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Abstract
Smartphones enhance museum experiences by providing educational and entertaining content, but their use
can also divert attention away from physical exhibits, a key component of visitor engagement. To address this
challenge, we introduce near-surface AR interaction (NAI), which utilizes a “magic lens” effect to overlay digital
content when a mobile device is placed on the surface of an exhibit. This study investigates the impact of NAI on
social interactions and learning experiences in museum settings. Through a controlled experiment, we compared
NAI with conventional mobile interaction (CMI) among adult-adult and parent-child dyads. By analyzing recorded
dialogues, we found that the spatial configuration of NAI significantly increased conversational engagement and
enhanced collaborative learning. These findings highlight how spatially-aware AR interactions can mitigate the
isolating effects of mobile screens and foster richer social experiences in museums. This research contributes to
the design and evaluation of AR-based interactive systems for cultural heritage and educational environments.
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1. Introduction

Since the early 2000s, museums have increasingly incorporated mobile devices (e.g., PDAs and PMPs) to
enrich visitor experiences by providing supplementary digital content alongside physical exhibits. With
the widespread adoption of smartphones, visitors can now access such information seamlessly while
moving through exhibitions, using either museum-provided devices or their own [1]. This transition
has been associated with several benefits, including improved access to high-quality interpretive
information [2, 3], support for multi-sensory engagement [4], and enhanced immersionwithin exhibition
environments [5, 6].

Despite these benefits, mobile interaction also introduces well-documented challenges. A prominent
concern is the “lure of the screen,” in which visitors attend primarily to on-screen content, potentially
diverting attention from physical exhibits and reducing social engagement [7]. This is consequential
because museum experiences often involve meaning-making through direct, embodied engagement
with artifacts and installations [8]. Moreover, museum visits are frequently social rather than solitary,
motivating prior efforts to foster visitor-to-visitor interaction [9]. When attention is predominantly
directed toward personal screens, however, engagement may shift toward digital overlays at the expense
of shared noticing and discussion around physical exhibits, potentially weakening social and immersive
aspects of the visit.

To mitigate these issues, museums and science centers have increasingly explored Augmented
Reality (AR) approaches. Mobile AR is particularly practical, as it allows visitors to access augmented
information while maintaining visual access to exhibits and the surrounding environment. However,
conventional mobile AR typically requires visitors to hold devices at a distance and interact via screen-
based touch input, which can reproduce the same separation between visitors and physical exhibits.
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Recent work has therefore investigated interaction techniques that more directly couple digital
content with physical artifacts. Yi et al. [10, 11] proposed near-surface AR interaction (NAI), in which
a mobile device is placed directly on the exhibit surface so that augmented content appears spatially
aligned with the exhibit itself. This configuration allows visitors to engage with the exhibit and the
digital overlay within a unified spatial frame. Prior studies further suggest that NAI can increase visitor
interest and encourage more frequent physical interaction with exhibits.

While existing research has primarily emphasized individual engagement, we hypothesize that
reconfiguring the spatial relationship among exhibit, device, and visitor may also influence social
interaction. This hypothesis is consistent with Morrison et al. [12], who reported that “magic lens”
interactions with physical artifacts (e.g., paper maps) supported richer social interaction by establishing
a shared visual reference. Their findings imply that proximity-based mobile interactions may facilitate
co-attention, shared viewing, and conversation among visitors.

Building on these insights, this study examines how NAI affects visitor social interaction in a museum
environment. Specifically, we investigate whether altering the spatial configuration between exhibit,
device, and visitor changes conversational engagement and collaborative behaviors. To this end, we
designed a controlled exhibition incorporating NAI and conducted an experiment to analyze visitor
conversations and social behaviors. By clarifying how spatial interaction design shapes social learning,
this work contributes to ongoing discussions on improving museum experiences through AR-based
interactive systems.

2. Related Works

2.1. Social Learning in Museum Context

Group visiting is a defining characteristic of museum experiences. Visitors commonly attend museums
in socially meaningful configurations—such as parents with children, classmates on field trips, or adults
visiting with partners—and these relationships shape how exhibits are experienced and interpreted.
Falk and Dierking [13] emphasize that museum visiting is situated within a sociocultural context, where
interactions among companions (and with other visitors) substantially influence learning and meaning-
making. Building on this view, Perry [14] conceptualizes engagement in museums as comprising
physical, emotional, intellectual, and social dimensions, highlighting social engagement as particularly
consequential in informal learning settings.

