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This review paper explores innovative and inclusive approaches to enhancing 

STEM education by synthesizing recent literature (2022–2025) on emerging 

technologies and pedagogical strategies. Stem education faces persistent equity 

gaps, necessitating combined technological and inclusive innovations to foster 

engagement and accessibility among underrepresented groups. The review 

identifies major technological advancements, including artificial intelligence 

adaptive frameworks, immersive virtual and augmented reality environments, 

robotics integration, and Internet of Things-enabled multisensory learning. It 

further examines equity-focused pedagogies encompassing culturally 

responsive teaching, gender gap mitigation, assistive technologies for learners 

with disabilities, and community outreach to promote inclusion. The 

intersection of mental health support with STEM education emerging in recent 

studies, emphasizes holistic learner wellbeing. Synthesizing these themes 

reveals synergistic models combining technological innovation with diversity, 

equity, inclusion, and justice (DEIJ) frameworks, supporting Education 4.0 

transformations. This comprehensive review underscores the critical role of 

integrating advanced technologies with inclusive pedagogies to advance 

STEM education equitably, offering directions for future research to address 

remaining gaps and optimize learner outcomes. 
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Introduction  

 

Rationale for Advancing STEM Education 

Science, Technology, Engineering, and Mathematics (STEM) fields play a pivotal role in 

driving societal progress and economic development worldwide. The continuous advancement 

of technology and the demand for innovation in various sectors underscore the critical need to 

strengthen STEM education systems. STEM disciplines are fundamental to addressing 

complex global challenges, fostering innovation, and sustaining economic competitiveness 

(Costa et al., 2024). However, despite the growing importance of STEM, significant challenges 

persist, particularly concerning underrepresentation and equity gaps among various 

demographic groups including women, ethnic minorities, disabled individuals, and 

marginalized communities (Mahmoud et al., 2025, Msambwa et al., 2024). These disparities 

hinder the full realization of STEM potential and limit access to quality educational and career 

opportunities. Therefore, the advancement of STEM education requires a dual focus on 

innovative technological integration and inclusive educational practices to foster equity and 

broaden participation. 

 

Overview of Emerging Technologies in STEM Education 

Recent years have witnessed transformative advances in technologies applied to STEM 

education, reshaping pedagogical approaches and learning experiences. Artificial Intelligence 

(AI) technologies, including AI-supported programming through advanced language models 

and adaptive personalized learning systems, have enhanced the capacity for real-time tailoring 

of STEM curricula to individual learner needs (Fruett et al., 2024; Huang et al., 2025). The 

integration of open-source hardware platforms combined with AI enables diverse and engaging 

programming experiences, facilitating deeper computational thinking and problem-solving 

skills. 

 

Immersive technologies such as Virtual Reality (VR) and Augmented Reality (AR) further 

extend experiential learning by simulating complex engineering experiments, real-world 

contexts, or enabling remote and interactive lab environments (Jin et al., 2025; Aruanno et al., 

2024; Rahman et al., 2025). The deployment of XR-enabled laboratories has contributed to 

bridging theoretical concepts with practical applications, thereby improving student motivation 

and conceptual understanding (Haq et al., 2025). Moreover, robotics and smart systems have 

been progressively incorporated in curricula to support cognitive development and engagement 

through hands-on activities and collaborative problem-solving (Torres & Inga, 2025; Sherwani 

& Asad, 2025). IoT and smart-system integrations facilitate interactive and exploratory 

learning experiences, further cementing the role of evolving technologies as catalysts in 

modern STEM education (García-Sánchez et al., 2024; Boltsi et al., 2024). 

 

Significance of Inclusive Pedagogical Strategies 

Enhancing STEM education equity requires deliberately addressing the diverse needs of 

learners who have traditionally faced systemic barriers. Research emphasizes the importance 

of inclusive pedagogies that accommodate diverse learner identities including women, BIPOC 

students, individuals with disabilities, and marginalized groups, aiming to foster equitable 

learning environments and outcomes (Costa et al., 2024; Stone-Sabali et al., 2024; Das & Pal, 

2024). For example, initiatives incorporating assistive technologies provide tailored 

educational opportunities for learners with disabilities, thereby promoting accessibility and 

inclusion within STEM disciplines (Ali et al., 2025; Archambault et al., 2022). Furthermore, 
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culturally responsive teaching that integrates storytelling, community engagement, and 

mentorship has been shown to increase motivation and foster a sense of belonging among 

underrepresented groups (Cabrera et al., 2025; Akumbu, 2024). Outreach programs led by 

universities and organizations deliberately targeting young women and minority students have 

demonstrated promise in reducing stereotype threats and widening STEM career aspirations 

(Mahmoud et al., 2025; López-Canchola et al., 2025). These comprehensive inclusion 

strategies not only improve student engagement but also contribute to dismantling structural 

impediments, thereby supporting a more diverse STEM workforce essential for future 

innovation and social equity. 

