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Abstract

Background: Addressing loneliness is a public health priority, with increasing interest in technological solutions for older
adults. However, evidence on real-world feasibility and acceptability of such technologies remains limited.

Objective: This study evaluated the feasibility and acceptability of the Conversation as Therapy (CaT) Pin, a wearable device
designed to capture time spent in conversation among older adults living alone, following prototype refinement. Specifically,
the study assessed whether a sufficient amount of synchronized, device-derived conversation data and self-reported loneliness
data could be generated to explore the relationship between conversation time and loneliness.

Methods: A 2-phase, mixed methods feasibility study was conducted. In phase 1, a Consumer Advisory Group (CAG)
participated in a 1-hour discussion to inform study processes and device design, followed by a 1-week prototype test with
older adults (n=3). Prototype usability, device design, and study procedures were explored through interviews and informed
iterative refinement. In phase 2, community-dwelling adults aged 65 years or older living alone trialed the device for 2
weeks. Participants completed activity logs capturing loneliness, activity engagement, device wear, and conversations at 6-hour
intervals. Device-captured conversation time was compared with self-reported data where available. Qualitative interviews
were analyzed using reflexive thematic analysis to understand participant experiences of device acceptability and feasibility.

Results: In phase 1, 6 CAG participants, including 3 prototype testers, identified usability and design issues that led to
modifications before phase 2. Phase 2 involved 23 participants (15 women; mean age 79.4 y, SD 6.7 y), with 7 classified as
lonely using the UCLA-3 scale. However, only 8 (34.8%) participants generated sufficient concurrent device and activity log
data, preventing meaningful assessment of the relationship between conversation time and loneliness. Feasibility challenges
were driven by device acceptability, namely usability, comfort, aesthetics, and integration into daily life, which limited
sustained wear and data synchronization. Qualitative findings indicated that participants prioritized quality rather than quantity
of social interaction, and many did not perceive personal benefit from device use, citing lack of perceived need or concerns
related to functionality and design. Together, methodological and conceptual challenges were identified in using conversation
time as a potential indicator of loneliness.

Conclusions: This study demonstrated that, in its current form, using a wearable device to capture time spent in conversation
and align these data with self-reported loneliness was not feasible among older adults living alone. Feasibility was constrained
by device acceptability related to usability, participant adherence, and data synchronization challenges. Findings also suggest
that conversation time alone may be insufficient as an indicator of loneliness, given participants’ emphasis on the quality and
personal meaning of social interaction. These results provide practical lessons for future digital health research with older
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adults, including the need for early co-design, monitorable data-capture systems, and more nuanced approaches to measuring

loneliness.
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Introduction

With the increasing availability of digital health technologies,
solutions are being developed to support older people in
maintaining independence and promoting holistic well-being.
However, older adults are heterogeneous, and technology
uptake varies by factors including gender, education, and
income [1]. Older end users remain underinvolved in
technology development [1,2], which can result in products
that are not fit for purpose, accessible [3], or appealing to
intended users [4]. Ageism in digital design, whereby older
people are implicitly perceived as having low competence or
interest, contributes to this underinvolvement [5]. There-
fore, despite rapid innovation, uptake by older community
members remains low [6].

Loneliness is one priority area for technology-enabled
approaches. Loneliness is defined as a subjective, unpleas-
ant, or distressing feeling of a lack of connection to other
people, along with a desire for more or more satisfying
social relationships [7]. Social isolation is a distinct, separate
domain, defined as having objectively fewer social relation-
ships, social roles, group memberships, and infrequent social
interaction [7]. Prolonged periods of social isolation and/or
loneliness are associated with adverse outcomes, including
poorer mental health (eg, social anxiety, clinical depression
and suicidal ideation [8-10], dementia [11,12], cardiovascu-
lar disease [13], and increased mortality risk [14]). The
COVID-19 pandemic further compounded these negative
impacts, particularly among older community members [12,
15].

Timely identification of loneliness is needed so that
interventions can be implemented before loneliness becomes
chronic. However, current approaches rely primarily on
validated questionnaires [16], which may be affected by
stigma and underreporting [17]. Emerging work has explored
more time-sensitive approaches (eg, ecological momentary
assessment via smart devices), though evidence remains
limited in older adults living alone in real-world settings [18,
19].

Social connection often involves conversation [20], with
higher well-being associated with conversational patterns
in daily life [21,22], and the quantity of social interac-
tions associated with greater well-being [23] and feelings
of belonging [24]. This has prompted interest in whether
time spent in conversation could indicate potential loneli-
ness. However, this raises methodological and conceptual
challenges. Methodologically, passive detection requires
sustained device wear, acceptable design, and robust data
synchronization [25,26], while loneliness is subjective and
relational, raising a conceptual tension between measuring
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conversation quantity and capturing the quality or meaning of
social interaction.

In this context, we developed the Conversation as Therapy
Pin, a prototype wearable device designed to estimate
time spent in conversation while preserving privacy by
not capturing conversational content. This 2-phase mixed
methods feasibility study evaluated the acceptability and
feasibility of using the CaT Pin with older adults living alone
and whether sufficient synchronized device-derived conversa-
tion and self-reported loneliness data could be generated to
explore the relationship between time spent in conversation
and loneliness.

The research questions were as follows: in phase 1, what
CaT Pin device usability or procedural issues arose during
prototype testing and refinement? In phase 2, was the CaT
Pin feasible and acceptable following phase 1 refinement,
and could it generate sufficient synchronized, device-derived
conversation and self-reported loneliness data to explore
the relationship between time spent in conversation and
loneliness in older adults living alone?

