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With aging, close families grow apart. Many older adults begin experiencing isolation that carries serious emotional and mental
consequences. Though digital tools can help bridge the physical distance between them, such tools are designed for the general
population, making it difficult for elderly people to access due to lack of digital experience, complex user interfaces, and the
expectation that users will initiate most interactions. This paper reviews current research on multi-generational connections
while aging, and utilizes that evidence to propose the design for Heartlinks, which is an Al-powered application designed
with the potential to increase interactions between the elderly and their families. This paper presents Heartlinks as a design
proposal: instead of functioning as a general messaging app, it is made with the intent to deliver personalized messages that
center on family content by using semantic content retrieval, relationships, with a delivery service that is intended to be scalable.
Drawing on this literature, the paper proposes a design rationale for the platform’s features that are intended to encourage family
connections with elderly, and potentially support cognitive health through the exchange of meaningful communications. Since
Heartlinks is still in development, this paper is made with no experimental results or concrete claims about its effects. It serves as
a design rationale for the platform, and an evaluation plan - including proposed testing methods, expected results as hypotheses,
and a discussion of limitations, ethical considerations, and constraints - made to test the hypotheses on the platform’s deployment.
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Introduction

As time passes and families become more geographically dis-
persed, the adults of the family suffer a growing disconnect
from their younger relatives. There are a number of factors
that contribute to such isolation, mainly: economic oppor-
tunities, refuge, educational mobility, service and global mi-
gration of the younger generations take them across cities,
states, countries or even continents. While such movements
are important for the generations in question, this reduces the
chances to interact with their ancestry drastically '.

This growing distance leaves the older generations in so-
cial isolation, a condition characterized by infrequent social
interaction and reduced participation in meaningful relation-
ships. This matters for mental health: in a national sample
of over 11,000 adults aged 50 and older, those who saw oth-
ers in person only every few months were more likely to de-
velop depressive symptoms two years later than those with
weekly contact?. People struggling with this condition often
face additional challenges such as retirement, loss of spouse
and friends, chronic illness and reduced access to transport
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and social events. Such exclusions in life can limit social en-
gagement for older individuals. In a nationally representative
study of community-dwelling adults aged 65 and older in the
United States, Cudjoe et al. found that about one in four were
socially isolated and 4% were severely isolated.
Concurrently, younger members of the family suffer dis-
tance from their grandparents and sometimes even one or both
of their parents due to such migrations. This leads them to
rely heavily on digital interactions with their relatives. How-
ever, older generations are not able to access the same liberty
because of barriers like lower digital literacy, interface com-
plexity, physical limitations, or lack of confidence in use of
technology . As a result, the very tools that could be used to
bridge the gap between families turn out to be the hindrance in
them coming together. This combination of geographic sep-
aration and technological exclusion of family members cre-
ates an ever widening gap between these generations. In a
mixed-methods study of 218 parents with emigrant children
in Nepal, Bhandari et al.> found that 18.8% had psychological
distress, that parents who received little support from their mi-
grant children had higher odds of distress, and that interviewed
parents described persistent loneliness and sadness. The older
generation begins to feel disconnected from their daily lives,
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the family that they helped forge, their achievements, inter-
ests and their experiences meanwhile younger family mem-
bers may struggle to maintain meaningful communication de-
spite their want, need and intention to. The act of addressing
this growing issue requires careful consideration of solutions
that facilitate communication and also make these interactions
meaningful, accessible and personally relevant.

The Proposed Solution: Heartlinks

Heartlinks is an Al platform built to increase the strength of
connections between the elderly and their physically distant
families. Instead of just working like a general communica-
tion platform like Facebook, WhatsApp, Messages, Snapchat,
etc. Heartlinks combines family updates, adaptable content,
and recommendations that are personalized to create a sense
of presence and belonging regardless of the geographical dis-
tance between families.

The platform is made around the idea that older people
should not be the people to constantly initiate social inter-
actions or navigate the complex user interfaces of messag-
ing platforms. Instead, Heartlinks actively delivers content
that is family centered, including photos, landmarks, cher-
ished memories, and conversation starters that can help the
elderly people remain involved in the lives of their children
and grandchildren.

