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Introduction: Inclusive digital education is a growing field that aims to provide equitable learning opportunities for all students, including those with special educational needs (SEN). This study investigates the effectiveness of three pedagogical methods - problem/project-based learning (PBL), cooperative learning (CL), and service learning (SL) - in promoting inclusive digital education.

Methods: We adopted a quantitative approach, collecting data through a structured questionnaire administered to nine media education and pedagogy experts from Italy and Austria.

Results: Results showed that PBL, CL, and SL are generally effective but require differentiated implementation approaches to maximize inclusivity. Practical implementation in the inclusive context of PBL requires promoting student reflection and self-assessment adapted to students’ individual needs; in CL, group projects supported by digital collaboration tools (e.g., Google Docs) facilitate structured dialogue, peer collaboration, and shared responsibility, thereby increasing engagement; in SL, linking learning to real-world practice and designing experiences that reflect students’ abilities and interests emerge as crucial, especially for students with SEN.

Discussion: The implications of these findings suggest that educators should adopt flexible and adaptive strategies to successfully implement PBL, CL, and SL to ensure that they meet the diverse needs of students in digital environments. Limitations of the study and recommendations for future investigations are discussed to further develop this area of research.
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1 Introduction

Inclusive education, as defined by the United Nations (2006), highlights the right of all students to participate in mainstream education and the inherent right of every student to participate fully in educational life (Krämer et al., 2021; Long and Guo, 2023). This fundamental principle extends seamlessly into the digital sphere, where strategic information and communication technology (ICT) is critical in shaping the methodologies underpinning open and distance learning (Kumar Basak et al., 2018; Hassan and Mirza, 2020). In response to the growing need for equitable and accessible education (Boyle and Allen, 2023), ICT has taken on a central role in the evolution of educational practices. Globally, policies such as India’s National Education Policy (Ministry of Education, Government of India, 2020) and the European Union’s Digital Education Action Plan (European Commission, Directorate-General for Education, Youth, Sport and Culture, 2023) point to the importance of inclusive teaching strategies that use ICT to overcome physical and cultural barriers. Digital learning tools effectively address diverse students’ needs, facilitating access to personalized feedback (Maier and Klotz, 2022), thus fostering the development of self-regulation skills that are essential for academic success (Neuenschwander et al., 2012; Berger et al., 2021; DiStefano et al., 2021). Students with special educational needs require additional support in a digitally supported learning environment regarding their self-regulation skills, motivation, and technical abilities (Börnert-Ringleb et al., 2021); and teachers play a key role in implementing explicit instructions for them (Pit-ten Cate et al., 2018; Stalmach et al., 2023). In a recent investigation (Stalmach et al., 2024), education experts identified problem/project-based learning, cooperative learning, and service learning as the most effective and inclusive methods out of fourteen options. The current study focuses on the optimal implementation of these methods.

Problem/project-based learning (PBL) is a student-centered approach that focuses on real problems (Rehman et al., 2023), helps students see the implications of the concepts they are learning (Krajcik and Shin, 2014), and fosters high-quality group process (Kokotsaki et al., 2016). Integrating digital technologies into PBL environments increases students’ critical thinking, enthusiasm, and engagement (Basilotta Gómez-Pablos et al., 2017). Digital technologies facilitate educational experiences for students with specific accessibility needs (Haleem et al., 2022) and allow all students to engage in projects, create, explore, and communicate (Kim et al., 2016). In addition, interactive digital media, such as online discussion forums (Du et al., 2022), provide new opportunities for students to collaborate and learn from each other. Although PBL may not lead to extensive knowledge acquisition, students tend to retain what they learn more effectively through this method (Dochy et al., 2003), as PBL enables understanding rather than memorization (Hattie, 2009); for example, a recent study from Kazakhstan showed that problem/project-based learning can positively influence students’ skills in solving geometric construction problems (Tursynkulova et al., 2023). Digitally supported PBL has also been shown to be effective at the university level, adhering to key principles such as collaborative knowledge construction and rapid access to information facilitated by ICT in academic environments (Fischer et al., 2003; Beers et al., 2005).

Cooperative learning (CL), a teaching method that promotes effective collaboration (Gillies, 2016), improves academic achievement, social relationships, and motivation while supporting social integration processes (Hank et al., 2023). Designing CL to create conditions that foster positive interactions can effectively promote social integration in everyday classroom settings (Weber and Huber, 2020). With specific adaptations and intensive CL sessions, students can universally benefit from peer influence (Hank and Huber, 2024). In small groups, they can improve academic performance, problem-solving skills, social relationships (Parker, 1985), and increase motivation (Tran, 2019). Technology can facilitate the learning process by providing resource-sharing opportunities and optimized group setup and management (Barneva et al., 2018). However, an integrative approach to evaluating the success of computer-supported collaborative learning (CSCL) is critical. Research consistently highlights the benefits of three strategies in promoting effective and inclusive collaborative learning: accountable talk, dialogic teaching, and exploratory talk.

Michaels et al. (2008) define accountable talk as a form of classroom discourse that promotes equity, characterized by three dimensions: accountability to the learning community, accepted standards of argumentation, and knowledge. In addition, Fernández-Villardón et al. (2020) highlight the role of dialogue and interaction in promoting the social development of students with special educational needs. Activities, such as presentations, support individual accountability leading to improved communicative competence (Puji and Barratt, 2018). Positive resource interdependence and individual accountability improve academic performance (Sarfo and Elen, 2011), which prevents free riding and social loafing in collaborative learning environments (Laal et al., 2013). Specific strategies such as setting expectations for communication (Michaels et al., 2008), requiring students to provide evidence in their discussions (Alexander, 2010), or providing waiting time (Richardson, 2010) can encourage student participation and thereby promote accountability for knowledge.

