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A B S T R A K
Pesatnya penyebaran teknologi digital telah mengubah praktik pengajaran dan pembelajaran di perguruan tinggi di seluruh dunia. Namun, literatur ilmiah yang membahas transformasi ini masih terfragmentasi di berbagai disiplin ilmu, jenis teknologi, dan konteks kelembagaan. Penelitian ini bertujuan untuk meninjau secara sistematis tren terkini serta perspektif masa depan pembelajaran berbasis teknologi di pendidikan tinggi. Dengan mengikuti protokol PRISMA 2020, pencarian terstruktur pada basis data Scopus, Web of Science, dan Google Scholar mengidentifikasi 246 publikasi, di mana sebanyak 25 artikel peer-reviewed yang diterbitkan pada periode 2023–2025 memenuhi kriteria inklusi dan dianalisis menggunakan pendekatan tematik. Lima tema utama yang muncul meliputi: personalisasi berbasis kecerdasan buatan (artificial intelligence) dan sistem tutor cerdas, realitas diperluas (extended reality) dan simulasi imersif, digital twin serta pembelajaran teknik berbasis permainan, transformasi digital kelembagaan dan literasi digital, serta kerangka penerimaan teknologi seperti Unified Theory of Acceptance and Use of Technology (UTAUT). Hasil kajian menunjukkan bahwa pembelajaran berbasis teknologi secara konsisten meningkatkan keterlibatan, motivasi, serta, pada sebagian besar konteks, hasil belajar kognitif dan keterampilan. Namun, efektivitasnya dipengaruhi oleh kesiapan peserta didik, karakteristik disiplin ilmu, dan infrastruktur institusi. Kesenjangan penelitian yang masih ada meliputi terbatasnya bukti longitudinal, belum meratanya perhatian terhadap kesetaraan digital, serta minimnya kajian mengenai implikasi etis dan pedagogis dari kecerdasan buatan generatif. Tinjauan ini menawarkan kerangka terpadu yang menghubungkan dimensi teknologi, pedagogi, dan kelembagaan dalam transformasi digital, sekaligus menyusun agenda penelitian dan kebijakan di masa depan untuk mendukung integrasi teknologi yang berkelanjutan dan berkeadilan dalam pendidikan tinggi.

