] [CrossRef]

	



Gallardo-Montes, C.P.; Rodríguez-Fuentes, A.; Caurcel, M.J. Apps for people with autism: Assessment, classification and ranking of the best. Technol. Soc. 2021, 64, 101474. [Google Scholar] [CrossRef]

	



Castro, M.; Mallón, O. La Tablet en la escuela: Revisión bibliográfica en Scopus. Hamut’ay 2019, 6, 124–139. [Google Scholar] [CrossRef]

	



Hernández, M.E.; Sosa, M.E. Uso de Tecnologías de Información y Comunicación (TIC) en inclusión escolar de estudiantes con Trastornos del Espectro Autista (TEA). Contextos Estud. Humanid. Cienc. Soc. 2018, 41, 1–10. Available online: http://revistas.umce.cl/index.php/contextos/article/view/1397 (accessed on 1 May 2021).

	



Ledbetter-Cho, K.; O’Reilly, M.; Lang, R.; Watkings, L.; Lim, N. Meta-analysis of Tablet-Mediated Interventions for Teaching Academic Skills to Individuals with Autism. J. Autism Dev. Disord. 2018, 48, 3021–3036. [Google Scholar] [CrossRef] [PubMed]

	



Pinel, V.; Aguiló, L.; Adrover, D. Los robots sociales como promotores de la comunicación en los Trastornos del Espectro Autista (TEA). Let. Hoje 2018, 53, 39–47. [Google Scholar] [CrossRef]

	



Silva, G.; Rodríguez, F.d.P. Una mirada hacia las TIC en la educación de las personas con discapacidad y con Trastorno del espectro autista: Análisis temático y bibliográfico. Rev. Educ. Mediát. TIC 2018, 7, 43–65. [Google Scholar] [CrossRef]

	



Lozano, J.; Ballesta, F.; Cerezo, M.C.; Alcaraz, S. Las Tecnologías de la Información y la Comunicación (TIC) en el proceso de enseñanza y aprendizaje de estudiantes con Trastorno del Espectro Autista (TEA). Rev. Fuentes 2013, 14, 193–208. Available online: https://revistascientificas.us.es/index.php/fuentes/article/view/2359 (accessed on 1 May 2021).

	



Gallardo-Montes, C.P.; Caurcel, M.J.; Rodríguez, A.; Capperucci, D. Historias sociales en los Trastornos del Espectro Autista: Plataformas webs y apps. EduTicInnova Rev. Educ. Virtual 2019, 7, 9–25. Available online: https://www.aulavirtualusmp.pe/ojs/index.php/eduticinnova/article/view/1844 (accessed on 1 May 2021).

	



Bondioli, M.; Buzzi, M.C.; Buzzi, M.; Giuca, M.R.; Pardossi, F.; Pelagatti, S.; Semuci, V.; Senette, C.; Uscidda, F.; Vagelli, B. MyDentist: Making children with autism familiar with dental care. Adv. Intell. Syst. Comput. 2019, 806, 365–372. [Google Scholar] [CrossRef]

	



Burton, C.E.; Anderson, D.H.; Prater, M.A.; Dyches, T.T. Video self-modeling on an iPad to teach functional math skills to adolescents with autism and intellectual disability. Focus Autism Other Dev. Disabil. 2013, 28, 67–77. [Google Scholar] [CrossRef]

	



García, S.; Garrote, D.; Jiménez, S. Uso de las TIC en el Trastorno de Espectro Autista: Aplicaciones. EDMETIC 2016, 5, 134–157. Available online: https://helvia.uco.es/xmlui/handle/10396/14211 (accessed on 1 May 2021). [CrossRef]

	



Sung, M.J. A study of social skills intervention for children with ASD using learning apps. In Proceedings of the 13th International Conference on e-Learning, Cape Town, South Africa, 5 June 2018; Available online: http://toc.proceedings.com/40233webtoc.pdf (accessed on 1 May 2021).

	



Vlachou, J.A.; Drigas, A. Mobile technology for students & adults with Autistic Spectrum Disorders (ASD). Int. J. Interact. Mob. Technol. 2017, 11, 4–17. [Google Scholar] [CrossRef]

	



Flores, M.; Musgrove, K.; Renner, S.; Hinton, V.; Stroizer, S.; Franklin, S.; Hil, D. A comparison of communication using the Apple iPad and a picture-based system. Augment. Altern. Commun. 2012, 28, 74–84. [Google Scholar] [CrossRef] [PubMed]

	



Desai, T.; Chow, K.; Mumford, L.; Hotze, F.; Chau, T. Implementing an iPad-based alternative communication device for a student with cerebral palsy and autism in the classroom via an access technology delivery protocol. Comput. Educ. 2014, 79, 148–158. [Google Scholar] [CrossRef]

	



Jiménez, J.E.; De León, S.C. Confirmatory factor analysis of Mathematics Progress Indicators (IPAM) in first-grade students. Eur. J. Investig. Health Psychol. Educ. 2017, 7, 31–45. [Google Scholar] [CrossRef]

	



Franco, N.; Lima, T.; Lima, A.; Silva, E.; Lima, R.; Cavalcante, T.; Fidalgo, R. Aboard: Uma Plataforma para Educação Inclusiva a Partir de Comunicação Aumentativa e/ou Alternativa, Proceedings of the VI Congresso Brasileiro de Informática na Educação, Recife, Brazil, 30 October 2017; Tedesco, P., Crespo, S., Eds.; Brazilian Symposium on Computers in Education: Recife, Brazil, 2017; pp. 977–986. [Google Scholar] [CrossRef]

	



Fage, C.; Consel, C.Y.; Balland, E.; Etchegoyhen, K.; Amestoy, A.; Bouvard, M.; Sauzéon, H. Tablet apps to support first school inclusion of children with Autism Spectrum Disorders (ASD) in mainstream classrooms: A pilot study. Front. Psychol. 2018, 9, 1–16. [Google Scholar] [CrossRef] [PubMed]

	



Weisblatt, E.J.; Langensiepen, C.S.; Cook, B.; Dias, C.; Plastied-Grant, K.; Dhariwal, M.; Fairclough, M.S.; Friend, S.E.; Malone, A.E.; Varga-Elmiyeh, B.; et al. A Tablet Computer-Assisted Motor and Language Skills Training Program to Promote Communication Development in Children with Autism: Development and Pilot Study. Int. J. Hum. Comput. Interact. 2019, 35, 643–665. [Google Scholar] [CrossRef]

	



Terrazas, M.; Sánchez, S.; Becerra, M.T. Las TIC como herramienta de apoyo para personas con Trastorno del Espectro Autista (TEA). Rev. Nac. Int. Educ. Incl. 2016, 9, 102–136. Available online: https://dialnet.unirioja.es/servlet/articulo?codigo=5600282 (accessed on 1 May 2021).