Reflecting this emphasis, approaches to assessing museum learning have expanded beyond classroom-
style pre- and post-tests toward observational measures that capture social processes as they unfold.
In this line of work, visitors’ talk has been treated as a central indicator of learning-relevant engage-
ment. Allen’s coding scheme [15], which categorizes utterances into perceptual, conceptual, affective,
connecting, and strategic talk, has been widely adopted to analyze visitor interactions and learning
in museums and related informal environments. Prior studies have applied this scheme to examine
learning outcomes and engagement in science education settings [16] as well as behavioral indicators
of engagement in museums and zoos [17]. Consistent with this tradition, our study focuses on visitors’
conversational interaction as a primary lens on social learning, complemented by analyses of embodied
behaviors such as touching exhibits, gestures, and interpersonal proximity.

2.2. Mobile Spatial Interaction in Museum Context

Mobile spatial interaction has been studied as a means to connect the physical context of exhibitions—
such as visitors’ locations, movement paths, and exhibit-specific sites—with digital content that supports
interpretation and engagement. By coupling information with physical context through mobile devices,
museums can provide visitors with convenient access to high-quality interpretive resources. Technolo-
gies such as QR codes and RFID/NFC enable digital content to be anchored to specific places or objects,
supporting efficient delivery of large volumes of information [18, 3, 2]. Prior work has further argued
that using smartphones as tangible probes—through pointing or touching to retrieve exhibit-related
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content—can be more intuitive and may better support learning than purely menu-driven access [19, 20].
Beyond location-triggered information delivery, systems that sense visitors’ movement and provide
situated content accordingly have also been explored [21, 22, 23, 24].

Mobile AR has become a prominent approach within this broader area, presenting digital information
as if it were spatially aligned with physical exhibits when viewed through a device screen [25, 26, 27].
A substantial body of work has demonstrated the potential of AR to support learning and engagement
in educational contexts [28, 29], and this potential is particularly relevant for museums as open-ended
learning environments [30]. Nevertheless, mobile spatial interaction can also introduce attentional
trade-offs. Prior studies note that mobile screens may draw visitors’ attention away from exhibits and
promote individualized viewing, potentially separating visitors from companions as well as from the
physical artifacts [7]. Conventional mobile AR shares this limitation, as it typically requires visitors
to interact through a handheld screen at some distance from the exhibit, reinforcing screen-centered
engagement.

2.3. Near-surface AR Interaction in Museum Context

The notion of integrating digital information with physical space through handheld devices can be traced
to Fitzmaurice’s early work on situated information spaces and spatially aware palmtops [31]. Since
then, researchers have explored interaction techniques that treat mobile devices as tangible viewers
over physical surfaces, often framed as near-surface augmentations [32, 33, 34, 35] or spatially aware
handhelds [36, 37, 38, 39, 40, 41]. These techniques are closely related to “magic lens” and “peephole”
paradigms, enabling users to reveal, filter, or manipulate information by positioning a device over a
localized region of a larger information space.

Within this lineage, near-surface AR refers to interactions in which a mobile device is placed on, or
held extremely close to, a target surface such that the system can estimate the device’s position and
orientation relative to that surface and render spatially aligned visual augmentation on the screen. This
typically requires device-side spatial awareness to robustly track the relative pose between the device
and the physical surface. Prior work has demonstrated the usability of near-surface interactions for
tasks such as search and navigation on large workspaces [42, 43]. Leigh et al. [33] further explored
near-surface scenarios across multi-device settings and validated their practicality. Importantly, near-
surface interaction has also been applied to non-digital artifacts. For example, Xu et al. [35] presented
a near-surface augmented reading system that overlays contextual information on printed text, and
earlier work demonstrated point-and-click interaction between a PDA and a paper map [44]. Coconu et
al. [32] similarly implemented tangible navigation on paper maps using neARtracker [36].

Extending these approaches to museum contexts, Yi et al. [45, 10] proposed near-surface AR systems
designed for practical exhibit interaction. They argue that near-surface AR can strengthen hands-on
engagement by encouraging direct physical interaction with exhibits while providing access to digital
content [11]. Because the device is positioned directly above the exhibit surface, visitors may more
readily shift attention between the artifact and the augmentation. This configuration has been suggested
as a way to retain the benefits of mobile information delivery while reducing the disconnection often
associated with screen-centered museum interaction.