With the usage of technology like Weaviate for seman-
tic content retrieval, PostgreSQL for managing relationships
with close ones, and FastAPI for reliable delivery service, the
program is made to create a personalized experience that is
unique to each user’s family, interests, and overall life history.
Through the platform being personalized, Heartlinks hopes to
shift older adults from the position of passive participants of
fast paced communication in the modern day to an active two-
way communication with reciprocated social engagement.

Thesis Statement

Research on aging consistently associates social isolation with
poorer emotional and physical health, and shows that digi-
tal contact with family can partially offset geographic separa-
tion. General-purpose communication platforms have placed
the burden of starting and sustaining contact on older adults
and assume a level of digital fluency that many do not have.
This paper argues that a platform designed around three prin-
ciples could lower these barriers where family members sup-
ply content, the system delivers it proactively, the interface
asks little of the older user. Heartlinks is proposed as one
such design. The paper makes three contributions: a synthesis
of the evidence on inter-generational connectivity, isolation,
and older adults’ technology use with design rationale link-
ing each Heartlinks feature to a barrier found in that literature,

a feasibility and usability pilot protocol for testing whether
older adults and their families can and will use the platform.
Heartlinks has not yet been deployed and is still in develop-
ment and because of this its potential effects on loneliness and
well-being are presented as hypotheses for future evaluation,
not as findings.

Literature Review and Background

Literature Review Methods

The literature for this paper was gathered through a structured
narrative review carried out iteratively between January and
September 2026. Rather than a single database query, searches
were run in stages, each focused on one question raised while
developing the framework, and new searches were added as
earlier findings raised further questions. Searches were con-
ducted mainly in Google Scholar and PubMed using plain-
language and keyword search phrases, and the reference lists
of relevant articles were checked for further primary studies.
Articles published from January 2010 to September 2026 were
eligible.

Searches were organized around four themes. The first
examined geographic separation and family contact, using
phrases such as "geographic distance family caregivers social
isolation", "psychological distress among parents of emigrant
children", and "frequency of in-person contact and depres-
sion in older adults". The second examined social isolation
and health, using phrases such as "loneliness social isolation
all-cause mortality older adults cohort", "social isolation bi-
ological markers inflammation older adults", and "loneliness
and risk of dementia". The third examined technology-based
interventions, using phrases such as "technology to reduce
loneliness in older adults randomized trial", "intergenerational
technology mentoring older adults loneliness", "voice assis-
tant loneliness older adults", and "conversational Al loneli-
ness depression older adults trial". The fourth examined bar-
riers to technology use, beginning with the question of what
causes gaps in older adults’ active participation in technol-
ogy, and using phrases such as "older adults’ barriers to using
tablets", "oldest-old new users’ attitudes toward social net-
working sites", and "older adults icon processing in visual
search". Table 1 lists the search phrases and the sources each
identified.

Sources were included if they were peer-reviewed pri-
mary research articles (observational studies, trials, surveys,
qualitative, or mixed-methods studies), written in English,
and studied adults aged 50 or older, their families, or inter-
generational pairs, with outcomes related to social connec-
tion, loneliness, mental health, cognition, or technology use.
Reviews, meta-analyses, and opinion pieces were not cited as
evidence, although their reference lists were used to locate pri-
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mary studies. The measurement instruments used in the pro-
posed pilot are cited to their original validation and benchmark
studies regardless of publication date. For each source, the
population, study design, sample size, and main findings were
recorded, and findings were synthesized narratively within the
four themes. No formal quality scoring was performed; in-
stead, each study’s design and population are reported along-
side its findings, and the limitations of the evidence are dis-
cussed at the end of each section of the literature review.

The State of Generational Connectivity

Research has mostly shown that physical distance with one an-
other results in losing contact with close family. Li and Wis-
ter! found that, among Canadian family caregivers of older
adults, those living at a moderate to long distance from the
family member requiring care reported greater social isolation
than nearby caregivers when care demands were high, show-
ing how geographic distance strains family care relationships.
Geographic isolation reduces the amount of times of interac-
tion with one another and also reduces informal caregiving,
and family meetups.

Current shifts in population have increased this challenge
regarding reducing isolation. Younger people mostly relocate
due to education or employment, which results in their parents
and grandparents being left behind. While technology can
help families communicate, in-person contact appears to of-
fer benefits that remote contact does not. For example, phone
contact was not associated with lower depression risk in the
way that in-person contact was .

