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Abstract. While Augmented Reality (AR) can transform education, its adoption
is often limited by gaps in digital competence and accessibility. This case study
evaluates the "Accessible AR Learning Experience Journey" at DHBW to iden-
tify how institutions can transition from exploratory pilots to inclusive, scalable
AR integration.

An exploratory qualitative case study design was employed. Evidence was
collected from workshops, pilot implementations, institutional documentation,
stakeholder reflections, and observational logs. The analysis adopts a four-phase
maturity framework, i.e., Starter, All-Rounder, Specialist, and Expert, as an ana-
lytical lens to examine institutional capability development across diverse deliv-
ery formats: face-to-face, online and hybrid settings.

The findings document a progression from exploratory AR demonstrations to
the implementation of inclusive and pedagogically integrated AR learning sce-
narios. Key outcomes include the development of accessibility-aware AR author-
ing tools, co-designed learning scenarios addressing life skills education, and the
integration of AR across vocational and academic contexts. The analysis also
identifies critical enablers and barriers to adoption, notably stakeholder collabo-
ration, organizational support, and scalable technological infrastructures.

The study demonstrates that sustained institutional commitment, iterative de-
velopment, and inclusive design practices are essential for embedding AR as a
meaningful and accessible learning technology. The proposed maturity frame-
work offers transferable insights for higher education institutions seeking to im-
plement AR in an inclusive and sustainable manner.

Keywords: Augmented Reality, Accessibility, Higher Education, Qualitative
Case Study, Institutional Adoption

1 Introduction

Augmented Reality (AR) has rapidly evolved into a pervasive technology that offers
transformative possibilities for enhancing learning experiences across various educa-
tional disciplines [1]. Its capacity to overlay digital content onto the physical environ-
ment facilitates immersive, experiential learning across diverse domains, including ac-
ademia, manufacturing, Healthcare and Medicine, Retail and E-commerce, and
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Hospitality and Tourism [2]. Despite its growing prevalence and demonstrated educa-
tional potential, substantial challenges remain regarding user awareness, digital com-
petencies and accessibility [3, 4]. These limitations make it harder for everyone to take
part in and benefit equally from AR-based educational interventions. This is especially
true for learners and educators with disabilities or limited technological proficiency [5].

In response, Baden-Wiirttemberg Cooperative State University (DHBW) has led to
the establishment and ongoing development of various AR initiatives across multiple
locations. Among these efforts, the AR Learning Authoring and Accessibility (AuRe-
LiA) research laboratory at DHBW Heidenheim, which is collaboratively hosted with
other DHBW locations, stands out. The lab integrates open-source AR authoring tools,
open educational resources, UX and accessibility design to enable inclusive AR learn-
ing opportunities. This case study presents the structured AR experience journey un-
dertaken by DHBW. It documents activities across distinct maturity phases: Starter,
Allrounder, Specialist, and Expert. Each maturity phase encompasses a diverse set of
AR experiences delivered through face-to-face, hybrid, and online formats, reflecting
a strategic progression towards deeper integration and higher complexity.

The Starter phase helps participants learn basic AR concepts and gain their first ex-
periences, focusing on building awareness and essential skills. In the Allrounder phase,
participants work with AR in real scenarios, such as industry visits and interdisciplinary
projects, to apply what they have learned and broaden their understanding. The Spe-
cialist phase encourages deeper involvement, with a focus on working closely with ex-
ternal partners and using AR in specific, intensive situations. The Expert phase brings
everything together, with advanced projects that include mature authoring, improved
accessibility, and applications tailored to particular fields.

This paper looks at each phase to address an ongoing problem: even though AR tools
are more common, many people in higher education still lack awareness and access.
This limits how widely AR can be used. By sharing detailed examples from DHBW,
the study offers practical guidelines and insights for institutions that want to make AR
more accessible and sustainable.

2 Literature Review

AR has greatly affected education, providing multimodal, interactive experiences that
improve student involvement, motivation and learning effectiveness [3, 6]. Reviews
usually find that AR improves learning in higher education, especially for collaborative
work and self-guided exploration [3, 7]. However, research also points out that these
benefits are not always consistent and often appear only in specific cases, rather than
as part of ongoing institutional practice [8].

