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Abstract: This article examines the concurrent evolution of two transformative technological 

domains within contemporary librarianship: augmented reality applications for physical collections 

and advanced virtual reference services. Through analysis of recent implementations, including the 

National Library Board of Singapore’s Augmented Reading initiative and collaborative reference 

networks such as British Columbia’s AskAway service, this article argues that these technologies 

represent not merely incremental improvements but fundamental shifts in how libraries mediate the 

relationship between users and information. The article explores the technical frameworks enabling 

these innovations, the organizational structures supporting their implementation, and the challenges 

libraries face in an environment increasingly shaped by generative artificial intelligence. It concludes 

that the integration of immersive technologies with responsive, human-centered virtual reference 

creates a complementary ecosystem that extends the library’s mission beyond physical and 

institutional boundaries while preserving its core commitment to equitable access and information 

literacy. 
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Introduction 

The library as a physical space has long been defined by its stacks - those orderly rows of 

shelving that house the collective record of human knowledge. Yet for decades, futurists and 

practitioners alike have contemplated a fundamental question: what happens when the stacks 

themselves become dynamic, responsive, and capable of interacting with users in three-dimensional 

space? Conversely, as reference services have migrated from physical desks to digital interfaces, 

libraries have grappled with how to preserve the richness of the reference interview - that nuanced 

conversation between librarian and patron - in an environment increasingly mediated by screens and, 

more recently, by artificial intelligence. 

These two trajectories - the augmentation of physical collections and the virtualization of 

reference services - have developed along parallel tracks in the professional literature. Scholars have 

documented the emergence of augmented reality and virtual reality applications in libraries, noting 

an annual growth rate of 18.53% in publications on this topic between 2004 and 2023. 

Simultaneously, a robust body of practice has developed around virtual reference services, 

encompassing everything from synchronous chat platforms to embedded librarianship through social 

media. What remains underexplored is the relationship between these domains: how do immersive 

technologies for collections intersect with evolving models of remote reference assistance? And what 

can libraries learn from examining these developments in tandem? 

This article addresses these questions through an analysis of recent innovations in both areas. 

It draws upon case studies, technical documentation, and policy frameworks to construct a picture of 

libraries at a moment of technological transition. The argument proceeds in four parts. First, it 

examines the technological foundations of augmented and virtual reality in library settings, with 

particular attention to the distinction between native applications and web-based frameworks. 

Second, it explores the contemporary landscape of virtual reference, including the persistence of 
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human-mediated services in an age of generative AI. Third, it considers the organizational and policy 

implications of these technologies, drawing on examples of collaborative service models. Finally, it 

discusses the challenges and opportunities that emerge when these two domains converge, suggesting 

directions for future research and practice. 

Methods 

This article employs a case study approach grounded in the analysis of recent implementations 

of AR and virtual reference technologies in library settings. Case selection was guided by three 

criteria: technological innovation, documented outcomes, and relevance to contemporary practice. 

For augmented reality applications, the National Library Board of Singapore’s Augmented Reading 

initiative serves as a primary case, given its integration of advanced AR glasses with machine 

learning-based text recognition and its explicit focus on enhancing the reading experience. For virtual 

reference, the AskAway service maintained by the British Columbia Electronic Library Network 

provides a rich example of collaborative, cross-institutional reference support, with the University of 

British Columbia Library as a major participating institution. 

Supplementing these primary cases, the article draws upon bibliometric analysis of AR/VR 

literature in libraries to establish the broader research context. Technical documentation regarding 

AR frameworks and software development kits informs the discussion of implementation options. 

Policy documents from academic libraries, including virtual reference guidelines and service 

descriptions, provide insight into the operational dimensions of these technologies. Finally, emerging 

developments in AI-mediated reference, including the challenges posed by generative AI tools, are 

addressed through analysis of practitioner perspectives. 

This methodological approach has limitations. The rapid pace of technological change means 

that implementations described here may evolve significantly in the months following publication. 

Moreover, the case studies are drawn primarily from academic and national libraries in developed 

nations, potentially limiting applicability to other library contexts. Nevertheless, the patterns 

observable in these cases illuminate broader trends that are likely to influence library practice across 

sectors. 

Results 

The Technological Foundations of Augmented Stacks 

The concept of augmented stacks rests upon a set of technologies that have matured 

considerably in recent years. Augmented reality, at its simplest, involves the overlay of digital 

information onto the physical world, visible through a device’s camera or through specialized glasses. 

Virtual reality, by contrast, immerses the user in a completely digital environment, disconnecting 

them from physical surroundings. For library applications, both modalities offer distinct possibilities, 

but AR holds particular promise for enhancing engagement with physical collections. 

