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ABSTRACT

Mobile learning is shifting from static content delivery to intelligent, human-centered ecosystems
aligned with Industry 5.0. Yet many platforms remain fragmented, offering only limited person-
alization, weak ethical safeguards, and low adaptability. This study introduces the Learning
eXperience with Agency (LXA v1.0) framework, developed to guide mobile learning toward 2030
through agentic Al LXA v1.0 was created using a mixed-method approach. The process com-
bined a scoping review of research published between 2015 and 2025, conceptual modeling,
and a two-round Delphi study with 14 international experts. The review examined how learn-
ing management systems (LMS) have developed into Al-enabled platforms while also pointing
out persistent gaps in autonomy, transparency, and resilience. Feedback from experts stressed
the need to design systems that are inclusive and firmly rooted in ethical values. The framework
is built around four connected pillars. The agency focuses on learner control supported by Al
Ambientlearning relates to context-aware experiences. Inclusion & ethics point to fair and trans-
parent design. Resilience refers to the ability to adapt during periods of disruption. The Delphi
validation produced strong agreement on clarity, feasibility, measurability, and relevance. Taken
together, LXA v1.0 provides a tested roadmap for building mobile-first learning ecosystems that
are advanced in technology, grounded in ethics, and prepared for the future.
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1  INTRODUCTION

With the growth of digital technology, the way people learn has changed. In earlier
times, learning was led mainly by teachers, and students were passive listeners.
Nowadays, much learning takes place on mobile devices, and this gives learners the
chance to decide when, where, and at what speed they want to study. Such flexibility
reflects a wider social change, as phones and tablets have become the main tools peo-
ple use to find information, gain new skills, and build their careers [1]. Initially, learn-
ing management systems (LMSs) acted as an online tool to upload notes and readings.
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These systems helped teachers assess the progress of the students. Most of the les-
sons looked the same, since the platform was designed for uniformity delivery. As
time went on, these systems no longer met all learning needs. This led to the rise of
Learning Experience Platforms (LXPs). LXPs still hold the resources, but they do more.
They pull in content from many different sources and help students build their own
learning paths. They also adjust the pace of study to match each learner. Because of
this, learning has become more flexible, more personal, and far more engaging [2].
Existing mobile learning frameworks still fall short of the vision set out in Industry 5.0,
which calls for technology that is human-centered, sustainable, and built around
cooperation between people and intelligent systems [3]. Research in this area [4], [5]
shows that many of the current platforms limit learner independence. They also face
problems with inclusivity, ethics, data protection, and the openness of algorithms.

In contrast, agentic Al is not bound only by fixed rules. It can set its own goals,
shape learning routes, and work as a partner with the learner. This allows it to give
tailored support in both formal and informal learning settings [6], [7]. Studies on
the AI-C2C framework underline the need for designs guided by conscience. They
highlight values such as accountability, fairness, and sustainability in addressing
the challenges linked to agentic Al 8], [9]. The current study puts forward learning
experience with agency (LXA v1.0), a framework that brings agentic Al into mobile
learning to meet the goals of Industry 5.0. The framework was shaped through a
scoping review and a Delphi validation process. It is built on four key pillars: agency,
ambient learning, inclusion and ethics, and resilience. The study makes three main
contributions. First, it brings together evidence on the use of agentic Al in adaptive
platforms. Second, it points out the ethical and design issues faced in mobile edu-
cation. Third, it presents a validated model that can guide the creation of mobile
learning systems that are inclusive, sustainable, and ready for the future.

2 LITERATURE REVIEW

Research on digital learning shows a steady shift from LMSs to LXPs and,
more recently, to models that use advanced technologies. Early LMSs mainly han-
dled compliance and content delivery, offering little room for learner choice or
personalization [4], [10], [11]. LXPs moved the focus toward learner-driven pathways,
mobile access, and social features, but problems with integration and uneven adop-
tion have limited their reach [1], [12], [13]. Newer platforms enhanced by Al bring in
adaptive sequencing, predictive personalization, chatbots, and immersive tools, yet
they continue to face barriers of scale, ethics, and equity [14], [15], [16]. Table 1 sum-
marizes the progression from LMS to LXP and agentic Al-enabled learning systems.