The COVID-19 pandemic exaggerates the importance of
digital communications in maintaining healthy relationships
between families. In a survey of 519 older American parents
during the pandemic, Hwang et al.® found that parents who
lived apart from their adult children but stayed in close dig-
ital contact reported mental health as good as parents with
close in-person relationships, and better than parents whose
relationships were detached. This aims at the idea that digi-
tal communication can partly compensate for the loss of in-
person engagement.

Similarly, in a survey of university students about contact
with their grandparents, Doring et al.” found that although
phone calls and in-person visits remain common for them,
younger people rely heavily on digital tools to stay in touch
with family. Whether this contact builds social engagement
depends on how easy and meaningful the interactions are and
not on the technology alone.

Taken together, these studies agree that geographic distance
reduces family contact and is associated with poorer well-
being among older adults!>. They differ, however, on how
far digital contact can make up for it: Hwang et al.® found
that close digital contact with adult children was associated

with mental health as good as close in-person contact during
the pandemic, whereas Teo et al.? found that only in-person
contact, not phone contact, was associated with lower depres-
sion risk. Most of this evidence is observational, so it shows
association rather than cause. What the literature establishes is
that separation is a risk; what it does not yet establish is which
kinds of digital contact, if any, reduce that risk. Heartlinks
is built on the hypothesis that digital contact which is easy
to start and centered on meaningful family content may com-
pensate more than general messaging does, a hypothesis this
paper proposes to test rather than assumes.

Cognition and Aging

A huge amount of research has been associated social engage-
ment with cognitive and mental health outcomes among the
elderly population. In a study of 12,030 older adults followed
for up to ten years, Sutin et al.® found that loneliness was asso-
ciated with a 40% higher risk of developing dementia, even af-
ter accounting for social isolation, depressive symptoms, and
other risk factors.

In a large sample of 7,982 U.S. adults aged 65 and older
followed for about three years, Barnes et al. 9 found that those
with limited social networks had more than twice the risk of
death, and those with severe loneliness about 1.6 times the
risk, compared with well-connected peers. In a nationally
representative Irish cohort of 6,915 adults aged 50 and older,
Ward et al. '? likewise found that people who were both lonely
and socially isolated had a 43% higher risk of death than those
who were neither, even after accounting for their health con-
ditions.

Following 8,956 Chinese adults aged 65 and older, Huang
et al.!! found that persistent social isolation was associated
with a 39% higher risk of death and persistent loneliness with
a27% higher risk, suggesting that how long isolation lasts also
matters. Such evidence points to the fact that social connec-
tions play a vital role in aging healthily.

Researchers have found several different processes that ex-
plain such abnormal outcomes. In a nationally representative
sample of 4,648 U.S. adults aged 65 and older who provided
blood samples, Cudjoe et al.'?> found that socially isolated
older adults had higher levels of the inflammatory markers
interleukin-6 and C-reactive protein, even after accounting for
smoking, body weight, and chronic conditions. Over a period
of time, such effects can lead to declines in both physical and
mental health.

Interventions that are memory based give evidence into the
importance of social engagement that is meaningful. In a pi-
lot randomized controlled trial with 41 people with demen-
tia, Moon and Park '3 found that digital reminiscence therapy,
which uses personal photographs, videos, and memories, im-
proved engagement and reduced depressive symptoms com-
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Table 1 Search themes, example search phrases, and the sources each identified

Theme

Example search phrase

Sources identified

Geographic separation and
family contact

Social isolation and health

Technology-based
interventions

Barriers to technology use

geographic distance family caregivers social isolation

frequency of in-person contact and depression in older adults
prevalence of social isolation among community-dwelling older adults
psychological distress among parents of emigrant children

digital contact between older parents and adult children during the
pandemic

digital media grandparent—grandchild communication

loneliness and risk of dementia

loneliness social isolation all-cause mortality older adults cohort
changes in social isolation and loneliness and mortality in older adults
social isolation biological markers inflammation older adults

digital reminiscence therapy dementia trial

social disconnectedness perceived isolation depression anxiety older
adults

technology to reduce loneliness in older adults randomized trial
intergenerational technology mentoring older adults loneliness
voice assistant loneliness older adults

conversational Al loneliness depression older adults trial

Al-supported grandparent—grandchild co-creative activities
mobile app for intergenerational communication

what causes gaps in older adults’ active participation in technology; older
adults’ barriers to using tablets

social technology use and loneliness in older adults

Facebook and family communication across generations

social media and intergenerational bonding with older family members
oldest-old new users’ attitudes toward social networking sites

older non-users’ perceptions of social networking sites

Facebook interface for senior users

older adults icon processing in visual search

Li & Wister (2023) !
Teo et al. (2015)2
Cudjoe et al. (2020)3
Bhandari et al. (2025)°