Accessibility has arisen as a vital but insufficiently addressed dimension of AR-
based learning. Research shows that AR applications incorporating accessibility fea-
tures can support learners with varied requirements, including students with hearing
and vision impairments [9-11]. However, accessibility is frequently treated as a post
hoc accommodation rather than an integral design principle. Scholars therefore
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emphasize the need to embed accessibility considerations already at the authoring stage
to ensure inclusive participation [12].

A persistent challenge in educational AR adoption concerns content creation [13].
The development of high-quality AR learning materials often requires technical exper-
tise that many educators lack [14]. Existing AR authoring tools frequently fail to meet
educators’ needs for ease of use, intuitive interfaces, and accessibility support [15],
limiting both pedagogical integration and inclusive practice. Consequently, prior re-
search advocates user-centered and participatory design approaches that involve edu-
cators and explicitly integrate accessibility features to improve adoption and usability
[4,12].

Recent literature further highlights that successful AR integration depends on a
strong pedagogical foundation. While general technology integration frameworks such
as Technological Pedagogical Content Knowledge (TPACK) and Substitution, Aug-
mentation, Modification, Redefinition (SAMR) offer useful perspectives on educa-
tional technology adoption, they struggle to capture the spatial, embodied, and immer-
sive affordances of AR environments [16, 17]. In response, specialised models such as
the Cognitive Affective Model of Immersive Learning (CAMIL) explicitly link immer-
sive affordances, such as presence and interactivity, to cognitive and affective processes
that support factual, conceptual, and procedural learning outcomes [17]. In parallel,
recent extensions of the DigCompEdu framework for extended reality (XR) emphasize
the need for new educator competencies, including spatial awareness, 3D content crea-
tion, and the management of real-time data in immersive environments [17]. These per-
spectives underscore that AR effectiveness depends not only on technical sophistication
but also on alignment with learning objectives, learner needs, and curriculum design
[16, 18].

From an institutional perspective, technology adoption models such as Diffusion of
Innovations and the Technology Acceptance Model (TAM) provide insights into fac-
tors influencing AR uptake, including perceived usefulness, ease of use, compatibility,
and trialability [19-22]. Complementary AR/VR maturity models, often inspired by the
Capability Maturity Model Integration (CMMI), describe staged progressions from ex-
perimentation to optimized implementation [23, 24]. Empirical evidence, however, in-
dicates that many institutions remain at early maturity stages due to technological con-
straints, organizational resistance, and limited user acceptance [21, 25]. Notably, these
models rarely account for how pedagogical alignment and accessibility practices evolve
as part of institutional capability development.

Empirical studies from higher education and vocational training illustrate AR’s ped-
agogical potential when aligned with curricular goals and contextual needs. Applica-
tions at Saarland University and the University of Stuttgart demonstrate improved con-
ceptual understanding through AR-supported visualization of abstract phenomena [26,
27]. In vocational and technical education, AR has been used to address safety, re-
source, and training constraints, e.g., through Mixed-Reality-in-the-Loop Simulation
(MRILS) [28] and immersive professional training environments [29, 30]. Across these
contexts, success is associated with curriculum alignment, usability, stakeholder in-
volvement, and iterative refinement [20].
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Synthesizing this literature, prior work identifies recurring success factors for AR in
education, including user engagement, learning effectiveness, accessibility and inclu-
sivity, usability, technological integration, collaboration, and sustainability [31-36].
Rather than treating these factors as isolated evaluation metrics, recent research increas-
ingly conceptualizes them as interdependent institutional capabilities that develop over
time [37, 38]. This perspective informs the present study, which examines how these
capabilities evolve across phases of AR adoption and how accessibility becomes em-
bedded as a core dimension of institutional maturity within the DHBW AR learning
experience journey.

3 Methodology

3.1 Research Design

This study adopts an exploratory qualitative case study design, which is well-suited to
investigating complex, context-dependent phenomena in which the boundaries between
the phenomenon and its context are not clearly defined [39]. The primary aim is to
examine institutional capability development for accessible AR in higher education,
rather than to evaluate learning outcomes or technological effectiveness. The focus is
therefore process-oriented, aligning with interpretive and design-informed research tra-
ditions in educational technology [40]. The four-stage journey (Starter, All-Rounder,
Specialist, Expert) is employed as an analytic lens to interpret the maturation of insti-
tutional practices and competencies.