Table 1. Progression of learning systems from LMS to Agentic Al

Key Features and . . Status and o
Capabilities BT T I Future Outlook L
LMS Course or content Static pathways, Still widely [4],
(2010—present) management, limited used; gradually (101, [11]
compliance, basic personalization supplemented
mobile access by LXPs
LXP (2015—present) | Learner-centric Integration complexity, | Expanding, (11,
pathways, mobile-first, | uneven adoption but not yet [12], [13]
social features mainstream; often
algorithm-driven

(Continued)
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Table 1. Progression of learning systems from LMS to Agentic Al (Continued)
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Key Features and

Capabilities

Adoption Barriers

Status and
Future Outlook

Citations

Al-enabled LXP Adaptive learning, Privacy, ethics, Early pilots; (14],
(2022—emerging) predictive digital divide penetration [15], [16]
personalization, limited; transition
chatbots, AR/ phase toward
VR, analytics agentic models
Agentic Al Systems | Multi-agent Trust, transparency, Mostly theoretical; | [2], [16],
(conceptual, 2025+) | orchestration, interoperability, equity | proposed [17], [18]
generative Al frameworks
C0-agency, (e.g., LXAv1.0)
reinforcement learning under validation

Notes: LMS = Learning management system; LXP = Learning experience platform; AI-LXP = Al-enabled
Learning Experience Platform; Al = Artificial Intelligence.

At the same time, recent studies highlight risks linked to opaque algorithms and
unequal access to digital tools. These issues often leave underrepresented learn-
ers at a disadvantage and weaken the promise of mobile-first education. Current
approaches also tend to react to learner actions rather than fostering genuine
independence or embedding ethical safeguards in system design. In response, the
concept of agentic Al has begun to take shape, aiming to move beyond surface-level
personalization toward shared decision-making, openness, and resilience in keep-
ing with the human-centered goals of Industry 5.0 [2], [16], [17], [18]. Taken together,
these gaps form the basis for proposing the LXA v1.0 framework.

3  MATERIALS AND METHODS

This current study combines a scoping review, the LXA v1.0 framework, and
a Digital Delphi validation to bring together research on the role of agentic Al in
mobile education. This study also advances the LXA v1.0 framework and confirms
its value for developing educational environments that are inclusive, sustainable,
and aligned with the aims of Industry 5.0.

3.1 Scoping review

Building on the literature review, a systematic scoping review was carried out
to map research trends on the integration of agentic Al within adaptive learning
platforms between 2015 and 2025. The review followed the approach outlined by
Arksey and O’Malley, with searches conducted across Web of Science, Scopus, IEEE
Xplore, and ACM Digital Library. Search terms combined variations of “agentic AL”
“autonomousagents,” and “intelligentagents” with “mobilelearning,” “adaptive learn-
ing,” and “learning experience platform,” along with “personalization,” “agency,” and
“Industry 5.0.” Studies were eligible if they were peer-reviewed, written in English,
and examined applications of Al agents in education. Non-empirical work, confer-
ence abstracts, and research unrelated to educational technology were excluded.
From 847 records initially identified, two researchers independently screened
titles and abstracts, reaching 94% agreement (Cohen’s k = 0.89). In total, 50 studies
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were retained, covering applications of agentic Al, mechanisms to enhance learner
agency, and ethical concerns in mobile learning environments.

3.2 Framework development

Learning experience with agency v1.0 was developed using a design science
methodology [10] that combined literature evidence, expert input, and iterative
refinement. The scoping review (2015-2025) established the knowledge base,
while a two-round Delphi process defined conceptual boundaries and operational
criteria. Supplementary interviews with educators and EdTech practitioners added
practical insights. Author group workshops and drafting cycles integrated these
inputs with theory, drawing on self-determination, situated learning, and human-
computer interaction to emphasize autonomy, context-awareness, and usability.
Futures thinking and Industry 5.0 priorities guided the value orientation toward
human-AI collaboration, resilience, and sustainability. The framework was released
as Version 1.0, structured for ongoing revision in response to governance standards,
technological advances, and future empirical testing.