Contemporary AR frameworks can be understood through their underlying technical 

architecture. At the core lies computer vision technology that enables the device to recognize and 

track objects in the physical environment. This may take the form of marker-based tracking, which 

uses predefined images such as QR codes or book covers as anchors for digital content, or markerless 

tracking, which employs simultaneous localization and mapping to understand environments without 

predetermined markers. For library applications, both approaches have relevance: marker-based 

tracking can trigger content from specific books or shelf locations, while markerless tracking enables 

more flexible interactions with library spaces. 

The rendering of three-dimensional content represents another critical component. Modern AR 

frameworks utilize WebGL to render interactive graphics within web browsers without requiring 

plugins. This capability has given rise to WebAR - augmented reality experiences delivered through 
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standard web browsers rather than dedicated applications. The advantages of this approach for 

libraries are substantial: users need not download specialized apps, experiences can be shared through 

simple links or QR codes, and content can be updated centrally without requiring users to install 

updates. 

The National Library Board of Singapore’s Augmented Reading initiative exemplifies the 

sophisticated application of these technologies to library collections. Developed in partnership with 

Snap and the creative agency LePub, the project utilizes Snap Spectacles - AR glasses powered by 

the Snap operating system - to create immersive reading experiences. When a user reads a book while 

wearing the Spectacles, the device scans the page and employs text recognition and machine learning 

to trigger real-time audio and visual effects. A suspenseful passage might generate ambient music 

and creaking door sound effects; a scene in a crowded marketplace might produce distant chatter and 

corresponding visuals. 

Several aspects of this implementation warrant attention. First, the technology is explicitly 

designed to complement rather than replace traditional reading. As Stephan Schwarz of LePub 

explains, “Our goal is not to replace the traditional reading experience, but to enhance it by creating 

a compelling gateway to books”. Second, the project represents a multidisciplinary collaboration 

combining library science expertise with technology development and user experience design. Third, 

the initiative is positioned within a broader strategic context: Gene Tan, Chief Librarian and Chief 

Innovation Officer at NLB, describes it as “part of NLB’s ongoing efforts to engage with partners to 

experiment with new experiences that could inspire discovery and spark a renewed passion for 

reading and learning”. 

The bibliometric literature confirms that such applications are part of a broader trend. Analysis 

of publications from 2004 to 2023 reveals that China leads in number of publications on AR/VR in 

libraries, followed closely by the United States, with key publication venues including IEEE Access, 

Library Hi Tech, and PLOS One. Virtual reality emerges as the most dominant term in this literature, 

with rehabilitation as a prominent secondary theme, suggesting particular traction in health sciences 

and medical library applications. 

The Evolution of Virtual Reference Desks 

Parallel to developments in immersive technologies, virtual reference services have undergone 

significant evolution. The term “virtual reference” encompasses a range of synchronous and 

asynchronous assistance provided to library users who are not physically present. Contemporary 

services include chat reference, email reference, text messaging reference, and video conferencing, 

often integrated through platforms such as Springshare’s LibAnswers. 

The AskAway service, serving post-secondary institutions across British Columbia and the 

Yukon, illustrates the sophisticated organizational structures that underpin modern virtual reference. 

Maintained by the BC Electronic Library Network and staffed by multiple institutions, AskAway 

routes questions first to service providers at the user’s own institution; if none are available, questions 

enter a provincial queue where they can be answered by librarians from any participating institution. 

This model extends research support “well beyond the limitations of library buildings and hours”. 

The University of British Columbia Library plays a significant role in this collaborative 

network, hosting the largest team of service providers among participating institutions. UBC’s 

experience with AskAway illuminates several dimensions of contemporary virtual reference practice. 

In 2021, the library piloted proactive chat widgets on its website, allowing users to access AskAway 

directly from the library homepage. This modest technical adjustment resulted in increased traffic for 

quick reference and citation questions, demonstrating how small innovations in user interface design 

can significantly impact service utilization. 
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Perhaps most significantly, UBC librarians have observed fundamental changes in user 

behavior associated with the rise of generative AI. Elizabeth Cardoso Fernandes, a Humanities and 

Social Sciences Librarian at UBC, notes a marked shift in how chat sessions begin. Whereas users 

previously introduced themselves with a brief greeting before posing their question, sessions now 

frequently open with direct commands such as “Find me five articles on this topic” - a pattern 

suggesting that users assume they are interacting with a chatbot rather than a human librarian. 

