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ABSTRACT

Recent technological advances are enabling HCI researchers to ex-
plore interaction possibilities for remote XR collaboration using
high-fidelity reconstructions of physical activity spaces. However,
creating these reconstructions often lacks user involvement with
an overt focus on capturing sensory context that does not neces-
sarily augment an informal social experience. This work seeks to
understand social context that can be important for reconstruction
to enable XR applications for informal instructional scenarios. Our
study involved the evaluation of an XR remote guidance prototype
by 8 intergenerational groups of closely related gardeners using
reconstructions of personally meaningful spaces in their gardens.
Our findings contextualize physical objects and areas with various
motivations related to gardening and detail perceptions of XR that
might affect the use of reconstructions for remote interaction. We
discuss implications for user involvement to create reconstructions
that better translate real-world experience, encourage reflection, in-
corporate privacy considerations, and preserve shared experiences
with XR as a medium for informal intergenerational activities.
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1 INTRODUCTION

Extended Reality (XR) technology has seen increasing research and
commercial interest as a medium to augment remote collaboration.
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When compared with traditional 2D media, XR provides a more
effective way for users to perform spatial referencing and demon-
strate actions remotely [45]. This can especially be helpful during
collaboration and expert-guidance for physical tasks in professional
settings (e.g. surgical training [20, 57, 95], field servicing [100]). The
increasing access to XR devices is also leading to a growing body of
HCI work on system building and interaction design for informal
settings with remote friends and family. These works can involve,
for example, games [2], learning [82], and other general-purpose
telepresence applications [47, 48]. Virtual representation of the
users, their surrounding physical spaces, and objects in XR is an
important element of this interaction design for collaboration or in-
struction. Recent advances in creating high-fidelity 3D environment
[102, 103] and avatar reconstructions [38, 101] for XR devices are
allowing remote collaborators to explore and obtain better spatial
and semantic information from a remote environment.

The HCI community has explored various modes of representing
real environments and objects as 3D models in XR to improve collab-
oration in remote guidance tasks [19, 79, 82]. These systems often
focus on representing the activity space based on the constraints
of the technology and designers’ understanding of activity-specific
interactions that need to be supported for guidance. For example,
some objects might be explicitly prioritized for the demands of the
activity by system designers during 3D reconstruction (e.g. high
fidelity hand pose reconstruction during surgery [13]). In other
works, often with room/table scale remote XR systems, the entire
room/table volume and its objects are reconstructed by default
[48]. There is also a focus on understanding how to create sensory
affordance for the reconstructions comparable to their physical
counterparts [70, 71] (e.g. tactile sensations for virtual surfaces
[75]). This can be useful for activities requiring precise sensory
input for skilled physical tasks (e.g., cutting through material for
surgery). This designer-led approach of creating virtual representa-
tions of activity spaces by capturing activity and sensory context
might be optimal for professional settings with standardized prac-
tices. However, informal activities with friends or family can take
place in settings where virtual representation of spaces and ob-
jects in XR needs to capture more personalized meaningful context.
Affordances for virtual objects that enhance social connectedness
between group members through “connecting” interactions (e.g.
sharing virtual replicas) can be a priority to aid remote informal
collaboration by building common ground [6, 15]. But there is a
missing understanding of how designers can translate the social
context of real physical objects to their virtual representations and
how this translation might affect user experience. Our work aims
to better explore and understand this social context, in terms of
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expected social affordances, behaviors, and interactions, which re-
constructed spaces and objects need to capture to be meaningful,
for example, when connecting with a remote loved one. We take
the case of hobby instruction in a closely related group (e.g., family,
friends) of practitioners as an example of an informal setting for
XR with the following research questions in mind:

e RQ1: What is important social and sensory context that can
influence informal XR users’ remote experiences with virtual
representations of real activity spaces and objects?

A. What context is important to users for learning experi-
ences with reconstructed spaces and objects?

B. What context is important for connecting interactions
with reconstructed meaningful spaces and objects?

C. What context is important to users when sharing recon-
structed meaningful spaces and objects?

e RQ2: What are some design considerations for XR to support
the values and goals of an informal intergenerational group
interacting with the virtual representations?

We choose gardening as an example hobby where social interac-
tion for instruction or connection is often intergenerational, com-
munity or family oriented [39, 93] thus providing rich context for
physical spaces and objects associated with the activity. Although
there are varying perspectives on technology inclusion in the space,
socio-technological approaches that enable practitioners to learn
from others have been suggested in the past as a fruitful research
direction [26, 39, 41, 46]. We conducted a study with eight groups
of 18 intergenerational participants to evaluate an XR prototype for
remote instruction scenarios in gardening. Our prototype allowed
participants to view and interact with pre-created 3D models of
meaningful real areas and objects chosen by them from their gar-
dens. This allowed us to identify context that could be important
for the models to augment instructional or connecting interactions
over XR.

Our paper makes four contributions. First, we discuss if 3D mod-
els of a real activity space in XR can better support meaningful
reflection during remote instruction (RQ1A). We note possibilities
for reflection with different approaches to capturing context and
constraints on using real-world-experience to understand the recon-
structed spaces. Second, we provide an understanding of context
that can capture social relations and emotional context (RQ1B).
We discuss the value of virtual reconstructions to preserve shared
memories and as mementoes compared to physical artifacts. Third,
we discuss potential spatial privacy considerations for the process
of creation and social sharing of virtual reconstructions (RQ1C).
Finally, we discuss how our findings on creating and sharing virtual
reconstructions of physical objects and spaces could apply to other
intergenerational activities and provide meaningful directions to
explore when designing informal or casual XR (RQ2).

2 RELATED WORK

2.1 Virtual representation of physical spaces
and objects for remote guidance in XR (RQ1)
Past work on remote guidance in XR has covered virtual envi-

ronment representations that include live or pre-captured 360-
camera media [32, 40, 77], live or pre-rendered 3D reconstructions
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[20, 48, 79, 82], and using virtual proxies for objects [17, 45] in the
environment. The design considerations that are highlighted in
these works are often related to the relation between user experi-
ence and the context (e.g., visual features, physical manipulability)
that is captured by different virtual representations.

2.1.1 Context prioritized when virtually representing real environ-
ments. Previous HCI research on reconstructing the user’s physical
location as a virtual environment has predominantly focused on an
understanding of sensory context for reconstruction. This includes
capturing and matching sensory context in terms of physical af-
fordances (e.g. tactile sensations) of virtual objects with those of
actual objects in the VR user’s environment [70, 71]. This can help
the user with safe navigability while wearing a headset, and for
experiencing interactive and sensory-realistic virtual objects and
proxies remotely. For example, the bumpy surface of a rock can
be approximated using a vibrotactile actuator [75]). This matching
of affordances of the virtual reconstruction or proxy with their
physical counterpart is an important design consideration for the
psychological feeling of presence in a remote environment and
maintaining sensory coherence with the physical environment
around the user when exploring a mixed reality environment [73]
(e.g. have similar tactile sensation [28]).

Researchers have also proposed abstracted virtual proxies by
capturing a set of affordances (e.g. hand manipulability [45, 58])
as context that is convenient for the user’s intended tasks. Radu
et. al [58] provide an example of virtual proxies for a virtual mak-
erspaces that could capture context such as sensor data from their
physical onsite counterparts, a model of their physical interactiv-
ity, and even discuss controlling these physical objects remotely
through their proxies. There also has been substantial past research,
and re-emerging interest in commercial XR, on creating 3D digital
twins of environments or systems that can act as simulation proxies
for evaluation, and even educational tools for their physical coun-
terparts (e.g. rockets, classrooms, theatres) [1, 47, 64, 68]. Design
work using XR for cultural heritage preservation has focused on
instructional affordances of virtually reconstructed objects (e.g. 3D
scans of museum artifacts [56]) and digital twins of historic sites
[9, 62, 63] and how they could engage the learner to consider their
meaning. For researchers, and even a general audience, it can allow
them to construct historical narratives by viewing and interacting
with artifacts from all over the world in a single virtual “place” [84].