3.3 Digital Delphi validation

Fourteen international experts took part in two validation rounds aimed at testing
and refining the LXA v1.0 framework. In Round 1, participants provided structured
qualitative feedback on the four pillars—Agency, Ambient Learning, Inclusion and
Ethics, and Resilience—assessing their clarity, feasibility, and practical relevance.
Their observations were systematically coded into themes that highlighted key
strengths, exposed limitations, and generated recommendations for improvement.
Round 2 built on these insights through a quantitative assessment, with experts
rating each pillar on a 7-point Likert scale across clarity, feasibility, measurability,
and relevance. Consensus was defined as a coefficient of variation (CV) of <20%
combined with at least 75% agreement among respondents. The quantitative data
were examined using descriptive statistics, while the qualitative feedback was ana-
lyzed thematically. By triangulating the two strands of evidence, the study confirmed
the framework’s conceptual coherence, empirical validity, and practical value for
advancing agentic Al in mobile learning.

4  RESULTS
4.1 Findings from the scoping review (2015-2025)

The scoping review examined how digital learning platforms have developed over
the last decade and identified both advances and continuing challenges. While LMSs
and LXPs expanded opportunities for learner access and flexibility, most systems still
do not meet the expectations of Education 5.0 and Industry 5.0. Personalization in
learning systems is still quite restricted. Adjustments usually focus only on pacing or
sequencing, without giving learners genuine authority over setting their own goals
or making decisions [1], [3], [10], [11]. Context awareness also remains underdevel-
oped, as most systems fail to incorporate situational or environmental factors into the
learning process [19]. At the same time, ethical issues are frequently noted, such as
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algorithmic bias and poor accessibility, which tend to further disadvantage already
vulnerable learners [15], [20], [21]. Structural barriers—such as weak interoperabil-
ity, outdated infrastructure, and unequal access to digital tools—still limit the effec-
tiveness of mobile-first ecosystems [22], [23]. Taken together, these challenges reveal
a clear gap between what technology can offer, and the human-centered approach
highlighted in recent discussions on sustainable and inclusive education [2], [4], [5].
Even so, the review also noted the rise of several promising innovations. Al-enhanced
platforms are beginning to incorporate adaptive sequencing, learning content gener-
ation, and conversational agents that support engagement in more interactive ways
[21], [24], [25]. Yet these developments are still fragmented, often tested as isolated
tools rather than integrated into unified systems. The heavy reliance on proprietary
algorithms, along with stark differences in regional infrastructure and the absence
of widely accepted standards, continues to limit both scalability and inclusivity [17],
[18]. At the same time, research on Al-supported content creation [26], the use of
design science in education [27], and systematic reviews of agentic Al [28] show that
many of the latest innovations remain isolated efforts, with little evidence of coher-
ent integration. The challenges outlined make clear the need for a single, coherent
framework—one that weaves together new technical developments while ground-
ing them in ethical safeguards, co-agency, and resilience as essential design values.
On this basis, the XA v1.0 framework has been developed, as presented in Figure 1.

Capability

LMS (2010-2015) LXP (2015-2022) Al-LXP (2022-2025) Agentic Al (2025-2030)

Predictive
personalization

Reactive
personalization

Co-agency
personalization

B‘% Personalization No personalization

Partial
interoperability

Limited
interoperability

I ) )
) J( ]
Absent ] [ Low J [ Medium ]
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Cross-platform
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Siloed systems
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@ Ethics & inclusion [
@ Resilience [ Fragile resilience ][ Rigid resilience J[ Adaptive in parts ]

Fig. 1. Evolution of learning platform capabilities from 2010 to 2030

Notes: LMS = Learning Management System; LXP = Learning Experience Platform; AI-LXP = Al-enabled
Learning Experience Platform; Al = Artificial Intelligence.
Source: Author-created image.