	



García-Rodríguez, A.; Gómez-Díaz, R. Lectura digital Infantil: Dispositivos, aplicaciones y contenidos. Anal. Doc. 2016, 20. Available online: https://revistas.um.es/analesdoc/article/view/290211 (accessed on 1 May 2021).

	



Teixeira, L.; Cunha, M. 123 Autismo: Um aplicativo móvel para auxiliar no ensino de habilidades iniciais da matemática a crianças com autismo. In Proceedings of the VIII Congresso Brasileiro de Informática na Educação, Brasilia, Brazil, 11 November 2019; pp. 1172–1179. [Google Scholar] [CrossRef]

	



Sweidan, S.Z.; Salameh, H.; Zakarneh, R.; Darabkh, K.A. Autistic Innovative Assistant (AIA): An Android application for Arabic autism children. Interact. Learn. Environ. 2019. [Google Scholar] [CrossRef]

	



Smith, E.; Toms, P.; Constantin, A.; Johnson, H.; Brosnan, M. Piloting a digitally-mediated social story intervention for autistic children led by teachers within naturalistic school settings. Res. Autism Spectr. Disord. 2020, 75, 101533. [Google Scholar] [CrossRef]

	



Vyshedskiy, A.; Khokhlovich, E.; Dunn, R.; Faisman, A.; Elgart, J.; Lokshina, L.; Gankin, Y.; Ostrovsky, S.; deTorres, L.; Edelson, S.M.; et al. Novel Prefrontal Synthesis Intervention Improves Language in Children with Autism. Healthcare 2020, 8, 566. [Google Scholar] [CrossRef]

	



Iñiguez, T. Aprendizaje instrumental accesible para todos y todas. Esc. Comunidades Aprendiz. 2013, 5, 1–8. Available online: https://www.researchgate.net/publication/262183944_Aprendizaje_Instrumental_Accesible_para_Todos_y_Todas (accessed on 1 May 2021).

	



Apple, M.W.; Beane, J.A. Escuelas Democráticas, 3rd ed.; Morata: Madrid, Spain, 2005. [Google Scholar]

	



Ladson-Billings, G. But That’s Just Good Teaching! The Case for Culturally Relevant Pedagogy. Theory Pract. 1995, 34, 159–165. [Google Scholar] [CrossRef]

	



Organic Law 2/2006, of May 3, on Education, 2006; Official State Gazette: Madrid, Spain, 4 May 2006; Volume 106, pp. 1–110. Available online: https://www.boe.es/buscar/pdf/2006/BOE-A-2006-7899-consolidado.pdf (accessed on 1 May 2021).

	



Toribio, L. Las competencias básicas: El nuevo paradigma curricular en Europa. Foro Educ. 2010, 8, 25–44. Available online: https://www.redalyc.org/pdf/4475/447544587003.pdf (accessed on 1 May 2021).

	



O’Malley, P.; Lewis, M.; Donehower, C. Using Tablet Computers as Instructional Tools to Increase Task Completion by Students with Autism. In Proceedings of the American Educational Research Association Annual Meeting, San Francisco, CA, USA, 27 April 2013; Available online: https://files.eric.ed.gov/fulltext/ED541157.pdf (accessed on 1 May 2021).

	



ConecTEA. Available online: https://www.fundacionconectea.org/2020/07/10/la-lectoescritura-como-herramienta-de-aprendizaje-en-ninos-con-tea/ (accessed on 18 February 2021).

	



Hardy, C.; Ogden, J.; Newman, J.; Cooper, S. Autism and ICT: A Guide for Teachers and Parents; David Fulton: London, UK, 2002. [Google Scholar]

	



Autismo Diario. Available online: https://autismodiario.com/2017/07/17/ensenando-a-leer-y-escribir-a-ninos-con-autismo/ (accessed on 18 February 2021).

	



Pérez, L.; Guillén, A.; Pérez, M.P.; Jiménez, I.; Bonilla, M.J. La Atención Educativa al Alumnado con Trastorno del Espectro Autista; Consejería de Educación, Centro del Profesorado de Alcalá de Guadaira: Sevilla, Spain, 2012. [Google Scholar]

	



Ventoso, M.R. La lectoescritura como instrumento de aprendizajes relevantes en autismo (Madrid, Spain). Personal Communication. 2003. Available online: https://pdfslide.net/documents/la-lectoescritura-como-instrumento-de-aprendizajes-relevantes-en-autismo-ma-rosa-ventoso-roncero.html (accessed on 1 May 2021).

	



Lence, A.; Fernández, C.I. El Aprendizaje de la Lectoescritura en el Autismo: Propuesta de Intervención Psicoeducativa, Proceedings of the III Congreso Internacional Virtual Innovación Pedagógica y Praxis Educativa, Seville, Spain, 28 November 2016; López, E., Cobos, D., Martín, A.H., Molina, L., Jaén, A., Eds.; Asociación para la Formación, el Ocio y el Empleo: Sevilla, Spain, 2016; pp. 151–160. Available online: https://dialnet.unirioja.es/servlet/articulo?codigo=6331776 (accessed on 1 May 2021).

	



Badillo, V. Förderung des Lesens und Schreibens: Grundlagen, Konzepte und Methoden von PCS-Piktogrammen; Müller Verlag: Saarbrücken, Deutsch, 2011. [Google Scholar]

	



Jiménez, M.D.; Serrano, J.L.; Prendes, M.P. Estudio de caso de la influencia del aprendizaje electrónico móvil en el desarrollo de la comunicación y el lenguaje con un niño con TEA. EDUCAR 2017, 53, 419–443. Available online: https://www.redalyc.org/articulo.oa?id=342151828010 (accessed on 1 May 2021).

	



Adkins, J.; Larkey, S. Practical Mathematics for Children with an Autism Spectrum Disorder and Other Developmental Delays; Jessica Kingsley Publishers: London, UK; Philadelphia, PA, USA, 2013. [Google Scholar]

	



Arciniegas, H.L.; Acevedo-Rincón, J. Enseñanza del concepto de número: El caso de una niña con autismo. In Proceedings of the Foro EMAD 2019: Investigación e innovación en Educación Matemática, Bogota, Colombia, October 2019; Available online: http://funes.uniandes.edu.co/13993/1/Arciniegas2019Ense%C3%B1anza_Documento.pdf (accessed on 1 May 2021).