Hwang et al. (2022)°

Déring et al. (2024)7

Sutin et al. (2020)3

Barnes et al. (2022)?; Ward et al. (2021) 1
Huang et al. (2026) !

Cudjoe et al. (2022) 12

Moon & Park (2020) 13

Santini et al. (2020) 14

Czaja et al. (2018) 13
Juris et al. (2022)1°
Jones et al. (2021)17

Shade et al. (2025) '3; Papadopoulos et al.
(2022) 19

Kim et al. (2025)20
Chung et al. (2025)2!

Vaportzis et al. (2017)*

Chopik (2016)??

Jung (2026) %

Farhi et al. (2025)2*
Casanova et al. (2021)%
Liiders & Brandtzeg (2017) 26
Gomes et al. (2014)%7

Wu et al. (2022)28

pared with a control group. However, it did not produce a sig-
nificant improvement in cognitive function. Usage of personal
content that is meaningful is seen to cause recall of memories
and promote indirect conversations.

These findings suggest that personally meaningful content
can support engagement and mood, at least among people with
dementia, but they do not show a cognitive benefit. Whether
similar content shared by family members benefits older adults
more broadly has not yet been tested.

Overall, the evidence in this section is consistent in linking
social isolation and loneliness to higher mortality*-1%11, de-
pressive symptoms, and dementia risk®, and a plausible bio-
logical pathway, inflammation, has been observed!?. These
are, however, associations from observational studies; they
show that isolation is a risk factor, not that reducing it through
technology improves cognitive or mental health. The interven-
tion evidence is narrower: reminiscence using personal media
has improved engagement and mood, but not cognitive func-
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tion, in a small trial of people with dementia'3. Heartlinks
draws on both lines of evidence, but its potential to support
emotional or cognitive health in older adults without dementia
remains a hypothesis.

Technology as a Bridge

Technology has started to be explored as a tool that is made to
reduce loneliness and increase social connections with loved
ones among older people. In a randomized controlled trial
with 300 adults aged 65 and older who lived alone, Czaja et
al.’ found that a simplified computer system designed for
older adults, which offered email, internet access, and other
social features, reduced loneliness and increased perceived so-
cial support after six months compared with a control group,
although the differences between groups had narrowed by
twelve months.

Programs that are family focused have shown much
promise. In a pilot program evaluated by Juris et al.'6, uni-
versity students mentored rural older adults in using technol-
ogy such as email and video calls over three months. Older
adults’ loneliness scores fell, although the change was not sta-
tistically significant in this small sample, and participants de-
scribed gaining new ways to interact with friends and family.

Al has expanded on the many possibilities for helping older
people. In an eight-week study of 16 adults aged 75 to 96,
Jones et al.!7 found that loneliness decreased after four weeks
of using an Amazon Echo voice assistant, which requires little
to no technical skill, and that participants who greeted the de-
vice in a friendly, social way showed greater reductions. Voice
interfaces may be particularly useful for older adults with lim-
ited mobility or vision, or who are unfamiliar with technology.

Al-based conversational tools have also been studied as a
way to support older adults’ mental health. In a twelve-week
randomized trial with 50 adults aged 60 and older who lived
alone, Shade et al.'® assigned participants to use either a stan-
dard or an enhanced set of conversational Al voice-assistant
routines twice daily; participants in both groups reported less
depression, and those using the enhanced routines reported
significantly less loneliness. Such AI usage can also aid in
family engagement by creating conversation topics that are
personal or giving information that is important and cherished
by both generations. In contrast, a randomized trial in care
homes by Papadopoulos et al.'® found that two weeks with a
culturally competent conversational robot improved residents’
emotional well-being, but did not significantly reduce loneli-
ness.