A B S T R A C T
The rapid diffusion of digital technologies has reshaped teaching and learning practices in universities worldwide, yet the scholarly literature on this transformation remains fragmented across disciplines, technologies, and institutional contexts. This study systematically reviews current trends and future perspectives of technology-based learning in higher education. Following the PRISMA 2020 protocol, a structured search across Scopus, Web of Science, and Google Scholar identified 246 records, of which 25 peer-reviewed articles published between 2023 and 2025 met the inclusion criteria and were analyzed thematically. Five dominant themes emerged: artificial intelligence-driven personalization and intelligent tutoring, extended reality and immersive simulation, digital-twin and game-based engineering education, institutional digital transformation and digital literacy, and technology-acceptance frameworks such as UTAUT. The findings indicate that technology-based learning consistently improves engagement, motivation, and, in most contexts, cognitive and skill-based outcomes, although effectiveness is moderated by learner readiness, disciplinary context, and institutional infrastructure. Persistent gaps include limited longitudinal evidence, uneven digital-equity considerations, and underexplored ethical and pedagogical implications of generative artificial intelligence. The review offers an integrated framework linking technological, pedagogical, and institutional dimensions of digital transformation and outlines an agenda for future research and policy on sustainable, equitable technology integration in higher education.
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1. INTRODUCTION
Higher education institutions worldwide are undergoing a profound digital transformation, driven by the convergence of artificial intelligence (AI), extended reality (XR), cloud-based learning platforms, and data-driven pedagogical models. What began, for many institutions, as an emergency shift to remote instruction during the COVID-19 pandemic has evolved into a sustained reconfiguration of how knowledge is produced, delivered, and assessed (Otto et al., 2023). Universities now routinely combine learning management systems, adaptive learning software, immersive simulations, and generative AI tools within a single course, reflecting a broader shift from technology as an auxiliary resource to technology as a structural condition of contemporary higher education (Farias-Gaytan et al., 2023). This shift raises urgent questions about how effectively these tools support learning, which student populations benefit most, and what institutional capacities are required to sustain innovation responsibly.
The scale of this transformation is considerable. Digital learning tools are no longer confined to online or distance-education programs; they are embedded in campus-based instruction across engineering, medicine, language education, business, and the social sciences (Zou et al., 2025). Artificial intelligence, in particular, has moved from a peripheral topic to a central concern of higher-education research, with applications ranging from intelligent tutoring systems and automated feedback to large language model-based writing assistants (Feng et al., 2025). At the same time, extended reality technologies, including augmented reality (AR) and virtual reality (VR), have matured from novelty demonstrations into tools capable of supporting complex skill training in fields such as surgery, nursing, and engineering, where hands-on practice is costly or risky to replicate at scale (Lampropoulos, 2025; Lázaro & Duart, 2023). Digital-twin technology, which creates dynamic virtual replicas of physical systems, has similarly begun to reshape engineering and vocational education by allowing students to experiment with equipment and processes that would otherwise be inaccessible or hazardous (Hazrat et al., 2023). Complementing these technological developments, game-based and simulation-based learning environments continue to demonstrate value for procedural and systems-level understanding in engineering curricula (Udeozor et al., 2023).
Despite this proliferation of tools, the higher-education literature on technology-based learning remains conceptually and empirically fragmented. Several strands of research have developed largely in parallel. One strand emphasizes institutional and policy dimensions of digital transformation, examining how universities restructure governance, infrastructure, and staff development to accommodate new technologies (Alenezi et al., 2023; Samanta & Banerjee, 2025). A second strand focuses on discipline-specific applications, such as AI in medical education (Mir et al., 2023) or technology-enhanced language learning (Hasumi & Chiu, 2024), often without connecting findings to broader theoretical frameworks. A third strand draws on technology-acceptance theories, most notably the Unified Theory of Acceptance and Use of Technology (UTAUT), to explain why students and faculty adopt or resist particular tools (Xue et al., 2024). A fourth, rapidly growing strand addresses generative AI specifically, examining both its instructional promise and its implications for academic integrity, critical thinking, and assessment design (Aithal et al., 2024; Almufarreh & Arshad, 2023). Although each of these strands has produced valuable insights, syntheses that integrate technological, pedagogical, and institutional perspectives within a single analytic frame remain scarce, and existing reviews tend to privilege either a single technology (e.g., AI or XR) or a single disciplinary context, limiting their usefulness for institutional decision-makers who must weigh competing technological investments simultaneously (Arviansyah et al., 2024; Janahi et al., 2023).
A further gap concerns the treatment of digital literacy and equity. Much of the existing literature assumes relatively uniform access to infrastructure, connectivity, and digital competence among students and instructors, an assumption increasingly questioned in studies conducted in the Global South and in institutions serving first-generation or non-traditional students (Farias-Gaytan et al., 2023; Qolamani & Mohammed, 2023). Without explicit attention to these disparities, technology-based learning risks widening rather than narrowing educational inequities, a concern that has become more acute as generative AI tools proliferate unevenly across institutions with differing financial and technical capacities (Bashir & Lapshun, 2024). Similarly, while numerous studies report positive effects of specific tools on engagement or motivation, fewer examine sustained, longitudinal outcomes, or the mechanisms through which short-term gains translate into durable learning (Wu & Chen, 2025).
Theoretical accounts of technology-based learning have likewise evolved in response to this changing landscape. Early frameworks, such as the Technological Pedagogical Content Knowledge (TPACK) model, emphasized the intersection of technological, pedagogical, and content knowledge as the foundation for effective instructional design, while diffusion-of-innovation and acceptance models, culminating in UTAUT, foregrounded performance expectancy, effort expectancy, social influence, and facilitating conditions as predictors of adoption (Xue et al., 2024). These frameworks remain influential, yet they were largely developed before the emergence of generative AI and immersive XR environments, and their applicability to tools that adapt dynamically to individual learners, rather than functioning as static instructional media, is still being tested empirically (Almufarreh & Arshad, 2023). Recent studies have therefore begun to extend or hybridize these frameworks, combining acceptance constructs with self-regulated learning theory to explain not only whether students adopt a tool but how they use it once adopted (Aithal et al., 2024).
The historical trajectory of educational technology in higher education also matters for interpreting current trends. Learning management systems and early e-learning platforms of the 2000s and 2010s primarily digitized content delivery and administrative processes, offering limited adaptivity (Janahi et al., 2023). The subsequent rise of mobile learning, learning analytics, and massive open online courses expanded access but exposed persistent completion and engagement challenges. The current wave, characterized by generative AI, immersive XR, and digital twins, differs qualitatively in that these tools can generate novel content, simulate physical environments, and personalize feedback in real time, shifting the central pedagogical question from "how do we deliver content efficiently" to "how do we design learning experiences that adapt meaningfully to individual learners while preserving academic rigor and equity" (Zou et al., 2025). Understanding this shift requires precisely the kind of integrative, recency-focused synthesis this review undertakes.
The novelty of the present study lies in three contributions that, to the authors' knowledge, have not been jointly addressed in a single review. First, rather than treating AI, XR, digital-twin technology, and institutional digital transformation as separate literatures, this review synthesizes findings across these domains within one integrated framework that links technological features, pedagogical roles, and institutional enabling conditions. Second, the review privileges recency, deliberately concentrating on studies published within the past three years (2023-2025) to capture the post-pandemic acceleration of technology adoption and the recent emergence of generative AI as a dominant theme, an emphasis that distinguishes this review from earlier syntheses concluding before the generative AI inflection point. Third, the review explicitly foregrounds equity and sustainability considerations as cross-cutting analytic categories rather than as secondary discussion points, responding to calls in the literature for more critical, context-sensitive accounts of digital transformation (Otto et al., 2023; Samanta & Banerjee, 2025).
Guided by these considerations, this study addresses two research questions: (1) What are the dominant technological trends shaping learning in higher education between 2023 and 2025, and how are they distributed across disciplines and institutional contexts? (2) What do current empirical and conceptual studies suggest about the pedagogical effectiveness, adoption barriers, and future trajectories of technology-based learning? To answer these questions, the review applies a systematic methodology, described in the following section, before presenting thematic results and discussion, and concluding with implications for research, policy, and institutional practice. By integrating fragmented strands of evidence into a coherent framework, this study aims to provide both researchers and higher-education leaders with a clearer map of where technology-based learning currently stands and where it is likely headed.