	



Lloréns, I. Memoria de experiencia de integración de una alumna con espectro autista en un centro ordinario con aula específica. Innov. Exp. Educ. 2008, 9, 1–11. Available online: https://archivos.csif.es/archivos/andalucia/ensenanza/revistas/csicsif/revista/pdf/Numero_9/INMACULADA_LLORENS_2.pdf (accessed on 1 May 2021).

	



Hourcade, J.P.; Williams, S.R.; Miller, E.A.; Huebner, K.E.; Liang, L.J. Evaluation of tablet apps to encourage social interaction in children with autism spectrum disorders. In Proceedings of the CHI ’13: Conference on Human Factors in Computing Systems, Paris, France, April 2013; Mackay, W.E., Brewster, S., Bødker, S., Eds.; pp. 3197–3206. Available online: https://dl.acm.org/doi/10.1145/2470654.2466438 (accessed on 1 May 2021). [CrossRef]

	



Crescenzi, L.; Grané, M. Análisis del diseño interactivo de las mejores apps educativas para niños de cero a ocho años. Comunicar 2016, 24, 77–85. [Google Scholar] [CrossRef]

	



Larco, A.; Yáñez, C.; Montenegro, C.; Luján-Mora, S. Moving beyond limitations: Evaluating the quality of android apps in Spanish for people with disability. Adv. Intell. Syst. Comput. 2018, 721, 640–649. [Google Scholar] [CrossRef]

	



Taylor, S.; Urquhart, A. What Educators Should Know About iPads and Students with Autism. Educ. Res. Theory Pract. 2018, 29, 29–38. Available online: https://files.eric.ed.gov/fulltext/EJ1248546.pdf (accessed on 1 May 2021).

	



Cayton, G.A.; Feng, G.; Pan, X. Tablet-Based Math Assessment: What Can We Learn from Math Apps? Educ. Technol. Soc. 2015, 18, 3–20. Available online: https://drive.google.com/file/d/1E27925VbJPhsMtGNKd4SAyx_BQhxZloU/view (accessed on 1 May 2021).

	



Comín, S. Apps e Infancia. Estudio de las Apps Educativas Para Dispositivos Móviles Orientadas a la Enseñanza Infantil. Master Thesis, Universidad Nacional de Educación a Distancia, Madrid, Spain, 5 November 2015. Available online: http://e-spacio.uned.es/fez/eserv/bibliuned:masterComEdred-Scomin/Comin_Hernando_Silvia_TFM.pdf (accessed on 1 May 2021).

	



Crescenzi, L.; Valente, R.; Suárez, R. Aplicaciones educativas seguras e inclusivas: La protección digital desde una perspectiva ética y crítica. Comunicar 2019, 27, 93–102. [Google Scholar] [CrossRef]

	



Gallardo-Montes, C.P.; Caurcel, M.J.; Rodríguez-Fuentes, A. Diseño de un sistema de indicadores para la evaluación y selección de aplicaciones para personas con Trastorno del Espectro Autista. Rev. Electrón.a Educ. Zenodo 2020, 1–29. [Google Scholar] [CrossRef]

	



Llorca, M.; Plansencia, I.C.; Rodríguez, P. Diagramas para la Comprensión Matemática Estudio de caso en Personas con Trastorno del Espectro Autista. Rev. Educ. Incl. 2009, 2, 79–90. Available online: https://revistaeducacioninclusiva.es/index.php/REI/article/view/28/27 (accessed on 1 May 2021).








[image: Mathematics 09 01032 g001 550] 





Figure 1. App exclusion criteria. 
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Figure 2. Basic instrumental skill most present in the apps. 
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Table 1. Sub-areas of basic instrumental skills analyzed.
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	Oral Language (MS = 9)
	Reading (MS = 7)
	Writing (MS = 7)
	Mathematics (MS = 6)





	Phonemes
	Letters
	Graphomotricity
	Numbers



	Syllables
	Words
	Written form
	Counting



	Words
	Sentences
	Words
	Place value



	Sentences
	Vocabulary
	Sentences
	Operations (+) (-)



	Pronunciation
	Decoding
	Vocabulary
	Operations (x) (÷)



	Vocabulary
	Fluency
	Written composition
	Problem solving



	Phonological awareness
	Reading comprehension
	Orthography
	



	Fluency
	
	
	



	Oral comprehension
	
	
	







Note: MS = maximum score that the app can obtain in each basic instrumental skill.
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Table 2. Apps focused on basic instrumental skills, ordered according to the score obtained in the system of indicators.
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	APP
	TS
	D1
	D2
	D3
	G
	APP
	TS
	D1
	D2
	D3
	G