 

Methodology 

 

Scope Of Literature Review 

The scope of this literature review is centered on recent advancements in STEM education, 

with a primary focus on emerging technologies and inclusive pedagogical strategies. The 

selection criteria were limited to peer-reviewed studies published between 2022 and 2025 to 

ensure the inclusion of the most current and relevant findings. The review encompasses 

educational settings spanning from early childhood and K-12 levels through to higher 

education and informal learning environments such as industry labs and outreach programs. 

This broad spectrum allows for a comprehensive understanding of how emerging technologies 

and pedagogical innovations intersect across diverse educational contexts to improve STEM 

learning outcomes and inclusion. 

 

Key areas included in the review address both the technological infusion in STEM education 

through tools such as artificial intelligence (AI), virtual reality (VR), robotics, Internet of 

Things (IoT), and extended reality (XR), as well as teaching methodologies focusing on equity, 

diversity, inclusion, culturally responsive approaches, and strategies specifically designed for 

marginalized and underrepresented groups (Fruett et al., 2024; Huang et al., 2025; Boltsi et al., 

2024; Mahmoud et al., 2025; Stone-Sabali et al., 2024). Educational settings considered include 

formal classrooms, informal industry-situated learning labs, and virtual/digital platforms to 

capture diverse pedagogical contexts and technology applications. 

 

Data Sources And Search Strategy 

The literature was systematically gathered through comprehensive searches using multiple 

academic databases and citation indexes renowned for educational research, including IEEE 

Xplore, SpringerLink, Wiley Online Library, and PubMed, as well as interdisciplinary sources 

addressing technology and inclusion in education. The search employed a strategic 

combination of keywords to capture the breadth of the topic. These keywords encompassed 

terms such as "STEM education," "emerging technologies," "artificial intelligence," "virtual 

reality," "robotics," "inclusion," "diversity," and "pedagogical strategies." 

 

Selection was further refined by screening for studies that demonstrated robust methodological 

rigor and contributed empirical data, frameworks, or conceptual models relevant to advancing 

STEM education technology integration and inclusive practices. The inclusion of 

multidisciplinary studies spanning technology development, educational sciences, psychology, 

and social inclusion helped in forming a nuanced dataset contextualizing the rapid evolution in 

STEM educational practices. 
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Notable examples include research on adaptive AI-powered personalized learning systems 

integrating high-performance computing infrastructures to tailor STEM learning (Huang et al., 

2025), and industry-situated informal STEM labs used to foster hands-on skills relevant to 

manufacturing sectors (Walls et al., 2024). Studies related to outreach programs that target 

underrepresented groups and promote gender equity (Mahmoud et al., 2025), as well as projects 

addressing accessibility through assistive technology for learners with special needs (Das & 

Pal, 2024; Ali et al., 2025), were also included, highlighting the diverse range of technologies 

and approaches contributing to equity in STEM. The simplified flow of the searching process 

is presented in Figure 1. 

 

 
 

Figure 1: Simplified Flow Of The Literature Search And Selection 

Process For This Narrative Review. 

 

Analytical Framework 

The gathered literature was subjected to a thematic synthesis methodology designed to extract, 

compare, and integrate findings related to the use of emerging technologies alongside inclusive 

pedagogical strategies in STEM education. The analysis categorized the literature into two 

major themes: technological innovations and pedagogical innovations, enabling a focused 

critique and understanding of how these elements interact and support each other (Figure 2). 
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Figure 2: Integration Of Technological And Pedagogical Innovations In STEM 

Education. 

 

Technological innovations include AI-assisted programming platforms (BitDogLab integrating 

AI and open hardware) (Fruett et al., 2024), immersive VR labs providing simulated learning 

environments in engineering and programming education (Jin et al., 2024; Aruanno et al., 2024; 

Jin et al., 2025), robotics as both curricular tools and facilitators of inclusion for special-needs 

students (Torres & Inga, 2025; Escudeiro et al., 2024), IoT-based STEM kits enhancing 

creative problem-solving (Hamimi et al., 2024), as well as gamification frameworks fostering 

engagement in remote learning environments (Zhao et al., 2022). Pedagogical innovations 

focus on equity-driven frameworks such as culturally responsive teaching (Akumbu, 2024), 

gender inclusivity programs (Costa et al., 2024; López-Canchola et al., 2025), mentorship and 

representation for BIPOC students (Ijoma et al., 2022), development of mental health literacy 

within STEM education (Pester et al., 2025), and pedagogical strategies like project-based 

learning and design thinking that promote integrative STEM skill development (C.-Y. Chang 

et al., 2023); Ozkizilcik & Cebesoy, 2024; Zhou et al., 2024). 