Commercial availability and capabilities of VR devices have in-
creasingly improved for casual users. However, there is still a gap
in current literature is a user-centered understanding of context
beyond sensory features that is needed to create meaningful re-
constructions for informal settings. A growing body of work has
proposed understanding social context, in addition to sensory con-
text, when interacting in XR with virtual representations of real
environments in informal settings [40, 85, 90]. Maddali et. al sug-
gest investigating how an XR environment might lead to additional
affordances with making meaningful physical objects shareable
and interactable virtually (e.g. arranging or reshaping together)
and enable affective “connecting” interactions in hobby learning
settings [40]. Based on their analysis, we argue that it is important
to understand the breadth of social affordances for virtual objects in
XR that enable connecting interactions, in addition to instructional



Understanding Context to Capture when Reconstructing Meaningful Spaces for Remote Instruction and Connecting in XR

(e.g., building observation skills), and physical affordances (e.g.,
being graspable). Our work provides a glimpse into what could be
meaningful social context for 3D models of real spaces in informal
learning scenarios. We also discuss approaches to capturing this
social context for XR.

2.1.2  Designer-led versus user-centeredness in identifying meaning-
ful context for virtual representation. Virtual representation of real
objects that can be used as physical props in a collocated interaction
is important for remote instruction and collaboration scenarios [48].
We find that past works that use virtual proxies of physical objects
in XR to explore remote interaction workflows [45, 48, 51] often
use a designer-led understanding of context to capture through the
proxies. In room-scale telepresence it is assumed that all the objects
in the room are reconstructed by default [48]. Some works include
pre-created [17] or live [92] virtual proxies of objects important
for instruction. The presentation of proxies can also be prioritized
based on importance to instruction (e.g. higher hand resolution
for remote surgery guidance [13]). However, these works do not
discuss/utilize any structured user-centered approach to identifying
the objects and the surrounding sensory and social context that
need to be represented in XR (e.g., incorporating privacy prefer-
ences). Our work extends this space by identifying affordances for
reconstructed spaces that arise when meaningful objects and spaces
are intentionally selected with participant involvement. While we
do find work that explores privacy of person [47, 60], privacy of
space and the concerns of the user when creating or sharing re-
constructed objects or environments is rarely discussed. Wang
et. al point out the importance of acknowledging such concerns
when users create and share 3D reconstructed moments [85]. We
add to this XR-privacy literature by looking at context dependent
concerns and perceptions around creating and sharing virtual re-
constructions of environments. We also present how the nature
of the activity might influence how context is captured for the
reconstructed models.

2.2 Intergenerational XR for meaningful
informal settings (RQ2)

HCI researchers have often contextualized designing remote inter-
generational systems within a trend of increasing social isolation
due to several factors like the dispersed and nuclear distribution
of families [61]. Pertaining to groups involving older adult users,
the focus has been on use-cases that combine gaming in some form
with storytelling [25, 36, 59]. Game-based approaches have some
benefits, for example, as a way to combine light exercise with social
interaction [33, 49, 91]. However, there might be wariness among
older adults of prototypes and game-like activities that could be
perceived as children’s activities or unproductive [42]. We see some
HCI researchers taking this into account by avoiding associations
with gaming when prototyping for intergenerational experiences
or for study procedures [8]. This consideration appears when the
objective for using XR is an exchange of knowledge, for example,
of traditional culture between older and younger users [14]. Po-
sitioning older adults as keepers of family history and younger
people as memory triggers [36] for intergenerational storytelling
and reminiscence applications [7, 12, 36] has seen a positive user
reception in past studies. However, these studies used traditional
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2D media and objects. Our findings provide an understanding of
how experiences with 3D models of real places and objects in XR
would be perceived relatively.

Established industry players like Microsoft [48] have shown
visions of using 3D reconstructions of real spaces for casual XR out-
side workspaces. Meta has notably implied intergenerational use-
cases for XR telepresence where you could watch sports “together
from a 3D model of his dad’s apartment” [31]. However compelling
use cases, outside of gaming, for a more diverse demographic of
casual users remains to be implemented and adopted. To expand
to a use-case that might fit a different set of interests, we chose a
popular activity linked to leisure and informal learning especially as
a hobby activity in an intergenerational setting [40, 41]. Gardening
has a highly multigenerational demographic with older adults (65
years and above) being the largest age group [93] and most active
volunteer group at extension master gardener programs [16]. In
this work, we discuss intergenerational perceptions of social con-
nection in XR around hobby learning as a meaningfully perceived
use-case. We link these perceptions with experiences of interacting
with 3D models of real spaces and the context that they should
capture. Past work has also noted that prototypes and use-cases
for XR can often be biased by a younger user and designer centric
approach [65, 66]. This can resulting in an experience asymmetry
[44] for one of the age groups. In our study we note how this, and
other factors could have affected perceptions of the state of XR and
its future possibilities for intergenerational interaction.

3 STUDY DESCRIPTION

3.1 Participants

We recruited a total of 18 participants (avg. older adult age = 69.7,
avg young adult age = 45.8, avg teen age = 14 years) (Table 1) and
conducted eight sessions (Table 2) of our user study with six pairs
and two groups of 3 participants. The pairs and groups included
older adults (aged 65 and above), and family members, friends, or
acquaintances who were atleast one generation apart (e.g., P6 was
a friend of P5’s daughter) with an avg age difference of 31.5 years.
13 participants described memories of learning hands-on in the
garden with their family by spending “summers with my aunt(P1),
my grandmother” (P2) or great-grandmother in P17’s case. In four
groups, (S1, S2, S4, S7), younger participants’ childhood experience
with gardening was in the presence of their older study partners.
Beyond leisure, it was a necessary skill for P6 who “couldn’t afford
(veggies) to eat, so we had to plant (gardens) to eat”. A few oth-
ers (P5, P10, P12, P17) described teaching themselves later in life
through online resources or professional programs while encour-
aging other young members of their family to help in the garden
(P12). P7 (younger) and P10 (older) had been kindling their interest
in gardening outdoors with the help of their study partners. This
qualitative and quantitative profile of our participants allowed us
to collect rich data on the intergenerational social experience with
our prototype.

In all the pairs or groups, there was a significant, self-described
difference between the members in the level of experience with
gardening. Participants included four novices, 5 certified master
gardeners, 5 experienced gardeners, and 3 “professionals” who were
farmers (P3) and academics in agriculture and biology related fields
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Table 1: Self-reported participant information

Participant Expertise Age Sex Ethnicity Relation between Participants Prior AR/VR usage
P1 Experienced 65 F African American P1isP2’s Aunt Yes
P2 Master Gardener?® 54 F African American None
P3 Professional® 74 F White P3 is P4’s Grandmother None
P4 Experienced 15 F White Yes
P5 Master Gardener 70 F White Good friends through P5’s None
Daughter
P6 Professional 34 F White Yes
pP7 Experienced 70 F African American P7is P9’s Aunt. P8 is P7’s None
Husband.
P8 Experienced? 74 M African American None
P9 Novice 41 F African American Yes
P10 Novice 67 F African American P10 is P11’s Mother None
P11 Master Gardener 45 M African American None
P12 Master Gardener 67 F African American P12 is P13’s Mother-in-law. None
P13 Novice 39 F African American Yes
P14 Professional 54 M Latino P15 is P14 and P16’s Neighbor. Yes
P14 is P16’s Father.
P15 Experienced 69 F White None
P16 Novice 13 F Latina None
P17 Novice 54 F White Good friends and former None
neighbors
P18 Experienced 71 F White None

2 Participant also had substantial farming experience. b Participant is also a Master Gardener

(P6, P14). However, even here, experience between participants
should be considered relatively. For example, P8 had substantial
experience with farming compared to P7 and P15 was considered
more knowledgeable than P14 who was a professional. The older
participants were not necessarily the more experienced gardeners.
For example, P1, P5, and P10 were either novices or less experi-
enced than their study partners. This diversity in experience levels
allowed us to collect feedback for our prototype from an instruc-
tional perspective.