Even though such advances exist, there are obstacles. Most
communication platforms that are built are mainly built for the
general audience rather than being made for the older gener-
ations. These platforms generally assume that users will start
and maintain conversations themselves and navigate interfaces

designed for a broad audience, which can be difficult for older
adults with limited confidence in technology*’. Furthermore,
today’s platforms are very rarely integrated with family ori-
ented updates, memories that are personalized, content de-
livery that is assisted with Al, and a friendly user interface
that is made with elderly people as the main users. Across
these studies, the evidence for technology-based approaches is
promising but uneven. A simplified system designed for older
adults reduced loneliness in a randomized trial, but the ben-
efit faded over time'3. Intergenerational mentoring appears
to work through device training and confidence-building, al-
though the pilot evidence is small and not statistically con-
clusive !, and voice assistants lower the skill needed to take
part!”. Findings on AI agents are mixed: Shade et al.'® re-
ported reductions in depression and, with enhanced routines,
in loneliness, while Papadopoulos et al.' found improved
emotional well-being but no significant effect on loneliness.
Most of these studies are small or short, so their results should
be treated as preliminary. No study reviewed here combines
family-supplied content, proactive delivery, and Al-generated
conversation support in one system designed for older adults.
This gap motivates the Heartlinks framework described be-
low; whether combining these features improves on any one
of them alone is a question for future evaluation.

Heartlinks uses Weaviate, PostgreSQL and FastAPI in or-
der to support high-throughput, low-latency demands of the
modern generation of social messaging architectures. FastAPI
serves as an asynchronous backbone of the framework which
handles HTTP traffic and maintains WebSocket connections.
It delivers native execution to manage concurrent chat streams,
typing indicators and presence overhead which are integral to
the core of Heartlinks which is about the presence of family
around when one converses in chat. The primary data per-
sistence of the framework is anchored in PostgreSQL which
grants compliance to ACID(Atomicity, Consistency, Isolation,
and Durability) across user authentication, contact graphs,
grouping permissions, and the sequential log of chat mes-
sages. This database management tool uses relational index-
ing of data pieces to maintain integrity of the stored informa-
tion and further promotes security by locking access behind
proper user authentication. Furthermore, Weaviate functions
as the framework’s Al-native vector database. As the infor-
mation stored in the database grows, this part of the frame-
work creates a vectorized representation of the data to allow
for smooth contextual, semantic search across personal and
group messages. Weaviate allows the users to search these
messages without exact words and phrases which allows for
easier search for older generation users. Together, these tools
are used to accommodate a secure, smooth, quick and adaptive
application for use by members of all generations.
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Heartlinks in Context: Comparison to General-purpose
Platforms

General communication platforms like Facebook or What-
sApp are widely used, and their use can benefit older adults:
in a national sample of 591 older adults, Chopik 22 found that
those who used social technology such as email, Facebook,
and video calls more often reported less loneliness, which in
turn was linked to better physical and mental health. Close
digital contact with family has also been associated with better
mental health among older parents who live apart from their
children®, suggesting that these platforms can support fam-
ily bonds. A study on users in the US using Facebook found
that Facebook was seen to increase family bonds and emo-
tional well-being, specifically in elderly people already on the
app 23, and a study on residents in Dubai reported that both
WhatsApp and Facebook have also been an aid in maintain-
ing family relations 2*. In a study that trained 39 adults aged
80 and older to use a smartphone, Facebook, and WhatsApp,
Casanova et al.?> found that most described the experience
positively, used the platforms mainly to stay in touch with rel-
atives and friends, and felt they could help counter loneliness.

Although, similar research traces evidence of such plat-
forms being an inhibitor when it comes to older adults. A
mixed-methods study of older non-users in Norway found that
many saw sites like Facebook as having little value for peo-
ple their age, while those who were interested felt they lacked
the digital skills to use them, even though they saw the po-
tential for staying in touch with family?®. Casanova et al.
also found that fear of scams and privacy concerns were the
main barriers, particularly on Facebook?>. A user study has
observed that Facebook’s mobile app did not meet the con-
cerns of seniors when it comes to privacy and family?’. In
an eye-tracking experiment with adults aged 60 to 66, Wu et
al.%8 found that flat, abstract icons were the hardest to find,
while realistic icons with text labels gave the best search per-
formance, especially for participants with mild cognitive im-
pairment. In focus groups with older adults learning to use
tablets, Vaportzis et al.# found that unclear instructions, low
confidence, and physical limitations were the main barriers to
use. Existing platforms add to these barriers, as they gener-
ally need users to start at the first point of contact, navigate
an interface that is made for a broad audience, and indepen-
dently locate content that fits their interests among a much
larger stream of content that is not family related. When taken
together, these claims suggest that such general platforms have
the ability to support family connections but may leave barri-
ers for older people.