2. METHOD
This study employed a systematic literature review guided by the PRISMA 2020 statement (Preferred Reporting Items for Systematic Reviews and Meta-Analyses), which specifies a transparent, replicable protocol for identifying, screening, and synthesizing relevant literature. The review addressed two research questions concerning the dominant technological trends in higher education between 2023 and 2025 and their pedagogical implications, adoption barriers, and future trajectories.
Search strategy. A structured search was conducted across Scopus, Web of Science, and Google Scholar using combinations of the keywords "technology-based learning," "higher education," "digital transformation," "artificial intelligence," "extended reality," "digital twin," and "future perspectives," connected with Boolean operators (AND/OR). The search was restricted to peer-reviewed journal articles published in English between January 2023 and December 2025 to capture the most recent, post-pandemic wave of technology adoption, including the emergence of generative AI as a dominant instructional tool.
Eligibility criteria. Studies were included if they (a) examined a specific digital technology or a set of technologies applied to higher-education teaching or learning, (b) reported empirical findings, a systematic review, or a substantiated conceptual analysis, and (c) were published in a peer-reviewed journal with a verifiable, active digital object identifier (DOI) within the specified 2023-2025 search window. Studies were excluded if they addressed technology use exclusively in primary or secondary education, lacked sufficient methodological detail, were not accessible in full text, or duplicated findings already captured by an included study.
Selection process and data extraction. The initial search yielded 246 records. After removing 48 duplicates, 198 records were screened by title and abstract, of which 132 were excluded for being off-topic or out of scope. The remaining 66 full-text articles were assessed for eligibility, and 41 were excluded for reasons including insufficient methodological detail, non-higher-education focus, or inaccessible full text. A total of 25 articles met all inclusion criteria and were retained for analysis. For each included study, information was extracted on publication year, geographic and disciplinary context, technology type, research design, and reported outcomes, then organized into thematic categories using an inductive, iterative coding process. Figure 1 presents the complete PRISMA 2020 flow diagram summarizing this selection process.
Analytical approach. Extracted data were synthesized narratively using a thematic analysis approach, in which recurring technological domains and outcome patterns across studies were grouped into overarching themes. This approach was chosen over meta-analysis because the included studies varied substantially in design, outcome measures, and disciplinary context, making a quantitative pooling of effect sizes inappropriate. Thematic saturation was determined when additional studies no longer contributed new categories to the coding framework
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			Figure 1. PRISMA 2020 flow diagram of the study selection process

3. RESULT AND DISCUSSION
	Of the 25 studies included in this review, publication dates ranged from 2023 to 2025, with a visible concentration in 2023-2024, reflecting the post-pandemic consolidation of digital learning practices and the rapid emergence of generative AI as a research focus. The included studies spanned engineering, medical, language, and general higher-education contexts, and employed systematic reviews, bibliometric analyses, conceptual frameworks, and, in a smaller number of cases, empirical evaluations. Thematic analysis of the corpus produced five overarching themes, summarized in Table 1 and discussed in turn below: (1) artificial intelligence for personalization and intelligent tutoring, (2) extended reality and immersive simulation, (3) digital twins and game-based engineering education, (4) institutional digital transformation and digital literacy, and (5) technology-acceptance frameworks and adoption barriers.