In two of the sessions (53,S4), participants were in different
cities/states and were truly remote. For the other sessions, we sim-
ulated a remote setting by having the participants in separate loca-
tions (e.g., a participant in house and their partner in the garden).
In four sessions, all remote/simulated-remote group members were
familiar with the garden locations chosen for the study and recon-
structions since they visited the location frequently. P6 mentioned
having a general overview of the location for S3 but never having
been inside it. In S4, P7 and P8 mentioned being introduced to P9’s
backyard only prior to the study over video chat. Only two sessions
involved one group member viewing the selected garden location
for the very first time (P13 in S6, and P15 in S7).

3.2 Procedures

Each session was 90 minutes in duration and had two parts fol-
lowing the timeline in Figure 1. The onsite participants walked
the researcher and the remote participants through a garden area
preselected by them over video chat in part 1. This was followed

by participants evaluating the XR remote instruction prototype in
the expert or novice’s garden in part 2. A short pre-study session
was also conducted either remotely or via email instructions where
videos and photos from the selected garden site were collected by
the participants or by the researcher with participant guidance.
These were used to create 3D models of areas and objects in the
participants’ garden to be used in part 2 of the study.

3.2.1  Pre-study session. Around 1-2 weeks prior to each session,
the participants were instructed to choose 3-4 small areas (around
10ft by 10ft) in their garden that could be meaningful or interesting
for them and/or their partners. These were areas that could be
more familiar to them, have some objects/plants/features that they
could use to teach something, or just might be enjoyable to be in.
For each of these areas, the participants started capturing a 1-3-
minute video by first standing just outside the boundary of the
plot and doing a slow walk around its boundary while keep the
camera pointed towards the center of the plot and coming back
to the starting location. During the walk, the participants were
suggested to 1) keep their camera movements smooth and slow to
avoid motion blur, 2) try ensuring the camera’s view is unobstructed
by, for example a fence or tree and, 3) occasionally vary height and
distance of the camera from the area to get a more comprehensive
view of the area/object. An example video shot following these
instructions was provided to the participants as a reference for
the kind of video to be created. The researchers sampled the video
frames and used 100-300 frames to generate each 3D reconstructed
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Table 2: Session information

Session Participants Location(s) explored for  Site Session type Models created for XR prototype (Session Part 2)
garden walkthrough Familiar to
(Session Part 1) all partici-
pants
S1 P1, P2 P2’s home garden Yes Simulated P2’s backyard & decorative area in front yard
remote ?
S2 P3, P4 Family farm Yes Simulated Unplanted farm plot & decorative area
remote ?
S3 P5, P6 P5’s home garden No (P6) Remote P Fenced area with garden beds in P5’s backyard
S4 P7, P8, P9 P9’s backyard, No (P7 and Remote © Unplanted garden bed in P9’s backyard
P7 and P8’s home P8)
garden
S5 P10, P11 P11’s home garden Yes Simulated Two unplanted garden beds, & herb garden
remote ?
S6 P12, P13 P12’s community No (P13) Simulated Herb garden, butterfly garden, & memorial area
garden remote ?
S7 P14, P15, P14’s community No (P15) Simulated Raised bed area, terraced slope, & bee house
P16 garden remote 2
S8 P17, P18 P18’s home garden Yes Simulated P17’s house garden bed, P18’s back & front
remote ? yards, & P17’s comfrey plant at P18’s house

2 Participants alternated between mobile phone (for onsite AR) and
and P6 on VR headset. ¢ P7 and P8 on mobile, P9 on VR headset

Pre-study Researchers
(1-2 weeks generate 3D
prior) models
« Participants select 3-4  « Researchers use .
meaningful areas in Agisoft Metashape
garden photogrammetry
« Participants capture software .

short videos of areas
covering different
viewpoints

Oculus Quest headset (when simulating remote VR) . b P5 on Tablet (AR)

Study Part 1: Study Part 2:
Garden Using XR

Walkthrough Prototype

Participants interviewed « Remote (VR headset) and

remotely about expertise, Local participants

motivations etc. (Mobile/Tablet) open XR

Local participant walks web app on their device

remote participant over « Participants walk through

zoom two guidance scenarios
with 3D models of selected
areas

Figure 1: Summarized timeline for each participant session.

area/object using the Agisoft Metashape photogrammetry software
[104].

3.2.2  Part 1: Remote garden-walkthrough session. In this part of
the study, participants were first interviewed about their experi-
ence level, familiarity with the pre-selected garden area and objects,
motivations for gardening individually and together (if done in the
past). They then explored and conversed about the pre-selected
garden areas and objects using conventional video chat as though
they were remote from each other (in simulated remote sessions).
The participants identified what components of those physical gar-
den areas were meaningful to them individually and collectively
(Figure 2) and gave us a sense of how these components could be
utilized by them for instruction or to feel connected. This session

also helped establish a shared gardening experience that the partic-
ipants could refer to compare their social experience with the XR
prototype in Part 2. This approach was also intended to be useful for
the participants to reflect on the idea of remote instruction during
gardening session and provide them with a baseline on interaction
using conventional video communication.

3.2.3  Part 2: XR prototype evaluation. On completing the gardening
session, participants evaluated an XR remote instruction prototype
informed by design considerations and a scenario for garden plan-
ning identified from past work [40]. The objective of this part of
our sessions was to understand how the objects and areas from
the practitioner’s activity space identified through the gardening
session can be represented and even augmented with meaningful
context for instructional and social connecting interactions in XR.
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a) P12 showing P13 some herbs that

she might like to cook with helps P3 with.

b) P4 walking through a plo

Hanuma Teja Maddali and Amanda Lazar

e

tthatshe ¢) P5 showing P6 some artwork her
neighbor made for their garden

Figure 2: Examples of meaningful objects and areas discussed during the garden walkthrough. Participants focused on objects
that might be meaningful for their utility in activities they like, instructional value, or aesthetic reasons etc.

The prototype provided examples for virtual objects and environ-
mental elements in XR that can be used by the practitioner for
instructional or connecting interactions. The session will be fol-
lowed by a semi-structured group interview with the expert-novice
group to help evaluate the prototype.

3.3 XR remote instruction prototype

Our XR prototype is a multi-user system through which participants
could together interact with the photogrammetrically generated 3D
models of pre-selected areas and objects from the selected garden
spaces and gain familiarity with XR environments. It is an HTML
and JavaScript-based webapp using the networked A-FRAME [105]
package. Networked A-Frame uses WebRTC and WebSocket con-
nections for audio-visuals and syncing remote users. Users can
simply open a link to the prototype website on a browser in their
mobile/tablet/VR headset, like a zoom meeting link. By default,
A-FRAME creates buttons on the browser UI to toggle between AR,
VR, or in-browser modes. This allowed participants to use devices
that were immediately accessible without restricting them to head-
sets for AR/VR. It also addressed health concerns around sharing
headsets with other groups in the current COVID pandemic. In
our sessions, participants onsite on the garden used the prototype
in AR mode on a mobile/tablet and remote (or simulated remote)
participants used the VR mode with the Oculus headset.