This behavioral shift intersects with another challenge: the phenomenon of hallucinated 

citations. When students use generative AI tools such as ChatGPT for literature searches, the 

applications may fabricate bibliographic citations that appear plausible - combining real journal titles 

and respected author names with non-existent articles. Fernandes reports spending considerable time 

with users attempting to locate these phantom resources, only to discover that the citations are entirely 

fabricated. A study published in Nature found that up to 55% of GPT-3.5 citations and 18% of GPT-

4 citations in literature reviews were fabricated. 

These developments have prompted libraries to reconsider the role of virtual reference in an 

AI-mediated information environment. The Enhancing Virtual Reference Project, a collaborative 

initiative of the Ontario Council of University Libraries and Scholars Portal, explicitly addresses this 

terrain. The project involves analyzing and testing chatbot functionality within the LibraryH3lp 

software that powers Ontario’s Ask a Librarian service, with the goal of developing recommendations 

for chatbot implementation. This work recognizes that chatbots will inevitably become part of the 

virtual reference landscape while seeking to understand their impact on service quality and user 

experience. 

Organizational and Policy Dimensions 

The implementation of both augmented reality technologies and virtual reference services 

requires attention to organizational structures and policy frameworks. Texas State University 

Libraries’ Virtual Reference Policy provides one example of how institutions codify their approach 

to these services. The policy specifies that chat reference is typically limited to the university 

community, though email reference is open to everyone, with university affiliates receiving priority 

during periods of heavy activity. It explicitly states that “patrons can expect the same caliber of 

service online as they would in-person,” establishing continuity between physical and virtual service 

points. 

The policy also addresses the distinction between chat-only and video-conferencing reference. 

For simple directional or ready reference questions, video conferencing is deemed unnecessary; it 

should be reserved for questions requiring instruction in resource use. This tiered approach reflects a 

pragmatic understanding that different modalities suit different types of interactions, and that 

matching the technology to the task enhances both efficiency and user experience. 

Information literacy emerges as a central mission across virtual reference services. The Texas 

State policy states explicitly that “Alkek Library’s mission is to develop information literacy skills of 

patrons during the chat transaction if possible”. Similarly, UBC librarians emphasize that “every 

question represents an opportunity to support independent learning, as librarians and library staff not 

only provide answers, but also teach users how to find and evaluate information on their own”. This 

pedagogical orientation distinguishes library-based reference from commercial alternatives and from 

AI tools that provide answers without fostering research skills. 

Privacy considerations also feature prominently in virtual reference policy. Texas State’s policy 

notes that all reference transactions are recorded, including chat conversations and URLs visited, with 

transcripts retained for one year and used for assessment and training purposes only. The policy 

assures users that “We will not disclose any personal data we collect from you to any other party in 

Volume 2 Issue 3 Academic Journal of Science, Technology and Education | ISSN 3041-7848

March 20, 2026 25



a manner that would identify you, except where required by law, or in order to fulfill your service 

request”. This commitment to privacy aligns with core professional values even as service delivery 

migrates to digital platforms. 

For augmented reality implementations, organizational considerations extend to technical 

infrastructure and partnership development. The National Library Board’s Augmented Reading 

project required collaboration with technology providers and creative agencies, drawing on expertise 

beyond traditional library competencies. This model suggests that AR initiatives may require libraries 

to develop new partnership capabilities and to navigate relationships with commercial entities whose 

priorities may differ from those of the library sector. 

Discussion 

The Convergence of Augmented Stacks and Virtual Reference 

Examining these two domains in tandem reveals potential synergies that merit attention. 

Augmented reality technologies enhance engagement with physical collections, potentially drawing 

users into library spaces and creating new reasons for visitation. Virtual reference services extend the 

library’s reach beyond those spaces, connecting with users wherever they happen to be. Together, 

they constitute a complementary ecosystem that addresses users across the spectrum of physical and 

virtual presence. 

Consider a scenario suggested by the Augmented Reading project: a user explores an 

augmented book in the library, with digital layers enhancing their understanding of the text. When 

they encounter something confusing or wish to pursue a line of inquiry further, they need not set 

down the book and navigate to a separate reference service. Instead, an embedded interface could 

connect them directly to a virtual reference librarian who can see what they are seeing and provide 

real-time assistance. The augmented stack becomes not merely an enhanced object but a gateway to 

human expertise. 

Conversely, consider the virtual reference interaction from the librarian’s perspective. When a 

user asks for help finding materials on a topic, the librarian could guide them through the stacks using 

augmented reality navigation - overlaying directional arrows on the user’s camera view or 

highlighting relevant shelves. The reference interview, traditionally conducted through conversation 

alone, gains a visual and spatial dimension that may enhance its effectiveness. 

These possibilities remain largely speculative, but they point toward a more integrated future. 

