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ABSTRACT
Despite the rise of digital libraries and online reading platforms,
physical libraries still offer unique benefits for education and com-
munity engagement. However, due to the convenience of digital
resources, physical library visits, especially by college students,
have declined. This underscores the need to better engage these
users. Augmented Reality (AR) could potentially bridge the gap
between the physical and digital worlds. In this paper, we present
Augmented Library, an HMD-based AR system designed to revital-
ize the physical library experience. By creating interactive features
that enhance book discovery, encourage community engagement,
and cater to diverse user needs,Augmented Library combines digital
convenience with physical libraries’ rich experiences. This paper
discusses the development of the system and preliminary user feed-
back on its impact on student engagement in physical libraries.

CCS CONCEPTS
• Human-centered computing → Mixed / augmented reality.
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1 INTRODUCTION
Physical libraries play a vital role in education and community
engagement by offering distraction-free environments that foster
focused reading, accidental discoveries, personal connections with
knowledge, and face-to-face social interactions [4, 12, 15, 19, 24].
However, the convenience of online platforms has led many to
prefer digital libraries and reading apps [25, 29], raising concerns
about the future of physical libraries [8] and highlighting the need
for them to incorporate digital technologies to stay relevant.

Prior work has sought to enhance navigation and social interac-
tions in libraries[4, 23], but often lacks focus on the exploration of
physical books, which is crucial to the library experience and its
cultural appeal[3]. Therefore, this paper aims to design a system
centered on physical books to encourage library exploration.

Augmented Reality (AR) offers promising ways to enhance the
library experience by overlaying digital content onto the physical
world[14]. AR can enrich interactions around physical books, en-
couraging exploration and reinforcing the library’s role as a hub for
social and intellectual exchange[10]. In this work, we explored two
research questions (RQs): RQ1:What are design considerations for
augmenting physical library experience via AR? RQ2: How might
an AR-augment library enhance users’ experiences?

To answer RQ1, we designed a low-fidelity AR prototype and
conducted semi-structured interviews with five librarians. We iden-
tified three main challenges. Based on the challenges, we devel-
oped Augmented Library. Key AR features include color-coded user
groups and virtual tags to identify diverse stakeholders, data-driven
augmented bookshelves to enhance book discovery, and interactive
book reviews to foster community engagement.

To answer RQ2, we conducted user evaluation with university
students (N=10). The results showed that Augmented Library en-
hanced book discovery, with positive feedback on visualization
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features and recommendations. Participants found it easy to locate
books recommended by peers and instructors, though concerns
about privacy and the comment feature’s usability highlighted ar-
eas for improvement. There was also a desire for more interactive
elements, such as gamified features and a clearer tagging system.

2 RELATEDWORK
Offline Public Libraries. Public libraries are crucial for personal
development and social interaction [5, 18]. They offer extensive
print collections, with many studies highlighting the benefits of
print reading [13, 21], such as faster reading and better error detec-
tion compared to screens [27]. Modern library designs often feature
open spaces or transparent glass partitions [4, 19], encouraging
spontaneous discoveries among people working nearby. However,
with the rise of digital technology, many people, particularly the
young, have grown up with easy online access to books [16]. This
led to predictions that traditional books might become obsolete due
to online reading and digital tools [8]. Although these predictions
have not materialized [8], libraries still need to embrace and inte-
grate digital technologies into their services to remain relevant and
continue to attract and retain users.

Enhancing Library Visit Experience. Technologies have been
applied to improve how people navigate and explore libraries.
For instance, the "BookMark" study used barcodes on books to cre-
ate a cost-effective indoor navigation system within libraries [22].
Brian et al. utilized handheld devices to help users find services
and resources within the library [23]. To enhance people’s social
experiences in libraries, a study used digital wallpapers and public
displays to present visitors’ background information, thereby fos-
tering communal interaction [4]. However, such an approach may
divert attention from books, which have been the central focus of
library activities for decades [3], potentially diminishing the unique
appeal of libraries.

AR Promotes Socialization. Over recent years, significant
advancements have been made in the capabilities of AR. Break-
throughs in sensor-based tracking [20] and vision algorithms [2]
enable AR devices to seamlessly integrate accurate real-world in-
formation with virtual content. Research indicated that social AR
can enhance the creation and sharing of information and ideas by
overlaying digital content onto the physical world, thereby influ-
encing face-to-face interactions [10]. For instance, an AR social
learning game helped elementary students practice mathematics
collaboratively [14], and a mobile AR application was developed
for multi-user interactions around art and cultural heritage [7].
Inspired by prior work, we first designed a low-fidelity prototype
and then conducted a formative study to explore how AR could
enrich social interactions around books in libraries, encouraging
broader exploration and discovery.

3 FORMATIVE STUDY
3.1 Low-fidelity Prototype
Using Figma, we designed a low-fidelity prototype to enhance ex-
ploration and engagement in physical libraries. Key AR components
included (Figure 1): (1) AR Personal Bookshelf. Integrates on-
line personal data to make library exploration more engaging by

presenting customized book recommendations through an AR per-
sonal bookshelf. (2) Augmented Bookshelves. Overlays digital
information on bookshelves, such as each category’s book loan vol-
umes. (3) Comments Bubble. Visualizes virtual comments from
other readers as AR bubbles near relevant books, fostering a sense
of community within the library.