The study explored whether time spent in conversation
could serve as a potential indicator of loneliness, contingent
on generating sufficient synchronized data. We first describe
the study procedures, then present feasibility and acceptability
findings, including data completeness and synchronization,
followed by qualitative findings on device experience and the
conceptual appropriateness of conversation-based loneliness
detection. We then conclude with implications for future
digital health design and evaluation in older populations.

Methods
Study Design

This was a 2-phase prospective mixed methods feasibility
study evaluating the acceptability, usability, and data capture
feasibility of the CaT Pin for older adults living alone in
the community. The primary feasibility question was whether
sufficient synchronized, device-derived conversation and
self-reported loneliness data could be generated to explore
the relationship between time spent in conversation and
loneliness.

Phase 1 involved prototype testing and procedural
refinement. Phase 2 used a convergent mixed methods
feasibility design, with quantitative and qualitative data
collected concurrently and analyzed separately. The study
was initially designed with a quantitative emphasis, with
device-derived conversation data and repeated measures of
loneliness used to explore the relationship between time
in conversation and loneliness, while qualitative interviews
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would examine participant experiences and provide context
for interpreting the quantitative findings. However, recruit-
ment and data-capture challenges shifted the focus of the
study toward feasibility and acceptability outcomes. A mixed
methods approach was chosen because assessing feasibility
required both quantitative and qualitative data, with combin-
ing methods providing a more comprehensive understanding
than either approach alone.

This study is reported according to the GRAMMS
(Good Reporting of a Mixed Methods Study) checklist for
mixed methods studies [27] (see Checklist 1 for the full
checklist).

Setting

The study was undertaken in an Australian not-for-profit
aged and community care organization. Research visits were
conducted in participants’ homes. The study was conducted
between March 2021 and April 2023.

Participants

Phase 1: Consumer Advisory Group

Members of the organization’s existing Consumer Advisory
Group (CAG) were invited to provide feedback on study
procedures and the prototype device during a regular CAG
meeting that was attended by the research team. The CAG
comprised current or former home care recipients who met
regularly to provide community perspectives on organiza-
tional and research activities. Participation was voluntary.

Phase 2: Community Participants

Recruitment

Participants were initially recruited through the aged and
community care organization via study flyers distributed
by home care nurses. Due to low recruitment, additional
strategies included community presentations, flyers distrib-
uted through retirement living settings, social media notices,
and word-of-mouth.

Inclusion and Exclusion Criteria

Eligible participants were aged 65 years or older, lived
alone in metropolitan Melbourne, and used English as
their primary spoken language. Living alone was required
because the device aimed to capture external conversational
contact rather than routine cohabiting conversation. People
living alone are also more likely to experience problematic
or enduring loneliness [28]. Participants were excluded if
they had an acquired communication disorder (eg, aphasia,
stroke, traumatic brain injury, or Parkinson disease; [29,
30]), moderate-to-severe cognitive impairment, or severe
mental illness that might compromise protocol adherence.
Only English-speaking participants were eligible because the
speech-detection algorithm was calibrated in English.
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The original intention was to recruit 2 purposively sampled
groups (total n=30), those experiencing loneliness (n=15) and
those not experiencing loneliness (n=15), matched by age
and gender, with quota sampling to include at least 30%
(n=9) men. This strategy could not be achieved because
of recruitment challenges that limited the final sample.
Given the absence of comparable data, a formal sample size
calculation was not feasible; the study therefore adopted a
pragmatic feasibility approach based on team judgment and
the number of available prototype devices.

Materials: The CaT Pin Device

Prototype CaT Pin devices were developed by the RMIT
Health Transformation Lab in conjunction with a product
development company. The development comprised a 3-step
process involving hard technology development, prototype
development, and machine learning and algorithm training.

Twenty prototypes were produced, each with approxi-
mately 18 hours of battery life to support continuous wear
throughout a typical day. The device was designed to capture
time spent in conversation and store these data until they were
transferred by the research team.

In this study, time spent in conversation was opera-
tionalized as device-detected speech from the wearer or
nearby individuals. Periods without detected speech were also
important, as detecting both conversational and nonconversa-
tional periods was necessary to explore whether conversation
time could indicate loneliness. The prototype’s scale, shape,
and wearing configuration are shown in Figure 1; device
activity and charging indicators are shown in Figure 2. The
device and clip were constructed from polyethylene tereph-
thalate glycol and weighed approximately 93 g.

To protect the wearer’s privacy, the data collection
algorithm was designed in such a way that the content of
participants’ conversations was not captured and therefore
could not be accessed by the researchers. The device collected
all sounds that could be heard while it was being worn, with
these sounds encrypted in real time such that listening to the
encrypted sound files produced only white noise. All sound
files were stored locally on the device and then downloaded
by the research team at the end of the data collection period.
Files could only be decrypted with the machine learning
algorithm developed specifically for this project. Once the
decryption key was entered into the algorithm, sounds were
mapped onto 3 categories: speech from the wearer, speech
from others, and all other noise. The algorithm then produced
durations of speaking marked “own” for the wearer (partici-
pant) and “other” for other people speaking. These durations
were then used to estimate the amount of conversation each
participant engaged in while wearing the device.
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Figure 1. Working prototype of Conversation as Therapy (CaT) Pin. (A) and (B) show device measurements; (C) and (D) show the device being

worn.

Figure 2. Prototype of Conversation as Therapy (CaT) Pin. (A) Turned on and recording, with a green light flashing every 5 seconds; (B) Plugged in

to charge, with a blue light indicating it is charging.