Dialogic teaching is an interactive dialogue among students that stresses the power of discussion to improve students’ learning and problem-solving abilities (Kim and Wilkinson, 2019). Gillies (2020) highlights its central role in promoting dialogue and interaction in the classroom, underlining the important contribution of teachers in creating an engaging learning environment. Michaels et al. (2008) and Ardasheva et al. (2016) underline the importance of reasoned participation and fair discourse in fostering quality classroom interactions and expanding students’ learning opportunities. Navarro-Mateu et al. (2021) further suggest that dialogic learning environments, facilitated by responsible talk, can enhance inclusion for students with special educational needs. Gillies (2016, 2020) highlights the use of multiple discourses and the importance of teachers challenging and scaffolding students’ thinking. Webb (2009) also highlights the role of teacher talk and classroom norms in fostering beneficial group dialogue. Groenke and Paulus (2007) point to the role of teacher questioning in fostering dialogic literary inquiry in computer-mediated communication. The strategic use of online discussion forums, guided by the teacher, could improve students’ understanding and completion of group assignments (Ali et al., 2016).

Exploratory talk is a form of dialogue that promotes cognitive change and contributes to learning (Barnes, 2008). It addresses language issues in English as a Second Language - ESL classrooms (Boblett, 2018) and enhances cognitive challenges in collaborative group work (Patterson, 2018). Despite its potential, exploratory talk is often underutilised, with teacher talk dominating classroom interactions (Khong et al., 2019). Technologies may support it, increasing student empowerment and engagement (Kerawalla et al., 2023). Exploratory talk can be a powerful means of facilitating collaborative learning, but its practical implementation requires changing classroom dynamics and using assistive technology. Patterson (2018) and Kerawalla et al. (2013) underscored the importance of exploratory talk in collaborative group work, with the latter highlighting the role of the teacher in modeling and guiding student engagement. Fleming (2008) provided practical insights into using online discussions and assessments to promote collaborative learning, suggesting using rubrics for assessment, helping students pay close attention to what others are saying, and providing opportunities for reflection.

Service learning (SL), as outlined by Salam et al. (2019), is the integration of academic content with community service, allowing students to apply their learning in real-world settings and enhancing their interpersonal skills (Rimm-Kaufman et al., 2021). It can be supported by research projects or collaborations with local organisations (Salam et al., 2019). Service learning also can have a positive impact on student learning and retention. According to Garwood et al. (2023), service learning has the potential to help students with disabilities develop academic and life skills. This approach increases learning and engagement (Warren, 2012), providing networking opportunities for students to connect with professionals and organisations in their field and promoting personal growth, cognitive development, and a sense of civic responsibility; however, its practical implementation requires a significant time commitment and may present technical challenges (Salam et al., 2019).


1.1 Research questions

This study examines how digital adaptations of traditional educational approaches - PBL, CL and SL - can be optimized to promote inclusion in digitized educational contexts, particularly for students with special educational needs. By focusing on their effectiveness in meeting the diverse needs of learners, the research highlights how these methods can be used to create inclusive and equitable learning environments in the digital age.

This study aimed to address three main research questions:

• How can problem/project-based learning be effectively implemented in inclusive digital educational environments?

• What tools and strategies are most effective in promoting collaborative learning experiences through cooperative learning for students with special needs?

• How can service learning be integrated into curricula to enhance the engagement and learning of students with special needs?

Each question is supported by sub-questions specific to the teaching methods:

For PBL: How do teacher guidance and collaborative activities influence its effectiveness in inclusive settings?

For CL: Which digital tools best facilitate peer collaboration and dialogic teaching in inclusive classrooms?

For SL: What role do alignment with academic goals and structured reflection play in achieving meaningful learning outcomes?




2 Materials and methods


2.1 Participants and procedure

Nine experts in media education and pedagogy participated in our study (8 from Italy and 1 from Austria) by answering a structured questionnaire that specifically addressed problem/project-based learning, cooperative learning, and service learning. The selection procedure for identifying experts was aimed at identifying researchers and professors with significant publications and leadership roles in educational organizations, societies or associations, or editorial positions in relevant, highly ranked academic journals. The identification process included a review of journals, conference proceedings, and books.

Formal invitations outlining the study’s objectives were sent to the selected individuals, requesting their confirmation to participate. The data collection period spanned from May to June 2023.

To ensure a careful selection of our experts, we have applied the following criteria:

i. Minimum publication threshold: experts were required to have published at least three papers in the last 3 years that specifically addressed pandemic and post-pandemic issues. The selection criteria prioritized not only their academic contributions, but also their expertise in providing actionable insights into digital and inclusive education practices. This approach ensured that their feedback was both well-rounded and practical, based on their first-hand experience of the challenges of digital education.

ii. Professional roles: all participants held positions at public universities in Italy or Austria for a minimum of 3 years and were actively involved in research leadership roles.



2.2 Data collection

The questionnaire in this study was developed to evaluate digital learning methods with a focus on problem/project-based learning, cooperative learning, and service learning. Its purpose was to evaluate the effectiveness and explore potential improvements for these methods. The questionnaire, structured into distinct sections, explored key areas including engagement, tools, challenges, and outcomes. Anchored in established research methodologies, this systematic approach played a key role in developing an effective and impactful tool (Taherdoost, 2022). The design included closed-ended questions, utilizing multiple-choice and Likert scale formats, to gather structured quantitative data efficiently (Al-Rukban, 2006). Additionally, slider questions employing a 0–100 scale were included, offering deeper insights compared to traditional Likert scales (Roster et al., 2015). This comprehensive approach was designed to gain a detailed and granular understanding of expert judgments (Funke and Reips, 2012).


2.2.1 Validation process

To ensure the validity and reliability of the questionnaire, a pilot test was conducted with a subset of two experts outside the primary sample. This process allowed adjustments to be made to improve clarity and consistency. In addition, two independent academic researchers reviewed the questionnaire to ensure that it was consistent with the objectives of the study. Further revisions were made based on feedback from both the pilot test and the expert review.