We used two scenarios appearing in past work [40] as evaluation
scenarios for the prototype that illustrate instructional and connect-
ing interactions in XR for gardening. In these scenarios, the onsite
participant uses the AR mode of our prototype on their device (a
tablet or mobile phone) to view a 3D reconstruction of the terrain
of the garden while the remote participant views the model using
the Oculus Quest headset in VR mode. In simulated remote setting,
participants played both the onsite and remote roles alternately.

3.3.1 Scenario 1 - Gauging the slope to visualize the flow of water.
In this scenario, participants simulate rain on the 3D reconstructed
plot using a rain particle system developed with an AFRAME
physics library. This simulation will be visible on both the onsite
participant’s AR view as well as the remote user’s VR view as a

visual aid. Using this visual aid, an experienced gardener can talk a
novice through planning a garden based on the flow of water on
the plot (Figure 4.b).

3.3.2  Scenario 2 - Visualizing the distribution of shade. Participants
simulate the movement of the sun over the garden by moving a
spherical light source and adjust the virtual east-to-west axis in
VR to align it relative to the physical plot. This can be used by
an experienced gardener to highlight how the movement of the
sun might affect the distribution of light on the plot over time. The
webapp simulates the lighting and shadows on the 3D reconstructed
plot in both the novice’s AR view as well as the expert’s VR view
as a visual aid (Figure 4.d).

The scenarios were designed to elicit feedback on existing or
possible affordances for the virtual representations of areas, ob-
jects, and events in the physical garden space in XR. This includes
reflecting on affordances for instructional interactions (e.g., being
able to actively move a virtual sun) as well as social affordances for
connecting (e.g., conveying stories for objects with family history).
A limitation of using the web app approach was the constraint
on the fidelity of the 3D models to maintain comparable loading
and rendering times across the different mobile devices and the
headset. Most models had between 10K to 100K depending on size
or number of objects in the model (e.g., empty plot or single objects
needed less triangles). We had one outlier of a large butterfly garden
model (Figure 3.f) for session six with one million triangles which
we restricted to the scenario 2, since simulating rain in scenario 1
is more resource intensive due to the collision simulation for the
raindrops and could negative affect participant experience with
large render time.

3.4 Analysis

We collected 12 hours of zoom videoconference recordings of 1)
onsite participants walking their remote partner and the remote
researcher through the physical study locations for part 1 of the
study and 2) participants using the Oculus headset or their mo-
bile/tablet device during XR prototype evaluation in part 2 of our
study. Prototype evaluation, in total, used nineteen reconstructed
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X 2
a) Decorative area in P2’s front yard b) Decorative area in P3’s farm ¢) Garden bed in P5’s backyard
(49K triangles) (80K triangles) (73K triangles)

(83K triangles) (396K triangles)

g) Bee house in 14 s comunity garden h) Garden bed in P17’s fr

e

e) Herb greenhouse in P11's backyard f) Butterfly garden in P12’s community garden
(106K triangles)

(1.05 Million triangles)

R
ont yard

Figure 3: One 3D model from the set of 3-4 models generated for each of the eight study sessions from videos clips provided by
participants of garden areas and objects they selected to be useful for instruction or meaningful in some sense. The scale of
these ranged between large areas (butterfly garden) and small garden beds or single objects (herb greenhouse).

3D models of the participants’ garden areas and objects (Table 2).
An additional 6 hours of video was screencaptured from the XR
environment during prototype evaluation in part 2 that depicted
participants (as avatars) interacting with each other and these 3D
models.

We used a qualitative approach to analyze this rich dataset from
multigenerational groups having different expertise levels and goals
with gardening and perceptions of XR. We use thematic analysis
(Braun and Clarke [11]) to descriptively surface the underlying sub-
jective perspectives on context that is important for user-experience
with 3D reconstructions. Our analysis was guided deductively by
the study objectives, and through inductive interpretation of data.
Subthemes and overarching themes related to our research ques-
tions were developed progressively using coding and memoing.

The first author first started by transcribing the audio from the
videos for deeper familiarization with data. During this process, the

videos screencaptured during the prototype evaluation, in part 2 of
the sessions, provided context for participant reactions and actions
in the “real” world videos. The first author then performed ini-
tial coding of transcripts and complementary memoing to identify
emerging subthemes in data. The first four sessions (S1-S4) were
transcribed and coded immediately after completion. The resulting
codes and subthemes were then discussed and refined by the au-
thoring team for their relevance to our guiding themes based on
our research questions (Section 1). The first author and a research
team member then transcribed the interviews from sessions S5-S8
and used this data to build on the refined subthemes. Although
the codes around the research questions had become mostly satu-
rated after the first four sessions, new data related to privacy when
creating and sharing 3D content emerged during session S5. The
researchers additionally focused on drawing out more data on this
subtheme, when interviewing in sessions S6-S8.
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a) Still from video of terraced slope selected fo

c) Still from video of raised beds and irrigation system
selected for session 7
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rsession7  b) First person view of P16 seeing rain simulated on a
3D model of the sloped terrace

i 4

d) First person view of P15 seeing avatars of P14 and P16
experiencing scenario 2 with the virtual sun

Figure 4: Examples from session seven of areas selected by participants along with screen captures from devices used during
part 2 of the study. We can see 3D models of the garden area generated and used for scenarios 1 (rain) and 2 (sun) along with

the simple sphere with dotted eyes for user avatars.

The themes that emerged from coding and memos from all eight
sessions were brought to our research team for further discussion
to define the final salient themes that we present in the findings sec-
tion. Our first salient theme relates to context that can be important
to capture to reconstruct the physical activity space and objects for
social connecting or instructional interactions in XR (RQ1). Our
second theme relates to the goals of intergenerational groups and
factors affecting their interactions with the reconstructed objects
and areas in XR (RQ2). Our final theme is related to how our model
generation approach might have affected prototype usage during
the study sessions. The findings from this theme presented as a
limitation that can influence design considerations rather than an-
swering a specific research question. Table 3 provides examples of
themes, subthemes, their associated research questions, and under-
lying codes.

4 FINDINGS

In this section, we describe participants’ thoughts on using the XR
prototype to experience 3D models of familiar real objects and areas
in their garden. We focus on what participants felt was important

context that these 3D models needed to capture in XR to augment
instruction and connection in their informal setting. “Context” in-
cludes behaviors, interactions, and affordances that participants
would like the models to support. We also describe privacy related
nuances important to participants when creating and sharing these
3D models in different settings. Finally, we describe how proto-
type usage may have been affected by perceptions of XR by our
intergenerational groups and the models used.

4.1 Context important to users’ experiences
with the 3D reconstructed activity space in
XR (RQ1)

As part of answering RQ1, we present our findings on contexts that

cover instructional motivations (RQ1A) and connecting (RQ1B)

with each other and the privacy concerns around creating and
sharing such 3D content (RQ1C).

4.1.1 Context to capture for learning experiences: Exploring rela-
tions at different scales of the garden (RQ1A).. In Figure 3, we give
examples of 3D models from each session that were created using
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Table 3: Examples of themes, subthemes, associated research questions (related theme), and underlying codes from data analysis.

