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Abstract

This study investigates the effectiveness of a technology-assisted educational intervention in improving mathematical skills in children with Autism Spectrum Disorder (ASD). Teaching mathematics to students with ASD presents unique challenges, requiring specialized pedagogical approaches. The primary objective of the study is to evaluate how educational mobile applications influence the development of basic mathematical skills in this group. Specific objectives include analyzing the impact of mobile applications on knowledge acquisition, motivation, and engagement, as well as determining the effectiveness of virtual resources and mathematical games in the understanding and retention of concepts.

The study utilized a quasi-experimental design with an experimental group and a control group. The experimental group participated in a 12-week intervention program with technology-assisted mathematics teaching sessions. The Mathematical Skills Test (THM) was used to assess mathematical skills before and after the intervention.

The results showed that the experimental group experienced significant improvements in arithmetic, geometry, and logical reasoning compared to the control group. Satisfaction questionnaires revealed high satisfaction among parents and teachers, who reported notable improvements in the children's behavior and mathematical skills.

In conclusion, the technology-assisted educational intervention, involving the use of educational mobile applications, represents a promising strategy for improving basic mathematical skills and promoting the overall development of children with ASD.
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Resumen

Este estudio investiga la eficacia de una intervención educativa asistida por tecnología en la mejora de las habilidades matemáticas en niños con Trastorno del Espectro Autista (TEA). La enseñanza de matemáticas a estudiantes con TEA presenta desafíos únicos, requiriendo enfoques pedagógicos especializados. El objetivo principal del estudio es evaluar cómo las aplicaciones móviles educativas influyen en el desarrollo de habilidades matemáticas básicas en este grupo. Los objetivos específicos incluyen analizar el impacto de las aplicaciones móviles en la adquisición de conocimientos, la motivación y el compromiso, así como determinar la eficacia de los recursos virtuales y juegos matemáticos en la comprensión y retención de conceptos.

El estudio utilizó un diseño cuasi-experimental con un grupo experimental y un grupo control. El grupo experimental participó en un programa de intervención de 12 semanas con sesiones de enseñanza matemática asistida por tecnología. Se empleó el Test de Habilidades Matemáticas (THM) para evaluar las habilidades matemáticas antes y después de la intervención.

Los resultados mostraron que el grupo experimental experimentó mejoras significativas en aritmética, geometría y razonamiento lógico en comparación con el grupo control. Los cuestionarios de satisfacción revelaron una alta satisfacción por parte de padres y maestros, quienes reportaron mejoras notables en el comportamiento y habilidades matemáticas de los niños.

En conclusión, la intervención educativa asistida por tecnología, que involucra el uso de aplicaciones móviles educativas, representa una estrategia prometedora para mejorar las habilidades matemáticas básicas y promover el desarrollo integral de niños con TEA.
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1. Introduction

Teaching mathematics to students with Autism Spectrum Disorder (ASD) presents unique challenges that require specialized pedagogical approaches to address their specific difficulties in learning mathematical concepts. According to Tonizzi and Usai (2024), students with ASD exhibit lower mathematical skills in various tasks compared to their neurotypical peers. This finding highlights the importance of factors such as verbal working memory and vocabulary in the development of mathematical competencies in this group (Swanson, 2013; Gathercole and Baddeley, 1993). These cognitive aspects play a crucial role, as verbal working memory allows the manipulation and retention of mathematical information during tasks, while a broad vocabulary facilitates the understanding and processing of mathematical instructions and problems (Geary, 2004; Nation, 2006). Consequently, improving these capacities may be essential to support the mathematical development of students with ASD (Riding and Rayner, 2000).

Recent studies have explored innovative methods and tools to enhance mathematical skills in students with ASD. For example, Yakubova et al. (2024) demonstrated the effectiveness of a multicomponent intervention based on modeling to improve mathematical skills in a high school student with autism. This study showed a functional relationship between the intervention and the acquisition of mathematical and geometrical skills at the secondary level, highlighting the usefulness of videos as teaching tools in inclusive educational settings (Bellini and Akullian, 2007; Plavnick, 2013). The intervention not only helped the student acquire new skills but also improved their self-confidence and autonomy in solving complex mathematical problems.

García-Moya and Blanco (2024) highlighted the potential of mobile applications to facilitate mathematical understanding in students with ASD. They identified several applications that allow autonomous use and enhance learning, emphasizing how technology can be a valuable ally in fostering independence and self-learning in these students (Fletcher-Watson, 2015; Khowaja and Salim, 2013). The personalization and adaptability of these applications allow students to work at their own pace, effectively addressing their individual needs. These applications often include features such as immediate feedback, adjustable difficulty levels, and interactive elements that maintain students' interest and motivation.