The final version of the questionnaire was distributed via the Qualtrics platform, a widely used survey administration tool (Qualtrics, 2023). Each expert received a personalised email invitation with a unique survey link, ensuring data confidentiality and integrity. Participants’ responses were automatically collected and securely stored on the Qualtrics platform, ensuring standardised, efficient data collection and enhancing the reliability and replicability of the study. The use of Qualtrics also streamlined data aggregation, minimized manual errors, and supported a consistent methodology that could be applied across different educational contexts.




2.3 Data analysis

The data collected through the Qualtrics platform was analysed quantitatively to address the research objectives. Although the sample size was small, appropriate statistical methods were applied to ensure the findings’ reliability and relevance.


2.3.1 Statistical methods

Normality test: The Shapiro–Wilk test was used to verify the normal distribution of the data. This step was crucial in determining the appropriateness of parametric tests, such as t-tests, despite the limited sample size.

One-sample t-tests: One-sample t-tests were used to compare expert ratings of specific features of each teaching method against a hypothesised mean of 50. This approach allowed the identification of features that were rated higher or lower than the expected standard.

Descriptive statistics: Means and standard deviations were calculated to rank the tools and strategies within each method, providing an overview of their relative effectiveness as perceived by the experts.

Beyond method-specific assessments, the analysis also examined how the examined teaching methods could be integrated into existing curricula, with a focus on their potential to enhance the engagement and learning of students with special needs.



2.3.2 Method-specific applications

PBL: The analysis focused on features such as teacher guidance, the role of assessment tools, and the integration of clear learning objectives within inclusive digital contexts.

CL: The analysis focused on tools that facilitate collaboration, alongside strategies such as dialogic teaching and exploratory talk to foster inclusivity in digital learning environments.

SL: The analysis assessed strategies for curricular integration, including alignment with academic goals and the role of structured reflection in promoting inclusivity.





3 Results

The experts rated cooperative learning as the most known method, with the knowledge being assessed as “very well” by 3 out of 9 experts and by 5 as “well” on a 5-level scale, with the maximal option being “very well.” The least known method is service learning, with the knowledge rated as “very poor” by 3 experts. Knowledge of problem/project-based learning was rated as ‘average’ by four experts and ‘good’ by three, suggesting a reasonable overall level of familiarity.


3.1 Problem/project-based learning


3.1.1 Evaluation of features that can contribute to the successful implementation of digital and inclusive PBL

The Shapiro–Wilk test was conducted to assess the normality of the data, confirming normal distribution. For PBL, the data were normally distributed for clear learning goal (W = 0.915, p = 0.389), real world scenarios (W = 0.921, p = 0.405), group activities (W = 0.884, p = 0.171), teachers’ guidance (W = 0.880, 0.156), teachers’ feedback (W = 0.837, p = 0.054), metacognition (W = 0.897, p = 0.274), and resources and support for teachers (W = 0.948, p = 0.667).

The effective implementation of PBL in digital and inclusive educational environments requires a comprehensive examination of key components (Table 1).



TABLE 1 Statistical data evaluating various features contributing to implementing digital and inclusive PBL.
[image: Table1]

According to experts’ opinions, PBL should be designed with clear learning goals and outcomes, integrating authentic and practical contexts into curricula. PBL also requires collaboration, and teamwork, which may be supported by provision of opportunities for students to work together in groups. According to experts’ evaluations, teacher guidance and feedback significantly contribute to the success of PBL projects, helping students stay on track and meet project milestones. PBL also requires resources, both in terms of technology and in terms of professional development and support for teachers.



3.1.2 Competencies teachers need to help students achieve their learning goals with PBL

The experts, who possess varying levels of knowledge in PBL, were given up to three response choices to assess each of the specified competencies among the teachers. The specified competencies include collaboration skills, content knowledge, creativity and innovation, facilitation skills, and technology skills. Cumulative choices made by the experts provide an overview of the competencies that were identified as important for effective PBL implementation (Table 2). The total scores indicate the number of times each competence was chosen by the experts.



TABLE 2 Evaluation of teachers’ competencies for effective Project-Based Learning (PBL) by experts.
[image: Table2]

The most chosen teachers’ competence was “facilitation skills,” offering insights into the collective emphasis placed on these abilities deemed crucial for successful PBL.



3.1.3 Evaluation of tools to enhance learning outcomes in digital and inclusive PBL

The Shapiro–Wilk test was conducted to assess the normality of the data, confirming normal distribution despite the small sample size. The data were normally distributed for rubrics (W = 0.881, p = 0.160), self-assessment (W = 0.896, p = 0.228), peer-evaluation (W = 0.940, p = 0.577), portfolios (W = 0.966, p = 0.862), and observations (W = 0.944, p = 0.621).

The following results show how the examined tools such as rubrics, self-assessment, peer review, portfolios, and observations can aid progress within digital and inclusive PBL environments (Table 3).



TABLE 3 Statistical insights into the effectiveness of additional features in facilitating digital and inclusive PBL.
[image: Table3]

In the context of PBL, self-assessment was deemed best, and portfolios were assessed as less effective.




3.2 Cooperative learning


3.2.1 Ranking of the tools used for promoting cooperative learning in inclusive environments

The tools to support cooperative learning in inclusive settings were ranked according to their mean scores, with lower scores indicating higher preference. Google Docs was the most preferred tool, achieving the highest ranking with a mean score of 1.50 (SD = 0.54). Padlet followed with a mean score of 2.13 (SD = 2.03). Edmodo came in third with a mean score of 4.25 (SD = 1.28). Flipgrid came next with a mean score of 4.50 (SD = 1.85). Kahoot ranked fifth with a mean score of 4.75 (SD = 1.98). Nearpod had a mean score of 5.75 (SD = 1.04), placing it in sixth place. Seasaw followed closely with a mean score of 5.88 (SD = 1.46). Finally, Slack was the least preferred tool with a mean score of 7.25 (SD = 1.39).