	1. #Soyvisual
	40
	19
	16
	5
	1
	45. Autism help
	33
	16
	14
	3
	2



	2. Otsimo Articulación
	40
	18
	17
	5
	1
	46. SocialSkills 3
	32
	16
	12
	4
	2



	3. MITA
	39
	18
	16
	5
	1
	47. Pictogramas.es
	32
	16
	13
	3
	2



	4. Smile and Learn
	39
	18
	16
	5
	1
	48. Autismo lee y esc.
	32
	16
	12
	4
	2



	5. Symbotalk AAC Talker
	38
	20
	14
	4
	1
	49. Jade autism
	32
	18
	10
	4
	2



	6. CPA
	38
	18
	14
	6
	1
	50. Niños juego m.
	32
	17
	12
	3
	2



	7. Visual Schedules S.
	37
	18
	15
	4
	1
	51. Games for kids sea
	32
	18
	11
	3
	2



	8. Emociones, sent.
	37
	18
	14
	5
	1
	52. Ajedrez y M.
	32
	17
	10
	5
	2



	9. Commboards-gratis
	37
	18
	15
	4
	1
	53. R. para niños j.
	32
	19
	11
	2
	2



	10. Michelzhino-Emoções
	37
	16
	15
	6
	1
	54. Baby piano games
	32
	18
	12
	2
	2



	11. LEA Lecto escritura
	37
	17
	15
	5
	1
	55. Picto One: TEA
	31
	17
	11
	3
	2



	12. Autastico
	37
	17
	15
	5
	1
	56. On tasktime
	31
	15
	13
	3
	2



	13. Juegos de niños p.
	37
	18
	15
	4
	1
	57. Emotion learning
	31
	15
	12
	4
	2



	14. Aboard CAA
	36
	20
	13
	3
	2
	58. Matraquinha
	31
	17
	11
	3
	2



	15. Social Skills Autism 2
	36
	16
	15
	5
	2
	59. El viaje de Elisa
	31
	18
	8
	5
	2



	16. Preescolar juegos e.
	36
	19
	12
	5
	2
	60. ABA kit
	31
	15
	11
	5
	2



	17. José aprende
	35
	18
	14
	3
	2
	61. Dictapicto
	31
	18
	8
	5
	2



	18. Proyect@ PECS
	35
	18
	13
	4
	2
	62. Aprender español
	32
	17
	13
	2
	2



	19. Teacch.me
	35
	16
	14
	5
	2
	63. Action Words: 3D
	30
	17
	10
	3
	2



	20. Comuniquemonos
	35
	18
	13
	4
	2
	64. Help talk
	30
	18
	9
	3
	2



	21. Vi.co hospital lite
	35
	17
	13
	5
	2
	65. Autism speech
	30
	15
	11
	4
	2



	22. Asistente de voz AAC
	35
	20
	12
	3
	2
	66. Kids puzzle car
	30
	17
	10
	3
	2



	23. Lista visual-Visual
	35
	18
	13
	4
	2
	67. MouseTrial Lite
	30
	15
	11
	4
	2



	24. Isecuencias lite
	35
	20
	11
	4
	2
	68. Talking pictures
	29
	15
	11
	3
	2



	25. Visual Reading®
	35
	19
	11
	5
	2
	69. Pictodroid lite
	29
	16
	10
	3
	2



	26. R. Puzzingo
	35
	19
	12
	4
	2
	70. Conciencia fo.
	29
	16
	10
	3
	2



	27. Animals puzzle f.
	35
	18
	13
	4
	2
	71. Autismo imagen
	29
	16
	9
	4
	2



	28. Vehicles puzzle f.
	35
	18
	9
	3
	2
	72. Autism exit vn
	29
	17
	9
	3
	2



	29. Proyect@ retratos
	34
	17
	12
	5
	2
	73. Niki talk
	28
	15
	10
	3
	2



	30. Pictotea
	34
	18
	12
	4
	2
	74. Dialogo AAC lite
	28
	13
	11
	4
	2



	31. Diegosays autismo
	34
	17
	14
	3
	2
	75. Pictogramagenda
	28
	18
	7
	3
	2



	32. Leeloo AAC-Discurso
	34
	18
	13
	3
	2
	76. Jabtalk
	28
	19
	5
	4
	2



	33. Talk UP! Pictogramas
	34
	18
	12
	4
	2
	77. Conversation t.
	28
	15
	9
	4
	2



	34. Romp. de dinosaurios
	34
	18
	12
	4
	2
	78. Upcard
	27
	16
	8
	3
	2



	35. Palabras para niños
	34
	17
	13
	4
	2
	79. Games for kids r.
	27
	17
	7
	3
	2



	36. Gratis niños juego
	34
	17
	13
	4
	2
	80. HablaFácil Diego
	26
	15
	8
	3
	2



	37. ABC Autismo
	33
	19
	10
	4
	2
	81. Special app CAA
	26
	16
	7
	3
	2



	38. Niño conectar los p.
	33
	19
	11
	3
	2
	82. Puzzles de frutas
	25
	17
	5
	3
	2



	39. Cabrito juego de ort.
	33
	17
	12
	4
	2
	83. PetterDay, Agenda
	25
	15
	8
	2
	2



	40. Preescolar aprende
	33
	19
	10
	4
	2
	84. Talk to me 100®
	25
	14
	9
	2
	2



	41. Letra a letra–deletrear
	33
	19
	10
	4
	2
	85. Autapp-autismo
	24
	15
	5
	4
	2



	42. Tarjetas educativas e.
	33
	16
	12
	5
	2
	86. Games for kids m.
	23
	16
	4
	3
	2



	43. LetMeTalk: Talker
	33
	20
	9
	4
	2
	87. Speak through
	19
	11
	5
	3
	3



	44. EmoPLAY
	33
	15
	13
	5
	2
	88. Autism mind.
	16
	7
	7
	2
	3







Note: TS = total score; G = group; D1; dimension 1; D2 = dimension 2; D3 = dimension 3.
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Table 3. Statistically significant differences in the dimensions according to the groups of the apps.






Table 3. Statistically significant differences in the dimensions according to the groups of the apps.





	
Dimension

	
Groups

	
Kruskal–Wallis




	
1 (n = 13)

	
2 (n = 73)

	
3 (n = 2)




	
M

	
SD

	
M

	
SD

	
M

	
SD

	
χ2

	
df

	
p






	
D1

	
17.91

	
0.95

	
15.15

	
0.90

	
4.85

	
0.69

	
3.901

	
2

	
0.0070 **




	
D2

	
17.04

	
1.56

	
10.73

	
2.36

	
3.63

	
0.84

	
35.083

	
2

	
0.0000 *




	
D3

	
9.00

	
2.83

	
6.00

	
1.41

	
2.50

	
0.71

	
20.614

	
2

	
0.0000 *








Note: D1 = design/form dimension; D2 = content dimension; D3 = pedagogic dimension; group 1 = highly recommendable apps; group 2 = recommendable apps; group 3 = not recommendable apps; M = mean; SD = standard deviation. Statistically significant: * p < 0.001; ** p < 0.01.
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Table 4. Apps focused on Basic instrumental skills, ordered according to the score obtained in the assessment of all the skills.






Table 4. Apps focused on Basic instrumental skills, ordered according to the score obtained in the assessment of all the skills.