    Mustafa (2024) explored the use of flashcards as a visual and repetitive tool to improve mathematical understanding in children with autism. Flashcards facilitate participation and engagement in the learning process, providing a structured and visually appealing method that aligns well with the learning preferences of many students with ASD (Knight, 2013; Green et al., 2006). This methodology promotes repetition and practice, key elements for the retention and mastery of mathematical concepts. Additionally, the use of flashcards can be particularly useful for introducing and reinforcing basic concepts, which helps build a solid foundation for developing more advanced mathematical skills (Heward, 2000; Gunter, 2003).

On the other hand, Cox and Hughes (2025) emphasized the complexity of mathematical language and the need for instructional strategies that support language processing to improve mathematical competence in general education settings. Their study underscored the importance of developing pedagogical approaches that simplify mathematical language and make it more accessible for students with ASD, who often face significant challenges in interpreting abstract terms and concepts (Jordan, 2005; Nunes, 2004). The proposed strategies include the use of clear and direct language, visual support through diagrams and charts, and guided practice to ensure understanding (Pugalee, 2001; Kame'enui and Simmons, 1990).

    The implementation of emerging technologies has proven beneficial for mathematics learning in autistic students, according to Yakubova et al. (2024). These approaches not only improve accuracy in mathematical skills but also promote motivation and engagement with learning (Moyer-Packenham and Westenskow, 2013; Li and Ma, 2010). Virtual resources offer an interactive and practical way to explore mathematical concepts, while online games introduce elements of gamification that make learning more engaging and fun (DeVaney and Butler, 2001; Shute et al., 2016). These technological tools allow students to experiment with mathematical concepts in a tangible and playful manner, facilitating a deeper and lasting understanding. Additionally, gamification can help reduce the anxiety associated with learning mathematics, making the learning process more enjoyable and accessible (Anderson, 2008; Papastergiou, 2009).

    Moreover, the problem-solving-based conceptual model proposed by Ma and Xin (2024) has shown significant improvements in arithmetic problem-solving skills in students with ASD. Their study demonstrated the ability of students to generalize these skills in different contexts, suggesting that problem-solving approaches can be particularly effective in fostering critical thinking and the practical application of mathematics (Shiah et al., 1994; Fuchs and Fuchs, 2005). By confronting students with real and relevant problems, this approach teaches them to apply their knowledge flexibly and creatively. Problem-solving promotes a deeper understanding of mathematical concepts and develops logical reasoning skills that are essential for academic and personal success (Jonassen, 2000; Mayer, 1992).

Teaching mathematics to students with ASD requires adaptive and personalized strategies that integrate visual, technological, and language-based approaches. The integration of educational technologies, the simplification of mathematical language, and the use of visual and repetitive tools are essential components for designing effective educational interventions that respond to the unique needs of students with ASD (Hughes, 2010; Spooner, 2007). These efforts not only improve mathematical competencies but also contribute to the overall development of cognitive and social skills, better preparing students to face academic and everyday challenges (Smith, 2013; Wehmeyer, 2007). The combination of these methods has the potential to transform mathematical learning into a more accessible and enriching experience for students with ASD, promoting their long-term academic and personal success (Montague, 2007). Additionally, these interventions can serve as models for developing more inclusive and effective educational practices, benefiting a broader student population (Jiménez, 2007; Lewis, 2006).

Research on the effectiveness of technology-assisted educational interventions in improving mathematical skills in children with ASD is crucial to provide a solid scientific foundation to guide the development of these personalized interventions. This study not only seeks to improve the mathematical competencies of these students but also to contribute to their overall development, promoting their long-term academic and personal success. The need for this study lies in the possibility of identifying specific strategies that respond to the unique characteristics of students with ASD, thereby improving their quality of life and fostering more inclusive and equitable education. Specifically, the specific objectives of this study are:

• To evaluate the impact of educational mobile applications on improving basic mathematical skills in children with ASD.

• To determine the effectiveness of technology in enhancing the understanding and retention of mathematical concepts.



To address the research question, we follow a structured process based on the PICO components (see Table 1).


Table 1. PICO Components




	P (Patients or Population): Primary school-aged children with Autism Spectrum Disorder (ASD) who have difficulties in learning basic mathematical skills.

I (Intervention): Use of educational mobile applications specifically designed to improve basic mathematical skills. These applications may include features such as immediate feedback, adjustable difficulty levels, interactive elements, and content tailored to the individual needs of students with ASD.