 

This thematic framework (Figure 3) provides structured insight into emergent trends, systemic 

barriers addressed, and the effectiveness of integration approaches, creating a foundation for 

synthesizing best practices and innovative models in advancing STEM education. 
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Figure 3: Unlocking STEM Education Innovation. 

 

Findings And Discussion 

 

Emerging Technologies Transforming STEM Education 

 

Artificial Intelligence And Adaptive Learning 

Artificial Intelligence (AI) is significantly transforming STEM education by supporting 

adaptive learning and integrating with open-source hardware and programming tools. Fruett et 

al. (2024) introduced the BitDogLab system which merges AI-powered programming with 

platforms such as MicroPython and KiCad, enabling cost-effective, community-supported 

STEM learning. Huang et al. (2025) advanced this by designing a framework combining high-

performance computing with transformer-based models (BERT, GPT, T5) and reinforcement 

learning to enable adaptive, personalized STEM learning tailored to diverse student needs. The 

use of AI in e-learning further extends into instructional support applications, as Wu and  Zhang 

(2024) discuss, emphasizing generative AI's role in non-STEM higher education but with 

substantial implications for STEM interdisciplinary contexts. 

 

Immersive Technologies: Virtual Reality And Augmented Reality 

Virtual Reality (VR) facilitates immersive and interactive STEM pedagogies. Jin et al. (2024) 

designed EduCodeVR, a VR system simulating Arduino programming exercises for beginners, 

enhancing computational thinking and hardware interaction. Similarly, Aruanno et al. (2024) 

developed a VR lab simulating engineering and materials science experiments, allowing 

students virtual hands-on experience, reducing the risks and costs associated with physical labs. 

The use of augmented reality (AR) in collaborative STEAM learning also demonstrates 

promising advances, with Rahman et al. (2025) reporting improved motivation and teamwork 

among primary school students through AR visualization and spatial engagement. 

Furthermore, Mystakidis et al. (2024) explored the Metaverse as a social VR platform enabling 

deaf high school students to exhibit STEAM projects, fostering inclusive engagement and 

affective empowerment. 

 

 



 
Volume 7 Issue 28 (December 2025) PP. 633-644 

  DOI: 10.35631/IJMOE.728045 

639 

 

Robotic And Smart Systems 

Robotics plays a central role in enhancing STEM curricula by promoting engagement and 

cognitive development. Torres and Inga (2025) demonstrated programming and robotics as 

effective tools for motivation and spatial reasoning in secondary education. Sherwani and Asad 

(2025) highlighted robotics as an emerging technological innovation, emphasizing recent 

pedagogical developments that integrate robotics into curricula. Assistive robotics further 

supports inclusion; Escudeiro et al. (2024) developed STEAM activities tailored to students 

with autism spectrum disorder, fostering equitable learning contexts. Ponce et al. (2022) 

implemented assistive robots in STEM and physical education to improve attention and 

engagement. The convergence of Internet of Things (IoT) and smart-systems technologies 

enables hands-on learning, as García-Sánchez et al. (2024) and Boltsi et al. (2024) discuss, 

with embedded sensors and robotics creating dynamic, digitally-enabled learning 

environments. Nakata et al. (2024) proposed knowledge network models integrating ICT for 

STEM/STEAM curricula relevant to Industry 5.0 and Society 5.0 paradigms, showing the role 

of interconnected smart-system technologies. 

 

Innovative Educational Technology Models 

The integration of gamification and multisensory learning environments enriches STEM 

educational experiences. Zhao et al. (2022) presented a multi-layer gamification framework 

enhancing remote and networked STEM learning by engaging students through game 

mechanics embedded in digital platforms. Mohana et al. (2023) explored technology-enhanced 

multimedia learning platforms embedding IoT and multisensory effects (scent, airflow) to 

improve learner emotional engagement and motivation, indicating promising avenues for 

emotional and cognitive support in STEM education. 

 

Inclusive And Innovative Pedagogical Strategies 

 

Culturally Responsive And Equity-Focused Teaching 

Equity in STEM education requires systemic approaches that dismantle structural barriers. 

Costa et al. (2024) surveyed women's journeys in STEM education in Brazil, identifying 

entrenched stereotypes and advocating merit-based inclusive policies. Díaz and Wankowicz, 

(2024) recommended DEIJ journal clubs and restorative justice frameworks to foster equitable 

institutional cultures. Stone-Sabali et al. (2024) reported on solidarity practices within Black 

STEM graduate student communities, emphasizing community cultural wealth as a resource to 

challenge hostile academic spaces. Complementing this, Ng et al. (2023) discussed the 

importance of early childhood STEAM education that respects cultural integration and 

equitable access aligned with Sustainable Development Goals. 