3. Exhibition Design for User Study

As depicted in Figure 1, near-surface AR interaction (NAI) forms a different spatial configuration from
conventional mobile interactions (CMI) such as QR codes, RFID, and mobile AR. In CMI, visitors typically
view mobile screens individually, whereas NAI reduces the distance between exhibit–visitor and visitor–
visitor by placing the device directly on the exhibit surface, making the screen more shareable. Inspired
by Morrison et al. [12], who showed that combining physical artifacts with magic lens interaction
diversifies social interaction, we hypothesized that applying NAI in exhibitions would positively
influence visitors’ social interactions and collaboration, leading to improved learning experiences.
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Figure 1: Relative configuration of an exhibit, a mobile device, and a visitor in conventional mobile interaction
and near-surface AR interaction.

To conduct a controlled comparative study, we organized the exhibition content in consultation with
professional curators and directors from the National Science Museum in Daejeon, South Korea. To
minimize environmental variability and ensure safety during COVID-19, the exhibition was constructed
in an in-lab exhibition hall.

The exhibition theme was “The world of bees,” a common science museum topic suitable for NAI. The
space (6.5m × 8.2m) consisted of 11 sections (Figure 2), covering bee types, anatomy, growth process,
and characteristics. Five sections were panel-based, one was hands-on, two presented video materials,
and three incorporated NAI. Physical exhibits were constructed using low-poly cardboard papercraft to
balance production cost and visual clarity.

The experiment examined how NAI’s spatial formation among visitors, exhibits, and devices influ-
enced social interaction compared to CMI. The goal was not to compare AR technologies per se, but to
isolate the effect of spatial proximity on social behavior.

3.1. Exhibits with Near-surface AR Interaction

We implemented NAI using the WonderScope module [45], a compact smartphone attachment that
detects RFID tags and overlays digital content onto physical exhibits with geometric registration. When
placed on an exhibit’s RFID tag, the device displays corresponding visuals and audio, aligning digital
content with the exhibit surface.

Three sections (Sections 3, 6, and 11 in Figure 2) incorporated NAI and were interspersed among
general exhibits to enable natural comparison of visitor behavior.

Internal anatomy of bees

A large panel (1.3m × 1.2m) displayed a bee image. When participants placed the device on RFID tags
positioned on the panel, anatomical overlays appeared on the smartphone screen aligned with the
bee image (Figure 3). As users moved the device, internal organs were visualized, and brief functional
descriptions appeared when targeting specific features. Users could filter digestive, nervous, and
circulatory systems using on-screen buttons. This content enabled participants to explore internal
structures and understand anatomical relationships, such as honey storage and the connection between
the stinger and digestive system.
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Figure 2: “The world of bees” exhibition setup for the experiment. The highlighted three sections are the exhibits
with the NAI device.

Figure 3: “Internal anatomy of bees” content shows a bee’s anatomy and its physiological functions. (a) The
panel of the exhibit. (b) Exploring the internal organs using the device. (c) Selecting an organ system.

The growth process of bees from a larva to an adult

This exhibit consisted of hexagonal hive cells representing developmental stages (Figure 4). Eggs and
adult bees were visible as physical models, while larva and pupa stages were sealed to prompt exploration.
By placing the device on RFID tags, participants viewed 3D models of each stage accompanied by
brief explanations. Moving the device enabled inspection of metamorphosis inside the cell, supporting
understanding of life cycle transitions.

What is inside the bee hive?

At the center of the exhibition, a large oval beehive model (130cm diameter × 180cm height) constructed
from cardboard invited exploration (Figure 5). Two RFID tags were attached on opposite sides. When
activated, the device displayed internal honeycomb structures aligned with the surface. Participants
could move the device along the hive to observe cells where eggs are laid, larvae develop, and honey is
stored and matured. This section allowed participants to explore hive organization and functional roles
through spatially aligned visualization.
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Figure 4: “The growth process of bees from a larva to an adult” content shows developmental changes. (a)
Physical exhibit. (b) Participant interaction. (c) Screen visualization.

Figure 5: “What is inside the bee hive?” content shows internal hive cells and their functions. (a) Physical
structure. (b) Interaction. (c) Screen visualization.

