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Abstract

Background: Lonelinessand socia isolation are common among ol der adults and are associated with dire conseguences. Studies
using interactive communication technology (ICT) interventions with older adults have yielded mixed results. Advancementsin
collaborative head-mounted display augmented reality (HMD-AR) can provide older adults who are geographically distant from
their families with a more diverse range of interactive activities, thus offering greater potential to enhance social connection.

Objective: We examined the feasibility and acceptability of cocreated collaborative HMD-AR activitiesand 2D ICT (eg, Zoom)
activities among older adults and their family members and close friends.

Methods: In total, 8 pairs of older adults and their designated companion (family or friend) from the greater Nashville area
were randomized to the HMD-AR or 2D ICT groups. Eligibility criteriafor older adults included being 60 years or older, being
able to tolerate HMD-AR, being cognitively and physically able to participate, and having a companion willing to participate.
For long-term care settings, participants must have been aresident for at least 3 months. All participants lived within a 1-hour
driving distance from the investigators’ university. Each older adult—companion pair participated in eight 30-minute sessions
over 4 weeks. Participants randomized to the HM D-AR group had photorealistic avatars created; they participated in collaborative
activities (ie, fireplace decoration, checkers) that were cocreated in an earlier study. Those randomized to the 2D ICT group had
the opportunity to play virtual checkers or house décor games. Engineers remained on-site for all participants to assist as needed.
The primary outcome wasthe feasibility of the study processes (ie, recruitment, retention, and data collection) and the technology
(ie, viability, usability, comfort, ease of use, and acceptability). The study used face-to-face questionnaires and observations to
collect data.

Results: Funding was received from the National Institute on Aging in August 2022 and from the National Science Foundation
in October 2022. This study was approved by the local institutional review board. Following the initial design and testing of the
HMD-AR activities, recruitment and data collection for the feasibility and acceptability study began in April 2024 and were
completed in May 2025. Of the 8 enrolled older-companion pairs, 8 (100%) completed all sessions. The final data acquisition
has been completed, and data cleaning is currently ongoing. Results are intended to be published in 2026.
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Conclusions: To our knowledge, this study isthe first collaborative augmented reality study using photorealistic avatars between
older adults and their family members or friends. Our study will determine whether the use of HMD-AR is feasible, and the
results of this pilot study will inform afull-scale randomized controlled trial evaluating the efficacy of the intervention to reduce

loneliness among older adults.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2026;15:€83864) doi: 10.2196/83864

Clinical Trials.gov NCT06179225; https://clinicaltrials.gov/study/NCT06179225
DERR1-10.2196/83864
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Introduction

Background

Loneliness and Social | solation Are Common Health
Problems Among Older Adults

Social connection isacritical health determinant in preventing
loneliness (the subj ective feeling of being alone or isolated) and
social isolation (the objective measure of social contact,
communication, or social activities), both of which are common
health problems among older adults [1-4]. Among
community-dwelling older adults, up to one-fourth experience
social isolation, and up to 46% report feeling lonely [2-4].
Among older adultsresiding in long-term care (LTC) facilities,
such as assisted living, social isolation occursin 4% of cases,
moderatelonelinessin 61%, and severelonelinessin 35% [5-8].
Social isolation and loneliness have significant adverse
consequences, including increased mortality, cardiovascular
disease, depression, suicide, cognitive and physical decline,
reduced quality of life, and increased hedlth care use [4,9-11].
Numerous recommendations have been madeto alleviate social
isolation and loneliness among older adults, which include
technology-based solutions [3,4,12].

Social Presence as the Underlying Mechanismin
Effective | nteractive Communication Technology

I nteractive communication technology (ICT) interventions, such
as social mediaand video-mediated visits, have been examined
for their effects on social connection, social isolation, and
loneliness among older adults [4,13-19]. Results have been
mixed, and the varying study designs, ICT mediums, settings,
communication partners (eg, family members, friends,
volunteers, or groups), measures, and outcomes makeit difficult
to draw firm conclusions. One potential explanation for the
mixed results on socia connection is the lack of attention to
social presencewithin ICT interventions. In arecent systematic
review of interactive technol ogy interventionswith older adults,
few studies had a theoretical basis, and none examined social
presence [19].