	APP
	SB
	TS
	OL
	R
	W
	M
	Age
	APP
	SB
	TS
	OL
	R
	W
	M
	Age





	1. Smile and Learn
	25
	39
	6
	6
	7
	6
	3–12
	45. Jabtalk
	7
	28
	2
	2
	3
	0
	-



	2. Symbotalk AAC
	17
	38
	6
	6
	4
	1
	-
	46. Niki talk
	7
	28
	2
	2
	3
	0
	-



	3. Teacch.me
	16
	35
	5
	5
	4
	2
	-
	47. Talk to me
	7
	25
	2
	2
	3
	0
	-



	4. Visual Reading®
	16
	35
	8
	5
	2
	1
	-
	48. Emociones, s.
	6
	37
	4
	2
	0
	0
	-



	5. Commboards
	14
	37
	5
	5
	4
	0
	-
	49. Letra a letra d.
	6
	33
	0
	3
	3
	0
	0–6



	6. Preescolar jueg
	14
	36
	3
	5
	1
	5
	0–7
	50. EmoPLAY
	6
	33
	3
	2
	1
	0
	6–16



	7. Aboard CAA
	14
	36
	5
	5
	4
	0
	-
	51. MouseTrial L.
	6
	30
	2
	3
	0
	1
	-



	8. Proyect@ PECS
	14
	35
	5
	5
	4
	0
	-
	52. Visual Schedu.
	5
	37
	3
	2
	0
	0
	-



	9. CPA
	13
	38
	5
	4
	4
	0
	-
	53. Michelzhino
	5
	37
	3
	2
	0
	0
	-



	10. Ajedrez/Mat.
	13
	32
	4
	4
	1
	4
	3–7
	54. Social Skills 3
	5
	32
	3
	2
	0
	0
	-



	11. Otsimo Articul.
	12
	40
	6
	4
	0
	2
	0–99
	55. SocialSkills 2
	5
	36
	3
	2
	0
	0
	-



	12. LEA Lecto escr.
	11
	37
	3
	5
	3
	0
	-
	56. R. Puzzingo
	5
	35
	1
	3
	0
	1
	>18m



	13. Asistente voz aac
	11
	35
	4
	3
	4
	0
	-
	57. Gratis niños j.
	5
	34
	2
	3
	0
	0
	0–6



	14. Palabras para n.
	11
	34
	4
	4
	2
	1
	5–8
	58. Pictogramas.e
	5
	32
	3
	2
	0
	0
	-



	15. Cabrito juego
	11
	33
	3
	4
	3
	1
	-
	59. Autism mind.
	5
	16
	2
	3
	0
	0
	-



	16. Leeloo AAC
	10
	34
	4
	3
	3
	0
	0–6
	60. Lista visual
	4
	35
	0
	4
	0
	0
	-



	17. Niño conectar
	10
	33
	2
	4
	1
	3
	0–6
	61. Animals puzz.
	4
	35
	2
	2
	0
	0
	3–4



	18. #Soyvisual
	9
	40
	4
	5
	0
	0
	-
	62. Vehicles puzz.
	4
	35
	2
	2
	0
	0
	3–4



	19. MITA
	9
	39
	3
	3
	1
	2
	-
	63. ABC Autismo
	4
	33
	0
	2
	2
	0
	-



	20. Pictotea
	9
	34
	4
	2
	3
	0
	-
	64. Jade autism
	4
	32
	2
	0
	0
	2
	-



	21. Preescolar apr.
	9
	33
	3
	1
	0
	5
	3–7
	65. Games kids s.
	4
	32
	2
	2
	0
	0
	2–6



	22. Tarjetas educ.
	9
	33
	6
	2
	0
	1
	-
	66. Baby piano
	4
	32
	2
	1
	0
	1
	1–5



	23. Matraquinha
	9
	31
	3
	3
	3
	0
	-
	67. Conversation t
	4
	28
	0
	4
	0
	0
	0–99



	24. El viaje de E.
	9
	31
	4
	5
	0
	0
	9–12
	68. Talking pict.
	3
	29
	3
	0
	0
	0
	-



	25. Conciencia f.
	9
	29
	4
	5
	0
	0
	-
	69. Autapp – aut.
	3
	24
	0
	3
	0
	0
	-



	26. Pictodroid lite
	9
	29
	3
	3
	3
	0
	-
	70. Speak through
	3
	19
	0
	2
	1
	0
	-



	27. José aprende
	9
	35
	4
	4
	1
	0
	-
	71. R. de dinosau.
	2
	34
	2
	0
	0
	0
	-



	28. Autastico
	8
	37
	3
	2
	0
	3
	0–8
	72. Dictapicto
	2
	31
	0
	2
	0
	0
	-



	29. Talk UP! Pictog.
	8
	34
	3
	2
	3
	0
	-
	73. On tasktimer
	2
	31
	0
	1
	0
	1
	-



	30. Proyect@ retr.
	8
	34
	4
	3
	1
	0
	-
	74. ABA kit
	2
	31
	2
	0
	0
	0
	-



	31. Vi.co hospital
	8
	35
	4
	4
	0
	0
	-
	75. Action Words
	2
	30
	2
	2
	0
	0
	-



	32. LetMeTalk
	8
	33
	3
	3
	2
	0
	-
	76. Autism exit vn
	2
	29
	2
	0
	0
	0
	-



	33. Isecuencias lite
	8
	35
	4
	4
	0
	0
	-
	77. Pictogramag.
	2
	28
	0
	2
	0
	0
	-



	34. Diegosays
	8
	34
	3
	2
	3
	0
	-
	78. Upcard
	2
	27
	0
	2
	0
	0
	-



	35. Aprender esp.
	8
	32
	5
	2
	0
	1
	-
	79. Special app C.
	2
	26
	2
	0
	0
	0
	-



	36. Emotion lear.
	8
	31
	4
	4
	0
	0
	-
	80. Puzzles de fr.
	2
	25
	2
	0
	0
	0
	-



	37. Picto One
	8
	31
	2
	3
	3
	0
	-
	81. PetterDay, Ag.
	2
	25
	0
	2
	0
	0
	-



	38. Help talk
	8
	30
	3
	2
	3
	0
	-
	82. Juegos de niñ.
	1
	37
	0
	0
	0
	1
	0–5



	39. Dialogo AAC
	8
	28
	3
	2
	3
	0
	-
	83. R. niños juego
	1
	32
	1
	0
	0
	0
	2–6



	40. DiegoDice
	8
	26
	3
	2
	3
	0
	-
	84. Niños juegom.
	1
	32
	1
	0
	0
	0
	-



	41. Comuniquem.
	7
	35
	3
	1
	3
	0
	-
	85. Autism speech
	1
	30
	1
	0
	0
	0
	-



	42. Autism help
	7
	33
	4
	3
	0
	0
	-
	86. Kids puzzle c.
	1
	30
	0
	1
	0
	0
	2–9



	43. Autismo lee
	7
	32
	2
	2
	3
	0
	-
	87. Games retro
	1
	27
	0
	1
	0
	0
	2–6



	44. Autismo imag.
	7
	29
	2
	2
	3
	0
	-
	88. Games mod.
	1
	23
	0
	1
	0
	0
	2–6







Note: TS = total score; SB = score of basic instrumental skills; OL = oral language; R = reading; W = writing; M = mathematics.
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Table 5. Apps focused on oral language, ordered according to the score obtained in this skill and the sub-areas it comprises.






Table 5. Apps focused on oral language, ordered according to the score obtained in this skill and the sub-areas it comprises.