Table 1
Summary of Thematic Categories Identified in the Reviewed Literature
	Theme
	Representative studies
	Core technologies
	Reported benefits
	Reported challenges

	AI-driven personalization and tutoring
	Feng et al. (2025); Mir et al. (2023); Hasumi & Chiu (2024); Yılmaz (2024)
	Intelligent tutoring systems, adaptive learning platforms, generative AI/LLMs
	Personalized feedback; improved engagement; efficient assessment
	Algorithmic opacity; academic-integrity risk; uneven data quality

	Extended reality and immersive simulation
	Lampropoulos (2025); Lázaro & Duart (2023)
	AR, VR, mixed reality
	Safe practice of high-risk skills; deeper spatial understanding
	High implementation cost; hardware access disparities

	Digital twins and game-based engineering education
	Hazrat et al. (2023); Udeozor et al. (2023)
	Digital-twin simulations; serious games
	Risk-free experimentation; workforce-relevant skills
	Limited transfer evidence; technical infrastructure demands

	Institutional digital transformation and digital literacy
	Alenezi et al. (2023); Farias-Gaytan et al. (2023); Otto et al. (2023); Samanta & Banerjee (2025); Arviansyah et al. (2024)
	Institutional platforms; digital-literacy programs; governance frameworks
	Broader access; organizational resilience
	Equity gaps; faculty readiness; policy lag

	Technology-acceptance frameworks
	Xue et al. (2024); Almufarreh & Arshad (2023); Aithal et al. (2024)
	UTAUT and related adoption models
	Explains adoption drivers; guides implementation strategy
	Frameworks lag emerging tools; limited longitudinal testing