Ethics ignored Minimal ethics Emerging ethics Embedded ethics

Dynamic & scalable
resilience

4.2 The learning experience with the agency (LXA v1.0) framework

Rationale and framework overview. The scoping review pointed to three main
weaknesses in digital learning systems. Many of them lack strong ethical safeguards.
The technology they use is often rigid and hard to update. They also give learners
limited freedom to direct their own progress. The review further noted that current
frameworks provide little defense against issues such as bias, lack of transparency,
and the misuse of data [8]. Older LMSs add to these difficulties because they tend
to operate in isolation, making it harder to link different tools and to fully support
learning on mobile platforms [4], [29]. LXPs have taken learning a bit further by
providing more tailored content to users. However, most of them still only respond
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to what learners do, rather than helping students take real control of their own
learning or ensuring fairness in process design [5], [30]. However, most of them still
only respond to what learners do, rather than helping students take real control of
their own learning or making sure the process is fair [5]. Because of these shortcom-
ings, they do not fully match the direction set by Industry 5.0, which calls for stron-
ger human-Al partnerships as well as a focus on sustainability and resilience [3].
To fill these gaps, this study puts forward the learning experience with agency (LXA
v1.0) framework. It places agentic Al at the center of mobile learning and builds
on three principles: ethical design, shared agency, and resilience. The framework is
offered as a flexible model that can be updated over time to keep up with new tech-
nologies, governance needs, and research evidence.

Framework architecture: The four pillars. LXA v1.0 is structured around
four interdependent pillars: Agency, Ambient Learning, Inclusion and Ethics, and
Resilience, each linked to a functional layer and grounded in Industry 5.0 values (see
Figure 2). Agency (Hero Layer) enables co-decision-making between learner and Al
through transparent algorithms, override controls, and goal negotiation mechanisms
that safeguard autonomy [31], [32]. Ambient Learning (Base Layer) embeds learning
in real-world, mobile contexts via seamless delivery, including location-aware micro-
learning and push-based nudges for continuous engagement [33], [34]. Inclusion
and Ethics (Equity Layer) promotes fairness and accessibility with multilingual
design, low-bandwidth optimization, explainability dashboards, and algorithmic
audits [35], [36]. Resilience (Outcome Layer) strengthens adaptability by support-
ing dynamic pacing, feedback-driven recalibration, and monitoring of skill transfer
[2], [37]. Together, these pillars address critical gaps in existing systems and position
LXAv1.0 as a sustainable, ethically anchored successor to LMS and LXP architectures.
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Fig. 2. The learning experience with the agency (LXA v1.0) framework with agentic Al at the core and four
interdependent pillars aligned to Industry 5.0

Source: Author-created conceptual model.
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Theoretical grounding and novel contributions. LXA v1.0 rests on three
theoretical foundations. First, Industry 5.0 emphasizes human needs, resilience,
and sustainability, which in education translate into co-agency, learner well-being,
and environmental responsibility measured through override rates, system
uptime, and resource efficiency [38-41]. Second, earlier platforms suffered from
weak ethical oversight and poor interoperability, underscoring the need for a mobile-
first framework designed to address these deficits [35], [42]. Third, recent agentic
Al research provides design patterns stressing shared control, transparency, and
explainability, which LXA incorporates through features such as co-decision inter-
faces and explainability dashboards [43], [44]. Collectively, these foundations move
LXA from concept to deployable architecture, converting values such as co-agency
and resilience into measurable indicators. In doing so, the framework preserves the-
oretical rigor while ensuring feasibility for both research and practical application.

4.3 Validation of LXA v1.0: Agile delphi study

The value of the framework comes from both conceptual rigor and the ability to
stand up to expert review. To validate and refine LXA v1.0, the study used an agile,
two-round Delphi study that balanced rigorous academic review with practice-based
judgment. Fourteen experts participated across both rounds. Five from academia,
five from corporate learning and development, and four from EdTech, providing
both qualitative insights and quantitative ratings.

Round 1: Qualitative expert feedback. In the first round, experts assessed the
draft framework for clarity, feasibility, and practical value. Their feedback, coded
thematically, highlighted both strengths and areas requiring refinement. Inclusion
and Ethics drew the strongest support, while Agency was praised but needed clearer
boundaries between personalization and co-agency. Ambient learning was feasible
yet insufficiently distinct from existing mobile learning, and resilience was valued
but required sharper operational indicators. Table 2 summarizes these findings,
outlining consensus areas and practical recommendations that refined definitions
and strengthened the implementation pathways of LXA v1.0.