3.2.2 Strategies for promoting cooperative learning in inclusive environments

Each expert could choose up to three options (Table 4).



TABLE 4 The choices made by experts among four collaborative learning strategies, and their level of knowledge of each method.
[image: Table4]

Group projects and real-time collaboration emerged as the top-rated options for promoting collaboration among students with special educational needs in digital environments. These findings underscore the significance of active participation and shared responsibilities, which are crucial in fostering a strong sense of teamwork and engagement among students.



3.2.3 Activities for promoting cooperative learning in inclusive environments

Delving into activities encouraging collaboration, each expert could choose up to three options (as shown in Table 5).



TABLE 5 Contingency table of the choices made by experts according to their level of knowledge of the method regarding the most inclusive activities.
[image: Table5]

Notably, experts with an average level of knowledge collectively chose Activity B and Activity E, totaling three selections. Those with a well-established knowledge level exhibited diverse preferences, favoring Activity B. The experts’ evaluations highlight the importance of small group discussions in promoting collaboration among students with special educational needs. Such activities were acknowledged for stimulating critical thinking, and fostering cooperation.



3.2.4 Evaluation of strategies teachers can use to promote inclusive and effective accountable talk

In the context of cooperative learning, the Shapiro–Wilk test results supported the normality assumption, validating the use of one-sample t-tests for norms (W = 0.912, p = 0.330), open-ended questions (W = 0.946, p = 0.650), providing wait time (W = 0.891, p = 0.205), provide evidence (W = 0.887, p = 0.186), dialogue journals (W = 0.912, p = 0.333), students led discussions (W = 0.947, p = 0.662), small group discussion (W = 0.861, p = 0.098), and feedback and scaffolding (W = 0.881, p = 0.162).

The analysis of strategies aimed at fostering Accountable Talk within inclusive digital learning contexts has yielded significant results based on expert evaluations (Table 6).



TABLE 6 Key statistics for different strategies teachers use to encourage accountable talk in the classroom.
[image: Table6]

These insights underscore the importance of strategic approaches to enhance communication and collaboration among students in inclusive settings. Among the strategies investigated, “Providing feedback and scaffolding” contributes to positive communicative outcomes. Conversely, strategies like using open-ended questions while exhibiting potential may warrant further exploration or consideration of alternative approaches.



3.2.5 Evaluation of strategies/tools teachers can use to promote inclusive and effective dialogic teaching

In the context of cooperative learning, the Shapiro–Wilk test results supported the normality assumption, validating the use of one-sample t-tests for online forums (W = 0.943, p = 0.640), collaborative writing platforms (W = 0.889, p = 0.197), social media (W = 0.963, p = 0.825), and online polling/surveys (W = 0.988, p = 0.992).

Collaborative writing platforms demonstrated a positive effect, emphasizing their role in fostering interactive and engaging teaching practices. Online polling or survey tools also exhibited a noteworthy impact, showcasing their efficacy in promoting dialogic teaching strategies (Table 7). However, social media did not show a statistically significant impact, suggesting the need for alternative approaches. Further exploration and consideration of alternative approaches are needed to ensure effective implementation in inclusive digital learning environments.



TABLE 7 Descriptive statistics for various strategies/tools teachers use to promote inclusive and effective dialogic teaching.
[image: Table7]



3.2.6 Evaluation of strategies/tools teachers can use to promote inclusive and effective exploratory talk

In the context of cooperative learning, the Shapiro–Wilk test results supported the normality assumption, validating the use of one-sample t-tests for encouraging students to ask questions (W = 0.907, p = 0.298), answer open-ended questions (W = 0.918, p = 0.377), use prompts (W = 0.933, p = 0.506), students’ reflection (W = 0.945, p = 0.633), conferencing tools (W = 0.938, p = 0.563), online discussion forums (W = 0.898, p = 0.242), collaborative docs (W = 0.980, p = 0.966), and real-time feedback tools (W = 0.920, p = 0.393).

The values that provide insights into the average effectiveness and variability of each strategy/tool in fostering Exploratory Talk, showed that students’ reflection and real-time feedback tools were deemed most effective (Table 8).



TABLE 8 Descriptive statistics for various strategies/tools employed by teachers to promote inclusive and effective exploratory talk.
[image: Table8]




3.3 Service learning

This analysis investigates the efficacy of integrating service learning strategies into existing curricula to enhance learning and engagement for students with special needs in inclusive settings. Utilizing a one-sample t-test, we assessed the impact of SL experiences on academic success, aiming to identify effective strategies while addressing potential challenges.


3.3.1 Evaluation of strategies that can be integrated into existing curricula to enhance special needs student’s learning and engagement

In the context of SL, the Shapiro–Wilk test results supported the normality assumption, validating the use of one-sample t-tests for alignment (W = 0.860, p = 0.119), reflection and discussion (W = 0.895, p = 0.261), shared purpose (W = 0.897, p = 0.274), and learning assessment (W = 0.864, p = 0.132).

Reflection and discussion were deemed to be effective in enhancing student engagement. Regarding learning assessment, although marginally above the conventional significance level of 0.05, the p-value suggests a trend, hinting at its potential impact on student engagement (Table 9).



TABLE 9 Descriptive statistics evaluating strategies to enhance learning and engagement for special needs students with service learning.
[image: Table9]

These results underscore the varied effectiveness of distinct SL strategies in bolstering student engagement, providing valuable insights for educators and curriculum designers. The alternative hypothesis, positing a mean different from 50, is supported across multiple dimensions, indicating the potential significance of SL interventions in enhancing the educational experience.



3.3.2 Evaluation of types of SL experiences that promote academic success in students with special needs

The Shapiro–Wilk test results supported the normality assumption, validating the use of one-sample t-tests also for critical thinking and problem-solving (W = 0.907, p = 0.332), collaboration and teamwork (W = 0.854, p = 0.104), project management and decision making (W = 0.912, p = 0.369), and mentorship/tutoring (W = 0.852, p = 0.099).