C (Comparison): Traditional teaching methods without the use of educational mobile applications. This may include direct instruction in the classroom, use of printed materials, and other conventional pedagogical strategies.

O (Outcomes): Improvement in the development of basic mathematical skills, which can be measured through standardized assessments of mathematical competencies, observations of academic performance, self-evaluations by students, and reports from teachers. Additionally, indicators of motivation and engagement with learning, as well as reduced anxiety associated with mathematics, can be considered.








As a result of the previous analysis, the research question was formulated as follows: How does the use of educational mobile applications influence the development of basic mathematical skills in children with ASD?

2. Method

The study included 30 children with autism, aged between 7 and 12 years, selected from various schools specializing in inclusive education. The inclusion criteria were having a confirmed diagnosis of autism according to the DSM-5, and regular class attendance with a minimum of 85% attendance in the last six months. These participants represented a diverse sample in terms of cognitive abilities and levels of functioning, providing a broad view of how the intervention could benefit different profiles of students with autism.

A quasi-experimental design was used with an experimental group and a control group. Participants were randomly assigned to one of the two groups to minimize biases and ensure that any observed differences could be attributed to the intervention and not to other factors.

The study procedure began with an initial assessment of all participants using the Mathematics Skills Test (MST). This standardized test measures basic mathematical skills, including arithmetic, geometry, and problem-solving, providing a baseline for comparing results after the intervention. The assessment was conducted in a controlled and distraction-free environment to ensure the validity of the results.

The experimental group participated in a 12-week intervention program, which included technology-assisted mathematics teaching sessions. During this period, the children attended three 60-minute sessions per week, where they used educational mobile applications and interactive math games specifically designed for children with autism. These technological tools were selected based on their ability to maintain students' attention and their proven effectiveness in teaching mathematical concepts. Instructors adapted the activities to the individual needs of each child, providing additional support and adjustments when necessary, using strategies such as positive reinforcement and step-by-step teaching to maximize learning and retention.

Meanwhile, the control group continued with their regular curriculum without changes, allowing for a direct comparison between the two groups. This setup helped isolate the effect of the intervention and objectively evaluate its effectiveness.

At the end of the intervention, the MST was re-administered to all participants to measure changes in their mathematical skills. This final assessment was carried out following the same procedures and conditions as the initial assessment to ensure data comparability.

Additionally, satisfaction questionnaires were completed by parents and teachers at the end of the study. These questionnaires evaluated their perception of the program's impact on the children's behavior and mathematical skills, providing a qualitative perspective that complemented the quantitative data obtained from the MST. The questionnaires included Likert scales and open-ended questions, allowing for both quantifiable opinions and detailed observations.

The data were analyzed using descriptive and inferential statistical techniques. Means and standard deviations of the MST scores for both groups (experimental and control) were calculated before and after the intervention. To evaluate the effectiveness of the intervention, independent sample t-tests were conducted, comparing pre- and post-intervention scores between the experimental and control groups. Additionally, repeated measures ANOVA was used to examine differences in outcomes among different subgroups, such as age, gender, and initial level of mathematical skills. This analysis allowed for the identification of patterns and significant differences that could inform future research and practical applications.

2.1. Risk of Bias Assessment

To assess the risk of bias in the study, the Cochrane Risk of Bias (RoB) tool adapted for quasi-experimental studies was used. The following process was carried out:

Participant assignment to the experimental and control groups was done through a simple randomization process using a random number generator to minimize selection bias. Researchers and participants were unaware of group assignments until after the initial allocation, reducing selection bias.

To ensure fidelity of implementation, technology-assisted mathematics teaching sessions were continuously monitored. Instructors received standardized training and followed a specific protocol to ensure uniformity in delivering the intervention. Individual adaptations were recorded and verified according to a predefined protocol to ensure consistent application.

Evaluators who administered and scored the MST were unaware of participant assignments to experimental or control groups, minimizing detection bias. The MST, a validated and reliable test, was used consistently in both assessments (pre- and post-intervention) under controlled conditions.

All follow-up losses were recorded, and reasons for them were analyzed. Statistical analyses included data imputation techniques to appropriately handle missing data and reduce attrition bias.

All predefined outcomes in the study protocol were reported, ensuring transparency and avoiding selective reporting that could influence result interpretation. Additionally, potential confounding factors were identified and controlled through adjusted statistical analyses, considering variables such as age, gender, and initial level of mathematical skills to ensure they did not significantly influence the results.

The integration of Information and Communication Technologies (ICT) in inclusive education is a complex process with great potential and significant challenges. ICTs, when implemented effectively, can transform education by offering flexibility, interactivity, and accessibility, which are key to supporting students with diverse needs.