4. User Study

4.1. Experimental Setup and Procedure

The comparative study aimed to identify cues for social learning by examining participants’ conversa-
tions and behaviors during an exhibition visit. To isolate the effect of spatial formation, we designed
a control condition that differed from the near-surface AR interaction (NAI) condition only in the
navigation method used to explore the information space. The control condition was based on conven-
tional mobile interactions (CMI), which commonly underpin QR-code-, RFID-, and mobile-AR-based
experiences: visitors first recognize an exhibit via a marker or tag and then navigate or manipulate
digital information through touch-based on-screen interactions.

In the CMI condition, participants used a smartphone equipped with the same WonderScope module
and accessed the same information space by touching and swiping on the screen. Participants in both
conditions followed an identical procedure until placing the device on the RFID tags attached to the
exhibits; thereafter, only the navigation method differed. Whereas participants in the NAI condition
explored the situated information space by moving the device along the exhibit surface, participants in
the CMI condition explored the corresponding content through on-screen gestures. The two conditions
shared the same smartphone–module configuration and identical application GUI settings, with one
exception in the bee anatomy content (Figure 6). Because the anatomical illustration exceeded the
smartphone’s display size, we provided an additional minimap in the CMI condition to indicate which
region of the bee’s body was currently shown. This design enabled us to attribute observed behavioral
differences primarily to variations in spatial formation rather than differences in content or interface
structure. To avoid carryover effects associated with experiencing identical content multiple times, the
study adopted a between-subjects design.

Participants were recruited through announcements at the National Science Museum and posts on the
institution’s online community. The sample consisted of dyads, including parent–child pairs and pairs
of close friends who had previously visited exhibitions together. Upon arrival, participants received
a brief explanation of the study and completed a consent form for data collection. Each dyad was
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Figure 6: Interaction method in each condition for the bee exhibition. Both conditions followed the same
procedure until RFID tag recognition; only the method for navigating the information space differed.

Table 1
Coding scheme with five categories for understanding learning talk in museum exhibitions [15].

Categories Subcategories Definition Example

Perceptual Identification, Nam-
ing, Feature, Quota-
tion

All kinds of talk drawing atten-
tion to stimulus from surround-
ing exhibits.

“Oh, there is the honey
pocket”, “It looks fluff...”

Conceptual Simple Inference,
Complex Inference,
Prediction, Metacog-
nition

Cognitive interpretations of
whatever about the exhibit and
the surroundings.

“Are they die after
sting?”, “So…they actu-
ally chew the honey.”

Connecting Life-connection,
Knowledge-
connection, Inter-
exhibit connection

Any kind of talk making specific
connections between exhibits
and some other knowledge or
experience of visitors.

“Oh, I heard about
that…”, “I’ve never been
stung by them”

Strategic Use, Meta-
performance

Discussion of how to use ex-
hibits and the surroundings.

“Why dont you see it
carefully?”, “Where is
the another sticker?”

Affective Pleasure, Displea-
sure, Intrigue,
Surprise

All expressions of feeling about
the exhibits.

“It’s so cute!”, “It’s little
bit disgusting…”

randomly assigned to either the NAI or CMI condition and was provided with a smartphone equipped
with WonderScope. After receiving instructions on device use, participants were asked to explore the
exhibition freely, moving through the space at their own pace and using the device at RFID-enabled
exhibits. As shown in Figure 2, cameras installed at both ends of the exhibition hall captured where
participants stopped and how they moved. In parallel, the smartphones recorded participants’ verbal
interactions. A researcher also remained in the space to observe participants and take field notes. After
participants indicated that they had sufficiently viewed the exhibition, they returned the devices and
completed a short questionnaire regarding their exhibit preferences.

4.2. Participants

A total of 24 dyads consented to data collection and participated in the experiment. For parent–child
dyads (Adult–Child; AC), children were required to be at least seven years old to ensure they could
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independently hold and operate a smartphone with the WonderScope module. For adult dyads (Adult–
Adult; AA), recruitment was restricted to pairs who had previously visited exhibitions together, as
familiarity was considered important for eliciting naturalistic, exhibition-related conversation.

The NAI condition included 6 AC dyads comprising adults (3 males; Age 𝑀 = 40.0, 𝑆𝐷 = 5.7) and
children (4 males; Age 𝑀 = 9.0, 𝑆𝐷 = 1.7), as well as 6 AA dyads (6 males; Age 𝑀 = 24.8, 𝑆𝐷 = 0.8).
The CMI condition included 6 AC dyads comprising adults (4 males; Age 𝑀 = 43.0, 𝑆𝐷 = 3.8) and
children (3 males; Age 𝑀 = 8.7, 𝑆𝐷 = 1.4), and 6 AA dyads (8 males; Age 𝑀 = 27.8, 𝑆𝐷 = 3.0).