The case is bound to AR initiatives conducted at DHBW across multiple institutional
contexts, including teaching, professional development, pilot deployments, and collab-
orative projects. The study is longitudinal, capturing developments over successive ac-
ademic cycles. The journey phases do not represent discrete cohorts but iterative and
cumulative stages of organizational learning, consistent with process models of tech-
nology adoption and capability growth [19]. Empirical material was retrospectively or-
ganized into phases based on observable shifts in pedagogical integration, accessibility
awareness, stakeholder coordination, and infrastructural alignment.

3.2 Data sources

Multiple qualitative data sources were used to enable methodological triangulation

[41]. These include:

1. Artefacts from workshops and training sessions (materials, tasks, feedback notes);

2. Documentation from pilot AR implementations (scenario descriptions, deployment
notes, reflective summaries);

3. Institutional documents such as internal reports, project notes, and guidelines;

4. Stakeholder reflections collected through structured and semi-structured feedback
formats; and

5. Observational and reflective logs maintained by the authors throughout development
and deployment activities.
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3.3  Participants and Sampling

Participants comprised a heterogeneous group of stakeholders typically involved in ed-
ucational technology initiatives, including educators, educational technologists, AR de-
velopers, institutional coordinators, external partners, and students. Participant recruit-
ment followed a combined purposive and convenience sampling strategy. Purposive
sampling was used to ensure inclusion of information-rich participants with direct in-
volvement in AR activities across phases, consistent with qualitative case study practice
aimed at maximizing relevance to the phenomenon under investigation [42, 43]. In ad-
dition, convenience sampling was applied in selected events (e.g., open demonstrations,
workshops, and collaborations), where participation was determined by accessibility,
availability, and practical constraints typical of field-based educational research [44,
45]. This combined approach is appropriate when the study aims to capture both (i) key
stakeholder perspectives central to institutional capability development and (ii) natu-
rally occurring participation in authentic institutional settings, thereby supporting eco-
logical validity while maintaining analytic focus [42, 44, 45].

3.4  Analytical Approach

The data analysis used a thematic analysis approach [46] along with pattern matching
to the proposed maturity framework [39]. First, qualitative material was coded to find
recurring themes about pedagogical practices, accessibility, stakeholder roles and insti-
tutional support. Next, these themes were mapped to the journey phases to identify key
capability patterns and signs of transition. We used data triangulation to maintain trust-
worthiness and reliability [47].

4 Case Details: Institutional AR Capability Development at
DHBW

The AR experience journey at DHBW is structured into four analytically distinct ma-
turity phases: Starter, All-Rounder, Specialist, and Expert. These phases represent in-
creasing levels of institutional capability in adopting, integrating, and scaling accessible
AR learning practices. Activities were delivered through face-to-face, hybrid, and
online formats in all phases. These activities were selected to balance immersive en-
gagement, flexibility, and accessibility. Face-to-face formats supported hands-on inter-
action and immediate feedback [48], online formats enabled flexible and self-paced
learning [49, 50], and hybrid formats combined these advantages to promote learner
autonomy and collaboration [51]. Rather than serving solely as chronological stages,
the phases reflect qualitative shifts in capability characteristics, stakeholder roles, ac-
cessibility practices, and institutional embedding (Table 1).



Accessible Augmented Reality Learning Experience Journey across ... 181

Table 1. Comparative Overview of AR Capability Maturity Phases at DHBW

Phase Capability Charac-  Stakeholder Roles Accessibility  Institutional Em-
teristics Practices bedding

Starter Awareness, basic AR Observers, participants Implicit, for- Demonstrative, ad
competence mat-driven hoc

All- Applied exploration,  Students as developers; in- Emerging, con- Networked, cross-

Rounder technical skills dustry as exemplars textual institutional

Specialist  Inclusive, domain- Co-designers, researchers, Explicit, user-  Research-embed-
specific implementa-  target users centered ded, curricular pi-
tion lots

Expert Consolidation, scal- Faculty communities, Normative, Strategic, sustained,
ing, dissemination leadership systemic transferable

4.1  Starter Phase: Awareness and Initial Capability Formation

Capability characteristics. The Starter phase represents the foundational stage of AR
capability development. It focuses on awareness-building and basic AR/VR competence.
At this stage, AR is positioned as an exploratory technology, with emphasis on famil-
iarization rather than curricular integration.