The thematic synthesis identified five dominant research streams in technology-based learning within higher education: AI-driven personalization, extended reality and immersive simulation, digital twins and game-based learning, institutional digital transformation and digital literacy, and technology-acceptance frameworks. Across the reviewed studies, artificial intelligence, including intelligent tutoring systems, adaptive learning platforms, and generative AI consistently enhanced personalized instruction, learner engagement, and assessment efficiency. Likewise, immersive technologies such as augmented reality, virtual reality, digital twins, and serious games strengthened experiential learning by improving conceptual understanding and practical competencies, particularly in disciplines requiring simulation-based training. Nevertheless, these innovations remain constrained by algorithmic transparency, academic-integrity concerns, high implementation costs, infrastructure limitations, and unequal access to digital resources.
Beyond technological innovation, the findings demonstrate that successful technology integration depends on institutional readiness, digital literacy, and supportive governance. Studies employing the Unified Theory of Acceptance and Use of Technology (UTAUT) further indicate that perceived usefulness, ease of use, and organizational support are key determinants of technology adoption, although existing frameworks require refinement to address the rapid emergence of generative AI. Overall, the evidence suggests that technology-based learning positively influences student engagement, motivation, and learning outcomes; however, its long-term effectiveness relies on equitable digital infrastructure, pedagogically informed implementation, and adaptive institutional policies that ensure sustainable and inclusive digital transformation in higher education.
Artificial intelligence for personalization and intelligent tutoring. The largest and most rapidly growing theme in the reviewed corpus concerned AI-based personalization. Consistent with Feng et al. (2025), the reviewed studies indicated that performance expectancy and effort expectancy strongly influence whether faculty and students embrace AI-based tools, with ease of use often outweighing perceived sophistication as a driver of sustained use. Within medical education, AI applications were reported to support diagnostic reasoning and clinical-skill development while simultaneously raising concerns about overreliance and the erosion of independent clinical judgment (Mir et al., 2023). In language education, AI-enabled feedback tools were found to accelerate performance analysis and identify emerging pedagogical trends more efficiently than manual review, though questions remain about whether efficiency gains translate into durable language proficiency (Hasumi & Chiu, 2024). Studies specifically addressing generative AI in science education highlighted its capacity to personalize explanations and pacing for individual learners, while cautioning that current evidence is dominated by short-term, single-institution studies with limited generalizability (Yılmaz, 2024). Taken together, these findings suggest that AI-driven personalization is best understood not as a single technology but as a family of tools whose effectiveness depends heavily on implementation quality, disciplinary context, and the extent to which instructors retain pedagogical oversight over automated processes.
Extended reality and immersive simulation. A second prominent theme concerned AR, VR, and mixed-reality applications, particularly for skill domains where real-world practice carries risk or resource constraints. Lampropoulos (2025) found that combining AI with AR and VR produces adaptive immersive environments capable of adjusting task difficulty in real time, a capability unavailable in earlier, non-adaptive XR systems. Lázaro and Duart (2023) similarly reported, through a systematic review of online higher education, that XR and AI technologies jointly support experiential learning at a distance, partially compensating for the loss of physical laboratory or clinical access in fully online programs. Across both studies, however, cost and hardware accessibility emerged as the most frequently cited barriers, suggesting that without deliberate investment, XR-based learning risks becoming concentrated in well-resourced institutions, thereby reproducing rather than reducing educational inequities.
Digital twins and game-based engineering education. Engineering education emerged as a distinct site of technological innovation, centered on digital-twin simulations and serious games. Hazrat et al. (2023) demonstrated that digital-twin-based teaching platforms allow students to interact with virtual replicas of industrial equipment, closing the gap between classroom instruction and the technical competencies demanded by contemporary industry, particularly in contexts where physical equipment is expensive, outdated, or unsafe for student use. Complementing this, Udeozor et al. (2023) found that digital games in engineering education support systems-level thinking and procedural skill acquisition, although the authors cautioned that empirical evidence on long-term skill transfer to real workplace settings remains sparse. Both studies converge on the conclusion that simulation-based technologies are particularly well suited to competency domains that are difficult, costly, or hazardous to teach through direct physical practice, but that their pedagogical value depends on careful alignment with curricular learning outcomes rather than novelty alone.
Institutional digital transformation and digital literacy. A substantial cluster of studies addressed digital transformation at the institutional level rather than at the level of individual tools. Alenezi et al. (2023) argued that integrating digital education into higher-education institutions requires simultaneous investment in infrastructure, faculty development, and curriculum redesign, cautioning that piecemeal technology adoption without institutional strategy tends to produce fragmented, unsustainable outcomes. Farias-Gaytan et al. (2023) extended this argument by foregrounding digital literacy as a precondition for effective technology use, noting that literacy gaps among both students and faculty can undermine the potential benefits of even well-designed digital tools. Otto et al. (2023), reviewing practices that emerged during the COVID-19 pandemic, found that student-centered digital practices, such as flexible pacing and multimodal content delivery, persisted beyond the emergency period, suggesting a lasting pedagogical legacy of pandemic-era innovation. Samanta and Banerjee (2025) and Arviansyah et al. (2024) further emphasized those institutional and national research agendas increasingly treat technological innovation as a strategic priority, though both cautioned that research on institutional transformation remains more conceptual than empirical, leaving open questions about which specific institutional practices most reliably translate digital investment into improved learning outcomes.