In information communication technology, social presence is
the subjective feeling that other real people are present, involved,
and connected within the mediated digital environment,
influencing the warmth and personal connection felt during the
interaction [20-22]. Satisfaction with ICTs s largely based on
the quality of the social presence afforded. With its foundation
in theories of interpersona communication and symbolic
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interactionism, social presence is strongly correlated with the
awareness of others and with a sense of connection with them
[23]. Social presenceisatransient state that varieswith the ICT
used, familiarity with the other person, content, environment,
and context [21,23,24].

What |s Augmented Reality and Why Use It With Older
Adults?

Augmented reality (AR) superimposes digital elements onto
the real world, allowing real-time interaction between the user
and the digita elements. Unlike virtual reality (VR), which
immerses the person into a synthetic environment, AR alows
the user to maintain visualization of their physical environment
[25]. AR terminology and type vary [26-28]; our focus is on
head-mounted display AR (HMD-AR), which projects virtual
content onto some portion of the real world, also referred to as
mixed reality [29,30].

Advantages of HMD-AR over HMD-V R includethefollowing:
(1) HMD-AR overlays synthetic elements onto the real world,
thus allowing the user to move about safely because room
obstacles are apparent; (2) it is less resource intensive because
only virtual objects need to be created and overlaid onto aroom
setting; (3) it provides greater depth perception, enabling the
user to see one's own body, the interacting person’s body, and
physical objects, resulting in faster task completion; and (4) it
is associated with fewer side effects, including reduced motion
sickness, digital eye strain, or isolation effects [30-35].
Importantly, older adults generally accept HMDs [35,36].

With increased computing power in newer AR-based HMD
devices, AR is seen as a viable alternative for developing
interaction-based interventions for older adults, primarily due
to itsincreased immersion and social presence [22]. The latest
AR-based HM Ds have increased field of vision, seamless hand
and eye tracking, and robust workspace localization.
Importantly, users are able to wear these HMDs with their
eyeglasses on, which isan important requirement when dealing
with older adults.

AR Studies Involving Older Adults

Although HMD-AR technology has matured, research
examining its applications among adults aged 65 years and ol der
is in its early stages. Existing study designs are primarily
nonexperimental, consist of smal sample sizes, focus on
hardware and software development, and include limited
activities, such as park design [37]; exercise, balance training,
andfall prevention [38-40]; and cognitive training and e-learning
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[27,40,41]. One study used augmented VR (a spectrum
combining AR and VR elements) to examine ajoint meal among
3older adults[42]. Few studies have involved older adultswith
cognitive impairment [41].

All these previous studies reveal the promise for HMD-AR;
most older adults accepted the technol ogy and experienced few
side effects. Suggestions for improvement included a
lighter-weight HMD type that fits over eyeglasses, a more
realistic avatar design, larger synthetic objects, enhanced user
training, and the incorporation of varying levels of difficulty.

Preliminary Work

As part of the overall grant funding, we conducted severa
sequential studies before implementing the pilot feasibility and
acceptability study.

Older and Younger Adults' Perceptions of AR
Photorealistic Avatars as a Viable Medium for
I nterpersonal Communication

Given that AR asan ICT has been understudied, we examined
perceptions of older adults (n=31) and younger adults (n=31)
using HMD-AR with photoredlistic avatars as a medium for
social communication [43]. In addition, we examined the extent
to which photorealistic avatars could portray 6 common
emotions compared to video clips of areal person.

To assess participants perceptions, older adults (n=31) and
younger adults (n=31) interacted with a volunteer's 3D
photorealistic avatar using a structured conversational activity
through an HMD. Participants rated the quality of HMD-AR
communication based on physical and human realism, comfort
while talking to the avatar, and the degree of social presence
offered by HMD-AR. Participants then identified 6 basic
emotions exhibited by (1) video clips of areal person and (2)
an animation of their 3D photorealistic avatars via an HMD.
Each participant viewed 36 videos and avatar stimuli. Subgroup
analyses were conducted by age group.

Parti cipants reported a positive communi cation experience with
the 3D photorealistic avatar, with older adultsrating the quality
higher than young adults. Ratings were generally lowest for
perceptions of how life-like the avatar appeared (68% among
younger adults and 61% among older adults). M ost participants
were able to accurately identify emotions displayed by the 3D
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photorealistic avatars, although younger adults outperformed
older adults (93% accuracy versus 80% accuracy).