Table 2. Delphi round 1: Thematic findings from expert reviews (n = 14 experts, 100% response rate)

Primary Themes

Pillar (% mentions)

Consensus Areas

Expert Feedback Summary

Implementation Recommendations

Agency Well-articulated but blurred | Conceptual clarity (71%), | Clearer operational | Use override/negotiation logs, balance
line between personalization | implementation (57%), | boundaries autonomy with compliance, and
and co-agency; risk of measurement (50%), define learner control indicators
cognitive overload and regulation (29%)
compliance gaps.

Ambient Learning | Sound and feasible but Technical needs (71%), | Feasibility confirmed | Ensure offline continuity, legacy-
not clearly distinct from clarity (57%), device compatibility, and cross-
mobile learning, differentiation (50%) device sync

Inclusion & Ethics | Strongest pillar; feasibility Ethical base (79%), Strong consensus on | Add explainability dashboards,
of real-time audits implementation (57%), | feasibility multilingual support, periodic audits,
questioned; accessibility accessibility (50%), and trust-building measures
standards needed. trust (29%)

Resilience Essential but under-specified; | Measurement (86%), Conceptual Use time-to-competence and skill-
indicators lacking. specification (57%), importance clear transfer metrics, adaptive recovery

importance (71%) features, and cognitive load detection

Notes: Percentages = proportion of experts raising each theme; 250% = high-priority refinement areas.
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Round 2: Quantitative consensus. In the second round, experts rated each pillar
of LXA v1.0 on clarity, feasibility, measurability, and relevance using a 7-point Likert
scale (1 = strongly disagree, 7 = strongly agree). Consensus was defined as a coeffi-
cient of variation (CV) < 20% [45], [46]. Table 3 summarizes the results. Consensus
was achieved in 14 of 16 pillar—criterion combinations (87.5%), with full participa-
tion. Agency and Resilience reached consensus across all criteria, with Resilience
notably shifting from underdefined in Round 1 to fully validate. Ambient Learning
and Inclusion and Ethics achieved consensus on most criteria, with only feasibility
and relevance narrowly above the CV threshold, indicating minor areas for refine-
ment rather than structural weakness. Overall, the framework earned a median of
6.0/7.0, amean of 5.64 (SD =1.13), and 81.3% agreement, reflecting strong alignment
across expert perspectives. Together with Round 1, these findings confirm LXA v1.0
as theoretically robust and operationally viable, with Agency and Resilience particu-
larly validated and Ambient Learning and Inclusion & Ethics flagged for refinement.

Table 3. Delphi round 2 quantitative validation results: Expert consensus on the LXA v1.0 framework

Pillar Criterion Median IQR Mean(SD) CV% Consensus Agreement%
Agency Clarity 6 1.8 6.00(0.96) | 16 v 92.9
Feasibility 6 2 579 (112) | 194 v 85.7
Measurability 6 1.8 571(114) | 199 v 78.6
Relevance 6 1.8 5.50(1.16) | 21.1 4 714
Ambient Clarity 5 2 521(1.12) | 215 4 85.7
Learning Feasibility 55 25 | 5360120 | 223 x 714
Measurability 5 1 493(0.92) | 188 v 92.9
Relevance 6 2 579 (1.31) | 225 v 78.6
Inclusion & Clarity 6 2.8 6.07 (1.35) | 22.2 v 714
Ethics Feasibility 5 1 | 507092 | 186 v 929
Measurability 5.5 1 5.50(1.02) | 182 v 85.7
Relevance 5.5 1.8 5.36(1.15) | 21.3 x 78.6
Resilience Clarity 6 1 6.21(0.89) | 15.1 v 100
Feasibility 6 2 593(1.14) | 188 v 85.7
Measurability 6 2 5.79(1.25) | 21.6 v 78.6
Relevance 6 2.8 536 (1.22) | 22.6 v 714
Overall All Criteria 6 2 5.64(1.13) | 20 v 81.3
Framework

Notes: IQR = Interquartile Range; SD = Standard Deviation; CV = Coefficient of Variation. Consensus
threshold = CV £ 20%. v" = consensus met; x = narrowly missed.