These results show the influence of various service learning experiences on academic success for students with SEN (Table 10).



TABLE 10 Descriptive statistics evaluating types of service learning experiences that promote academic success in students with SEN.
[image: Table10]

The results collectively suggest that specific SL experiences, particularly those emphasizing critical thinking, collaboration, project management, and mentorship/tutoring, significantly promote academic success for students with special needs.



3.3.3 Evaluation of strategies to address potential drawbacks or challenges in SL

The Shapiro–Wilk test results supported the normality assumption, validating the use of one-sample t-tests also for time constraints (W = 0.991, p = 0.996), appropriate opportunities (W = 0.940, p = 0.615), and effective impact (W = 0.885, p = 0.209).

The results of the one-sample t-test measure the effectiveness of strategies to address potential drawbacks or challenges in service learning to maximize benefits for students with special needs (Table 11).



TABLE 11 Descriptive statistics evaluating strategies to address potential drawbacks or challenges in service learning with special needs students.
[image: Table11]

These results underscore the importance of targeted strategies in mitigating challenges associated with time constraints, providing appropriate opportunities, and ensuring an effective impact on service learning for students with special needs.





4 Discussion

Equal access to digital resources for all students and understanding the specific needs of teachers are essential in developing strategies to ensure the successful implementation of digital methods (Val and López-Bueno, 2024). To conceptualize the integration of these approaches into inclusive digital learning, we propose the Inclusive Digital Learning Model (Figure 1). This model shows how PBL, CL, and SL complement each other in promoting inclusion, engagement, and effective use of digital tools. Each method offers unique contributions - PBL focuses on real-world problem solving, CL promotes collaboration and structured peer interaction, and SL integrates community service with reflective practice. The overlaps within the model show their common principles and synergies and demonstrate their collective potential to create accessible, engaging, and inclusive learning environments, particularly for students with special educational needs. The insights from experts’ assessments offer valuable guidance on effective teaching methods and strategies for inclusive digital learning through cooperative, problem/project-based, and service learning, fostering engagement, collaboration, critical thinking, and real-world application of knowledge in digital learning environments.

[image: Figure 1]

FIGURE 1
 Inclusive digital learning model.


The Venn diagram visualizes the unique and common elements of PBL, CL, and SL, highlighting their interrelated roles in promoting inclusive digital education.


4.1 Problem/project-based learning

The findings highlight several key elements that contribute significantly to the success of PBL implementation, including the importance of clear learning goals, engagement with real-world scenarios, collaboration, teacher scaffolding, aligned assessment, the promotion of metacognitive skills, and the essential need for resources and support.


4.1.1 Clear learning goals and real-world scenarios

The study underscores the need for teachers and educators to design PBL projects with explicit learning objectives, providing students with a roadmap for achieving their goals. Students understand what is expected of them and can better organize their efforts when goals are clearly defined. Explicit learning objectives support transparency and accountability within the learning process, fostering self-regulation (Jönsson and Prins, 2019) and motivation. Integrating real-world scenarios into PBL projects is a key factor in enhancing their effectiveness, highlighting the significance of contextual relevance and the practical application of knowledge. This approach offers students valuable opportunities to apply their skills in authentic settings.



4.1.2 Collaboration

The study underscores the significance of collaboration and group activities in PBL. Educators play a critical role in creating opportunities for collaboration within PBL settings, designing tasks and projects that necessitate teamwork, provide guidance on effective collaboration strategies, and create a supportive atmosphere. Additionally, they can facilitate reflection on the collaborative process, helping students recognize the value of teamwork, identify areas for improvement in their collaborative skills, and encourage meaningful communication between group members (Zhang et al., 2023). It emphasizes the social nature of learning and the importance of interpersonal skills in the context of PBL.



4.1.3 Teacher guidance and aligned assessment

Teacher guidance and feedback emerge as critical elements in the success of PBL projects. Providing support to help students stay on track significantly influences project outcomes. Teachers should focus on effective scaffolding, providing timely and constructive feedback to enhance the learning experience and ensure the successful completion of PBL projects. The study also highlights the importance of assessment aligned with learning goals, which makes students more likely to engage in learning activities (Ozan and Kıncal, 2018) and leads to a deeper understanding and retention of concepts.



4.1.4 Promotion of metacognitive skills

Encouraging the development of metacognitive skills in the PBL context has been shown to have a significant impact on self-regulation. Educators should incorporate activities that prompt students to reflect on their learning process, thereby encouraging self-directed and reflective practices. This finding confirms that PBL goes beyond content delivery and actively engages students in thinking about how they learn.



4.1.5 Need for resources and support

Adequate resources are critical to creating an environment conducive to engaging PBL experiences. The evaluation of teacher competencies reveals the importance of collaboration, content knowledge, creativity and innovation, facilitation skills, and technology skills. The evaluation of assessment tools suggests that rubrics, self-assessments, peer assessments, portfolios, and observations effectively measure student progress in digital and inclusive PBL. Teachers can use these tools to provide comprehensive and varied feedback that addresses different learning styles and preferences, which are key factors in PBL success (Table 12).



TABLE 12 PBL implementation guidelines for students with special educational needs.
[image: Table12]




4.2 Cooperative learning

Our panel of experts evaluated various tools and platforms for promoting inclusive and effective cooperative learning. Google Docs emerged as the top choice, reflecting its widespread acceptance and preference among experts. For students with special needs, group projects and real-time collaboration were identified as the most effective strategies for fostering teamwork and engagement. These findings highlight the importance of active participation, shared responsibility, and structured teamwork in creating a positive learning environment for students with special needs in digital contexts. In addition, the experts underscored the value of small-group discussions focused on specific topics as a key activity to foster collaboration.