Procedures
Phase 1: Prototype Testing

In phase 1, the study procedures, activity log, and proto-
type device were presented to CAG members in a 1-hour
discussion. Researchers documented recommended changes.
Consenting participants then tested the device and activity

https://formative.jmir.org/2026/1/94027

log for 1 week, followed by a home-based semistructured
interview with researchers (RO or GJ) about the process and
experience. Interviews were audio-recorded and transcribed
verbatim. A follow-up discussion was held with the CAG,
where initial findings were shared and further feedback
was invited. Feasible modifications to the study procedures,
device, and activity log were implemented before phase 2.
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Phase 2: Data Collection

Overview

Phase 2 used phase 1 learnings to assess whether device-
derived conversation data and self-reported loneliness data
could be collected and synchronized over 2 weeks. Figure
3 presents the participant flow. Data collection included a

Ogrin et al

baseline visit, 2 weeks of device wear, activity log comple-
tion, and a follow-up semistructured interview when the
device was collected. The research team contacted partici-
pants after commencement and at 1 week to answer questions
and troubleshoot problems (see Multimedia Appendix 1 for
an example).

Figure 3. Proof-of-concept study participant flow. CaT Pin: Conversation as Therapy Pin; PICF: participant information and consent form.
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Quantitative Measures the 2-week study period. The planned exposure was time

The planned primary outcome was self-reported loneliness,
measured using an adapted direct single-item measure of
loneliness [31] (How did you feel during this period? Likert
scale: lonely none, a little, some, or all of the time). Partici-
pants recorded how they felt during each 6-hour interval over
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spent in conversation, derived from device-detected speech.

Because insufficient  synchronized  device-derived
conversation data and self-reported loneliness data were
generated, the planned exploration of the relationship between
conversation time and loneliness could not be under-
taken. Therefore, quantitative findings focus on descrip-
tive feasibility outcomes, including device wear, activity
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log completion, data completeness, and the proportion of
participants with synchronized data.

Participants also completed baseline questionnaires
including demographic characteristics (age, gender, level of
education, country of birth, and relationship status), meas-
ures of loneliness (UCLA 3-item Loneliness Scale [UCLA-3,
32]), social isolation (Lubben Social Network Scale-6
[LSNS-6, 33]), health-related quality of life (EQ-5D-5L [34]
items), mental well-being (Short Warwick-Edinburgh Mental
Well-Being Scale [SWEMWBS, 35]), and extraversion

Ogrin et al

(Ten-Item Personality Inventory [TIPI, 36]), as well as
information on health conditions, sensory impairment,
informal care support, service use, and financial assistance.
Detailed descriptions of measures and scoring procedures are
provided in Multimedia Appendix 2.

Qualitative Measures

After 2 weeks, participants completed semistructured
interviews (mean duration 38 min, range 21-63 min) with the
researcher (refer to Textbox 1 below for the interview guide).

Textbox 1. Semistructured interview guide exploring loneliness, conversation, device usability, and acceptability.

* How did you feel wearing the CaT Pin device?

* What does being lonely mean to you? (results will be reported elsewhere)

* How did you feel about the number of conversations you had? (with direct reference to activity log)
* What are your thoughts around using conversation levels to recognize loneliness?
* How and when would participants like a notification for intervention to occur if conversation levels dropped?

The interviews were conducted by a female postdoctoral
qualitative researcher (RO) or an early-career researcher (GJ)
who had conducted the baseline data collection and check-
in calls but otherwise had no prior relationship with the
participants. Interviews were audio-recorded and independ-
ently transcribed, with transcripts checked for accuracy
against the recordings.

Data Analysis
Phase 1

Due to its formative purpose of informing phase 2 and the
small sample size, phase 1 qualitative data from interviews
and notes were reviewed by RO and GJ using a pragmatic,
structured, iterative process focused on identifying actiona-
ble items. Feedback and observations were identified and
organized into key areas relating to the device, participant
instructions, and activity log completion. Within each area,
potential improvements, barriers, enablers, and user experien-
ces were identified. Findings were discussed with the research
team and subsequently refined through feedback from the
CAG before being finalized.

Phase 2

Quantitative

Linear mixed models were originally planned to explore the
association between time spent in conversation and loneli-
ness.

Due to insufficient volumes of synchronized device and
self-reported loneliness data, the planned inferential analyses
were not undertaken. Analyses were therefore limited to
descriptive statistics, including participant characteristics,
device usage patterns, activity log completion, and data
completeness. The proportion of participants with usable
synchronized (paired) data was calculated to assess feasibil-
ity. All preparatory analyses were undertaken in R (version
4.3.1, R Foundation for Statistical Computing).

https://formative jmir.org/2026/1/e94027

Qualitative

Reflexive thematic analysis was used to analyze qualitative
data, involving an iterative and reflexive approach to the
identification and interpretation of shared patterns of meaning
across the dataset [37]. Analysis was facilitated by qualita-
tive data management and analysis software NVivo (version
11, QSR International). Researchers adopted a construction-
ist epistemology with an experiential orientation, prioritizing
the participants’ lived experience and interactions with the
device while recognizing that meaning is actively coconstruc-
ted between participants and the researcher. Analysis was
primarily inductive while remaining guided by the study aims
and findings from phase 1.