Figure 1: Low-fidelity prototype. (a) AR personal bookshelf.
(b) Augmented bookshelves. (c) Comments bubble.

3.2 Interviewing Librarians
We invited 5 librarians from a local university library for interviews.
Participants ranged in age from 26 to 52 years old (M=35.4), with 2
females and 3 males. Only one of them had AR HMDs experience.
We began with a background interview and an AR introduction.
Then we conducted a structured interview to explore the unique
attributes, advantages, and issues of physical libraries. Finally, we
showed a video of our low-fidelity prototype and solicited feedback
and suggestions for improvements and additional functionalities.

3.3 Findings
Librarians (N=5) appreciated the potential to display book loan
volumes on augmented bookshelves. Furthermore, three main chal-
lenges were identified:

C1: Importance of Enhancing Book Discovery. This chal-
lenge aims to boost the visibility and accessibility of library re-
sources. L2 noted, "The visual display of book loan volumes will
spark curiosity among students." L4 mentioned, "By seeing this AR
data, students can clearly know trending books in the library." There-
fore, the system is suggested to use AR displays to create data
visualizations, which would help users discover more resources.

C2: Needs for Fostering Community Engagement. L4 noted,
"Unlike online platforms, library spaces cannot allow people to ex-
change ideas without time constraints." L5 also mentioned, "Seeing
comments pop up next to books can start some meaningful conversa-
tions among students." This derived that we could stimulate com-
munity dialogue and engagement by displaying virtual comments
near relevant books.

C3: Needs for IdentifyingDiverse Stakeholders. Participants
pointed out three primary stakeholders of university libraries. Each
group has distinct roles and needs. (L1: "Students are the primary
users, utilizing resources for learning and research. Faculty guide
students in their academic pursuits. While librarians manage library
resources.") (L2: "Meeting the specific needs of various library stake-
holders requires tailored solutions.") Both L1 and L2 suggested using
different colors to differentiate user groups. - For C3, the AR sys-
tem should consider the distinct roles and expectations of students,
teachers, and librarians.
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Figure 2: Key features of the AR system. (a) color-coded user groups: uses three distinct colors to distinguish between three
user groups. (b) data-driven augmented bookshelves: overlays AR data visualizations on physical bookshelves. (c) interactive
book reviews: users can interact with other users’ reviews displayed near the physical books. (d) color-coded virtual tags: users
can add virtual tags to physical books.

4 AUGMENTED LIBRARY SYSTEM
Augmented Library incorporates several key features (Figure 2)
designed to enhance user engagement and interaction within the
physical library environment:

Color-coded user groups (C3). We use three distinct colors
to represent user groups associated with the library: blue for stu-
dents, green for faculty, and yellow for librarians. Users select
their role upon logging in, and their UI elements will be displayed
in corresponding color. Additionally, data visualizations on book-
shelves and users’ AR tags also use these colors to facilitate easy
recognition among different user groups.

Data-driven Augmented Bookshelves (C1). The AR content
overlaying on physical bookshelves provides users with various
data visualizations, including: 1) book circulation data: real-time
borrowing statistics for different categories, helping users identify
popular books and trends; 2) user group circulation data: borrow-
ing habits of different user groups, enabling users to understand
peer preferences; 3) popular books: highlights frequently borrowed
books, encouraging users to discover noteworthy titles; 4) readers’
majors’ distribution: analysis of readers’ academic backgrounds for
specific book categories, illustrating interdisciplinary appeal.

Interactive Book Reviews (C2). This feature aims to enhance
user engagement by visualizing book reviews as interactive AR can-
vas around physical books. As users approach a book, a UI canvas
appears displaying various types of content, including book infor-
mation and community reviews. Users can engage with reviews by
liking, replying to, or favoriting them.

Color-coded Virtual Tags (C3). This feature is designed to en-
hance the personalization of the AR library experience. Users can

add AR tags to physical books, marking them for various purposes,
such as "reading list." Tags are color-coded by user groups, making
it easier to follow group interests (e.g., blue for tags added by
students). Also, faculty and librarians can add tags like "course re-
serve" and "new arrival," visible to all users, enhancing information
sharing.

We implementedAugmented Library in Unity (v2022.3.20f1c1) us-
ing Unity XR Interaction Toolkit and deployed it on Meta Quest Pro.
Book recognition is achieved through a Reference Image Library in
Unity, with the AR Tracked Images Manager in AR Foundation rec-
ognizing the books. The UI Canvas was designed following Oculus
developer guidelines for comfort and attention areas.

5 USER STUDY
5.1 Participants & Procedure
With the IRB’s approval, we recruited 10 participants through
posters in our university library community. Participants ranged
in age from 22 to 34 years old (M=24.7), with 6 females and 4 males.
Four had experience using AR HMDs, and most (N=6) reported
infrequent library visits (once a month or less).