4.3. Measures and Analysis

a) Conversation Analysis

From entry to exit, participants moved freely through the exhibition while carrying the provided
smartphone with WonderScope and used it at RFID-enabled exhibits (Sections 3, 6, and 11). Cameras
installed at both ends of the exhibition space recorded participants’ locations and observable behaviors,
while the smartphones captured audio of both members’ verbal interactions. We synchronized the
video and audio recordings to annotate each utterance with the speaker identity, spatial location, and
the exhibit-related topic under discussion.

Utterances were first filtered to remove speech unrelated to the exhibition and then segmented into
idea units. To reduce redundancy, we merged echoes, defined as repeated expressions or immediate
repetitions prompted by a companion. Two coders subsequently classified all segmented utterances
using Allen’s learning talk scheme for museum settings (Table 1), which captures visitor responses
to stimuli in the exhibition environment. Inter-coder reliability indicated an almost perfect level of
agreement (Cohen’s 𝜅 = 0.89). For subsequent analyses, we used the coded dataset produced by the
primary coder.

Although the learning talk scheme is commonly summarized using category proportions, we con-
ducted statistical comparisons on the absolute frequencies of coded utterances to obtain a more sensitive
measure of conversational differences. We measured (1) the total viewing time for the full exhibition
and (2) the time spent using the WonderScope device at the three RFID-enabled exhibits (Sections 3, 6,
and 11 in Figure 2). Because visit duration varied across dyads, we normalized conversational activity
by dividing each dyad’s number of utterances by device-use time, yielding an utterance rate. This
analysis allowed us to compare conditions in terms of how long participants engaged with exhibits,
how extensively they used the device, and how actively they communicated with their companion. We
then performed a two-way ANOVA to test for differences as a function of interaction method (NAI vs.
CMI) and dyad relationship (AC vs. AA).

b) Behavioral Observation and Preference Survey

A researcher remained in the exhibition hall to observe participants and take field notes throughout
each session. We examined these notes alongside the video recordings to derive ancillary observations
that could contextualize the conversation analysis results, with particular attention to nonverbal social
behaviors and any notable usability or engagement issues when interacting with RFID-enabled exhibits.
After completing the visit, participants reportedwhich of the three device-enabled exhibits they preferred
most.

5. Result

a) View Time

Participants spent approximately 10–12 minutes viewing the entire exhibition and used the provided
device for nearly half of that duration in both conditions. A two-way ANOVA indicated that neither
interaction method nor dyad relationship had a significant effect on total exhibition viewing time or
on the total time spent at the three device-enabled sections (𝑝 > 0.050). We also found no significant
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Figure 7: Results of the comparison of the total view time and the viewing time for the three device-enabled
exhibits. No significant effects of interaction method or dyad relationship were observed.

Figure 8: Results of the comparison of the frequency of learning talk and its categories across conditions and
dyad relationships.

interaction effect. These results suggest that both conditions supported sustained engagement with the
exhibition and that the device meaningfully contributed to participants’ time on task during the visit.

When examining viewing time across the three device-enabled exhibits, we again observed no signif-
icant main or interaction effects of interaction method or dyad relationship (𝑝 > 0.050). Descriptively,
participants in both conditions spent the longest time on “The growth process of bees from a larva to an
adult.” Additionally, participants in the NAI condition tended to spend more time on “What is inside
the bee hive?” than those in the CMI condition, suggesting that NAI may have encouraged longer
exploration when content was distributed over a larger physical surface. However, this trend did not
reach statistical significance.

b) Learning Talk

To assess conversational engagement related to social learning, we computed each dyad’s learning talk
frequency by dividing the number of coded utterances observed at the three device-enabled exhibits by
the corresponding viewing time. A two-way ANOVA (Figure 8, left) revealed a significant main effect of
interaction method on learning talk frequency (𝐹(1, 20) = 7.095, 𝑝 = 0.015, 𝜂2 = 0.262), whereas dyad
relationship did not have a significant effect (𝑝 > 0.050). Thus, dyads in the NAI condition produced
learning-related utterances at a higher rate than those in the CMI condition. Descriptively, this difference
appeared more pronounced among AC dyads, although the interaction between interaction method
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Figure 9: Behavioral differences in AC dyads by interaction method. The CMI condition (right) yielded more
dyad splits than the NAI condition (left).