Two researchers (RO and GJ) familiarized themselves with
the data through repeated reading of transcripts, separately
generating both semantic and latent codes. Researchers
met face to face multiple times to discuss coding deci-
sions, explore alternative interpretations, and collectively
review and organize the codes according to shared meaning.
Potential themes were developed through the organization of
these code groups and were iteratively reviewed and refined
collaboratively. Themes were then finalized, with representa-
tive quotes selected to illustrate each theme. Transcripts were
not returned to participants for review; however, findings
were summarized and shared with participants, and feedback
was invited. The sample size was sufficient to develop a
richly textured understanding of concepts from the partici-
pants’ data [38].

Reflexivity

The research team had disciplinary backgrounds in health
services research, aging, and digital health, with prior
experience in qualitative research and analysis. Two
researchers (RO and GJ) conducted data collection and
analysis. Rapport was established with participants prior to
the interviews through a baseline home visit and follow-up
contacts during the 2-week study period, including device
troubleshooting and procedural support. This provided the
researchers with direct insight into participants’ ongoing
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experiences with the device, which could be explored further
during interviews. Researchers adopted an empathetic and
understanding approach during interviews, particularly when
participants discussed device limitations, which facilitated
open discussions of concerns about device use and its
relevance to identifying loneliness.

Given this involvement, researchers actively considered
how their own experiences with the device and its devel-
opment, including negative perceptions of its usability and
relevance formed while supporting participants, may have
shaped data interpretation. Reflexivity was supported through
ongoing open dialogue and discussion during analysis,
in which assumptions and interpretations were critically
examined in relation to the data. Care was taken to revisit
transcripts to ensure that both confirming and contradictory
patterns were attended to during theme development.

Integration

Integration occurred during the interpretation and reporting of
the findings, using a contiguous narrative approach. Quan-
titative feasibility outcomes (including data completeness,
device wear, and data synchronization) were compared with
qualitative findings (usability, acceptability, experiences, and
conceptual validity). The research team compared findings
across datasets to identify convergence and divergence, with
qualitative data helping to explore and explain the quantita-
tive feasibility challenges and data capture constraints.

Ethical Considerations

Ethics approval for this study was provided by the Bol-
ton Clarke Human Research Ethics Committee (approval
number 210001) and the RMIT STEM College Human Ethics
Advisory Network (approval number 24401). All participants
received a verbal explanation of the study and written
participant information, with time to ask questions before
providing written informed consent. Participant privacy and
confidentiality were maintained by assigning unique study
identifiers, with data stored on secure, password-protected
servers or in locked cabinets within the research team’s
office. Participants did not receive compensation for their
participation.

Results

Phase 1: Prototype Testing and
Procedural Refinement

The initial CAG discussion (n=6, 3 women) and sub-
sequent prototype testing (n=3, 1 women) generated

Table 1. Participant characteristics for phase 2 of feasibility trial (N=23).

Ogrin et al

recommendations across 3 broad areas: the device, partici-
pant instructions, and activity log completion. Device-rela-
ted feedback focused primarily on wearability, comfort,
security, visibility, charging, and ease of operation. Feedback
regarding participant instructions highlighted the need for
clearer explanations of device use, placement, troubleshoot-
ing, and study requirements. Activity log feedback focused
on reducing burden, improving usability, clarifying loneliness
response options, and capturing contextual information about
conversations. Recommendations were reviewed with the
CAG. Detailed recommendations are provided in Multime-
dia Appendix 3, including those that the research team was
able to address. Feasible modifications were implemented
before phase 2, although key design and functionality issues
remained unresolved and subsequently affected feasibility.

Phase 2: Recruitment and Sample
Characteristics

Sample Characteristics

A total of 23 participants (15 women; mean age 794 y, SD
6.7 y) were recruited to phase 2, of whom 7 were classi-
fied as lonely. Recruitment through the aged care organiza-
tion yielded 6 participants over 6 months. Reported barriers
identified by nurses included ineligibility due to cognitive
impairment or mental health conditions, limited English
proficiency, or lack of interest in participation. Additional
community recruitment improved enrollment, but the planned
matched sampling by loneliness, age, and gender was not
achieved. These challenges highlight feasibility constraints
in recruiting older adults for wearable technology-based
research, particularly where eligibility criteria, perceived
burden, and contextual factors, such as COVID-19, intersect.

Participant characteristics are presented in Table 1. The
final sample comprised individuals with relatively high
education levels, living in predominantly socioeconomically
advantaged areas, yet a substantial proportion relied on
government support. Participants also reported a range of
functional limitations, including problems with mobility and
usual activities, alongside common sensory challenges such
as vision and hearing impairments.

Because insufficient synchronized data were generated,
planned inferential analyses were not undertaken. Descriptive
findings are, therefore, reported as feasibility outcomes and
indicate high variability in device wear, low completion of
repeated loneliness measures, and insufficient synchronized
data to support the exploration of the relationship between
conversation time and loneliness.