Cocreation of Collaborative HMD-AR Activities

Given the range of physical and cognitive impairments among
older adults, especialy for those who reside in LTC settings,
we used an iterative participatory design methodology involving
LTC older adults (n=8), staff (n=5), and family members (n=2)
to develop collaborative HMD-AR activities [44]. Severd
factorswere considered, including ol der adults' ability totolerate
HMD-AR for up to 30 minutes without experiencing adverse
effects, preferences for HMD-AR activities, and ability to
navigatethe HM D-AR environment and manipulate AR objects.
All iterative participatory design activitiestook placeatan LTC
in sequential visits over 6 months. At each visit, participants
interacted with the HMD-AR activities and provided feedback
that was used to refine the specific modes of interaction, game
or activity logic, and user interface elements. We identified the
need to tailor AR activities for older adults who experienced a
range of physical limitations, including impaired fine motor
control (eg, grasping and pinching), cognitive limitations (eg,
reduced ahility to verbalize thoughts), and sensory impairments
(eg, difficulty seeing or reading text). A number of modifications
have enabled easier interaction for older adults. Ultimately, 2
collaborative HMD-AR activities were developed for the pilot
randomized controlled trial (RCT): fireplace decoration and
checkers.

Specific Aims

The primary aim of this pilot study was to examine the
feasibility and acceptability of cocreated collaborative HMD-AR
activitiesusing photorealistic avatars. To evaluate thefeasibility
and acceptability of the study procedures for a future RCT

comparing HM D-AR with photorealistic avatarsversus 2D ICT
(eg, Zoom), we used an RCT design.

Methods

Study Design

Thisstudy was afeasibility and acceptability evaluation of older
adults use of HMD-AR compared with 2D ICT
(Clinical Trials.gov NCT06179225). To inform a future RCT,
we designed the pilot as a nonblinded 2-arm RCT (Figure 1).
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Figure 1. Study flow diagram.
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Participantswererecruited from April 2024 through May 2025.
The primary aim wasto examinethe feasibility and acceptability
of the 2 ICTs. We enrolled 8 pairs of older adults and their
designated companions (ie, designated family members or
friends). After completing baseline assessments, 2 to 4 pairs
were enrolled at a time because of logistical constraints.
Randomization was conducted at a 1:1 ratio. The intervention
consisted of 8 sessions delivered over 4 weeks (2 sessions per
week). Baseline evaluations were conducted at week 0. Social
presence was evaluated after the second and eighth sessions.
Feasibility and acceptability outcomes were evaluated at
completion of the study.

Study Design Rationale

We targeted older adults, with and without cognitive
impairment, who resided at home or in LTC settings because
of the high prevalence of loneliness or socia isolation in these
populations, resulting in further cognitive and physical decline
[4-7]. Reviews have yielded mixed findings on whether men
or women are more likely to report loneliness [4,6,45]. Age
does not appear to have an association with levels of social
presence in ICT; however, women tend to report higher levels
of social presence when using ICT [24].

We used a 2D audio-visua intervention as the comparator
because it has been extensively used since the COVID-19
pandemic. Although it provides audio and visua
communication, it limits the quality of the interaction and has
produced mixed results among older adults residing in the
community [4,13-15,46,47]. Our focus is on known family
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members or close friends because of older adults' desire to
maintain meaningful long-term relationships [48].

We examined feasibility and acceptability because these factors
are highly salient for adoption and intervention success[49,50].
An RCT design was chosen for its robustness in conducting
future intervention studies. We chose 2 visits per week for a
4-week duration to allow sufficient exposureto assessfeasibility
and acceptability. There are several HMD products; at thetime
of this study, we chose HoloLens 2 (Microsoft Corporation)
because of its robustness, widespread use (eg, US Army with
>80,000 hours of soldier feedback) [51], usability among older
adults [52], and ability to fit over eyeglasses.

Ethical Considerations

This study protocol was approved by the Vanderbilt University
Medical Center Institutional Review Board (IRB; 221150).
Written informed consent was obtained in person from all
participants before data collection and study procedures. To
ensurethat potential participants understood the study purpose,
risks, and benefits, we administered the University of San Diego
Brief Protection of Human Subjects Capacity to Consent
instrument [53].