The bibliometric literature suggests that research on AR/VR in libraries has grown rapidly, with an 

annual growth rate approaching 19%. Virtual reference, meanwhile, continues to evolve through 

integration with new platforms and response to new challenges such as generative AI. The 

intersection of these trajectories represents a rich area for future investigation. 

Challenges and Tensions 

The concurrent development of these technologies also reveals tensions that warrant careful 

attention. The most fundamental concerns the relationship between automation and human expertise. 

Virtual reference services increasingly face pressure to incorporate chatbots and AI-mediated 

responses, as evidenced by the Enhancing Virtual Reference Project’s investigation of these tools. 

Yet the experiences of UBC librarians suggest that users who mistake human librarians for chatbots 

are often “pleasantly surprised” to discover they are interacting with a person. This suggests that the 

human element of reference retains value that may be obscured in purely transactional models of 

information seeking. 

Similarly, augmented reality applications could potentially distance readers from the text itself, 

substituting immersive effects for the cognitive work of reading. The Augmented Reading project’s 

designers explicitly disclaim this intention, positioning their work as a gateway rather than a 
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replacement. Yet as such technologies proliferate, libraries will need to remain attentive to their 

effects on reading comprehension, attention, and the quiet contemplation that has long been 

associated with library use. 

Resource constraints present another challenge. AR implementations require investment in 

hardware, software development, and staff training. Virtual reference services require staffing 

commitments and technology platforms. For libraries facing flat or declining budgets, these 

investments may compete with other priorities. Collaborative models such as AskAway demonstrate 

one approach to managing costs through resource sharing. Open-source and web-based AR 

frameworks offer another, potentially reducing barriers to entry. 

The rapid pace of technological change compounds these challenges. Frameworks and 

platforms that seem cutting-edge today may be obsolete within a few years. Libraries must balance 

the desire to innovate against the risk of investing in technologies with limited lifespans. The 

bibliometric finding that China leads in AR/VR publications while the United States leads in citations 

suggests a global distribution of innovation and influence that may shape which technologies gain 

traction. 

Implications for Library Practice 

For practitioners, the developments described here suggest several implications. First, 

collaboration across institutional boundaries will likely become increasingly important for both AR 

and virtual reference initiatives. The AskAway model demonstrates how shared services can extend 

capacity and ensure coverage. The Augmented Reading project demonstrates how partnerships with 

technology companies can enable innovations beyond what libraries could develop independently. 

Second, the pedagogical mission of libraries must remain central as technologies evolve. 

Whether teaching users to distinguish hallucinated citations from real ones or guiding them through 

augmented book experiences, librarians contribute something that neither algorithms nor immersive 

effects can replicate: the capacity to foster independent learning and critical thinking. 

Third, policy development should accompany technological implementation. Privacy 

considerations, service boundaries, and quality standards require articulation regardless of the 

platforms employed. The Texas State virtual reference policy offers one model for codifying these 

commitments. 

Fourth, assessment should track not only usage statistics but also user outcomes and 

experiences. The UBC observation that users mistake librarians for chatbots emerged from attentive 

practice rather than formal metrics, suggesting the value of qualitative observation alongside 

quantitative measurement. 

Conclusion 

The augmented stacks and virtual reference desks examined in this article represent 

complementary responses to a common challenge: how libraries can fulfill their missions in an 

environment where users increasingly expect seamless, technologically sophisticated experiences. 

Augmented reality technologies enrich engagement with physical collections, creating new 

possibilities for discovery and learning. Virtual reference services extend the library’s reach beyond 

physical boundaries, connecting users with expert assistance wherever they happen to be. 

Yet for all their technological sophistication, these innovations succeed only insofar as they 

serve the library’s fundamental purposes. The Augmented Reading project enhances books without 

replacing them. The AskAway service connects users with human librarians even as AI tools 

proliferate. The virtual reference policies examined here preserve commitments to privacy, equity, 

and information literacy. In each case, technology serves as a means rather than an end. 
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The convergence of these domains invites further exploration. How might augmented stacks 

incorporate seamless access to virtual reference? How might reference interactions leverage 

augmented reality to enhance instruction? What new forms of library service become possible when 

immersive environments and human expertise are fully integrated? These questions await 

investigation by researchers and practitioners willing to work across the boundaries that have 

traditionally separated collection-focused and service-focused innovation. 

The library of the future will likely be neither purely physical nor purely virtual, but rather a 

hybrid space where stacks and services, collections and conversations, augment one another in 

mutually reinforcing ways. Understanding how to build and sustain such spaces represents one of the 

central challenges - and opportunities - of contemporary librarianship. 
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