	APP
	OL
	PH
	SY
	W
	SE
	PR
	V
	PA
	F
	OC
	TS
	APP
	OL
	PH
	SY
	W
	SE
	PR
	V
	PA
	F
	OC
	TS





	1. Visual Reading
	8
	1
	1
	1
	1
	1
	1
	1
	0
	1
	35
	38. Preescolar apr.
	3
	0
	0
	1
	0
	0
	1
	0
	0
	1
	33



	2. Otsimo
	6
	1
	0
	1
	1
	1
	1
	0
	1
	0
	40
	39. LetMeTalk
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	33



	3. Smile and Learn
	6
	1
	0
	1
	1
	0
	1
	1
	0
	1
	39
	40. EmoPLAY
	3
	0
	0
	1
	0
	0
	1
	0
	0
	1
	33



	4. Symbotalk AAC
	6
	1
	0
	1
	1
	0
	1
	0
	1
	1
	38
	41 Pictogramas.es
	3
	0
	0
	1
	0
	0
	1
	0
	0
	1
	32



	5. Tarjetas educativas
	6
	0
	0
	1
	0
	1
	1
	1
	1
	1
	33
	42. SocialSkills3
	3
	0
	0
	0
	1
	0
	1
	0
	0
	1
	32



	6. CPA
	5
	0
	0
	1
	1
	0
	1
	0
	1
	1
	38
	43. Matraquinha
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	31



	7. Commboards
	5
	0
	0
	1
	1
	0
	1
	0
	1
	1
	37
	44. Help talk
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	30



	8. Aboard CAA
	5
	0
	0
	1
	1
	0
	1
	0
	1
	1
	36
	45. Pictodroid
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	29



	9. Teacch.me
	5
	0
	0
	1
	1
	0
	1
	0
	1
	1
	35
	46. Talking pict.
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	29



	10. Proyect@ PECS
	5
	0
	0
	1
	1
	0
	1
	0
	1
	1
	35
	47. Dialogo AAC
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	28



	11. Aprender español
	5
	1
	0
	1
	0
	0
	1
	1
	0
	1
	32
	48. HablaFácil Au.
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	26



	12. #Soyvisual
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	40
	49. Animals puzz.
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	35



	13. Emociones, sent.
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	37
	50. Vehicles puzz.
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	35



	14. Asistente de voz
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	35
	51. Gratis niños ju.
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	34



	15. José aprende
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	35
	52. R. para niños
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	34



	16. Vi.co hospital lite
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	35
	53. Niño conectar
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	33



	17. Isecuencias lite
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	35
	54. Baby piano
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	32



	18. Palabras para niñ.
	4
	0
	0
	1
	0
	0
	1
	1
	0
	1
	34
	55. Autismo lee
	2
	0
	0
	1
	0
	0
	0
	1
	0
	0
	32



	19. Leeloo AAC
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	34
	56. Games for kids
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	32



	20. Pictotea
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	34
	57. Jade autism
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	32



	21. Proyect@ retratos
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	34
	58. PictoOne
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	31



	22. Autism help
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	33
	59. ABA kit
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	31



	23. Ajedrez y mat.
	4
	0
	0
	1
	0
	0
	1
	1
	0
	1
	32
	60. MouseTrial lite
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	30



	24. El viaje de Elisa
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	31
	61. Action words
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	30



	25. Emotion learning
	4
	0
	0
	1
	1
	0
	1
	0
	0
	1
	31
	62. Autismo imag.
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	29



	26. Conciencia fonol.
	4
	0
	0
	1
	0
	0
	1
	1
	0
	1
	29
	63. Autism exit vn
	2
	2
	0
	0
	1
	0
	0
	1
	0
	0
	29



	27. MITA
	3
	0
	0
	1
	0
	0
	1
	0
	0
	1
	39
	64. Niki talk
	2
	0
	0
	1
	1
	0
	0
	0
	0
	0
	28



	28. LEA lecto escrit.
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	37
	65. Jabtalk
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	28



	29. Autastico
	3
	0
	0
	1
	0
	0
	1
	0
	0
	1
	37
	66. Special app caa
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	26



	30. Michelzhino
	3
	0
	0
	1
	0
	0
	1
	0
	0
	1
	37
	67. Talk to me
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	25



	31. Visual Sched.
	3
	0
	0
	1
	1
	0
	0
	0
	0
	1
	37
	68. Puzzles de fru.
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	25



	32. Preescolar juegos
	3
	0
	0
	0
	0
	0
	1
	1
	0
	1
	36
	69. Autism mind.
	2
	0
	0
	1
	0
	0
	1
	0
	0
	0
	16



	33. SocialSkills2
	3
	0
	0
	0
	1
	0
	1
	0
	0
	1
	36
	70. R. Puzzingo
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	35



	34. Comuniquemo.
	3
	0
	0
	1
	1
	0
	0
	0
	0
	1
	35
	71. Niños juego
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	32



	35. Diegosays aut.
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	34
	72. R. dinosaurios
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	32



	36. Talk UP! Pictogr.
	3
	0
	0
	1
	1
	0
	1
	0
	0
	0
	34
	73. Autism speech
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	30



	37. Cabrito ortografía
	3
	0
	0
	1
	0
	0
	1
	1
	0
	0
	33
	
	
	
	
	
	
	
	
	
	
	
	







Note: OL = oral language score; PH = phonemes; SY = syllables; W = word learning; SE = sentences; PR = pronunciation; V = vocabulary; PA = phonological awareness; F = fluency; OC = oral language comprehension; TS = total score.
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Table 6. Apps focused on reading, ordered according to the score obtained in this skill and the sub-areas it comprises.






Table 6. Apps focused on reading, ordered according to the score obtained in this skill and the sub-areas it comprises.



