Research assistants (RAS) underwent training to recognize signs
of frustration, anxiety, or stress displayed by participants; any
sign of discomfort resulted in termination of the session. RAs
weretrained in proceduresto protect privacy and confidentiality.
Participants were assigned unique study 1D numbers, and all
deidentified data were stored in a secure password-protected
database.
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Participants received financial compensation for study activities,
including theinteractive sessions and data collection procedures,
to acknowledge their time and reduce attrition. An externa
safety officer, designated by the National Institute on Aging
(NIA), reviewed and approved the study protocol and informed
consent documents before the start of the study. Biannual reports
were provided to both the safety officer and the NIA program
officer to review progress and any untoward events.

Conceptual Framework

Several frameworks guided the study (Figure 2). First, social
presence theory postulates that the ICT properties and the
persons perceptions, behaviors, or attitudes regarding the
physical presence of other people within the ICT environment
affect the quality of the interaction [20,21,23]. We compared 2

Figure 2. Conceptua framework guiding the study design and intervention.
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ICTs, HMD-AR and 2D audio-video communication. Second,
we applied the engagement framework proposed by
Cohen-Mansfield [54-56], which emphasizes the role of social
interactions, activities, and environment in shaping engagement.
Third, the social connection framework by Holt-Lunstad et a
[1] guided our focus on the functional and qualitative aspects
of ICT visits. Finaly, we adapted the unified theory of
acceptance and use of technology framework [57] to guide the
evaluation of users’ acceptance and use of the ICTs. Individual
characteristics such as age, gender, cognition, relationship with
designated companion, and socia network can impact
acceptance and use of ICT [57], the type and quality of
engagement [58], and loneliness—our future condition of
interest [4].

ICT: interactive communication technology.

ICT session Outcomes
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- ICT Activity * Acceptability
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l
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* Engagement

» Session
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Participants and Setting

Overview

This study took place in the greater Nashville, Tennessee area.
Eligibility criteriafor older adultsincluded being aged 60 years
or older and living within a 1-hour drive from the principal
investigator’s office. If the older adultsresided in LTC settings,
they must have been residents for 3 months or more. Exclusion
criteria included severe cognitive, sensory, or physical
impairments that impeded participation; major psychiatric
disorders; inability to provide assent; inability to understand or
speak English; and acute or terminal illness.

Each older adult recruited 1 companion (family member or close
friend). Companions had to be aged 18 yearsor older and willing
to participate in both HMD-AR and 2D audio-video visits and
related study procedures. For both older adults and their
companions, adequate internet bandwidth was necessary.
Eligible older adult—companion pairs were randomized at a1:1
ratio to ICT type using a computer-generated randomization
scheme after baseline measures were compl eted.

Recruitment

Using | RB-approved communication scripts, flyerswere posted
in public areas, including Vanderbilt University parking garages,
local community and older adult centers, churches, and libraries.

https://www.researchprotocol s.org/2026/1/e83864

RAsprovided several in-person demonstrationsat local centers.
Emailswere sent to several assisted living facilities|ocated near
Vanderbilt University. Interested older adults and family
members contacted the investigator team directly. RAsfollowed
the IRB-approved informed consent document to explain the
study either in person or by telephone. A standardized screening
checklist was completed to ensure eligibility.

Sample Size

There is no precise sample size for an early-stage
proof-of-concept technology feasibility study. Nielsen and
Landauer [59] found that 5 users uncovered 85% of usability
problems with the technology. Our target wasto enroll 12 pairs
of older adults and designated companions for a sample size of
24, as the recommended sample size for pilot studiesis 20 to
30[60,61]. Our final sample of 8 pairs (16 participants) with 8
sessions per pair (64 sessions) was judged sufficient to address
the primary aim of feasibility and acceptability of ICT in the
home setting.

HMD-AR and 2D Audio-Visual Interventions

For both interventions, the internet bandwidth within the homes
of older adults and family members was measured, and a hot
spot was used when necessary to facilitate data streaming. A
minimum download speed of 80 Mbps was required for data
communication. For each session, atrained RA engineer was
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physically present in both the older adults and companions
homes to troubleshoot for technological issues during the
sessions. The RA trained the participants in establishing the
ICT (HMD-AR or 2D audio-visual intervention) connection
and assisted participants as needed. The RA remained in the
room to monitor for technological issues and maintain field
notes. Session duration was at the discretion of the older adult
and family member or close friend, but it did not exceed 60
minutes.