Heartlinks is an app that may have the potential to ad-
dress some of these obstacles. Table 2 maps each barrier
addressed by the literature including the ones addressed by
voice-activated assistants to the Heartlinks design goal. Due

to Heartlinks not being professionally evaluated, the table
does not attempt to compare its performance with other apps.
Rather, each design goal is a suggestion/hypothesis that needs
to be tested in the proposed evaluation.

The Heartlinks Framework

This section presents the design rationale that powered
Heartlinks, connecting the core features of the platforms to
the problems or gaps that were found in the above literature.
Due to the application not being released yet, the following is
purely conceptual: explaining how the system is made to work
and why, based on present evidence, these choices are made
in hopes of being effective. Each claim is made as a hypoth-
esis that needs to be tested in the proposed evaluation that is
described in the Methodology section. Figure 1, as following,
describes the flow of this framework from the family mem-
ber’s upload through the content orchestration, indexing pro-
cess, relationship storage, and proactive delivery to the older
adult-app.

& Family member app

Upload content

Write relationship data Deliver p:m

Q Older adult app

Index new content

v
o]

Weaviate PostgreSQL

.“_

Memory linking recommender

‘ Relationship-aware ] Personalized content and

prompts

AN

Combine signals

Conversation starter
generator

Figure. 1 System architecture of the Heartlinks platform, showing
content flow from the family member app through the content or-
chestrator to indexing (Weaviate), relationship data storage (Post-
greSQL), and proactive delivery to the older adult app via the con-
versation starter generator.
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Table 2 Comparison of General-Purpose Communication Platforms to what Heartlinks is designed to offer

Dimension

What prior research suggests

Heartlinks design goals

Primary audience

Accessibility

Initiation Design

Content Scope

Conversation and

memory aid

Privacy

Voice and hands-free
access

Major networking apps like Facebook were made for younger
generations 27 and older non-users often see them as having little
value for people their age 20

Some obstacles include hard-to-recognize icons, unfamiliar
interfaces, limited digital experience, privacy worries, and low
confidence in use*?>28

Low confidence with technology can make digital contact
harder”; technology mentoring from younger people can help
older adults find new ways to contact family '°

Family content can be hard to manage and find among a larger
database of non related family matters’. Facebook’s app does not
meet senior concerns about focusing on family >’

Personal Al prompts can help in continuing family engagement 2
and nostalgic content that has been associated with engagement
among people with dementia '3

Concerns with privacy is a frequently documented barrier 2327

Voice assistants such as Amazon Echo offer interaction that
requires little technical skill and may reduce loneliness ', but
they are general-purpose and not built around family content

Made for elderly adults and their family, using simplified user
interface which hopes to ease the use of applications by the
older adults.

An application aimed to be a simple, user-friendly interaction
that is made to lower such barriers

Content is made to be delivered proactively; does not demand
older people to seek out their notifications

Made to center on family photos, triumphs, and important
updates.

Al-generated conversation starters and linking parallel
memories to encourage communication

Privacy and consent safeguards is a stated consideration, not yet
evaluated(see Ethical Considerations)
Heartlinks currently uses a simplified touch interface rather

than voice; voice input is a possible future extension for users
with limited mobility or vision

Generational Social Connectivity

There was a central problem that was found in the literature,
which was that older adults were expected to start contact and
sustain the contact, an expectation that low digital literacy and
UI being complex make it difficult 7. Heartlinks is made to
invert this difficulty. Rather than requiring elderly people to
seek out family updates, the platform itself delivers the fam-
ily content, any recent photos, milestones, and any updates
that are delivered by the children, to a user interface designed
for improved simplicity, ease, and manageability. This choice
targets what this paper calls the initiation barrier: the effort
needed to begin a digital conversation, which is higher for
older adults who are less confident with technology or unsure
what to talk about. Déring et al.”, surveying 286 university
students about communication with a grandparent, found that
doubts about grandparents’ technology skills were the main
factor lowering satisfaction with digital communication. Juris
et al. ' found that older adults who received technology men-
toring from university students described gaining new ways
to interact with family. Heartlinks responds to both findings:
proactive delivery reduces the technical steps needed to take
part, and conversation starters reduce the effort of finding
something to say.