The user study was conducted in a dedicated room with book-
shelves, where two researchers observed and recorded participants’
behavior and thoughts. The study began with a background inter-
view. Thenwe used oneMetaQuest Pro to deliver theAR experience.
Under the guidance of researchers, participants experienced the key
features of our AR system. Finally, we conducted semi-structured
interviews with participants to gather feedback on their AR experi-
ence. For interview data analysis, we employed thematic analysis
[1]. Using open coding [9], two coders independently used NVivo
to code the data and discussed their decisions in weekly meetings.
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5.2 Findings
This section presents findings from our user study, focusing on
feedback and insights regarding Augmented Library’s key features.

5.2.1 Information Visualization and Gamified Interactions. Inter-
view feedback highlighted a strong preference for the AR system’s
visualization capabilities, with 8 participants praising the "excellent
presentation of information" and its engaging data rendering. Some
participants (N=5) suggested enhancements for book discovery,
including gamified interactions. P10 suggested having a virtual pet
to guide users through information to make the library experience
more interesting (Figure 3). Additionally, 4 participants (P2, P3, P6,
P10) noted that the font size was too small and suggested allowing
users to adjust it for better readability.

5.2.2 Interactive Book Reviews. Participants generally described
the comment function as "very good" (N=7), appreciating its ability
to facilitate engagement. However, some (N=3) noted challenges in
using AR to read texts, citing vision strain and physical endurance
issues. P5: "I find reading the text inconvenient; it places a significant
strain on my eyes." Participants also emphasized the need for an AI-
driven book recommendation system (Figure 3). P8 remarked, "It’s
troublesome to go through reviews book by book. A recommendation
system is needed to suggest books based on my requirements."

5.2.3 Color-coded Virtual Tags. Feedback on the system’s tagging
feature was mixed. Some participants, like P5, found that "the tag-
ging feature makes exploration easier," while others, such as P9,
raised concerns about potential confusion. Additionally, partici-
pants expressed the need for tag categorization. P10 proposed hav-
ing both "personal" and "public" tags, noting, "There are some tags I
might want only for myself, like reminders, but for interesting books,
I might want to recommend them to others."

Figure 3: Participants’ vision for future AR iterations. (a) a
virtual cat is guiding users through information. (b) inte-
grates AI-driven book recommendations.

6 DISCUSSION
In this section, we reflect on the findings from user study and
discuss how our AR features address the identified challenges and
contribute to enhancing user engagement within library spaces.

Enhancing Book Discovery - C1. C1 aims to improve library
resource visibility through AR by overlaying data visualizations
on physical bookshelves, providing real-time insights into usage
trends. Positive feedback on this feature indicates AR’s effectiveness
in presenting complex data in an accessible and engaging manner.
This aligns with previous research that suggests AR’s potential in
providing intuitive and real-time data visualizations [6, 11, 28]. Our
findings also showed that participants appreciated being able to see

which books were popular among their peers. This informed their
choices and encouraged exploration beyond their usual interests. To
further enhance book discovery, future AR system iterations could
consider incorporating gamification elements, which have been
demonstrated as a useful way to boost engagement and motivation
in educational contexts [17, 26], creating a more interactive library
experience.

Fostering Community Engagement - C2. We aimed to en-
hance the interactive and communal aspects of library through AR
features like interactive book reviews, enabling users to see com-
munity insights at a glance. This approach aligns with prior work
showing that social AR can facilitate information sharing and face-
to-face interactions [10]. Our findings indicate that participants
appreciated interacting with book reviews, which can not only
facilitated book assessment but also sparked peer conversations.
To improve this feature, they suggested simplifying the interac-
tion process and exploring voice input [33], as well as integrating
AI-driven recommendations for a personalized experience [32].

Recognizing Diverse Stakeholders - C3.We considered the
expectations of different library stakeholders and used color-coded
user groups and virtual tags to tailor their library experience. Par-
ticipants found these features helpful for recognition and interac-
tion within the library environment, fostering better social and
academic interactions, which indicates the importance of social
connections in educational settings [30, 31]. However, concerns
about the tagging system’s complexity and potential confusion
suggest that future AR iterations should streamline the interface to
ensure intuitive and easy-to-use tagging features.

7 CONCLUSION AND FUTUREWORK
This work explored the potential of HMD-based AR to enhance
student engagement in physical libraries. Informed by a formative
study with librarians, we developed Augmented Library, featur-
ing color-coded user groups, data-driven augmented bookshelves,
interactive book reviews, and AR tags. A user study with 10 partic-
ipants showed that these features enriched the library experience.
However, challenges like the readability of AR content and the com-
plexity of the virtual tagging system highlighted areas for further
improvement.

Future work could focus on refining the system based on user
feedback, including: enhancing AR content readability with ad-
justable font sizes, integrating AI-driven recommendations for per-
sonalized book discovery, streamlining the AR tagging system,
and exploring gamification to boost engagement. Moreover, while
the user study provided initial insights, its short duration limited
the ability to capture comprehensive usage patterns. Future work
should involve longer-term studies with an enhanced AR system
incorporating user feedback and additional features.
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