HMD-AR |Intervention

Creation of Photorealistic Avatars

We created photoredistic avatarsfor al participants randomized
to the HMD-AR study arm. A mobile app, Polycam, was used
to take multiple photos of the participant’s face using a 360°
view. Polycam constructed a 3D model from these photos that
was then used to create a MetaHuman on Unreal Engine,
matching the facial geometry and the facial features of the
participant. However, MetaHuman Creator is limited in its
ability to match the features exactly; therefore, the RAs added
manual touch-ups to ensure the avatar looked similar to the
participant. After creating thefirst version of the avatar, avideo
call wasarranged with the participantsto sharetheir avatar with
them and receive feedback. Participants were able to pick their
avatar's clothing, hair, body shape, and accessories, and apply
makeup. If a participant was not satisfied with the likeness of
their avatar, the process was repeated, and more manual
touch-ups were added. A second meeting was arranged with
the participantsto share the new version. For most participants,
it took 1 meeting to finalize their avatars.

Experimental Setup

Participants, in consultation with the RAs, determined the
physical space for conducting the sessions. General criteriafor
physical space were that it was free from clutter, furniture, and
objects to allow for clear overlays of virtual objects and
photorealistic avatars and located in an area of low traffic to
minimize on interruptions. For each participant, equipment
included a Kinect camera (Microsoft Corporation), a
microphone, an HMD, and a laptop on which the data sharing
and the activity ran and were remotely displayed on each
participant's HMD. An Alienware (Dell Technologies Inc)
laptop with a 3060 Graphics Processing Unit was used due to
the high-performance demand of the AR activity. The RAs
ensured that both the older adult and their family members or
close friends were connected before moving to an unobtrusive
viewing area. Upon completion of the session, the RA
dismantled all equipment and cleaned the HMD-AR with
disinfectant wipes.

Collaborative AR Activity Sessions

Before the start of the experimental sessions, RAs provided
one-on-one training and orientation to the HMD-AR to ensure
that the participants were able to navigate the system. In
addition, a hard-copy, 1-page quick reference guide was
provided to each participant. Each older adult—companion pair
participated in 2 sessions per week for 4 weeks (total of 8
sessions). Two collaborative AR activitieswere available to the
participants [44]: fireplace decoration and checkers. If the
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fireplace activity was selected, participants could choose from
a variety of virtual objects to decorate the fireplace mantel,
hearth, or nearby wall. For the checkers activity, each participant
sat at atable, and the checkerboard and checkers appeared as a
virtual object in space. Participantswere ableto see each other’s
photorealistic avatars during both activities. Upon completion
of each session, the participants would let the RAs know who
turned off the AR display and stopped the data communication.

2D Audio-Visual Intervention

Experimental Setup

Participants, in consultation with the RAs, determined the
physical space for conducting the sessions, preferably inan area
of low traffic to minimize session interruptions. If the
participants were placed in the 2D ICT group, they could use
their PC. In the event that participants did not own a device, a
laptop was provided for each session. The RAs ensured that
both the older adult and their companion were connected before
moving to an unobtrusive viewing area. Upon completion of
the session, the RAs recovered any loaned devices.

Collaborative 2D Audio-Video Sessions

For this study, we used the Zoom videoconferencing application
for all sessions. Before the start of the experimental sessions,
RAs provided 1:1 training and orientation to using the laptop
device, if needed, especially for older adults unaccustomed to
tablets or computers and logging in to Zoom. Participants were
provided with links to an online checkers game and an online
room decoration activity that they could engage in during the
session. A 1-page quick reference guide was provided to each
participant.

Ensuring Intervention Fidelity

We incorporated recommendationsfrom the National Institutes
of Health Behavior Change Consortium to maximize treatment
fidelity across RAs and over time [62]. In brief, we used
theoretical models to guide our study, conducted standardized
training for RAs with ongoing reviews, and used standardized
protocols. | ssues were discussed at the weekly investigator-RA
meetings. RAs completed field notes after each session,
documenting the session date, start and end times, notes on
issues encountered during the session, and quotes from
participants, and evaluated the amount of effort the older adults
exerted to accomplish tasks.