The platform also tries to encourage a two way interaction
between both parties through Al-created conversation starters.
Instead of presenting a blank message box, Heartlinks creates
prompts that are centered around recent family activity(for ex-
ample, a soccer tournament or a similar hobby), which low-
ers the mental and social effort that is needed to begin a

meaningful conversation. This parallels the evidence that was
found by Chung et al.?!, whose inter-generational app used
weekly conversation prompts and was associated with im-
proved inter-generational interaction and perceived social sup-
port in a two-week study, although participants were matched
strangers rather than family members. On the more technical
side, PostgreSQL maintains the family network, which allows
the system to connect content properly while also having the
prompts adapt to specific family events or relations.

The interface draws on findings that older adults find real-
istic icons with text labels easier to use and that unfamiliar
platforms discourage those with low confidence in their digi-
tal skills26-23; it therefore limits the number of choices on each
screen, keeps controls in consistent positions, and labels every
icon with text. The home screen is organized into three zones.
A fixed navigation bar on the left holds five labeled destina-
tions (#1—#5) that remain in the same place on every screen, so
the user never has to search for a menu. At the top of the main
panel is a visually dominant action (#6), so the most com-
mon task, sharing or replying to family news, can be started
with one tap. Below it are an activity summary (7), family
milestones that the Al can highlight on request (8), and a feed
of recent stories (9), which updates as family members con-
tribute. There are no nested menus, search boxes, or settings
on the home screen. The design goal is that an older adult can
take part fully by reading and replying, while younger family
members handle most of the content creation. Some functions,
such as managing or exploring family circles (#4, #5), add
complexity; in the older-adult configuration these are intended
to be managed by a designated family member. Whether this
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(\ Heartlinks HEIIO, Adi ¢
Share what's been going on in your world
#6
88 Home #1
@ Family Feed #2
2 NewEntry #3 #7
2 Family #4 4
€ Circles #5

#8

Family milestones

Recent stories #0

° Rohini
@ Testinggggg

@™ Adi shankar
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[> signout % & Mount Matterhorn

/ Write today's entry
ol Your grandparents would love to hear from you

View all
My entries

m tories shared so far
ﬂ Family circle
e
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Figure. 2 Annotated interface mock-up of the Heartlinks home screen, shown here in the family-member view. Numbered markers: (#1)
Home; (#2) Family Feed; (#3) New Entry; (#4) Family; (#5) Circles; (#6) primary "Write today’s entry" prompt; (#7) activity summary of
stories, reactions, and replies; (#8) Al-generated family milestones; (#9) recent stories feed.

layout actually feels simple to older users has not yet been
tested and will be measured with the System Usability Scale
during the proposed pilot.

Bringing Families Closer: Deeper Emotional Sharing

For the emotionally resonant, standard messaging applications
treat all content as interchangeable text, but not as memory
rich exchanges. Heartlinks is designed to move beyond trans-
actional messaging toward more memory-rich exchanges. It
uses Weaviate for semantic content retrieval to connect dif-
ferent objects in the album like new family pictures to older
pictures in the same geographical locations or containing the
same subjects and present them together. This feature is in-
cluded in order to stimulate recall and promote conversation
among older adults as found by Moon and Park '3.

Heartlinks is designed to recreate, in digital form, the
reminiscence-based engagement that has been associated with
improved engagement and mood in people with dementia 3.
Whether it has similar effects for older adults in general is
a hypothesis to be tested. It is hypothesized that these in-
teractions through Heartlinks will feel more personal and in-
crease emotional significance of over-the-internet interactions
between relatives as compared to similar interactions on other
social media applications. However, this feasibility pilot, as

described in the Methodology section, does not include a com-
parative study with other social media messaging applications
as a comparator and is not designed to test such comparison.
Testing this comparison would require a controlled design,
outlined under Future Comparative and Factorial Studies.