4.2.1 Accountable talk

Our evaluation of strategies for promoting Accountable Talk revealed different impactful approaches. Establishing clear norms and expectations for communication, allowing sufficient wait time, and encouraging students to provide evidence were identified as highly effective strategies. Encouraging students to support their statements with facts, examples, or logical reasoning enables them to develop critical thinking skills and learn how to evaluate information in an effective way (Alsaleh, 2020).



4.2.2 Dialogic teaching

Dialogic Teaching, designed to foster interactive and inclusive teaching practices, may yield varying levels of impact depending on the tools employed. Collaborative writing platforms and online polling or survey tools were identified as highly effective, whereas the use of social media showed limited influence.



4.2.3 Exploratory talk

In Exploratory Talk, strategies such as encouraging active listening, posing open-ended questions, using prompts, providing opportunities for reflection, and leveraging conferencing tools were identified as effective in promoting interactive and inclusive teaching practices. These findings underscore the importance of creating a supportive, structured environment that encourages students to explore and discuss ideas collaboratively.

Our research provides insights into the effective implementation of cooperative learning in digital contexts and offers practical recommendations for educators (Table 13). The variety of strategies and tools evaluated underscores the importance of customizing approaches to meet the specific needs of students.



TABLE 13 Cooperative learning implementation guidelines for students with special educational needs.
[image: Table13]




4.3 Service learning

The results of this study provide insights into the effectiveness of integrating service-learning strategies into existing curricula for students with special needs in inclusive settings (Table 14). The analysis of strategies to enhance learning and engagement for students with special needs revealed positive effects across multiple dimensions. Alignment strategies that stress the connection between academic content and community service were found to be successful in promoting student engagement.



TABLE 14 Service learning implementation guidelines for students with special educational needs.
[image: Table14]


4.3.1 Reflection and discussion

Reflection and discussion components have been identified as important drivers of student engagement. Incorporating opportunities for students to reflect on their service experiences and engage in meaningful discussions fosters a deeper understanding of the material and promotes interpersonal skills, thereby enhancing cognitive and personal development. Students can gain insight into themselves, their communities, and societal issues, leading to empathy, self-awareness, and a sense of social responsibility.



4.3.2 Collaboration

Collaboration and teamwork emerged as important factors in academic success. This finding is consistent with the broader literature emphasizing the importance of social skills and collaborative learning experiences for students with special needs. Project management or decision-making components within SL experiences also showed a statistically significant positive impact on academic success.



4.3.3 Challenges

The study also examined different strategies to address potential drawbacks or challenges in SL for students with special needs. Time constraints emerged as a significant challenge, and the solutions to address this issue were shown to be effective. This finding underscores the importance of providing individualized opportunities that meet the diverse needs of students to ensure their worthwhile participation in service learning experiences.




4.4 Children with special educational needs and digital technologies

Students with special needs exhibit diverse abilities and challenges, and their educational needs vary widely. For instance, students with physical disabilities may require adaptive technology and accessible learning environments to participate effectively (Fernández-Batanero et al., 2022), while students with cognitive disabilities may benefit from more structured, repetitive, or visually-assisted learning methods. Similarly, students with social or emotional challenges may require more individualized attention. These varying needs highlight the importance of customizing pedagogical approaches, including PBL, CL, and SL, to ensure that all students can benefit from the learning process. PBL focuses on real-world problems and encourages critical thinking and self-directed learning. For children with special educational needs, this approach can foster a sense of autonomy and accomplishment as they work through challenges at their own pace. Digital tools can provide multimedia resources (e.g., videos, interactive simulations, visual aids) that support different learning preferences, simplify complex concepts in a more accessible way, and also support the creativity of students with special needs (Zhang et al., 2024). CL emphasizes collaboration and peer interaction, which might help children with special educational needs develop social skills, improve communication, and derive value from personalized peer support (Seitz et al., 2023). In a digital environment, tools such as collaborative platforms, group chats, and virtual breakout rooms allow students to work together to accommodate different learning styles and abilities, ensuring that all students are encouraged to participate actively (Llorent et al., 2024).

SL combines community service with academic learning, allowing children with special needs to apply their knowledge in real-world contexts while contributing to their communities. In digital environments, service learning projects can be designed to allow remote participation (Bringle and Clayton, 2020), ensuring that also students with physical or learning disabilities can engage. Virtual service projects or online collaborations can foster their sense of purpose, enthusiasm, and inclusion, helping them feel connected to their peers (Mebert et al., 2020). For instance, features like closed captions and subtitles enhance accessibility, particularly for individuals with hearing impairments or language barriers. In addition, multilingual support, such as sign language interpreters, empowers students to contribute effectively. Prioritizing these inclusive elements ensures that activities are accessible to all participants (Doran et al., 2024).

Digital technologies play a key role in supporting inclusive education for students with special needs and encouraging their engagement. In PBL, assistive technologies such as interactive simulations and multimedia platforms enhance inclusivity. In collaborative learning, digital tools such as Google Docs create flexible, real-time environments that allow students to actively participate regardless of physical location or specific needs (Barneva et al., 2018). Similarly, virtual service learning leverages online community projects to enable students with mobility impairments to participate in service learning experiences (Bringle and Clayton, 2020).


4.4.1 Service learning and self-confidence development in a child with autism - a fictional case study


4.4.1.1 Background

Pawel, from a small city in Austria, a 10-year-old with autism, struggled with social interactions, and had low self-confidence. To help him build self-esteem, his teachers introduced a service learning project where students created care packages for elderly residents in a local nursing home. The project involved gathering materials, assembling the packages, and delivering them, providing Pawel with a real-world task.



4.4.1.2 Service learning experience

Pawel’s teacher, Ms. Flower assigned him the task of organizing the care packages alongside a small group of classmates. Although Pawel was initially hesitant to work with others, Ms. Flower provided him with a structured plan and clear expectations, which helped him feel more comfortable.