Data Collection Procedures

Data were collected throughout the experiment from the older
adult and their companion, as detailed subsequently. A final
interview was conducted at the experiment’s conclusion. All
data were collected in person using standardized assessment
forms and entered into REDCap (Research Electronic Data
Capture; Vanderbilt University) [63], a secure, web-based
software platform, and double checked for accuracy. During
face-to-face interactions, participants read the questionnaire
whilethe research staff read the questions aloud and documented
theresponses. I nstruments were chosen with established validity
and reliability. All data collection forms were scanned and
uploaded into REDCap. Table 1 displays the study assessment
measures and timing.
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Table 1. Study assessments and the schedule of evaluations.
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Assessment Enrollment and
baseline assess-

ment

Week 1 (ses-
sions1and 2)

Week 2 (sessions Week 3 (sessions  Week 4 (sessions  Week 6 (follow-

3and 4)

5and 6)

7 and 8)

up: final visit)

Eligibility review and informed [
consent

Baseline measures
Demographics
Physical function: Barthel O
index?
Cognition
AD8 questionnaire O

Dementia Severity Rat-
ing Scale

Self-Administered Ge- [
rocognitive Examina-
tion Questionnaire

Social network

Lubben Social Network [0
Scalefor Long-Term

Care?

6-item UCLA® Lonli- U
ness Scale
Session variables
Attendance

Engagement: Observational
Measurement of Engage-
ment tool

3-item UCLA Loneliness
Scale

6-item Mutual Awareness
Subscale

Outcomes
Feasibility and acceptability

Feasibility of Interven-
tion Measure question-
naire

Acceptability of Inter-
vention Measure ques-
tionnaire

Exploratory variables

6-item UCLA Lonéli-
ness Scale

Network Minds Mea-
sure of Social Presence

Semistructured inter-
viewsassessing facilita-
tors and barriers

@0nly for participants residing in assisted living facilities.
bFor participants residing in assisted living facilities, the Lubben Social Network Scale for Long-Term Care (LSNS-LTC) was used for long-term care

settings.

CUCLA: University of California, Los Angeles.
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M easures

Feasibility and Acceptability Outcomes

Feasihility, defined as the practicality of conducting the study
[64], was measured by observation and documentation of
recruitment and retention rates, data completion, and session
attendance (i, intervention completion). Logistical,
technological, and user issues were observed and documented
after each session. We measured intervention implementation
rates for both study arms as the proportion of successful
connections. Feasibility was also measured by the participants’
perceptions of the ease of using the technology using a valid
and reliable 4-item questionnaire, the Feasibility Intervention
Measure [49]. Each item was rated on a 5-point Likert scale
ranging from 1 (completely disagree) to 5 (completely agree).
Datawere collected during thefinal 2 weeks after thefollow-up
visit.

Acceptability, defined as the perception that the intervention
(HMD-AR or 2D audio-visual intervention) was agreeable and
palatable, was measured using a valid and reliable 4-item
guestionnaire—the Acceptability Intervention Measure [49].
Each item was rated on a 5-point Likert scale ranging from 1
(completely disagree) to 5 (completely agree). Data were
collected 2 weeks after the follow-up visit. Overall satisfaction
with the ICT was ascertained at the fina session via
semistructured interviews.

Baseline Variables

For both older adults and companions, baseline data were
collected on demographics (age, gender, and race), social
network, and loneliness. Social network was assessed using the
12-item Lubben Socia Network Scale [65], a self-report
measure of social engagement with family and friends. Each
item is rated using a 6-point Likert scale ranging from O (no
monthly contact) to 5 (daily contact); scores range from O to
60, with higher scoresindicating a greater social network.

For older adults residing in LTC, the Revised Lubben Social
Network Scale-L ong-Term Care Scale [66] was used; thisscale
includesan additional 11 itemsthat assess quality and frequency
of interactions with other residents and staff members.
Loneliness was assessed using the 6-item revised University of
Cdlifornia, Los Angeles (UCLA) Loneliness Scale [67], a
self-report measure consisting of 6 items rated using a 4-point
Likert scale. The score ranges from 6 to 24, with higher scores
indicating greater loneliness.