	APP
	RS
	LT
	W
	SE
	V
	D
	F
	RC
	TS
	APP
	RS
	LT
	W
	SE
	V
	D
	F
	RC
	TS





	1. Smile/Learn
	6
	1
	1
	1
	1
	1
	0
	1
	39
	40. Autastico
	2
	0
	1
	0
	1
	0
	0
	0
	37



	2. Symbotalk aac
	6
	1
	1
	1
	1
	1
	0
	1
	38
	41. Emociones
	2
	0
	1
	0
	1
	0
	0
	0
	37



	3. #Soyvisual
	5
	0
	1
	1
	1
	1
	0
	1
	40
	42. Visual Sched.
	2
	0
	0
	1
	0
	0
	0
	1
	37



	4. LEA lecto escr.
	5
	1
	1
	1
	1
	1
	0
	0
	37
	43. Michelzhino
	2
	0
	1
	0
	1
	0
	0
	0
	37



	5. Commboards
	5
	0
	1
	1
	1
	1
	0
	1
	37
	44. SocialSkills2
	2
	0
	0
	0
	0
	0
	1
	1
	36



	6. Aboard CAA
	5
	0
	1
	1
	1
	1
	0
	1
	36
	45. Vehicles puzz.
	2
	0
	1
	0
	1
	0
	0
	0
	35



	7. Preescolar jueg.
	5
	1
	1
	0
	1
	1
	0
	1
	36
	46. Animals puzz.
	2
	0
	1
	0
	1
	0
	0
	0
	35



	8. Teacch.me
	5
	0
	1
	1
	1
	1
	0
	1
	35
	47. Pictotea
	2
	0
	1
	0
	1
	0
	0
	0
	34



	9. Visual Reading
	5
	1
	1
	1
	1
	1
	0
	0
	35
	48. Talk UP! Pict.
	2
	0
	1
	0
	1
	0
	0
	0
	34



	10. Proyect@ PECS
	5
	0
	1
	1
	1
	1
	0
	1
	35
	49. Diegosays aut.
	2
	0
	1
	0
	1
	0
	0
	0
	34



	11. El viaje de Eli
	5
	0
	1
	1
	1
	0
	1
	1
	31
	50. Tarjetas educ.
	2
	0
	1
	0
	1
	0
	0
	0
	33



	12. Conciencia fo.
	5
	1
	1
	1
	1
	1
	0
	0
	29
	51. EmoPLAY
	2
	0
	1
	0
	1
	0
	0
	0
	33



	13. Otsimo Artic.
	4
	1
	1
	0
	1
	1
	0
	0
	40
	52. ABC Autismo
	2
	0
	1
	0
	1
	0
	0
	0
	33



	14. CPA
	4
	0
	1
	1
	1
	1
	0
	0
	38
	53. Autismo lee
	2
	0
	1
	0
	0
	1
	0
	0
	32



	15. José aprende
	4
	0
	1
	1
	1
	1
	0
	0
	35
	54. Aprender esp.
	2
	0
	1
	0
	1
	0
	0
	0
	32



	16. Vi.co hospital
	4
	0
	1
	1
	1
	0
	0
	1
	35
	55. SocialSkills3
	2
	0
	0
	0
	0
	0
	1
	1
	32



	17. Isecuencias
	4
	0
	1
	1
	1
	0
	0
	1
	35
	56. Pictogramas.e
	2
	0
	1
	0
	1
	0
	0
	0
	32



	18. Lista visual
	4
	0
	1
	1
	1
	0
	0
	1
	35
	57. Games sea
	2
	0
	1
	0
	1
	0
	0
	0
	32



	19. Palabras p.
	4
	1
	1
	0
	1
	1
	0
	0
	34
	58. Dictapicto
	2
	0
	1
	0
	1
	0
	0
	0
	31



	20. Cabrito juego
	4
	1
	1
	0
	1
	1
	0
	0
	33
	59. Help talk
	2
	0
	1
	0
	1
	0
	0
	0
	30



	21. Niño conecta
	4
	0
	1
	1
	1
	0
	1
	0
	33
	60. Action Word
	2
	0
	1
	0
	1
	0
	0
	0
	30



	22. Ajedrez/Mat
	4
	1
	1
	0
	1
	1
	0
	0
	32
	61. Autismo ima.
	2
	0
	1
	0
	1
	0
	0
	0
	29



	23. Emotion lear.
	4
	0
	1
	1
	1
	0
	0
	1
	31
	62. Dialogo aac
	2
	0
	1
	0
	1
	0
	0
	0
	28



	24. Conversation
	4
	0
	1
	1
	1
	0
	0
	1
	28
	63. Niki talk
	2
	0
	1
	0
	1
	0
	0
	0
	28



	25. MITA
	3
	0
	1
	0
	1
	0
	0
	1
	39
	64. Jabtalk
	2
	0
	1
	0
	1
	0
	0
	0
	28



	26. Asistente voz
	3
	0
	1
	1
	1
	0
	0
	0
	35
	65. Pictogramag.
	2
	0
	1
	0
	1
	0
	0
	0
	28



	27. Romp. Puzzi.
	3
	1
	1
	0
	1
	0
	0
	0
	35
	66. Upcard
	2
	0
	1
	0
	1
	0
	0
	0
	27



	28. Leeloo AAC
	3
	0
	1
	1
	1
	0
	0
	0
	34
	67. HablaFácil
	2
	0
	1
	0
	1
	0
	0
	0
	26



	29. Proyect@ retr.
	3
	0
	1
	0
	1
	0
	0
	1
	34
	68. Talk to me 100
	2
	0
	1
	0
	1
	0
	0
	0
	25



	30. Gratis niño j.
	3
	0
	1
	1
	1
	0
	0
	0
	34
	69. PetterDay
	2
	0
	1
	0
	1
	0
	0
	0
	25



	31. LetMeTalk
	3
	0
	1
	1
	1
	0
	0
	0
	33
	70. Speak throug
	2
	0
	1
	0
	1
	0
	0
	0
	19



	32. Autism help
	3
	0
	1
	1
	1
	0
	0
	0
	33
	71. Comuniquem.
	1
	0
	0
	1
	0
	0
	0
	0
	35



	33. Letra a letra
	3
	0
	1
	0
	1
	1
	0
	0
	33
	72. Preescolar ap.
	1
	0
	0
	0
	1
	0
	0
	0
	33



	34. Matraquinha
	3
	0
	1
	1
	1
	0
	0
	0
	31
	73. Baby piano
	1
	1
	0
	0
	0
	0
	0
	0
	32



	35. Picto One
	3
	0
	1
	1
	1
	0
	0
	0
	31
	74. On tasktimer
	1
	0
	1
	0
	0
	0
	0
	0
	31



	36. MouseTrial
	3
	1
	1
	0
	1
	0
	0
	0
	30
	75. Kids puzzle c.
	1
	0
	1
	0
	0
	0
	0
	0
	30



	37. Pictodroid lite
	3
	0
	1
	1
	1
	0
	0
	0
	29
	76. Games retro
	1
	0
	1
	0
	0
	0
	0
	0
	27



	38. Autapp-Aut.
	3
	0
	1
	0
	1
	0
	0
	1
	24
	77. Games moder.
	1
	0
	1
	0
	0
	0
	0
	0
	23



	39. Autism mind.
	3
	1
	1
	0
	1
	0
	0
	0
	16
	
	
	
	
	
	
	