Over time, Pawel’s involvement in the project gradually increased his engagement. He was proud of his role, particularly in ensuring that each care package was carefully assembled. Through his contributions, Pawel felt a sense of accomplishment that had been hard to achieve in previous school activities. Initially, Pawel was anxious about meeting new people and speaking to the elderly residents. However, his teacher and classmates offered encouragement, and Pawel took the opportunity to practice social skills, such as introducing himself. He felt valued for his contributions, which were recognized both by his peers and the recipients of the care packages; he also began to initiate conversations with his peers, particularly those he had worked closely with during the project. The experience showed him that he could play an important role in his community, even in situations that require social interaction and communication—areas he had previously found challenging.

The project’s real-world context, structured support, and positive social interactions made Pawel feel valued and improved his social skills. As a result, Pawel’s experience highlights the potential of service learning to foster social development in children with autism, making it a powerful tool for inclusion (see also Silveira-Zaldivar et al., 2021).





4.5 Barriers to PBL, CL, and SL in digital inclusion

The effectiveness of PBL, CL, and SL in inclusive digital education is affected by technology and teacher training challenges. Limited access to digital tools and inaccessible platforms can hinder participation, especially for students with special needs (Björnsdóttir et al., 2024). Teachers often lack the training to effectively adapt these methods for diverse learners, including differentiating instruction and assessing progress. In addition, time constraints, a competitive mindset among some teachers, strict curriculum requirements, and limited resources (Andrews et al., 2019) make it difficult to implement flexible practices. The digital transformation of education supports inclusivity by making learning materials accessible to students of all abilities. However, to use digital resources effectively, teachers need to acquire new competencies (Ng et al., 2023), and to teach inclusively, they also need to have confidence in their abilities and a sense of self-efficacy (Woodcock et al., 2023). A study of international students in China found that teachers were more satisfied with digital learning than students (Li et al., 2021), suggesting that while teachers may find digital tools effective in delivering content, students may face challenges, highlighting the importance of adapting instructions to student’s needs.

When effectively implemented by teachers, digital technologies not only increase accessibility and inclusivity but also promote critical thinking, social interaction, and self-regulation among students with special educational needs (Stalmach et al., 2023).




5 Conclusion

Integrating CL, PBL, and SL into digital education environments may serve as a cornerstone for achieving the goals of inclusive education. CL, which focuses on group interaction and shared responsibilities, promotes a sense of community within the digital classroom. PBL, on the other hand, introduces real-world scenarios, encouraging students to engage with complex issues. It enhances their critical thinking skills and aligns with the principles of self-regulated learning as students take charge of their learning journey. SL, which links academic content with community service, goes beyond traditional classroom boundaries. In the educational digital ecosystem, this approach provides students with opportunities to engage with real-world challenges. It helps them develop self-management skills as they plan tasks and choose roles to accomplish their goals (Merritt et al., 2021).

The collective integration of CL, PBL, and SL into digital learning environments creates a holistic educational experience. These methods contribute synergistically to students’ academic, social, and emotional development in the digital era, underlining the importance of a well-rounded, inclusive approach in a digitally enhanced learning environment. Teachers should prioritize culturally responsive teaching approaches, flexible course designs, and comprehensive support services to mitigate challenges such as technological constraints. In addition, policymakers must address systemic issues by investing in digital infrastructure and ensuring equitable access to technology and Internet resources for all students and school staff. Beyond the immediate context, these findings provide a basis for developing global standards for inclusive digital education, with implications for various disciplines. For instance, in areas with limited Internet access, teachers and educators could adopt culturally responsive practices by incorporating local knowledge, using flexible course designs with offline materials, and providing devices or workshops as support.

This study offers practical implications for implementing PBL, CL, and SL in different educational contexts, addressing common challenges such as time constraints and technological accessibility. In addition, using digital platforms with accessibility features ensures that students with different special educational needs are included in collaborative and reflective activities. These recommendations highlight the need for educators to be creative in adapting methods to their specific contexts. In addition, policymakers have a critical role to play in supporting this integration by prioritizing investments in inclusive digital infrastructures and providing professional development programs that enable teachers to implement these strategies effectively. To illustrate the practical integration of PBL, CL, and SL, we have included in Annex 2 a detailed framework of activities based on the Inclusive Digital Learning Model (Figure 1). This framework shows how these approaches can be combined to address real-world challenges while promoting collaboration, digital literacy, and social responsibility among students.


5.1 Limitations and further research

It should be noted that due to the small group size, complex statistical analysis could not be done. The results may be different with a larger study group (Serdar et al., 2021). The study’s reliance upon a small sample of experts limits the generalizability of the results. However, the structured approach and targeted selection criteria ensured that the findings were reliable and relevant in the context of inclusive digital education. Future research could expand the sample size and use advanced statistical methods, such as multivariate analysis or structural equation modelling, to explore deeper relationships between pedagogical methods and outcomes.

The study is limited to experts from specific cultural and institutional contexts. Therefore, the generalizability of the study’s findings, i.e., the extent to which they apply to other settings, is also limited. This limitation is due to potential differences in cultures and professional practices across regions or institutional structures that may influence the phenomena under study.

Other regions may have different educational priorities, technological infrastructures, or pedagogical approaches that could lead to different challenges and opportunities for integrating digital learning. In addition, institutional structures, such as the availability of resources or government policies on education, may vary widely, potentially affecting the adoption of digital tools.

Consequently, while the results of the study may provide useful insights into the specific contexts studied, they may not fully reflect the differences that might emerge from professionals in other settings. This should be taken into account when interpreting the findings, particularly when discussing how these findings might be applied in different cultural and institutional contexts.

Furthermore, cultural and political differences between Italy and Austria may affect the implementation of PBL, CL, and SL for students with special educational needs. In Italy, regional differences in inclusive education policies (Ianes et al., 2020) and digital access may hinder effective implementation. However, Italian teachers work within a well-established tradition of inclusive education (Auer, 2023; Sahli Lozano et al., 2024). In Austria, teaching in inclusive settings is often shaped by a narrow interpretation of inclusive education that focuses primarily on students with disabilities (Buchner and Proyer, 2019). These differences highlight the need for context-specific approaches to digital education that consider each country’s policies, culture, and resources.