Characteristics Value
Age (y), mean (SD) 794 (6.7)
Gender, women, n (%) 15 (65.2)
Highest education level completed, n (%)

Primary school 4(17.4)

https://formative jmir.org/2026/1/e94027
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Characteristics Value
High school 6(26.1)
Vocational training 5@21.7)
Undergraduate degree 3(13.0)
Postgraduate degree (including doctorate) 5(21.7)

Country of birth, Australia, n (%) 14 (60.9)

Relationship status, n (%)

Widowed 16 (69.6)
Divorced 4(174)
Never married 3(13.0)

Socially isolated?, n (%) 6(26.1)

Had an informal caregiver or caregivers, n (%) 7(304)

In receipt of support, n (%)°
Government pension (aged/Department of Veterans’ Affairs) 17 (73.9)
Aged care service 12 (52.2)

Index of Relative Socioeconomic Advantage and Disadvantage (IRSAD) quintile, n (%)

1 (decile 1-2; most disadvantage) 0 (0)

2 (decile 3-4) 00

3 (decile 5-6) 3(13.0)
4 (decile 7-8) 4(174)
5 (decile 9-10; least disadvantage/most advantage) 16 (69.6)

Level of mental well-being®, n (%)

High 5(21.7)
Moderate 16 (69.6)
Low 2(8.7)

Mental health-related diagnosis, yes, n (%) 7(304)

Any problems with..d, n (%)

Mobility 13 (56.5)
Self-care 5@21.7)

Usual activities 10 (43.5)
Pain/discomfort 19 (82.6)
Anxiety/depression 12 (52.2)

Hearing problems, n (%) 8 (34.8)

Vision problems, n (%) 18 (78.3)

Self-assessed general health®, median (IQR) 85 (50-90)

Extraversion’, n (%) 14 (60.9)

4Socially Isolated, measured as scoring <12 on the Lubben Social Network Scale-6 [33].
bParticipants could indicate all applicable options; therefore, percentages may exceed 100%.
®Levels of mental well-being from the Short Warwick-Edinburgh Mental Well-Being Scale [35].
dMeasured using EQ-5D-5L (health-related quality of life) [34].

®EuroQol Visual Analogue Scale (EQ-VAS, on a scale of 0-100) [34].

fExtraversion was measured using 2 items from the Ten-Item Personality Inventory (TIPI) [36].

Feasibility Outcomes: Device Wear, Activity conversation data and self-reported loneliness data to support

Log Completion, and Data Synchronization exploratory analysis. Table 2 below provides a summary of
’ feasibility outcomes.

A primary feasibility question was whether partici-
pants generated sufficient synchronized device-derived

Table 2. Feasibility outcomes: device use, activity log completion, and data synchronization phase 2, N=23).

Feasibility domain Indicator Result, n/N, (%) Key issue identified

Recruitment Participants enrolled 23/30 (not achieved) Recruitment lower than planned; difficulty engaging
eligible participants
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Feasibility domain Indicator

Result, n/N, (%)

Key issue identified

Device uptake Wore device at least partially

Selective device use Removed device during specific activities

Activity log completion ~ Adequate completion across time periods

Generated sufficient synchronized device +
log data

Data synchronization

Achieved sufficient data to test research
questions

Primary feasibility
outcome

Sources of missing data  Primary contributors to incomplete data

21/23 (91.3)

14/23 (60.9)

Not achieved

8/23 (34.8)

Not achieved

Not applicable

Two participants stopped wearing entirely due to burden,
comfort, and usability issues

Removed during sleep, meals, activities in which wearing
device would be uncomfortable or unsafe, or when not
expecting conversation

Missing data across all time blocks, particularly evenings/
overnight

Insufficient for planned analysis

Low synchronization due to combined device, participant,
and data architecture issues

Inconsistent wear, incomplete logs, temporal misalign-
ment, and misunderstanding of study requirements

Device Use

Twenty-one of 23 participants wore the device at least
partially over the 2-week period. However, device wear
was inconsistent: 2 participants stopped wearing the device
entirely, and almost two-thirds removed it during daily
activities, for example, during vigorous activity or exercise,
meals, clothes shopping, sleep, medical appointments or care
activities, or when alone and not conversing with others.

Activity Log Completion

Completion of activity logs was variable, with missing
entries across all time periods and particularly high levels of
missingness during the evening and overnight periods.

Synchronized Data

Only 8 out of 23 participants generated sufficient synchron-
ized device-derived conversation data and self-reported
loneliness data for potential analysis, which was insufficient
to explore the relationship between time spent in conversation
and loneliness.

Missing data arose from multiple interacting sources:
inconsistent device wear, incomplete activity log entries,
misalignment between continuous device data and catego-
rized time blocks, and misunderstanding of study require-
ments. Many participants interpreted the device as capturing
active conversation only, rather than both conversation and
silence. As continuous wear became burdensome, device
wear was often prioritized during anticipated speaking
periods. The research team also did not anticipate the
importance of reinforcing nonconversational wear or the
extent to which burden would affect adherence.

Qualitative Findings

Due to insufficient synchronized data, the qualitative findings
became particularly important in understanding the feasibil-
ity challenges, device acceptability, and conceptual issues
identified. Three main themes were identified from partici-
pant interviews (n=23): conceptual mismatch, design barriers,
and functional limitations.

https://formative jmir.org/2026/1/e94027

Conceptual Mismatch: Limitations of
Conversation Quantity as an Indicator of
Loneliness

Participants broadly understood and supported the concept
of addressing loneliness but questioned whether the quantity
of conversations is a meaningful indicator of loneliness. For
some, “the number and amount of conversations I have really
isn’t something that makes a difference to me” (P2_10).
Others stated that they preferred to listen rather than talk.
Furthermore, it was not the quantity of conversations, but
rather the quality that was relevant, as described in the
following quote:

It all depends who that person is, because if it is one
who has stimulated you immensely, you’ll care, and
wear it all day long, and still think about it. If it’s
someone who said “Lovely weather today love” that
doesn’t make much impact, but it really is the person.
[P2_12]

When considering triggering contact with a nominated
person, again, it was important to participants that this be
tailored to the individual. Most thought that face-to-face
contact would be most ideal, but others shared that a phone
call or a text message would also be feasible or even
preferred.