Theme Subtheme Research Example Codes
Question
Context important  Context for understanding the RQ1A model missing surrounding visual references, viewing
to capture for reconstruction with real-world extremely fine details, ability to touch objects for teaching,
informal settings  teaching/learning experience describing an interconnected system, capturing life
Context capturing relations RQ1B Object representing family member, create familiarity with
with other people shared memory, gifting family, collaboratively built space
Privacy when authoring and RQ1C Interested in sharing objects you are proud of, models of
sharing 3D content 2 private vs public areas, privacy concerns for children
Intergenerational  Perceptions due to values RQ2 Unaccustomed to internet, resonates with using technology
Perceptions and in garden, relying on on-site people for help, younger people
XR interactions may be more comfortable with XR
Goals for intergenerational RQ2 Teaching the old ways, helps understand where food comes
groups from, learning from a young age can be good, shared
learning between generations.
Effect of models  Orienting to virtual model Couldn’t identify model as real area, resolution requirement
on feedback depends on expertise, landmark helped orient

2 Subtheme emerged during session S5 so codes for this come from the subsequent sessions (55-S8)

several types and scales of objects and areas chosen by participants
from their physical garden space. Many smaller areas and objects
in the garden can often be viewed as part of a larger natural or man-
made system. This is especially visible in community gardens and
demonstration gardens (S6, S7) that are designed to showcase their
relationship with the surrounding local environment. For example,
rainwater collected in one area of a community garden might be
pumped to a different area further away to supplement existing
irrigation as in S7. Master gardeners P11, P12, and P14 described
how they could use models in XR to provide an overview that cap-
tured the relations between parts of the entire garden system and
its interactions with the environment. Similarly, P2, P9, P11, and
P14 felt 3D models could be more suited to give an overview of a
garden and system rather than capturing a single object or area
in isolation, if its details were recognizable. It was different when
teaching/learning concepts that required the remote user to explore
minute details. Some participants (P2, P5) felt video chat in the gar-
den walkthrough allowed them to better explore these details since
it “forced you to focus on objects in a smaller field of view.” Others
emphasized creating models that emphasized zoomability (P1, P12,
P18) and manipulability (P13, P14). Although limited by technology,
one expected finding was for being able to manipulate the models
hands-on especially in an intergenerational setting since kids “they
want hands-on, like we do leaf rubbings”.

Participants also discussed additional context when represent-
ing the effect of environmental variables on the physical activity
space (sun and rain in our scenarios). An example from prototype
evaluation was for the models to capture how the physical coun-
terpart might interact with sunlight. Participants mention that this
could be based on the real object’s position in the house, relative
geography, and its material properties when remotely assisting a
user with planning. Participants felt a difference in being able to
translate their real-world experience to the virtual environment in
the two different scenarios for our XR prototype. With the sunlight

prototypes, some participants felt they were unable to translate
their experience. This was because there were many implicit cues
when thinking about sunlight distribution in a real-life space that
were not captured by the experience in the prototype. An example
was how limit on the area for modeling affected P5 and P6’s usage of
the sunlight prototype. P5 indicated that the neighborhood around
the object could have been better selected during video capture by
including a larger area around the pre-created model to determine
how sunlight interacted with her garden. However, experiencing
how rainwater flowed across a model of their garden plot in the
rain prototype felt more translatable and understandable by both
partners and most other participants. P11 felt that being able to
see where the water was draining off or feeding on the model in
scenario 2 was cool since “you know, my goal is always to conserve
water as much as possible.”

4.1.2  Context to capture for connecting interactions: Emotions, rela-
tions with people and feelings (RQ1B).. Some objects and areas in
the physical space connected our participants with their partners
and with other people past and present. These could be decora-
tive like P3’s neighbor’s painting for their shared gardening space
(Figure 2.c). They could also be living and “functional” like P1’s
tobacco patch in her husband’s memory, or P9’s silver maple tree
in memory of her mother. Some of them were also a product of
collaborative effort. For example, Figure 3.b) shows a model that we
created of a flower bed that was pre-selected by P3 and P4 for S2.
This area contains random objects like “pieces of decorative woods”
picked up by P3 and P4’s family, a gift wind catcher from P3’s son,
and a flamingo statue that had “come down to live in mine” after
P3’s mother passed away. Similarly, P17’s house garden was full
of plants (e.g., Lenten-roses) or features (e.g., winding paths) sug-
gested by her friends and neighbors or from when “I take walks
and I see what works in other people’s yards” Some participants
wanted to create an aesthetic that appealed to other people with
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the objects and areas in the garden. For example, P11 wanting to
create a “tropical feel” in his garden for his mother (P10) while also
making his yard look presentable “out of respect for my neighbors,
you know”.

When discussing how one might capture these objects, areas, and
associated feelings, we find some participants talking about specific
kinds of temporality in addition to visual detail and interactivity
that were significant. Objects in the garden also were associated
with a certain time at which they held more meaning. For example,
in session 1, P1 described a dogwood tree that her niece P2 had
planted in memory of her mother. P2 felt that she would prefer to
capture the tree as a 3D model when it was in bloom and the birds
were more active. She preferred a model since she could sit under
it , which would not be possible with a photograph. In addition to
just seeing the actual 3D model at a certain time, P1 was personally
interested in being able capture additional personalized context
that would help her feel what P2 felt in some way such as P2 vocally
describing the reasons for planting the tree. Similar examples ap-
peared in sessions 5 and 7. P11 was interested in capturing a model
of a memorial flower bed for his brother in bloom while P14 was
thinking of modeling P16’s maple from their front yard that had “a
picture of her (P16) hugging it”. Some participants describe creating
and sharing models that they think would just be fun. For example,
P13 felt she was a more visual person and wanted to create models
of flowers that she grew that could also capture their “vivid” color.

4.1.3 Context useful for both learning and connecting: Capturing
“life” and stages of growth (RQ1A & RQIB).. Participants were also
interested in context that captured a certain stage of growth or
represented “life” in the garden space. This was valuable for in-
structing (RQ1A) and connecting (RQ1B) over their unsurprising
shared appreciation of nature. For example, during the garden walk-
through, participants sometimes tried to familiarize their partner
with how something might look when growing. After experiencing
the prototype, P12 felt it would great to show something grow from
seed to flowering with virtual models of plants. P18 also mentions
an example of being able see the various stages of growth of a
magnolia tree on a model and compare it with her own. This ties in
with an interest among participants in helping others understand,
like P6 for her young daughter “where food comes from”.

Another way of “capturing life” in the garden was capturing the
way that objects might interact with non-humans in the space and
even demonstrate their common behaviors. P15 mentions being
able to create a model of a certain bird that would allow others to
better visualize its normal behavior and compare any odd pruning
behavior in their physical counterpart. P14 described an annual
event in his garden when “tiny wren birds come in, they have babies”
and wanted to create and share a 3D model of some birdhouses
that he made for this personally significant event. P18 talked about
how they might want to create a 3D reconstruction of tiny praying
mantis eggs hatching. She felt that experiencing this event as group
with a video would involve adjusting viewing angles and “Oh, can
you come a little closer?” whereas “as a model, you can move more
around that” An interesting use case suggested by P17 in the same
scenario was to be able to create a model that was good enough
to allow a remote user to “look around the garden a little bit more
virtually” in real time and suggest camera positions to their onsite
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partner for photography. Capturing life sometimes also involved
capturing models for areas that might be unapproachable, as in
the case of the bee area in session S7 (Figure 3.g). In other cases, it
might be that a problem of accessibility for people with mobility
constraints instead. For example, P15 felt it would be nice to create
a walkable model of the forest preserves adjoining her community
as a way to connect through nature. It would help “some of the are
elderly shut in. . .(to) give them the feeling of being outside even
though they’re not”

4.1.4 Context when sharing 3D content: Privacy preferences related
to space and activity (RQIC).. An interesting finding was related to
participants’ privacy concerns regarding 3D content (digital twins)
they might create themselves from their physical garden spaces.
These concerns appeared organically from session 5 and were pur-
sued in the following sessions as an additional research question
(RQ1C). We find that participants’ openness to sharing 3D repre-
sentations of real spaces, either public or privately, depended on a
couple of factors: how they viewed their property, the motivation
for sharing, and their experience with sharing photos/videos on
conventional social media. For example, P11 (younger expert) felt
comfortable publicly sharing the S5 models since he viewed his
garden spaces as a community resource and “a tool to train (other
people)”. He was an enthusiastic endorser of creating personalized
3D content from his own garden for educational purposes and had
already created 3D CAD style models of his garden in the past.
There was a similar shared opinion among a few other participants
(older novice P10, older expert P12, younger expert P14, older expert
P15) regarding public sharing for an educational purpose. For exam-
ple, P12 was open to creating models of the educational spaces in
master gardener demonstration gardens and sharing them publicly.