The questionnaire options were defined a priori, limiting the scope within which experts could provide responses. The overly rigid structure of the survey could influence the data collected (Queirós et al., 2017), and the response options may not cover all possible perspectives.

Future efforts could focus on the development of comprehensive educational training programs that combine digital literacy with inclusive teaching practices adapted to diverse learning environments. In addition, the research could explore the long-term effects of integrating cooperative, problem/project-based, and service-learning methods on student outcomes, particularly in promoting inclusivity in rapidly evolving digital learning ecosystems.

This article presents the perspectives of experts, but future studies could also consider the viewpoints of educators and students. The perspectives of teachers and students likely differ (Tao et al., 2023), highlighting the need for future quantitative studies to validate and extend the criteria identified in this investigation. The article relies solely on expert opinions and neglects teachers’ perspectives on implementing these methods or students experiencing the learning process. This omission limits the practical relevance of the study. However, this approach was intentional in our study design, as we sought to gather insights from experts who have extensive knowledge and experience in the field. We recognize the value of including the perspectives of teachers and students in future research to further enrich the applicability and humanistic dimension of the study.
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Structured reflection sessions Incorporate regular reflection sessions before, during, and afier service activites, providing structured opportunitis for students to

reflect on their experi
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ishing common goals Foster a shared sense of purpose and commitment among students by establishing common goals and objectives for service

projects, promoting collective effort towards meaningful outcomes.

Adaptive assessment Implement assessment methods tailored to accommodate diverse learning needs, ensuring that they effectively measure students

progress while providing the necessary support for students with special needs.

Problem-based service learning Design service projects that present students with real-world challenges, requiring criical thinking and problem-solving skils.

Collaborative service projects Focus on collaborative learning experiences within service projects that promote teamwork, communication, and social skils

development through group activities and cooperative problem.solving tasks.
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support, guidance, and academic assistance, enhancing learning outcomes and fostering positive relationships.
Individualized Learning plans Develop individualized learning plans for students with special needs within service learning activities, ensuring that projects and
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collaboration to reach a shared solution,






OPS/images/feduc-09-1447489-t002.jpg
Level of knowledge

Teachers’ Poor Average Well Very Total
competencies well
Collaboration skills 1 0 2 1 1
Content knowledge 0 3 1 0 4
Creativity and 1 1 1 1 4
innovation

Facilitation skills 1 4 3 1 9
Technology skills 0 2 1 0 3

Total 3 10 8 3 £





OPS/images/feduc-09-1447489-t003.jpg
Mean SD
1. Rubrics 9 7256 2001
2.5elf- 9 8.3 15.66
assessment
3. Peer- 9 7978 17.22
evaluation
4. Portfolios 9 7111 19.75
5. Observations 9 7678 1758

338
639

519

321

457

df
8

8
8

0010

<0.001

<0.001

0012

0.002

A one-sample ttest is conducted to determine the significance of each features mean score:

compared to a hypothetical mean of 50.





OPS/images/feduc-09-1447489-t008.jpg
N Meai

1. Encourage students to ask questions 9 7244
2. Answer open-ended questions 9 7167
3. Use prompts 9 7544
4. Students reflection 9 80.22
5. Conferencing tools 9 68.78
6. Online discussion forums 9 5544
7. Collaborative docs 9 7478
8. Real-time feedback tools 9 7701

For the Student t-test, location difference estimate is given by the sample mean difference d. The alternative hypothesis for each test is that the mean was different from 50.

SD

1538
1830
2075
1607
19.05
2588
1560

14.09

438

355

368

564

296

0.63

477

577

df

8
il

0.002

0.007

0.006

<.001

0018

0545

0.001

<.001





OPS/images/feduc-09-1447489-t006.jpg
N Meai

1. Norms 9 7389
2. Open-ended questions 9 66.00
3. Providing wait time 9 7633
4. Provide evidence 9 7756
5. Dialogue journals 9 7089
6. Students led discussions 9 7189
7. Small group discussion 9 7189
8. Feedback and scaffolding 9 9044

This table summarizes the results of one-sample t-tests for the same AT strategies. The tests assess whether the means significantly differ from 50.

SD
18.84
27.96
2402
19.44
2049
2181
2192

1031

380

172

329

425

3.06

301

3.00

177

df

0.005

0124

0011

0.003

0016

0017

0017

<0.001





OPS/images/feduc-09-1447489-t007.jpg
Mean

1. Online forums 8 6413
2. Coll. writing platforms 9 7300
3. Social media 9 5622
4. Online polling/surveys 9 6889

This tabl displays the rsults of one-sample I-tests o assss the significance of mean
from 50.

SD df ]

16.06 249 7 0042
19.74 350 8 0.008
27.48 068 8 0516
19.23 295 8 0019

rences for different strategies/tools. The alternative hypothesis for each testis that the mean differs





OPS/images/feduc-09-1447489-g001.jpg
Inclusive Digital Learning Model

SL (Service Learning)

Peer collaboration
Structured dialogue
Collaborative tools
(e.2. Google Docs)

PBL (Problem/Project-Based Learning)

CL (Cooperative Learning)





OPS/images/feduc-09-1447489-t001.jpg
N Mean
1. Clear learning goals 8 75.88
2. Real-world scenarios 9 74.78
3. Group activities 9 72.89
4. Teachers' guidance 9 7656
5. Teachers’ feedback L 70.22
6. Metacognition 8 81.88
7. Resources and support for teachers 9 75.00

SD

994

1826
2335
25.60
3115
18.04

2035

7.37

407

294

311

195

500

369

The table presents a one-sample t-test to determine the significance of each feature’s mean score compared to a hypothetical mean of 50.

df

<0.001

0.004

0.019

0.014

0.087

0.002

0.006