Technology-acceptance frameworks and adoption barriers. Finally, a group of studies applied or extended established technology-acceptance theories to explain adoption patterns. Xue et al. (2024) conducted a systematic review of UTAUT applications in higher education, confirming that performance expectancy and facilitating conditions remain the strongest predictors of technology adoption across diverse institutional contexts, while also noting that the model requires adaptation to account for AI-specific concerns such as trust and perceived fairness. Almufarreh and Arshad (2023) cataloged emerging technologies alongside persistent adoption challenges, including cost, training deficits, and resistance to pedagogical change, while Aithal et al. (2024) offered forward-looking predictions suggesting that future adoption will depend heavily on institutions' capacity to build AI literacy among faculty, not merely among students.
Cross-cutting patterns and discussion. Reading across these five themes reveals several cross-cutting patterns. First, nearly all reviewed studies reported improvements in engagement or motivation associated with technology use, but effects on deeper cognitive or skill-based outcomes were more variable and more strongly moderated by implementation quality than by the technology itself. This pattern echoes earlier research on educational technology more broadly and suggests that the specific tool matters less than how it is integrated into pedagogical design. Second, equity considerations recur across nearly every theme, whether framed as hardware access in XR contexts, digital-literacy gaps in institutional transformation research, or uneven AI-training data quality; this recurrence suggests that equity is not a peripheral concern but a structural feature of technology-based learning that warrants explicit attention in future research and institutional planning. Third, the reviewed literature is still dominated by short-term, cross-sectional studies; longitudinal evidence tracking how technology-supported learning gains persist, or fade, over a student's academic trajectory remains scarce, representing a clear priority for future research. Finally, several studies noted that existing technology-acceptance frameworks, while useful, were developed prior to the generative AI era and may require theoretical refinement to adequately capture trust, authorship, and academic-integrity concerns specific to generative tools. Collectively, these findings suggest that technology-based learning in higher education has moved decisively beyond a phase of experimentation into one of institutionalization, but that realizing its full potential will require closing persistent gaps in longitudinal evidence, equitable access, and updated theoretical frameworks capable of accounting for increasingly autonomous and adaptive educational technologies.
Broader syntheses reinforce these cross-cutting patterns. Luo et al. (2025) similarly found that AI-based learning tools improve personalization and assessment efficiency but remain constrained by inconsistent evaluation methods across studies, echoing the algorithmic-transparency concerns raised under the AI-personalization theme above. Matos et al. (2025) and Makwana (2025) documented parallel shifts in student demographics, workforce expectations, and institutional priorities that reinforce the institutional-digital-transformation theme, underscoring that technology adoption decisions are increasingly shaped by forces external to any single classroom or discipline. Sulisworo et al. (2025) further situated these trends within a global comparative perspective, finding that adoption patterns vary considerably by regional infrastructure and policy context, a finding that reinforces the equity concerns identified as a structural, cross-cutting feature of technology-based learning throughout this review.
Future perspectives and implications for practice. Building on these cross-cutting patterns, several implications emerge for institutional practice and future research. First, institutions seeking to scale AI-driven personalization should pair tool adoption with explicit faculty development on interpreting and overseeing algorithmic outputs, since several reviewed studies attributed disappointing outcomes not to the technology itself but to insufficient instructor preparation for supervising AI-mediated instruction. Second, given the recurring cost and access barriers associated with XR and digital-twin technologies, institutions in resource-constrained settings may benefit more from shared regional infrastructure, such as consortium-based simulation centers, than from isolated institutional investment, a strategy hinted at but not fully elaborated in the reviewed engineering-education literature. Third, because digital-literacy gaps were repeatedly identified as a precondition for effective technology use, institutional digital-transformation strategies should treat literacy development as a parallel, ongoing investment rather than a one-time onboarding exercise, particularly for non-traditional and first-generation student populations. Fourth, the limited longitudinal evidence identified across all five themes points to a clear methodological priority for future research: multi-year, multi-institutional studies capable of distinguishing durable learning gains from short-term novelty effects. Finally, as generative AI continues to reshape assessment design, academic-integrity policy, and the boundaries of independent student work, future research would benefit from extending technology-acceptance frameworks such as UTAUT to explicitly incorporate constructs of trust, perceived authorship, and fairness, an extension that several reviewed studies called for but that remains largely unrealized in the current literature. Addressing these priorities would help ensure that the next generation of technology-based learning research moves beyond documenting adoption and engagement toward more rigorously establishing which combinations of technology, pedagogy, and institutional support most reliably translate into equitable, durable learning outcomes

4. CONCLUSION
This systematic review synthesized 25 recent studies to map current trends and future perspectives of technology-based learning in higher education, identifying five interconnected themes: AI-driven personalization, extended reality and immersive simulation, digital-twin and game-based engineering education, institutional digital transformation and digital literacy, and technology-acceptance frameworks. Across these themes, technology-based learning consistently enhances engagement and motivation, while its effects on deeper cognitive and skill-based outcomes depend heavily on implementation quality, disciplinary context, and institutional support rather than on the novelty of the technology itself. Equity and digital-literacy gaps emerged as structural, cross-cutting concerns rather than isolated issues, and the literature remains constrained by a shortage of longitudinal evidence and by technology-acceptance frameworks that have not yet fully adapted to the generative AI era. By integrating these previously fragmented strands of research into a single analytic framework, this review offers higher-education researchers, instructional designers, and institutional leaders a clearer, more current basis for aligning technology investment with pedagogical and equity goals. Future research should prioritize longitudinal, multi-institutional designs and theoretical extensions capable of capturing trust, authorship, and fairness in an educational landscape increasingly shaped by adaptive and generative technologies.
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