Stakeholder roles. Engagement involved a broad stakeholder spectrum, including stu-
dents, academic staff, industry partners, and members of the wider community. Partic-
ipation was primarily experiential and observational.

Accessibility practices. Accessibility considerations were implicit and addressed
mainly through diversified delivery formats, enabling participation across different
learner needs and contexts.

Institutional embedding. AR activities were institutionally framed as demonstrations
and introductory learning opportunities rather than sustained programmes.

Key activities included an open AR/VR demonstration in the BlickBox, organized
by the lab, providing a month-long opportunity to experience AR/VR. This event at-
tracted 127 unique visitors, including 67 students and representatives from partner com-
panies, facilitating early academic—industry exchange [52, 53]. Another activity was
the provision of complementary hybrid introductory courses within digitalisation mod-
ules for international business students. These courses supported foundational AR/VR
literacy and awareness of business applications [54]. The other activity was online, self-
directed learning implemented in Moodle, which further extended access to founda-
tional content.

4.2  All-rounder Phase: Applied Exploration and Networked Learning

Capability characteristics. The All-Rounder phase marks a transition from awareness
to applied engagement. It is characterized by hands-on development, exploratory de-
sign, and contextual learning in real-world environments.

Stakeholder roles. Students assumed active roles as designers and developers, while
industry partners and external institutions contributed contextual expertise. Academic
staff facilitated applied and interdisciplinary learning activities.
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Accessibility practices. Accessibility considerations remained secondary but began to
surface through collaborative design activities and exposure to diverse industrial and
institutional contexts.

Institutional embedding. Institutional capability expanded through cross-campus and
cross-institutional networking, supporting early diffusion of AR practices across the
DHBW ecosystem.

Representative activities included student co-design projects, such as an accessible
AR escape room addressing gender learning, and AR programming projects using
Unity and C# for mobile and HoloLens platforms. This practical approach reinforced
technical skills and collaborative competencies [55]. Industrial visits to Dock33, Zeiss,
and Voith provided situated insights into AR/VR applications in prototyping, training,
and operational optimization [56, 57]. Additional visits to the DHBW Campus Horb
and research institutions such as the IWM Mixed Reality Lab reinforced reciprocal
learning and interdisciplinary exchange [58].

4.3  Specialist Phase: Inclusive Design and Domain-Specific Integration

Capability characteristics. This phase reflects a qualitative shift toward domain-spe-
cific, research-informed, and accessibility-driven AR implementation. AR capabilities
become aligned with specific user groups, pedagogical goals, and disciplinary contexts.
Stakeholder roles. Stakeholders transitioned into co-design partners, including non-
technical educators, vocational trainers, learners with disabilities, and international col-
laborators. Research activity became a central driver of development.

Accessibility practices. Accessibility was explicitly foregrounded through inclusive
and user-centered design, multimodal interaction, and support for blind and low-vision
(BLV) and deaf and hard-of-hearing (DHH) users.

Institutional embedding. AR practices were embedded within research projects, cur-
ricular pilots, and international collaborations, indicating sustained institutional com-
mitment.

This phase is exemplified by improving the accessibility of MirageXR, an open-
source AR authoring tool, to support non-technical educators and users with disabilities
[4]. Subsequent workshops in agroecology, vocational life skills training, and gamified
escape room scenarios demonstrated MirageXR’s applicability across "Science, Tech-
nology, Engineering, and Mathematics " (STEM) and vocational contexts [13, 59]. Par-
allel initiatives included AR-based healthcare simulations using HoloPatient [60], ac-
cessible AR chemistry laboratories [57], and indoor AR navigation systems for visually
impaired users, developed in collaboration with Nelson Mandela African Institution of
Science and Technology (NM-AIST) and tested across institutional contexts [61].
Emerging partnerships with community stakeholders further reinforced context-aware
AR development [59].
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4.4  Expert Phase: Consolidation, Scaling, and Knowledge Transfer

Capability characteristics. The Expert phase is characterised by consolidation, scala-
bility, and knowledge transfer. AR capabilities extend beyond development toward sys-
tematization, dissemination, and sustained institutional use.