For older adults, cognition was assessed using the
Self-Administered Gerocognitive Examination [68,69]. The
Self-Administered Gerocognitive Examination is a brief tool
that assesses language, reasoning or computation, visuospatial,
executive, memory, and orientation domains. Scoresrangefrom
0to 22, with scores greater than 16 suggesting normal cognition.
Physical function was assessed viaself-report using the Barthel
Index [70]. Participants rate their degree of independence in
performing 10 activities of daily living (eg, bathing and
dressing); scores range from O to 100, with higher scores
indicating greater independence.
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ICT Sessions

Immediately after each session, RAs completed a modified
Observational M easurement of Engagement [54] instrument to
note engagement behaviors, type of activity, level of noise, and
lighting. Additional field notes provided contextual information
for understanding the older adults' engagement with their family
members across each type of ICT. Participants were asked to
complete the 3-item UCLA Loneliness Scale [71].

The Mutual Awareness Subscale (MAS) of the Networked
Minds Measure of Social Presence [72] was completed after
the second and eighth sessions. The MAS is an 8-item
guestionnaire rated using a 5-point Likert scale, ranging from
0 (never) to 4 (a great deal); scores range from 0 to 32, with
higher scoresindicating agreater sense of socia presence with
one's partner.

At thelast session, participants completed the Networked Minds
Measure of Social Presence instrument, consisting of several
subscales: MAS (8 items), Perceived Attentional Engagement
(6 items), Perceived Emotional Contagion (8 items), Perceived
Comprehension (6 items), and Perceived Behaviora
Interdependence (6 items). Higher scoresindicated greater social
presence. Lonelinessisthetargeted primary outcomefor future
studies; therefore, participants also completed the 6-item UCLA
Loneliness Scale [68]. Finaly, the RAs conducted a brief
interview using a semistructured questionnaire to elicit
participants’ perceptions of facilitators and barriers.

AnalysisPlan

We will produce a CONSORT (Consolidated Standards of
Reporting Trials) flowchart to track the progress through the
phases of the trial (enrollment, intervention allocation,
follow-up, and data analysis). Reasons for noneligibility,
nonparticipation, and attrition will be documented and
summarized. Feasibility and acceptability (eg, participant
recruitment, enrollment, and retention rates) will be descriptively
analyzed using frequency distributions and measures of central
tendency and  dispersion, as  appropriate.  For
participant-completed instruments (eg, social presence,
Feasibility Intervention Measure, and Acceptability Intervention
Measure), we will examine the extent of missing datato inform
the selection of future instruments.

Results

Funding was received from the NIA in August 2022 and the
National Science Foundation in October 2022 (Multimedia
Appendices 1 and 2). This study was approved by thelocal IRB
and registered at Clinical Trials.gov. Following theinitial design
and testing of the HMD-AR activities, recruitment and data
collection for the feasibility and acceptability study began in
April 2024 and were completed in May 2025. Of the 8 enrolled
older adult and family member pairs, 8 (100%) completed all
sessions. Final acquisition of data has been completed, and the
data are currently undergoing cleaning. Results are intended to
be published in 2026.
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Discussion

Thisstudy will assessthefeasibility of implementing HMD-AR
communication between older adults and family members or
close friends and identify key facilitators of and barriers to
implementation. This project has several innovations. First,
collaborative HMD-AR delivers enhanced social connection
for older adults and their family members or friends viaa 3D
hologram using realistic avatars that are transported to each
other’'s environments. Most previous work on older adults in
AR focuses only on a single user and does not include
collaborative aspects. Second, the proposed technology hasthe
capability to map the remote users' interactionswith augmented
objects in a chosen environment. Interactions can be mapped
efficiently even when the remote and local users’ environments
are nonisomorphic. Third, assessing the feasibility and
acceptability of collaborative AR among older adults residing
aloneinthe community will be novel to theliterature. Thiswork
contributes to the knowledge on technol ogy-based interventions
targeting loneliness by examining the underlying mechanism
of socia presencein ICT.

Several limitations exist. It will not be possible to blind
participantsto the study arms. Attrition can significantly impact
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studies with small sample sizes. On the basis of our previous
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HMD-AR to address loneliness. We expect a greater
understanding of the feasibility, acceptability, and social
presence associated with the use of varying collaborative
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