Or a text message, if they are tech savvy. Because that’s
not as intrusive as a phone call. I think face to face
is probably better. But phone calls are important too.
[P2_11]

The relationship with the nominated person was seen as
critical, with participants articulating that it needed to be the
right person, someone they knew, could engage with, and
had a real connection with. The majority stated that it should
not be an unknown volunteer, but rather a personal friend,
stemming from a desire for mutual reciprocity rather than
obligation.

I know I would know in the back of my mind well, that’s
their job...unless it was a friend. [P2_18]
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Interestingly, despite the acknowledged need for a way to
identify when someone was experiencing loneliness to enable
timely interventions, many participants intimated similar
sentiments, “That might work for some, not all, But I don’t
think I have the need for it,” (P2_4) often because they felt
they already had the level of interaction that they needed.
Participants did identify that the device might be a potential
safety net for people who do not get as much social contact,
are estranged from family members, or are lonely. Some
of these participants stated that they would engage as the
nominated person on the other end of an alert, supporting
someone who wants conversation.

These findings highlight a fundamental conceptual
limitation, in that conversation quantity may not function as
a standalone proxy for loneliness and may require integration
with more nuanced, relational measures.

Design Barriers: A Device That Does Not Fit
the Body or Daily Life Drives Selective Use

The physical design of the device was not deemed accept-
able and was a major barrier to sustained use for all 23
participants. Overall, the prototype was considered too large,
heavy, and clunky, with sharp edges; as P2_1 noted, “It’s
like wearing a brick around your neck,” similarly described as
“annoying,” “a cumbersome thing,” “awkward to wear,” and
something that “got in the way.”

ELINT3

Some participants stopped wearing the device entirely
(n=2), while others selectively removed it during activities
(n=14). The design meant that participants chose not to wear
the device when they knew they were not going to engage in
any conversations, as it was “a pain in the you-know-what to
have to wear it” (P2_15). Participants also reported concerns
related to visibility (eg, flashing light), aesthetics and stigma,
and interference with daily activities, as described by the
participant below.

When I was going out, and I went past the mirror
and I could see it blinking! [LAUGHTER] I was going
somewhere special so I turned it back [to front]. I'm
not going out with that light flashing on and off and
everything! [P2_08]

The use of a lanyard to compensate for clip failure further
reduced comfort and usability.

Some participants were particularly concerned about the
lack of consideration given to design and strongly recommen-
ded that, in the future, biomedical engineers consider design
before testing any device with participants.

..there is no reason why [the device developer
couldn’t] do something that was body accessible, body
aware... the machine is just as capable of making
something which contours to the body and fits the body
rather than something which is square and hard angles,
and always uncomfortable. I was never not aware that
I had it on. If they had designed the outer casing, it
doesn’t matter how big it is, but the outer casing, so
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that it had smooth curves, and it was compatible with
the body, and it had some sort of human interaction in
it rather than just. Well, “this is what we're going to
do. So make a nice little square box to put it in”. It
shows no thinking, no understanding of design, and as a
designer that really bugged me. [P2_07]

For those with other medical assistance devices (eg,
medical alert, smart devices, or falls pendants), comparisons
were made with the less obtrusive design of those other
devices and their better integration into participants’ lifestyle.

If it was something smaller. And you aren’t conscious
of it swinging around your neck, so you don’t notice it.
Like this thing here. I have a wrist band, like a watch,
and this is fine. [P2_04]

The participants were unanimous that device design
significantly affected engagement, leading to reduced wear
time and directly impacting data completeness. Usability and
aesthetics emerged as critical determinants of feasibility.

Functional Limitations: Poor Usability and
Reliability Reduce Trust and Sustained Use

Participants reported multiple acceptability issues related to
device functionality, that is, how well the device worked and
how users could interact with it. Although the device was
made specifically for use by older community members, some
components were not practical for older adults with reduced
dexterity or people with less acute vision.

The main issues were the small and fiddly charging port
and the on/off switch. Both were crucial for the device to be
used successfully; however, many participants had difficulty
with the prototype configuration.

The thing that fits into this here [the charger], doesn’t
go in properly [P2_5]

If someone had no nails, I think they’d have trouble
[turning it on and off]. [P2_1]

There were numerous malfunctions with the device,
particularly with the light that indicated whether it was
working or charging. As a result, some participants wore
the device but were concerned or unaware that it was
not collecting data correctly, were disconcerted when the
lights went off following charging, or had to switch devices
partway through the trial. Device failures required replace-
ments during the study in some cases, further disrupting data
collection.

It was ok for the first 10 days or so, at the start, and in
the last few days it started to play up. I think the battery
is not good. [P2_11]

Half the day it started and then at about 4:00 o'clock, it

started flashing red. [P2_14]
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Despite the troubleshooting and extensive support from the
research team, participants were also concerned about using
the device “correctly.”

Well, sometimes I used to wonder if it was actually a
recording, because I don’t know if I had it in the right
place, and I thought it was here, and I thought maybe
that doesn’t even record [P2_2]

Functional limitations reduced trust in the device and
increased participant burden, contributing to inconsistent use
and incomplete data.

Integration

Integration of quantitative and qualitative findings demon-
strated that low levels of synchronized data were not
solely attributable to technical issues. Quantitative findings
identified low levels of synchronized data and inconsistent
device wear, while qualitative findings helped explain these
outcomes through participant burden, selective device use,
usability concerns, and misunderstandings regarding study
requirements. Across both datasets, 3 interrelated categories
of feasibility constraints were identified. First, device-rela-
ted constraints, including design, comfort, and functionality,
limited sustained device wear. Second, participant-related
constraints affected data capture, including misunderstand-
ing of study requirements and selective device use. Third,
data architecture constraints, including misalignment between
continuous device-derived data and categorical activity log
entries, contributed to incomplete datasets. Together, these
factors resulted in insufficient synchronized data to ena-
ble exploration of the relationship between time spent in
conversation and loneliness.