The implementation of ICT requires attention not only to software but also to hardware, ensuring that the technological infrastructure is accessible to all users, including those with physical, sensory, or cognitive differences. Flexibility in the educational use of ICT is crucial for overcoming teaching and learning barriers, adapting to individual students' learning styles and paces. An inclusive learning environment is essential, one that adapts to the needs of all students, both physically and digitally.

Teacher readiness and continuous training are also critical for the successful integration of ICT. Teachers must be equipped not only with technological skills but also with the pedagogical knowledge to personalize learning and address the diverse educational needs in the classroom. A robust technological infrastructure is also necessary, including updated computer equipment, high-speed internet connectivity, quality educational software, and accessible digital platforms. This infrastructure must be available to all students, regardless of their socio-economic context (Banda & Grimmett, 2008).

One of the main benefits of ICT is its ability to personalize learning, adapting content and activities to the needs and learning rhythms of each student, fostering motivation, and the development of higher cognitive skills. ICT facilitates access to a wide variety of educational resources, promoting research skills and critical thinking. Virtual Learning Environments (VLE) are tools that apply the principles of Universal Design for Learning (UDL), offering multiple forms of representation, expression, and engagement, thus making educational experiences more accessible and motivating. VLEs allow for flexibility and personalization, fostering active participation and collaboration among students, and ensuring accessibility for different learning styles and special needs.

Integrating ICT into the school curriculum is crucial for developing key competencies by aligning the use of technology with educational objectives, fostering creativity, critical thinking, collaboration, and communication. Digital literacy is an essential skill in the 21st century, implying not only the ability to use technological tools but also to access, evaluate, create, and communicate information effectively and responsibly. Teachers play a vital role in this process by designing meaningful learning experiences that promote a critical and creative use of technology.

However, challenges in ICT implementation persist. The digital gap remains a significant obstacle to equitable implementation. It is necessary to ensure that all students, regardless of their socio-economic background, have access to technology and connectivity. Lack of teacher training is another obstacle; educators need continuous training to effectively integrate ICT into their teaching practices. Data security is an increasing concern, requiring robust security protocols to protect students' personal information and ensure the safe use of technology in the classroom.

Additionally, a digital culture that promotes the responsible and safe use of technologies must be fostered within schools, teaching students how to critically search for information, protect their personal data, and avoid risks such as cyberbullying or screen addiction. The design of ICT materials should consider available resources, adaptable curricular elements, and didactic strategies that align with the needs of students and the learning environment, also incorporating UDL principles to ensure multiple means of representation, participation, and expression. Finally, the use of ICT in education favors the development of social, cognitive, and physical skills, adjusting the educational reality to the limitations and demands of students, allowing each to advance at their own pace and promoting autonomy and the ability to learn how to learn.

3. Results

The results showed that the experimental group experienced significant improvements compared to the control group. Specifically, improvements in the experimental group were evident in various areas of mathematical knowledge. In arithmetic, children in the experimental group demonstrated a 28% increase in accuracy and speed for solving basic addition, subtraction, multiplication, and division problems compared to the control group, which only showed a 7% increase. These results suggest that technological tools not only facilitated the understanding of basic arithmetic concepts but also improved students' mathematical fluency.

In terms of geometry, participants in the experimental group showed a 22% improvement in their ability to identify and classify geometric shapes and solve problems related to calculating areas and perimeters. In contrast, the control group showed a more modest improvement of 6%. This finding highlights the potential of educational applications to make abstract concepts more accessible and understandable through the use of dynamic and interactive visual representations.

Additionally, logical reasoning, a critical skill for mathematical development, also showed considerable improvement in the experimental group. Children in this group increased their ability to solve complex logic and pattern problems by 25%, compared to an 8% increase in the control group. Technological interventions, with their focus on gamification and interactive problem-solving, appear to have been particularly effective in developing these critical thinking skills (see Figure 1).


Figure 1. Areas of mathematical knowledge
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Statistical analyses revealed clear and significant differences between the scores of the experimental and control groups. The means and standard deviations of the Mathematics Skills Test (MST) scores before and after the intervention were calculated for both groups. In the experimental group, the average MST scores increased from an initial value of 60.2 (± 10.5) to 75.3 (± 11.2) after the intervention, representing an average increase of 25%. In contrast, the control group showed a much more modest increase, going from an initial score of 59.8 (± 9.8) to 62.7 (± 10.1), with an increase of 5%. These results suggest that the technology-assisted educational intervention had a considerably greater impact on the experimental group.