Participants were guarded to varying degrees when it came to
sharing models from spaces viewed as private (inside of a house,
backyard) or their own avatar. P10, like her son P11, did not have
any concerns with publicly sharing such 3d content if the address
of his house was anonymized. Some were more conscious and
only wanted to share models of good-looking parts of their house,
like what they might share on social media. For example, P13 was
interested in creating and sharing models of her beautiful “pet
flowers”. P14 felt he would not create a model of his house garden
because it was “so bad, I don’t want to show it to anybody right now”.
But he also felt open to publicly or privately sharing if it “would be
a good learning tool for people who might have similar backyard or
spaces”. Some participants, like P14, felt comfortable with public
sharing of models from private spaces, more so than community
spaces, after scrubbing identifying information (e.g., geolocation).
P15 felt she would need to ask permission when creating models
in her community gardens since “I wouldn’t feel right doing that.
Because it’s not my property, there are common areas and there are
other households there” These data points highlighted contrasting
views that can exist regarding the extent of information that needed
to be anonymized. Another example comes from S8 where P17 was
not on social media and P18 only occasionally posted pictures of her
flowers for her friends on Instagram, but nothing too personal. P18
did not feel hung up about even having her house number visible.
To a random viewer “this is the number of a house in who knows
where ville”. P17 on the other hand felt someone could “match it
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on google earth”. Another key point that P12 raised was regarding
self-representation. Our XR prototype avatars felt “really basic” but
the ability to create a lookalike avatar of oneself posed privacy
concerns and required guidance when children were involved in
the intergenerational setting. P15 (older adult) and P16 (teen) on the
other hand felt comfortable with being recognized as themselves.

4.2 Interplay between perception of XR and

prototype usage in our intergenerational
groups (RQ2)

An observation that we would like to highlight from our study
procedures is the interplay between learning to work with the
prototypes together and the multigenerational perceptions of XR.
Most of our participants were aware of the term virtual reality but
every session had atleast one participant who was experiencing
VR hands-on for the first time (Table 1). On one hand, participants
had positive inputs regarding creating and using digital twins of
physical spaces and objects for the purpose of instruction. Not just
“for games but for actually, you know, something more purposeful
and useful such as all the benefits of gardening, for example, physical
emotional mental, and community, and also environmental” (P15).
Participants were interested in how such technology could be used
for sharing of knowledge such as passing on “the old ways” of tra-
dition (P3) or educating older generations on modern sustainability
techniques (P11). Others were interested in connecting by listening
to family stories from their garden space (P9). However, it is also
important to acknowledge that there were participants who did not
see themselves using XR devices in the garden. This was in spite
of liking the idea of capturing different objects or spaces and the
related contexts as 3D models to view using XR. Some participants,
such as P1 (older novice), P2 (younger expert), P3 (older expert),
P4(experienced teen gardener) talk about how not using technology
in the garden resonated with their values when they were living
close by. They felt it was probably better suited for the presented
use case of families or friends separated by distance when there
“was no way to have personal interaction”. P4 talks about enjoying
nature as “a lot of this [her] generation is involved with a lot of tech-
nology, so I think getting out in the garden, you know, removes you
from [technology]”.

P3 (older expert), P7(older expert), P8(older expert) felt that ex-
periencing a remote garden using VR technology might appeal
to people who were “much more familiar with the computer” (P7)
or who “really like technology” (P8). While they do acknowledge
that there are other older adults who fit this category, they also
mention that “the younger generation” (P8) would feel much more
comfortable using such technology. P3 even mentions that young
kids like her granddaughter P4 might find it more interesting “as
you can see, P4 was just fascinated with what she was doing while
she had [the headset]”". These specific older adult participants how-
ever seemed willing to try such a prototype because it was an
intergenerational setting with someone they knew. We find that
it may have helped for participants to have assistance from their
older or younger study partner, or just bounce ideas off them when
troubleshooting issues with the device or prototype (e.g., orienting
to the model of the garden based on familiarity). Even P10 (older
novice) who was an academic and familiar with new technologies
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mentioned being excited to try the technology and having P11 walk
her through the using the oculus quest headset before the session.
We have previously already noted the values of our participants
related to technology in the garden and how XR might be viewed
as unnecessary by some regardless of age or tech familiarity. The
motivation to share knowledge and the dynamic of helping each
other with using the prototype may have enabled us to obtain more
positive feedback than expected in spite of these perceptions of XR
for a garden.

4.3 Effect of model quality on prototype
feedback as a limitation

The video collection method to generate models using photogram-
metry might have been a factor that affected prototype usage and
feedback. As mentioned earlier in section 3.3, the amount data used
in the photogrammetry process and the resulting fidelity of the
models presented to our participants was limited by the web app
approach for our prototype. For this reason, some models initially
felt unfamiliar to participants. They required time to orient to major
landmarks and view the model as natural. P3 felt the model of her
farm plot resembled more of a “Martian landscape” and the barnyard
acted as a unique landmark (Figure 5.a) to help their group orient
themselves. A functional use of the models, for example, when
simulating rain in scenario 2 also helped participants overlook the
model quality issues. Some, like P12 and P13, in S6 were impressed
with the quality of the models we were able to create for them, even
after initially feeling lost. P12 mentions that people, might have
different opinions about how “vivid or lifelike” they might want the
model they capture to be for instructional purposes, depending on
their level of expertise.

The fidelity of the models also was directional, with the XR users
seeing better visual quality with certain viewing angles and dis-
tortion of the models from other angles (Figure 5.b). This might
have been due to the technique suggested to participants to collect
videos for model creation by moving around an area or object which
resulted in more photos from angles where the users focused on
objects longer. The viewing angles explored in the videos might
also have been influenced by the movement area available to the
participants since gardens are often full of objects that restrict mo-
bility outside of a built path (e.g., bushes, rocks, muddy terrain).
While the videos for photogrammetry were captured from a dis-
tance that allowed the entire area or object to be visible, there was a
variation in this distance depending on the target’s size. This might
have caused variation in capturing the neighborhood of the target
object or area which was a key factor in realistically visualizing
environmental effects, as mentioned earlier in Section 4.2.1 by P5.
Overall, the low-fidelity constraints and visual artifacts in the 3D
models might have affected their perception of the state of XR and
how one might interact with these models.

5 DISCUSSION

Our findings describe context from informal settings that partici-
pants felt was important to user experience when interacting with
virtual reconstructions of real areas and objects in XR. In this sec-
tion, we discuss what these findings might mean for perspectives
on creating and sharing 3D models of meaningful areas and objects.
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a) Viewpoint for model of P3’s farm plot which was
relatively recognizable with the large barn landmark.
Objects like the vertical stakes look distorted.
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b) Alternate viewpoint of the model showing issues
with directional fidelity. Some of the vertical stakes look
better here

Figure 5: One of the models for session 2 which participants described as difficult to recognize and unnatural like a “Martian
landscape”. Corresponding photograph of the physical area in Figure 2.b.