Stakeholder roles. Faculty communities, institutional leadership, and external net-
works play central roles in capacity-building, dissemination, and strategic alignment.
Accessibility practices. Accessibility is integrated as a normative design consideration,
informing both pedagogical and societal AR applications.

Institutional embedding. AR is embedded through research dissemination, faculty de-
velopment activities, hybrid support structures, and forward-looking application plan-
ning.

Activities included disseminating research outcomes at institutional and interna-
tional forums, which support peer exchange and interdisciplinary dialogue [62-65]. On-
going development of gamified AR applications for vocational education further illus-
trates the institutionalization of experiential and skills-based learning approaches [66,
67]. Planned hybrid and online AR applications targeting professional training, urban
planning, and independent living contexts demonstrate continued strategic expansion
[67, 68].

5 Discussion

5.1 Institutional Capability Development and AR Maturity

The four-phase AR experience journey at DHBW can be interpreted as a trajectory of
institutional capability development, rather than a linear progression of technological
sophistication. Across the Starter, All-Rounder, Specialist, and Expert phases, maturity
emerges through increasing coordination capacity, pedagogical alignment, accessibility
integration, and sustainability, rather than through the mere accumulation of AR tools
or applications.

In the early phases, AR maturity is characterized primarily by exploratory engage-
ment and proof-of-concept activities. The Starter phase demonstrates how initial expo-
sure and hands-on experimentation foster user engagement and awareness, consistent
with prior studies highlighting the motivational affordances of immersive technologies
[3]. However, technological integration and institutional coordination remain limited at
this stage, reflecting the experimental nature of early adoption. The All-Rounder phase
extends this foundation by strengthening cross-sectoral collaboration and applied learn-
ing, aligning educational activities with industrial practices and contextualized use
cases [21, 63, 64]. While this phase advances organizational learning and stakeholder
engagement, accessibility remains peripheral and largely dependent on existing indus-
try solutions.

A qualitative shift occurs in the Specialist phase, where AR maturity becomes in-
creasingly defined by accessibility-aware, pedagogically grounded, and research-in-
formed practices. The co-design of accessible AR authoring tools and inclusive learn-
ing scenarios signals a transition from adoption to institutional adaptation, echoing
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organizational learning perspectives that emphasize iterative refinement and internal
capability building. In the Expert phase, maturity is reflected in the consolidation and
scaling of AR practices through dissemination, faculty support structures, and systems-
level planning. This phase demonstrates sustainability beyond individual projects.
Taken together, the findings suggest that accessibility evolves from a marginal consid-
eration into a core indicator of institutional AR maturity, becoming normative rather
than optional in later phases.

5.2 Accessibility as a Driver of Pedagogical and Institutional Integration

A central analytical contribution of this study lies in demonstrating that AR accessibil-
ity functions as a driver of institutional integration rather than an auxiliary design con-
cern. In the Starter and All-Rounder phases, accessibility is primarily addressed at the
format level through face-to-face, hybrid, and online delivery modes that broaden par-
ticipation [69, 70]. While these measures support inclusivity at a basic level, they do
not fundamentally reshape pedagogical practices or technological infrastructures [71].

In contrast, the Specialist and Expert phases reveal a shift toward systemic AR ac-
cessibility, encompassing tools, workflows, competencies, and institutional support
structures. The development of accessible MirageXR and its deployment in co-design
workshops with educators, vocational learners, and users with disabilities exemplifies
how inclusive design compels closer alignment between pedagogy, technology, and
organizational processes [4, 6]. Accessibility considerations influenced not only inter-
face design and multimodal interaction but also authoring workflows, collaboration
models, and sustainability strategies, thereby embedding AR more deeply into institu-
tional practice.

This transition underscores the role of inclusive design as a mechanism for scalabil-
ity. By reducing technical barriers for educators who are not tech experts and meeting
the needs of different learners, accessible AR tools can be reused, adapted, and shared
across vocational, academic, and community settings. Collaborations with
Kolpingwerk, NM-AIST and partners in healthcare and agroecology show that acces-
sibility also helps AR move beyond specific disciplines, making it useful in a wide
range of social and institutional settings. In this way, accessibility does more than im-
prove usability; it changes what makes AR practical and valuable in education and in-
stitutions.