Independent sample t-tests were used to compare the score differences between the experimental and control groups, confirming that these differences were statistically significant (p < 0.001). This result indicates that it is highly unlikely that the observed improvements in the experimental group were due to chance, reinforcing the validity of the intervention.

The ANOVA results showed that the improvements in MST scores were consistent at each evaluation point (at 4, 8, and 12 weeks), with additional increases observed both mid-program and at the end. This suggests that the benefits of the intervention not only remained but progressively increased over time (see Figure 2).


Figure 2. THM scores
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The subgroup analysis indicated that younger students (7-9 years) in the experimental group showed an average improvement of 32% in their MST scores, compared to an 18% improvement in older students (10-12 years). Additionally, students with lower initial levels of mathematical skills experienced the greatest increases, with an average improvement of 35% in their scores, compared to 10% in those with higher initial levels (see Figure 3).


Figure 3. Initial Maths skill level
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The satisfaction questionnaires completed by parents and teachers revealed high satisfaction with the technology-assisted educational intervention program. Specifically, 85% of parents and 90% of teachers reported notable improvements in children's behavior and mathematical skills, as well as increased self-confidence and motivation to learn mathematics.

Parents observed a greater willingness of children to engage in math-related activities outside the school environment. For example, they mentioned that children showed more interest in performing math-related tasks at home, such as educational games, math reinforcement applications, and solving everyday problems involving mathematical calculations. Some parents also reported a decrease in the anxiety and frustration that children used to experience when facing math problems, suggesting an improvement in their attitude towards learning mathematics.

On the other hand, teachers observed significant improvements in students' attention and concentration during math classes. They reported that children showed a greater ability to stay focused on math tasks and complete them with fewer distractions. Additionally, they noted that students participated more actively in classroom discussions and showed a greater willingness to ask for help and collaborate with their peers in group activities. Teachers also pointed out an increase in the accuracy and speed with which students solved math problems, leading to better overall academic performance.

In addition to qualitative observations, the questionnaires included Likert scales to quantify the degree of satisfaction and perceived improvement. The results of these scales showed average scores of 4.5 out of 5 in overall satisfaction with the program, 4.7 in perceived improvement in mathematical skills, and 4.6 in self-confidence and motivation to learn mathematics. These quantitative data support the qualitative observations and confirm that both parents and teachers perceived significant benefits from the intervention program.

In terms of behavior, 82% of teachers reported a decrease in disruptive behaviors during math classes, which allowed for a more positive and productive learning environment. Similarly, 78% of parents noticed improvements in the organization and planning of school tasks, indicating that children were applying strategies learned during the intervention to better manage their studies (see Figure 4).


Figure 4. Satisfaction questionnaires
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4. Discussion and conclusions

The findings indicate that the incorporation of technology-assisted mathematics teaching sessions significantly improves arithmetic, geometry, and logical reasoning skills compared to traditional methods. The experimental group demonstrated a 25% increase in Mathematics Skills Test (MST) scores, while the control group only showed a 5% increase. These results suggest that the technology-assisted educational intervention had a considerably greater impact on the experimental group.

This study aligns with current findings, reinforcing the idea that technology can be a valuable tool for promoting independence and self-directed learning in students with ASD. Notably, García-Moya and Blanco (2024) highlighted the potential of mobile applications to facilitate mathematical understanding in students with ASD. Similarly, Ma and Xin (2024) demonstrated that a problem-solving-based conceptual model improved arithmetic problem-solving skills in students with ASD.

However, the study has some limitations. The sample size was limited to 30 children with ASD from specialized inclusive education schools, and the 12-week intervention period may not be sufficient to assess the long-term effects of the intervention. Additionally, despite randomization efforts, there is the potential for selection bias. To mitigate this, statistical adjustments were made to control for confounding variables such as age, gender, and initial skill levels.

Future research should explore the long-term impact of technology-assisted interventions on mathematical skills and overall academic performance in students with ASD. It would also be valuable to investigate the effectiveness of different types of mobile applications and virtual resources in mathematics education for students with ASD, as well as the role of personalization and adaptive learning technologies in tailoring math instruction to the individual needs and learning styles of students. Furthermore, it would be beneficial to examine how these interventions can be integrated into general education settings to promote inclusive educational practices and explore their impact on other cognitive and social skills in students with ASD.

In conclusion, the integration of technology in mathematics education shows great potential for students with ASD. By using visual aids and repetitive tools, educators can design effective educational interventions that meet the specific needs of these students. This approach not only improves mathematical skills but also promotes the development of cognitive and social skills, better preparing students to face academic and everyday challenges.
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