Discussion

Feasibility Findings

This mixed methods feasibility study evaluated whether the
CaT Pin could capture time spent in conversation among
older adults living alone and whether sufficient synchronized
device-derived conversation data and self-reported loneliness
data could be generated to enable exploration of the rela-
tionship between time spent in conversation and loneliness.
Following phase 1 refinement of the device and proce-
dures, phase 2 evaluated feasibility and acceptability among
community-dwelling older adults. In its current form, this
approach was not feasible. The integrated findings identified
interrelated device, participant, and data architecture barriers
that prevented the generation of sufficient synchronized data.

Device Usability and Real-World Adoption

As technologies designed to promote well-being in older
adults become more common, wearable devices are expec-
ted to be functional, appealing, and integrated into everyday
life [25]. Device design affected recruitment and engage-
ment in this study, consistent with previous research [26].
Participants consistently described the prototype as too large,
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heavy, and visually conspicuous, and many limited their
use because it was uncomfortable, intrusive, or incompatible
with daily activities. These issues directly affected feasibil-
ity by reducing wear time, increasing selective nonuse, and
ultimately limiting analyzable data.

The findings reinforce prior work, indicating that devices
for older adults must be comfortable, discreet, and easy to
use to support sustained engagement [25,26]. As Moore et
al [26] observed, “Any device should serve its purpose, and
the primary function of the device should be reliable and
easy to use; cause minimal disruption in users’ lives, be
aesthetically pleasing, and should not draw attention to the
user or single them out as a patient.” The present findings
suggest that these expectations apply even during feasibility
testing. A technically promising prototype may fail before the
underlying concept can be evaluated if it is uncomfortable,
unattractive, or difficult to operate.

These findings also have implications for co-design.
Although engineers, clinical researchers, and older adults
contributed to the later stages of device and protocol
development, older adults were not involved in initial ideation
and design [2]. Persistent usability concerns suggest that
participation at later stages was insufficient. Human-cen-
tered design approaches emphasize involving end users early
and iteratively so assumptions about aesthetics, wearability,
and usability can be challenged before major development
decisions are made [2,26,39,40]. In this study, consumer
feedback improved aspects of the protocol and device, but
resource limitations prevented substantive redesign. Earlier
and more meaningful involvement of older adults as design
partners in both ideation and design [2] may increase both
acceptability and the likelihood of achieving study aims while
reducing unintended ageism in technology development [5,
26].

Data Capture Feasibility and Synchronization

A second major finding relates to the measurement architec-
ture required to test the study concept. The study was not
undermined by device malfunction or an isolated adherence
issue but by the interaction between continuous device-gen-
erated data, categorical activity-log data, and participant
interpretation of what needed to be recorded.

The device produced continuous, time-stamped speech
data, whereas the activity log required participants to
summarize activities and loneliness in 6-hour blocks.
Although device data were later grouped into these peri-
ods, temporal precision was reduced and interpretation was
constrained. High rates of missing data, particularly in
evening and overnight periods, further limited synchroniza-
tion. Researchers were also unable to access device data in
real time, meaning that device problems and insufficient data
capture were not identified until the study had concluded.

Participant behavior added further complexity. Many
participants interpreted the device as measuring conversation
only and therefore did not wear it during periods when
they did not expect to speak. However, both conversation
and silence were important to evaluating the study concept.
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Researchers were also cautious in enforcing high levels
of device wear because of concern that participants would
cease wearing it altogether. These findings highlight a key
challenge in passive sensing research: participants engage
with devices according to their own understanding of what is
important. Future studies will require clearer communication
about the importance of capturing both event and nonevent
time, alongside systems that enable real-time monitoring and
correction of data capture problems. More broadly, feasibil-
ity depends not only on technical capability but also on
alignment between the technology, protocol, and participant
understanding.

Conceptual Implications for Loneliness
Detection

The qualitative findings raise important conceptual implica-
tions. While the device was designed to quantify time spent
in conversation, participants frequently questioned whether
conversational quantity was meaningful in itself. Instead, they
emphasized the quality, meaning, and personal relevance of
interactions. As one participant observed, a brief interaction
with the “right” person could be far more significant than
an extended casual conversation. This challenges the premise
that conversation time alone can function as a sufficient
indicator of loneliness.

Identifying appropriate technological markers of loneliness
remains challenging [41]. Loneliness is subjective [42] and
multidimensional and is influenced by factors at the indi-
vidual, interpersonal, community, and societal levels [43].
Quantitative findings also suggest that measurement strategy
and participant burden strongly influence feasibility. The
single-item loneliness measure may have lacked sensitivity
to capture the dynamic nature of loneliness in this con-
text and may have been influenced by participant interpreta-
tion or reporting bias related to stigma [44]. Our findings
suggest that conversation quantity may be one component
within a broader multidimensional model rather than a
standalone indicator. This aligns with literature emphasiz-
ing the cognitive, relational, and situational complexity of
loneliness [42.,43 45].