 

Supporting Underrepresented Groups In STEM 

VEfforts to increase participation among women, disabled learners, and minority groups in 

STEM extend across multiple strategies. Costa et al. (2024), López-Canchola et al. (2025), and 

Mahmoud et al. (2025) detailed interventions and outreach to address gender gaps, including 

mentorship, role models, and exposure to STEM challenges. Technologies assist learners with 

disabilities, with Das and Pal (2024) analyzing assistive technologies to overcome physical and 

cognitive challenges in STEM education, while Ali et al. (2025) developed interactive 

mathematical tools enabling visually impaired students’ engagement. Archambault et al. 

(2022) stressed accessible mathematical content for learners with disabilities. Oh and  

Leventhal (2023) highlighted neighborhood resources enhancing Mexican-origin adolescents’ 
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pathways into STEM education, illustrating the intersection of social inclusion and educational 

equity. 

 

Innovative Pedagogical Models And Curriculum Designs 

Project-based learning and design thinking frameworks are widely implemented to foster 

creativity and problem-solving. C.-Y. Chang et al. (2023) emphasized integrated STEAM PBL 

to enhance computational thinking, while Ozkizilcik and Cebesoy (2024) reported on 

engineering design-based STEM courses improving pre-service teachers’ understanding of 

integrated STEM. Zhou et al. (2023) adopted solution-based design processes combining 3D 

printing with instructional scaffolds to expand integrated STEM programming. Narrative and 

storytelling pedagogies serve as powerful engagement tools; Cabrera et al. (2025) reviewed the 

use of digital storytelling to develop cognitive and socio-emotional skills, and Costa et al. 

(2024) applied narrative-based models to motivate women in online machine learning courses. 

Maker culture and collaborative ecosystems are also significant; Tabarés & Boni (2023) 

highlighted open and collaborative learning ecosystems in higher education, Mystakidis et al. 

(2024) utilized VR museum exhibitions as innovative STEAM engagement platforms, and 

Boltsi et al. (2024) defined Education 4.0 frameworks integrating smart campus infrastructures 

and digital labs. 

 

Adressing Health And Wellbeing Support In STEM Education 

Addressing mental health is critical for sustainable STEM education success. Pester et al. 

(2025) advocated for improving mental health literacy among STEM stakeholders to mitigate 

the disproportionate crisis within academia. Jin et al. (2023) and Zhao et al. (2024) incorporated 

affective-domain objectives and emotional expression (e.g., emojis in math e-learning) to 

support emotional engagement and reduce anxiety. Fletcher et al. (2023) reported increased 

stress and anxiety during COVID-19-driven remote learning transitions in HBCUs, 

highlighting the importance of wellbeing interventions. Integrating these approaches supports 

student persistence and academic success. 

 

Integration Of Emerging Technologies With Inclusive Practices 

Synergistic educational models emerge by combining advanced technologies with inclusive 

strategies. Fruett et al. (2024) and Huang et al. (2025) demonstrated the embedding of AI with 

adaptable hardware and personalized learning supporting diverse learners. Escudero et al. 

(2024) exemplified assistive robotics combined with STEAM activities to foster inclusion for 

learners with autism. Boltsi et al. (2024) and Nakata et al. (2024) proposed Education 4.0 

paradigms leveraging smart campus infrastructures integrated with inclusive curricula to shape 

digitally competent and equitable learning environments. Such intertwined models suggest a 

future of STEM education that is simultaneously innovative, adaptive, and inclusive, 

maximizing STEM engagement and success across diverse populations. 

 

Conclusion 

The review highlights that emerging technologies such as artificial intelligence, virtual and 

augmented reality, robotics, and Internet of Things are significantly transforming STEM 

education by enhancing personalization, engagement, and hands-on learning opportunities. 

Equally important are the inclusive pedagogical strategies that address systemic inequities 

through culturally responsive teaching, support for underrepresented and disabled learners, and 

community outreach programs. A major advancement is the integrative approach combining 

technological innovation with diversity, equity, inclusion, and justice frameworks to create 
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synergistic educational models conducive to equitable STEM learning environments. This 

integration not only fosters increased participation and cognitive development among diverse 

populations but also promotes mental health and well-being within STEM learning contexts. 

Despite these advances, gaps remain in scaling these approaches widely and systematically 

addressing mental health challenges. Future research should focus on refining these integrative 

models, exploring longitudinal impacts, and developing scalable practices that support diverse 

learner needs. Overall, the fusion of advanced technologies with inclusive pedagogy holds 

substantial promise to propel STEM education towards a more innovative and equitable future. 
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