5.3  Implications, Transferability, and Limitations

The results of this study have several takeaways for higher education institutions that
want to use AR in ways that are both inclusive and sustainable. Although the tools,
partnerships, and scale at DHBW are specific to its context, some parts of the approach
can be used elsewhere. These include building capabilities in phases, focusing on im-
portant aspects of AR maturity like coordination, teaching methods, accessibility, and
sustainability, and using a process-based, qualitative way to track how institutions learn
and grow over time.
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However, this study does not aim to make broad statistical claims. Instead, it offers
insights from a detailed case that can help shape theory and practice in other settings.
The specific implementation of tools such as MirageXR, the availability of research
infrastructure, and the regulatory and organizational environment of DHBW limit direct
replication. Institutions operating under different resource constraints or governance
structures may experience alternative trajectories or require adapted maturity pathways.

Several limitations should be acknowledged. The analysis relies primarily on quali-
tative evidence, including stakeholder feedback, observations, and reflective documen-
tation, rather than longitudinal quantitative measures of learning outcomes or institu-
tional impact. Moreover, while the study captures a multi-year development process, it
does not yet provide long-term evidence of sustained effects on graduate competencies
or career trajectories. Future research could address these limitations through compar-
ative multi-institutional studies, mixed-method evaluations, and longitudinal tracking
of AR-enhanced learning outcomes.

5.4  Theoretical and Literature-Based Interpretation

The institutional AR capability trajectory observed in this study can be situated within
established theoretical and empirical work on technology adoption, learning theory, and
inclusive educational design. Interpreted through the lens of Diffusion of Innovation
Theory [19], the progression across the four phases reflects a shift from early experi-
mentation by innovators toward broader institutional uptake. In the initial phases, mo-
tivated individuals explore the AR adoption. Later, the organization learned, adapted to
its needs, and gradually institutionalized AR practices.

From a pedagogical perspective, the transition toward co-design and AR authoring
activities in later phases fits with constructivist learning theory, which values learning
through participation and social interaction [72, 73]. By enabling educators and learners
to create and adapt AR learning scenarios, the initiative shifted from passive technology
use to more active, participatory learning. Including accessibility in these activities also
matches the Universal Design for Learning (UDL) approach, making inclusivity a core
part of the design instead of an afterthought [74].

Compared with existing AR literature, which often prioritizes technological af-
fordances or isolated classroom interventions [3, 75], this case contributes a process-
oriented perspective on AR adoption. The results highlight the need for step-by-step
skill building, working with different stakeholders, and designing with accessibility in
mind to make AR a lasting part of the institution [6]. Here, accessibility is not just an
ethical issue but also helps align teaching goals and makes it easier to scale AR across
different settings.

6 Conclusion

This case study has documented the accessible AR learning experience journey across
DHBW, providing a robust framework for strategic and progressive technology adop-
tion within a higher education institution. The success came from focusing on a human-
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centered approach that systematically moved AR from a novel concept to an institu-
tionalized educational tool. This was achieved through a phased progression across
Starter, All-rounder, Specialist, and Expert phases, which successfully addressed com-
mon challenges related to user awareness, digital competency, and, critically, accessi-
bility.

The phased approach demonstrated incremental advancements across seven key suc-
cess criteria. Initial efforts in the Starter phase focused on building awareness and foun-
dational skills, while the All-rounder phase expanded on this by fostering collaboration
with industrial stakeholders and applying AR to real-world contexts. A critical turning
point was the Specialist phase, which prioritized inclusive design and co-creation of
accessible AR content with and for diverse user groups, aligning the project with core
pedagogical theories such as Constructivism and Universal Design for Learning. These
efforts culminated in the Expert phase, where findings were disseminated, institutional
capacity was built, and a sustainable model for AR integration was established.

This study’s contribution to the body of knowledge on AR implementation is an
empirical and reflective model of AR maturity in an applied institutional context. The
DHBW case offers a crucial blueprint for other organizations, illustrating how a strate-
gic, contextually grounded, and inclusive approach to AR adoption can foster digital
innovation. While the study's qualitative focus and institutional specificity present lim-
itations, it provides a powerful testament to this model's effectiveness. Future research
should build on these findings with longitudinal and quantitative studies to further val-
idate the long-term impact and scalability of the DHBW framework.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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