We focus on how they fit into the space of 3D contextual capture
for instruction and connection.

5.1 Capturing context for meaningful
reconstructions of objects and spaces for
informal XR learning

First, we discuss possible limitations for XR user experience and ap-
proaches to capturing context through 3D models when instruction
involves objects at different scales. We also note potential chal-
lenges with translating real-world experience to reconstruction of
objects and spaces.

5.1.1 Supporting meaningful reflection during remote instruction
(RQTA).. Our findings described how the scale of the selected mean-
ingful objects and spaces allowed for discussion related to different
objectives. Video seemed more suitable when remote learning in-
volved focusing on minute details, while XR seemed more suitable
for visualizing relatively larger systems and their relationship with
the environment. Past work around multi-scale interactions in XR,
has also noted lower visual quality as a tradeoff for exploration with
3D models over video in other remote-guidance settings [55, 80].
So, while video might be sufficient to capture context at smaller
scales, designers might benefit from leaning more into enabling
the user to change perspective at different scales with XR. This
can augment different kinds of reflection or instruction in remote
collaboration systems (e.g. first person and third person [32, 34, 76]
, glant-miniature [55], using 360 video [30, 77, 79] or 3d reconstruc-
tion [82]).

User experience with interactions at these different scales and
perspectives could benefit from exploring different approaches to
reconstruction. This could help identify other types of contexts
to capture for meaningful reconstruction which could augment
reflective and shared memory practices among the users about the
activity and the physical space and objects. Our findings noted that
the approach to capturing the models and reconstruction artifacts

posed some limitations. A physical constraint of the data collection
method we used for reconstruction was that participants had to
select objects and spaces that were easier to walk around. Conse-
quently, objects needed to have features that were visible from the
walked path. The models did allow the participants to reflect on cer-
tain types of contexts to capture at this scale like socially shareable
features, interaction with rain, or animals. A hands-on physical ap-
proach to learning, as in gardening, might be better served through
a technique like in-hand object reconstruction [88] from first person
video. This might be useful for collaborative exploration of minute
details by naturally selecting and pointing at important context for
hand-scale objects with hand-interactions. The interactions in this
approach could possibly reveal affordances (e.g., tactile) that onsite
users would want the model to have as context for the remote user.
Again, conventional video that is zoomed in might be more pre-
ferred for minute details and as such could be a benchmark when
comparing more interactive ways of reconstructing objects with
fine details for remote collaboration.

We have also seen participants discussing the advantages of see-
ing the relations between different objects and areas as part of a gar-
den system and the surrounding environmental context. Enabling a
learner to visualize a particular system component within a broader
landscape can augment how they reflect on its role. YardMap is one
such example project, where crowdsourced labelling of 2D neighbor-
hood maps allows for reflection on land use and wildlife behaviors
[94]. 3D representations in XR can be a powerful perspective-taking
medium to reflect on environmental effects of human activity[18].
Researchers could explore how individual, or group input could
help reflect on and identify context for reconstruction that can
support reflection for people of all expertise levels. For example, by
deciding a meaningfully sized neighborhood to gauge the impact
of environmental variables like rain. Designing reconstruction for
this purpose could involve allowing users to capture context sur-
rounding a specific object or view point [35], for example, from a
bird’s-eye drone or third-person perspective [67], or 360 imagery.
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5.1.2  More implicit context required to understand 3D models with
real-world experience (RQ1A and RQ1B).. “If a picture is worth a thou-
sand words, one could argue that a model is worth a thousand pictures,
or a million words. [84])” However, this depends on whether there
is contextualizing metadata to help with assessing and reusing the
model. Past work has explored adding different contextual informa-
tion (e.g. user annotations, sensor data, audio) to conventional 2D
media to enable different interactions for sensemaking and creative
expression [3, 23, 24]. Our findings show examples of such context
that participants felt were important when providing instruction or
for social connection using 3D reconstructions. Providing a shared
visual context explorable in an embodied manner is an advantage
of XR systems for remote collaboration [10, 72]. However, our find-
ings (Section 4.1.1) show that sometimes scenarios that are assumed
to be intuitive for simulation with a reconstructed model aren’t
necessarily so. There is implicit or intangible context [89] from real
world experience that is lost even if we have a high-fidelity recon-
struction of a 3D environment. We find this in the case of sunlight
visualization over time using the reconstructions. We had selected
it as a promising use case for visualizing time in XR from Maddali
et. al’s [40] study on use-cases for expert novice with 360 image
environments. However, the feedback on this scenario shows that it
required much more implicit context, for example, a meaningfully
sized neighborhood of influence around the object.

Our findings also talk about themes such as capturing “life” and
growth that might be expected from a nature setting. These were
operationalized for reconstruction by participants as being able to
show visuals at various stages in time, or as behaviors expected
from objects or non-human beings that inhabit the space. The idea
was to have a reference to compared with a physical counterpart
and evaluate, for example, growth or normal behavior. Being able to
virtually represent animals and their presence (e.g. ambient sound
of environment) or behavior (e.g. swarming) authentically, espe-
cially from an environment inaccessible to people, can augment
connecting interactions in environmental education [40, 78]. How-
ever, reconstruction of animals is an especially challenging task and
doesn’t lend itself well to live settings, since they aren’t static and
rigid objects [4]. This limits how personizable such reconstructions
can be for informal connecting interactions compared to traditional
videos/images. As a design consideration, rather than the ability
to create high fidelity models, searchability and sharing of models
might be more important depending on whether the objective of the
users is learning or connecting. Digital sharing approaches could
just make existing libraries of professionally constructed virtual 3D
models easily accessible on the interface for social interaction (e.g.
AR animals in google searches [74]) or even searchable (e.g. for a
young versus grown flowering plant).

5.2 Reflecting on privacy nuances when
creating or sharing 3D models for XR
(RQIC)

The growing ubiquity of XR for casual use adds yet another set of

devices for which users must reflect on personal privacy implica-

tions. XR devices pose a unique challenge since they inherently
rely on mapping their surrounding space to connect the physical
surrounding with their virtual environments and enable spatial
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interactions [43]. Industry initiatives (e.g. Niantic’s Planet-Scale
AR Alliance [106]) envision a future where “world scraping” [29]
through XR devices will allow for “live maps” [98] of reconstructed
3D spaces to the level of specific object locations. This kind of
mapping can enable useful applications, for example, accessible
navigation [99]. However, they also further blur the idea of what
XR users consider as private space or objects and what context is
private specifically for reconstructions in XR.

Our findings describe a few perspectives on privacy when creat-
ing or sharing 3d reconstructions as a casual XR usual. The process
of capturing and sharing models could be influenced by participants’
thoughts on what was a private or public space and what context
they might want to share. Wang et al. [85] describe this context for
the casual sharing of dance movements as 3D reconstructed mo-
ments. They also acknowledge that privacy considerations might
change with in different contexts as informed by previous work by
Li et. al on photo-sharing [37]. Our findings confirm this assump-
tion and extend past ethnographic findings on sociality in such
informal spaces. We have provided an example for how educational
motivations were more correlated with openness to public shar-
ing of 3D models from personal garden spaces. Users should be
encouraged, through design, to define privacy for spaces, objects,
and any important related context. An approach from past work
is to help casual users reflect and identify context whose impor-
tance to privacy might be overlooked during reconstruction [81, 87].
Designing for visibility of motivations and preferences related to
object considered private could be another approach to inform out-
siders reconstructing or sharing a model of the same object [41].
For example, allowing the user to select a space around an object to
provides enough context to visualize interaction with the sun but
hides a house number or a neighbor’s plot. Further, in an intergen-
erational setting, it is imperative that designers balance protecting
the privacy of more vulnerable members of the activity space with
capturing meaningful context when creating and sharing models
[107]. Our findings provide an example of the possible risk of self-
representation using a reconstructed avatar that younger users
might not recognize. Future work could specifically try to under-
stand how these vulnerable members might approach the context
capture process to better tailor it for their privacy preferences.