Figure 10: Proportion of utterances produced by each dyad member. AC dyads exhibited more asymmetric
participation than AA dyads.

and dyad relationship was not significant (𝑝 > 0.050).
We further compared the frequencies of learning talk categories (Figure 8, right). The dyad relationship

had a significant main effect on affective talk (𝐹(1, 20) = 8.371, 𝑝 = 0.009, 𝜂2 = 0.295). Inspection of the
coded utterances suggests that AA dyads produced a broader range of affective subcategories and more
frequent affective expressions (e.g., disgust or cuteness) than AC dyads, consistent with adults’ greater
tendency to verbalize evaluative and emotional reactions during museum viewing.

In addition, we observed a significant interaction between interaction method and dyad relationship
for perceptual talk (𝐹(1, 20) = 4.890, 𝑝 = 0.039, 𝜂2 = 0.196). Specifically, AC dyads exhibited higher
perceptual talk rates in the NAI condition than in the CMI condition, whereas AA dyads showed the
opposite trend. For AC dyads, perceptual utterances primarily reflected identification and feature-
focused remarks, typically initiated by parents attempting to locate and interpret displayed information,
followed by children’s responses. This pattern suggests that NAI may have supported more sustained
joint attention and perceptual grounding for parent–child pairs.

Behavioral observations provided converging evidence for this interpretation. We counted instances
in which a dyad split (i.e., separated into different sections) and conversational engagement ceased
for more than two minutes at least once during the visit; the two-minute threshold corresponded to
the average time spent viewing a single exhibit. More dyads in the CMI condition split (5/12) than in
the NAI condition (2/12). Notably, all AC dyads in the NAI condition moved together throughout the
exhibition while frequently referencing each other’s screens and continuing conversation. In contrast,
three out of six AC dyads in the CMI condition split when one member finished interacting with a
device-enabled exhibit earlier and moved on to another exhibit (Figure 9).
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Finally, we compared the proportion of utterances contributed by each dyad member to examine
conversational initiative (Figure 10). AA dyads showed relatively balanced participation across both
conditions. In AC dyads, however, adults accounted for a larger proportion of utterances in the NAI
condition than in the CMI condition. Taken together with the higher overall learning talk rate in NAI,
this suggests that NAI may have increased parents’ explanatory or guiding talk directed toward children
during the shared exploration.

c) Preference for Exhibits

After completing the visit, all 24 dyads (48 participants) reported which of the three device-enabled
exhibits they found most interesting and explained their reasons. Responses differed markedly between
adults and children. Adults most frequently selected “The growth process of bees from a larva to an adult”
(NAI: 10/18; CMI: 9/18) or “Internal anatomy of bees” (NAI: 4/18; CMI: 6/18), whereas children most
frequently selected “What is inside the bee hive?” (NAI: 5/6; CMI: 3/6) as their top choice. Importantly,
this preference pattern was consistent across interaction methods.

Adults often described the sealed-cell metamorphosis exhibit as engaging because it enabled a “see-
through” experience of a sequential developmental process that is not directly visible in the physical
artifact. For the anatomy exhibit, adults reported enjoyment in locating where familiar bee functions
(e.g., honey storage or stinging) corresponded to specific internal organs. Overall, adults appeared
to prefer exhibits in which the physical structure and digitally revealed content aligned with their
expectations, which is consistent with the longer viewing times observed for the development content
(Figure 7, right).

In contrast, children preferred the beehive exhibit, which was comparatively intuitive and offered a
large surface that afforded movement around the model. Children in the NAI condition, in particular,
frequently mentioned that the hive’s size supported walking around while exploring, and that the bee
sounds increased the sense of realism. These comments suggest that children valued the embodied
exploration afforded by moving the device across a sufficiently broad physical surface. This preference
is also consistent with the descriptive trend that NAI participants spent more time at the beehive exhibit
(Figure 7, right).

6. Discussion

Overall, participants spent a comparable amount of time viewing the exhibition across both conditions.
This suggests that the content and task demands were reasonably balanced; otherwise, substantial
differences would likely have emerged in total viewing time or in the time allocated to each section.
Nevertheless, the conditions differed in the nature of visitors’ conversations. More learning-oriented
talk occurred under the NAI condition, and AC dyads in particular exhibited more perceptual talk.
Visitors’ viewing styles also diverged: under the CMI condition, dyads separated more frequently, which
may have reduced opportunities for sustained learning talk. In the following, we discuss how these
patterns relate to near-surface AR interaction and whether they indicate a positive contribution to
social learning in museums.