	
	
	







Note: RS = reading score; LT = letters; W = words; SE = sentences; V = vocabulary; D = decoding; F = fluency; RC = reading comprehension; TS = total score.
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Table 7. Apps focused on writing, ordered according to the score obtained in this skill and the sub-areas it comprises.
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	APP
	WS
	G
	WF
	W
	SE
	V
	WC
	OR
	TS
	APP
	WS
	G
	WF
	W
	SE
	V
	WC
	OR
	TS





	1. Smile and Le.
	7
	1
	1
	1
	1
	1
	1
	1
	39
	21. Pictodroid
	3
	0
	0
	1
	1
	1
	0
	0
	29



	2. Symbotalk
	4
	0
	0
	1
	1
	1
	1
	0
	38
	22. Autismo i.
	3
	0
	0
	1
	1
	1
	0
	0
	29



	3. CPA
	4
	0
	0
	1
	1
	1
	1
	0
	38
	23. Dialogo
	3
	0
	0
	1
	1
	1
	0
	0
	28



	4. Commboards
	4
	0
	0
	1
	1
	1
	1
	0
	37
	24. Nikitalk
	3
	0
	0
	1
	1
	1
	0
	0
	28



	5. Aboard
	4
	0
	0
	1
	1
	1
	1
	0
	36
	25. Jabtalk
	3
	0
	0
	1
	1
	1
	0
	0
	28



	6. Teacch.me
	4
	0
	0
	1
	1
	1
	1
	0
	35
	26. HablaFácil
	3
	0
	0
	1
	1
	1
	0
	0
	26



	7. Proyec. PECS
	4
	0
	0
	1
	1
	1
	1
	0
	35
	27. Talk to me
	3
	0
	0
	1
	1
	1
	0
	0
	25



	8. Asistente voz
	4
	0
	0
	1
	1
	1
	1
	0
	35
	28. Visual rea.
	2
	1
	1
	0
	0
	0
	0
	0
	35



	9. LEA
	3
	0
	0
	1
	1
	1
	0
	0
	37
	29. Palabras
	2
	0
	0
	1
	0
	1
	0
	0
	34



	10. Comunique.
	3
	0
	0
	1
	1
	1
	0
	0
	35
	30. LetMeT
	2
	0
	0
	1
	0
	1
	0
	0
	33



	11. Leeloo
	3
	0
	0
	1
	1
	1
	0
	0
	34
	31. ABC
	2
	0
	0
	1
	0
	1
	0
	0
	33



	12. Pictotea
	3
	0
	0
	1
	1
	1
	0
	0
	34
	32. MITA
	1
	0
	0
	0
	0
	0
	1
	0
	39



	13. Diegosays
	3
	0
	0
	1
	1
	1
	0
	0
	34
	33. Preescolar
	1
	0
	0
	0
	0
	0
	1
	0
	36



	14. Talk UP!
	3
	0
	0
	1
	1
	1
	0
	0
	34
	34. José apren.
	1
	0
	0
	0
	0
	0
	1
	0
	35



	15. Cabrito j.
	3
	0
	0
	1
	0
	1
	0
	1
	33
	35. Proyect@ r.
	1
	0
	0
	0
	0
	0
	1
	0
	34



	16. Letra a l.
	3
	0
	0
	1
	0
	1
	0
	1
	33
	36. Niño cone.
	1
	1
	0
	0
	0
	0
	0
	0
	33



	17. Autismo lee
	3
	0
	0
	1
	0
	1
	1
	0
	32
	37. EmoPLAY
	1
	0
	0
	0
	0
	0
	1
	0
	33



	18. Matraquin.
	3
	0
	0
	1
	1
	1
	0
	0
	31
	38. Ajedrez
	1
	0
	0
	0
	0
	0
	1
	0
	32



	19. PictoOne
	3
	0
	0
	1
	1
	1
	0
	0
	31
	39. Speak thro.
	1
	0
	0
	0
	1
	0
	0
	0
	19



	20. Help talk
	3
	0
	0
	1
	1
	1
	0
	0
	30
	
	
	
	
	
	
	
	
	
	







Note: WS = writing score; G = graphomotricity; WF = written form; W = words; SE = sentences; V = vocabulary; WC = written composition; OR = orthography; TS = total score.
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Table 8. Apps focused on mathematics ordered according to the score obtained in this skill and the sub-areas it comprises.
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	APP
	M
	N
	CO
	PV
	+ −
	x ÷
	PS
	TS
	APP
	M
	N
	CO
	PV
	+ −
	x ÷
	PS
	TS





	1. SmileLearn
	6
	1
	1
	1
	1
	1
	1
	39
	12. Juegos de niñ.
	1
	0
	1
	0
	0
	0
	0
	37



	2. Preescolar jueg.
	5
	1
	1
	1
	1
	0
	1
	36
	13. Visual Reading
	1
	1
	0
	0
	0
	0
	0
	35



	3. Preescolar apr.
	5
	1
	1
	1
	1
	0
	1
	33
	14. R. Puzzingo
	1
	1
	0
	0
	0
	0
	0
	35



	4. Ajedrez y Mat.
	4
	1
	1
	1
	1
	0
	0
	32
	15. Palabras
	1
	1
	0
	0
	0
	0
	0
	34



	5. Autastico
	3
	0
	1
	0
	1
	0
	1
	37
	16. Cabrito juego
	1
	1
	0
	0
	0
	0
	0
	33



	6. Niño conectar
	3
	1
	1
	1
	0
	0
	0
	33
	17. Tarjetas educ.
	1
	1
	0
	0
	0
	0
	0
	33



	7. Otsimo
	2
	1
	1
	0
	0
	0
	0
	40
	18. Aprender esp.
	1
	1
	0
	0
	0
	0
	0
	32



	8. MITA
	2
	0
	0
	0
	1
	1
	0
	39
	19. Baby piano
	1
	1
	0
	0
	0
	0
	0
	32



	9. Teacch.me
	2
	1
	1
	0
	0
	0
	0
	35
	20. On tasktimer
	1
	1
	0
	0
	0
	0
	0
	31



	10. Jade autismo
	2
	1
	1
	0
	0
	0
	0
	32
	21. MouseTrial
	1
	1
	0
	0
	0
	0
	0
	30



	11. Symbotalk
	1
	1
	0
	0
	0
	0
	0
	38
	
	
	
	
	
	
	
	
	







Note: M = mathematics score; N = numbers; CO = counting; PV = place value; +/− = addition and subtraction; x/÷ = multiplication and division; PS = problem solving; TS = total score.
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