5  DISCUSSION

The scoping review shows that despite progress from LMS to LXPs, most digi-
tal environments still fail to deliver adaptive, inclusive, and interoperable learning.
Personalization remains shallow, offering limited learner control, while accessibility
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and multilingual features are inconsistently applied, disadvantaging underrepre-
sented groups [47], [48]. Fragmented infrastructures also restrict data mobility and
integration [49]. Emerging Al-enabled ecosystems demonstrate potential through
adaptive algorithms, conversational agents, and ambient intelligence that create
context-aware, mobile-first experiences [50], [51]. In response, LXA v1.0 consolidates
these advances into four pillars: Agency, Ambient Learning, Inclusion and Ethics,
and Resilience, providing a structured, measurable model. Expert validation con-
firmed the need to embed co-agency, inclusion, and resilience as operational fea-
tures [52]. By translating abstract constructs into indicators such as transparency
controls, adaptive pacing, and fairness audits, LXA v1.0 positions itself as a practical
framework to bridge persistent gaps in autonomy, equity, and trust [17].

Industry 5.0 reframes digital transformation as human-centered, emphasiz-
ing sustainability, resilience, and collaboration between humans and intelligent
systems [3], [37], [39]. In education, this calls for frameworks that move beyond
automation to support shared decision-making, equitable access, and resilient infra-
structures [38], [44]. LXA v1.0 aligns with these priorities by embedding transparency
and override controls to safeguard learner autonomy [35], incorporating inclusive
design to widen participation [52], and using adaptive feedback loops for real-time
recalibration and resilience [47]. It advances the shift from LMS and LXP toward
agentic ecosystems by converting abstract constructs, such as transparency, auton-
omy, and recovery, into operational indicators embedded in system architecture [6].
Practically, it guides EdTech providers, universities, and corporate L&D, with early
deployments of Al mentors and mobile microlearning platforms already improving
personalization and equity [13], [17]. At the governance level, initiatives like Bring
Your Own AI (BYOAI) underscore the urgency of aligning institutional readiness
with responsible integration [53]. Collectively, LXA v1.0 emerges as both a concep-
tual model and a practical blueprint for academia, industry, and policymakers to
co-develop scalable, inclusive, and ethically anchored mobile learning ecosystems.

6  LIMITATIONS AND FUTURE RESEARCH DIRECTIONS

The development and validation of LXA v1.0 represent an important step, yet
several limitations remain. Reliance on peer-reviewed literature excluded grey
sources and practitioner insights, while the Delphi study involved only 14 experts,
limiting representativeness. The framework is conceptually rather than empirically
validated, and its focus on India and the Middle East restricts wider applicability.
These gaps highlight clear priorities. Pilot studies in higher education, corporate
learning, and EdTech should assess feasibility, inclusivity, and unintended effects,
while longitudinal research must distinguish novelty from sustained impact, with
emphasis on readiness, equity, and resilience. Future work should also establish
enforceable standards for ethical Al governance and extend the framework to
non-cognitive dimensions: motivation, collaboration, and well-being, tested across
diverse regions and sectors to confirm scalability and long-term value.

7  CONCLUSION

This study examined how agentic Al can be operationalized in mobile learn-
ing for Industry 5.0 readiness, proposing the learning experience with Agency
(LXA v1.0) framework. Built on four pillars: agency, ambient learning, inclusion &
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ethics, and resilience, and validated through a two-round Delphi, LXA v1.0 shows
both conceptual rigor and practical viability. It advances digital learning by embed-
ding co-agency, inclusion, and resilience into a coherent, human-centered model,
while offering educators, technologists, and policymakers a pathway to develop
scalable and ethical mobile-first ecosystems. Strong expert consensus, particularly
on agency and resilience, supports its adoption across higher education, corporate
training, and EdTech. As mobile learning becomes central to lifelong education and
workforce development, LXA v1.0 provides principled guidance for building systems
that empower human potential and remain adaptive, inclusive, and sustainable.
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