6.1. Difference of Conversation Frequency According to the Dyads’ Relationship

Whereas AC dyads showed more cognitive talk with NAI, AA dyads exhibited only a small difference in
perceptual talk between conditions. Given that AA dyads’ viewing time did not significantly differ, this
pattern is unlikely to reflect reduced engagement or interest. Rather, it suggests that increased visibility
of each other’s screens or closer interpersonal proximity did not, by itself, elicit more conversation
among adults. This may be explained by relationship-specific conversational goals. In AC dyads,
parents often assumed a guiding role, sustaining goal-directed, pedagogical exchanges (e.g., prompting
attention and interpreting exhibits). NAI appeared to support this continuity by enabling shared
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engagement around the exhibit without requiring the dyad to physically separate. In contrast, adult-to-
adult conversations tended to shift topics quickly and to include more affective expressions oriented
toward sharing impressions rather than instructing one another. With shorter conversational cycles
and potentially stronger preferences for intermittent or solitary viewing, AA dyads may have been
less sensitive to interaction proximity. Accordingly, near-surface AR may be particularly beneficial for
AC groups by reducing the likelihood that a parent’s attention is diverted away from the child due to
screen-focused viewing.

6.2. Sharing Mobile Screens, More Opportunity to Talk

This study was designed to approximate a natural museum visit by allowing participants to move freely
while using the device. Despite the absence of instructions to remain together, most groups traversed
the exhibition as a dyad from start to end. Beyond co-located viewing, participants in the NAI condition
more frequently oriented toward one another’s device screens and engaged in joint talk. We interpret
this as an effect of relocating the device from an individual’s eye-level “personal” viewing space to a
position nearer the exhibit surface. In this configuration, the device can function as a socially accessible
entry point for shared attention and conversation [46, 47]. Such entry points may elicit curiosity from a
partner who is not currently interacting and can invite participation, thereby increasing opportunities
for shared interactions.

At the same time, the physical scale of exhibits and available surrounding space become salient
design constraints. During the experiment, even small near-surface exhibits occasionally appeared
crowded with only two visitors, which could disrupt comfort and flow. Providing adequate clearance
around exhibits and aligning exhibit size with the expected number of co-located visitors may therefore
be necessary to realize the social benefits of NAI. Taken together, these observations suggest that NAIs
that are physically compatible with exhibit scale and cognitively aligned with the content can better
support shared learning experiences in museum settings.

6.3. Does More Talks Indicate a Better Learning Experience?

Assessing learning in open-ended environments such as museums remains challenging, motivating
the development of multiple observational frameworks. In this study, we adopted Allen’s coding
scheme [15] and treated the frequency of perceptual and conceptual utterances as indicators of learning-
relevant engagement. Visitor talk, particularly utterances with cognitive content, has been widely used
as evidence that visitors are attending to and making sense of their surroundings.

Under NAI, parents produced perceptual talk more frequently, and this shift may be associated with
improved learning opportunities for children. Importantly, this increase did not appear to come at the
expense of children’s participation; children’s cognitive utterances also increased, mitigating concerns
that interaction would merely amplify one-sided adult narration. Moreover, conversations grounded in
jointly viewing either the mobile screen or the physical exhibit can be interpreted as signs of shared
meaning-making rather than parallel, screen-isolated consumption. Therefore, our findings suggest
that interactive exhibit designs that explicitly consider the spatial formation among exhibits, devices,
and visitors—such as NAI—can shape social interaction patterns and potentially enhance learning
experiences in museums. For future interactive exhibits, curators and designers should account for
the physical context of use, including how device placement and interpersonal spacing facilitate (or
constrain) joint attention and conversation.

7. Conclusion

This study examined how near-surface AR interaction influences social interaction among museum
visitors. In a controlled field experiment, we observed visitor groups engaging with an exhibition under
different interaction proximities. Although overall viewing time was comparable across conditions,
NAI was associated with increased conversation, suggesting a reduction in disconnection that can arise
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when content is accessed primarily through a personal mobile screen. In particular, parent–child dyads
showed higher conversational frequency under NAI, which may support richer learning opportunities.
Collectively, these results indicate that near-surface AR interaction can improve museum experiences
by mitigating screen-induced separation and fostering more diverse, learning-relevant conversations.
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