5.3 Capturing context from the garden for
social connection and intergenerational XR

Our findings provide an understanding of context that can capture
social relations and emotional context. We discuss implications for
authoring and sharing 3d content that can represent shared memo-
ries. We also discuss settings outside of gardens where exploring
meaningful reconstruction of spaces and objects could augment
intergenerational learning and social interactions.

5.3.1 Value of reconstruction in preserving shared memories (RQ1B)..
Personal environments, like the home, are often likened to an “auto-
topography”, a spatial and physical representation of their people’s
individual story [21, 54] as we’ve seen in our own findings. Shew-
bridge et. al in a cultural probe study discuss how, for a future
where 3D printers are integrated into a home environment [69],
participants often selected unique artifacts in their house with sen-
timental value as something they would want to scan and create
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accurate or similar physical replicas. We also find ideas in literature
on using immersive media (e.g. 360 panoramas) to preserve the
memory and feelings associated with notable individuals’ private
spaces by reconstructing how their belongings were arranged [35].
Only recently, there has also been commercial interest in making
it easier for everyday users to create 3D or 4D reconstructions of
personal environments or shared moments using photos and videos
[96, 108].

Community and hobby spaces like gardens can be viewed by
researchers as a sociotopography in addition to an autotopogra-
phy. Here, objects and spaces are ascribed a shared meaning by
groups (e.g. family, or practitioners) [41]. Our findings present
examples of these and some shared motivations for why partici-
pants might want to have virtual representations they would like
to use in remote interactions. We identify a few related design
considerations from Section 4.1.2, where participants wanted to
reconstruct an object or space representing a generational con-
nection. First, it was important to identify context that represents
the object a particular time (e.g., the time of bloom). Second, there
can be some embodied interactions with the virtual representa-
tions that can be meaningful to user experience: to hug it. For
example, sitting under a virtual replica of a tree can capture con-
text that represents nostalgia using XR. Finally, there might be a
need to contextualize the sensory reconstruction with other social
data, like a narrative [21] from the person who finds it meaning-
ful. This can be helpful for a viewer to make sense of the same
context.

There is a growing interest among HCI researchers in under-
standing the role of digital technology in shared memory practices
through creating and sharing artefacts. We encourage researchers
to think about whether the virtual reconstructions can augment pre-
serving family memories and heritage on a more personal level as
part of casual XR, in a similar way that reconstructions of museum
artifacts preserving cultural heritage [35]. A question to consider
is how exactly these reconstructions would be perceived in terms
of value for reminiscence in intergenerational settings or as me-
mentos that are useful for connecting interactions. There is much
work on comparing physical with digital mementoes, where the
physical mementoes arguably requiring more narrative to explain
their significance and digital portrayed as less emotionally expres-
sive [53]. Would virtual reconstructions in XR be valued closer to
conventional digital artifacts, like 2D photos or videos since they
inherently have no physicality without being 3D printed or viewed
through a XR device? Alternatively, virtual reconstructions could
also be seen as closer to physical artifacts since our participants
felt they can be experienced in an embodied manner in XR. This
can have interesting implications for how memories are captured,
shared, and used in connecting interactions in the future.

5.3.2  Other physical spaces for casual XR as a medium for inter-
generational activities (RQ2). If we imagine the future of remote
social interaction to be tied in some way to XR, we will ideally
want XR to be welcoming and accessible [97] to users of different
ages, abilities, and backgrounds while respecting their motivations,
values for activities chosen as use cases, and privacy considera-
tions. Our findings in section 4.2 presented some perceptions of
whether intergenerational groups would use XR for such remote
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collaboration in the garden. We see that these perceptions were
not necessarily related to age and might have been more correlated
with self-described tech familiarity. The values that arose from
gardens being a nature experience removed from technology, as
described in past literature [5, 22, 40], also influenced them. Most
of their positive experiences around interacting with the 3D re-
constructions were centered around sharing knowledge between
generations, encouraging reflection (e.g., on environmental effect),
and representing shared memories. These are not exclusive to the
garden space.

Past work has studied learning spaces in other activities notably
characterized by intergenerational participation. This includes more
human-made-artifact oriented activity spaces such as makerspaces
[52] where virtual representations of objects using technology have
become integrated into the process of ideation and making [83, 86].
Artisanal activities entrenched in tradition (e.g. pottery, papermak-
ing) have also seen interest from HCI researchers as settings for
capturing context representing tacit knowledge and augmenting
learning using XR [27]. The applicability of our findings on ex-
perience with 3D reconstructions of real spaces and objects in
these activities is a question that might interest designers. While
hobbyist values might be comparable across activities on a high
level, preferences for technology might differ [22]. A factor for this
could be that technology might blend in better with, for example a
makerspace environment compared to a natural space as we have
seen in our findings. Other relevant, more everyday activity spaces
might be found inside the home. such as the kitchen. Panicker et. al
[50] encourage supporting and creating shared experiences around
eating and meal preparation by, for example, facilitating cooking
together across distances. The XR industry is in the process of
finding more of these meaningful and practical everyday use cases
for casual users. At the risk of sounding techno-solutionist, we
would like to encourage more support for exploring applications
that can meaningfully augment remote group experiences for an
intergenerational audience. There is clearly an interest in the po-
tential applications for remote XR to go beyond entertainment and
work productivity, but the perception of being an accessible and
general-purpose remote collaboration device is not there yet.

6 CONCLUSION

Through an XR prototype evaluation study with eight intergen-
erational groups of 18 closely related gardeners, we provide an
understanding of the context required when creating meaningful
virtual reconstructions of physical spaces and objects to enable
instructional and connecting interactions in informal settings for
XR users. Participants linked health, creative expression, and in-
tergenerational knowledge sharing motivations with objects and
areas in their gardens holding shared meaning. We find that these
motivations translated to reconstruction requiring context that
captured relations between areas and objects at different scales,
emotional context for relations with other people, and privacy con-
siderations when creating or sharing the 3d models. We discuss
implications for user involvement to create reconstructions that
better translate real-world experience, encourage reflection, incor-
porate privacy considerations, and preserve shared experiences
with XR as a medium for informal intergenerational activities.
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Table 4: Salient Findings and Implications

RQ Findings Implications
RQ1A - XR better for learning about larger systems in garden compared to - Capture context for perspective taking and
video for minute features. reflection using reconstruction at different scales.
- Implicit context not easy to understand from 3D models. - Allow users to define a meaningful neighborhood
- Interest in capturing “life”-like behavior and comparing with real. around object to better capture implicit context
RQ1B - Time or state of object can be meaningful (e.g., in bloom). - Ambiguity in perception of value of 3d
- Embodied experience with models is meaningful (e.g., sit under) representations vs 2D media. Context, like embodied
- Narrative context helpful to understand relation with model. interaction, is a plus for XR
RQ1C - Educational motivations positively correlate with sharing 3D - Design to encourage user to reflect and define
models of personal spaces. privacy for space and meaningful context.
- Contrasting views on extent of context (e.g., location) to anonymize. - Designing for visibility of motivations and
preferences related to objects to outsiders.
RQ2 - Contrasting views on using 3D models vs onsite in nature. - Learning & remote family use-cases still meaningful.
- Perception of appealing to younger or more tech-familiar users. - Contrasting experiences from a tech-integrated
- Positive intergenerational dynamic when exploring XR ideas using  activity space (e.g., indoor) suggested.
the prototype.
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