The findings also highlight the potential role of stigma.
Participants often viewed the device as something that might
benefit “other people” rather than themselves. In parallel,
the visible and somewhat clinical appearance of the proto-
type may have amplified concerns associated with wearing
a health-related device in public [4647]. Future technol-
ogy-enabled approaches to loneliness will therefore need to
consider not only measurement validity but also identity,
dignity, and the social meanings attached to both loneliness
and wearable devices.

Implications for Future Research

First, prototypes must be functional, acceptable, and
integrated into everyday life, with attention to comfort,
dexterity, vision, and aesthetics [25,26]. Earlier involvement
of older adults in both ideation and design is likely to improve
alignment between technology and user needs [2,26,40].
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Second, generating synchronized data requires careful
planning and alignment between technological and self-
report measures. Future studies should incorporate real-time
monitoring to detect device malfunctions, missing data, and
misunderstandings of study procedures before data collection
is complete.

Third, loneliness is unlikely to be reducible to a single
passive behavioral metric. Future research should adopt more
conceptually nuanced approaches that recognize loneliness
as subjective and multidimensional [4142]. Conversation
time may be better understood as one component within a
broader framework that includes self-report, context, personal
meaning, and individual preferences [41-43.45].

Finally, this study demonstrates the value of transparently
reporting negative feasibility findings. Although extensive
refinement occurred within the available resources, device-
related barriers were directly reflected in the quantity and
quality of data collected. Reporting these challenges provides
practical guidance for researchers, developers, and funders
designing future digital health technologies for older adults.

Strengths and Limitations
Methodological Strengths

A key strength of this study was demonstrating that the
concept for a device such as the CaT Pin cannot be sepa-
rated from its usability and acceptability. To address this
novel research question, we adopted a pragmatic mixed
methods approach, triangulating quantitative and qualitative
findings to provide a comprehensive assessment of feasibil-
ity, including device performance, participant experience, and
data capture processes. A further strength was the inclusion
of older adults in prototype testing and refinement, ensuring
end-user perspectives informed evaluation of both the device
and study procedures.

Limitations

This study has several limitations, grouped into device-rela-
ted, procedural, and conceptual domains. Recruitment was a
significant challenge. Although 30 participants were planned
(15 lonely and 15 not lonely), only 23 were recruited (of
whom 7 were lonely). Consequently, the intended matched
cohort design could not be achieved. The final sample
was relatively small, unmatched, and predominantly from
socioeconomically advantaged areas, limiting the broader
generalizability of the findings. These feasibility barriers may
be even more pronounced in socioeconomically disadvan-
taged or less technologically engaged populations. However,
the primary purpose of the study was to identify feasibility
barriers affecting implementation and measurement rather
than to estimate effects or test associations.

Device-Related Limitations

Limited project funding constrained device development and
refinement. The prototype’s size, weight, and functional
instability reduced sustained wear and directly contributed to
incomplete data capture despite iterative refinement. These
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issues, particularly the device’s weight and bulk, influenced
both the willingness to wear the device and the consistency of
use, contributing to the limited amount of usable quantitative
data captured.

Procedural and Implementation Limitations

Procedural limitations included recruitment difficulties,
variable adherence to the study procedures, and reliance on
self-reported activity logs, which were affected by miss-
ing data and participant interpretation. The challenges in
synchronizing continuous device-derived data with partici-
pant-reported activity logs also highlight limitations inherent
in combining passive sensing technologies with self-reported
measures. Despite assurances that conversational content was
not accessible, some potential participants expressed concerns
regarding privacy and possible “eavesdropping,” consistent
with previous research on wearable technologies [46.47].
Concerns about data breaches and scams may also have
reduced willingness to participate.

The project commenced while the impacts of the
COVID-19 pandemic were still being experienced, and
concerns about virus exposure and social reengagement may
have further affected recruitment. In addition, the lack of
real-time access to device data meant that missingness,
malfunction, and misunderstanding of study requirements
could not be identified and addressed during the trial and
were only fully recognized after data collection had ended.

Conceptual Limitations

A conceptual limitation was the assumption that time spent
in conversation could function as an indicator of loneliness.
Participant accounts suggested that the quality and meaning
of interaction were more relevant to loneliness than conversa-
tional quantity.

Taken together, these limitations suggest that the inability
to explore the original concept reflects not only practical

Ogrin et al

feasibility barriers but also possible limitations in the
underlying conceptual model. This is an important finding,
indicating that future technological approaches to loneliness
detection may need to move beyond single passive behavioral
indicators and engage more directly with the subjective and
multidimensional nature of loneliness.

Conclusions

This mixed methods feasibility study showed that suffi-
cient synchronized device-derived conversation data and
self-reported loneliness data were not generated to ena-
ble exploration of the relationship between time spent in
conversation and loneliness among older adults living alone.
However, the principal contribution of the study lies not
in testing the relationship but in demonstrating that the
concept for a device such as the CaT Pin cannot be divorced
from its usability and acceptability; to generate useful
data, wearable technologies must be not only functional
but also comfortable, discreet, and acceptable to intended
users. Conceptually, the study suggests that time spent in
conversation is unlikely to function as a standalone indica-
tor of loneliness. Participants consistently emphasized the
quality, meaning, and personal relevance of social interac-
tions, highlighting the need for more nuanced and multidi-
mensional approaches to loneliness detection. Future research
should explore measurement models that combine behavio-
ral indicators with contextual and subjective experiences of
loneliness and should incorporate real-time monitoring and
better alignment between passive sensing and self-report
measures.

Taken together, these findings provide practical guidance
for the design and evaluation of digital health and weara-
ble technologies intended for older adults while highlighting
the importance of aligning technological innovation with the
lived experience of intended users.
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