Cognition and Mental Stability

Social isolation has been linked to higher levels of inflamma-
tion!2, loneliness to higher dementia risk®, and to elevated
mortality %!, Heartlinks is designed to provide the appro-
priate amount of cognitive stimulation via two complemen-
tary pathways. Firstly it uses active conversations which are
prompted by personalized content, engaging recall, narrative
construction, and language use. Reminiscence research has
used these forms of engagement to support mood and engage-
ment '3; any cognitive benefit remains untested, since the rem-
iniscence trial cited here found no significant change in cog-
nitive function. Secondly, the application uses an ambient
sense of family presence which is created by providing reg-
ular proactive updates. These updates are intended to reduce
loneliness by addressing the affective pathway through which
isolation is believed to harm health '*. Whether they do so is
a hypothesis for future evaluation.

Primarily, Heartlinks is not designed to replace in-person
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interaction with family, but to complement it. Digital commu-
nication cannot replace but only partially compensate for the
reduced physical interaction for which there is no substitute
16 This framework only aims at increasing the frequency and
quality of meaningful contact during the long intervals of fa-
milial absence rather than replacing those regular visits that
improve human connection. Figure 3 presents this conceptual
framework pathway that passes through family contribution to
content, through Al personalization to hypothesized clinical
output.

Proposed Methodology (Planned Evaluation)

Note: Heartlinks is currently in development and has not yet
been released to users. The following description of planned
evaluation is with regards to the application once it has been
deployed. No data has been collected at the time of compila-
tion of this literature.

Study Design

The goal of this pilot study is to establish the feasibility, us-
ability and acceptability of the Heartlinks framework within
its target population. The primary outcomes are therefore fea-
sibility and usability measures while changes in loneliness re-
main secondary and exploratory. Meanwhile, this study is also
expected to generate preliminary hypothesis-generating esti-
mates of the change in self-reported loneliness after exposure
to the framework. This pilot is neither expected nor designed
to test the efficacy of the framework and does not support any
causal or comparative claims about Heartlinks versus standard
messaging platforms. Furthermore, this study is not designed
to test the efficacy of any specific feature of the framework
or their contribution to any recorded changes in self-reported
loneliness of the participants. Such questions require compar-
ative and factorial designs, outlined under Future Comparative
and Factorial Studies. This proposed evaluation uses a mixed
design of methods which combines quantitative surveys with
qualitative interviews and prototype testing. The combination
is intended to record both measurable changes in social con-
nection and subjective, experimental factors of using the plat-
form. A pre-use vs post-use structure of observation is pre-
scribed to be used, with baseline measures collected before
the use of the application and follow-up measures collected
after a defined usage of the application.

Features Under Evaluation

Under this pilot study four features will be observed— proac-
tive delivery of family-centered content, Al-generated con-
versation starters, memory linking through semantic retrieval,

and the accessibility-focused interface. Each feature corre-
sponds to a design claim made in the Heartlinks Framework
section. The pilot will record how often each feature is used
and how participants describe their experience of it in inter-
views; because the pilot is a single-group study, it cannot show
whether any one feature causes a change in outcomes.

Proposed Participants

The proposed set of participants includes adults of or above
the age of 65 who live geographically separated from one
or more of their relatives, preferably a child or a grandchild.
Concurrently, each such participant also provides a younger
participant which is their geographically separated relative.
The recruitment of participants will aim for diversity in digital
literacy, living situation, and geographical distance between
each pair of participants. The pilot sample for the initial study
aims for a modest 15-20 sets of participants. Older partici-
pants must own or be loaned a smartphone or tablet and must
be able to read the interface language. Individuals with a di-
agnosis of moderate or severe cognitive impairment, or who
cannot give informed consent, will be excluded.

Procedure

Each participant pair will be requested to attend a 30-minute
guided onboarding session covering installation, the home
screen, and replying to family entries. The intervention will
last 8 weeks. Younger participants will be asked to post at least
two entries per week, and older participants will be asked to
open the application to view these entries at least three times
per week. A participant will be considered "adherent" if they
meet this threshold for 6 out of the 8 weeks of this intervention
period. Baseline measures will be collected before onboard-
ing, post-intervention measures at the end of week 8, and a
follow-up at week 12. Exiting participants would be invited
for a short exit interview and all enrolled participants will be
included in the feasibility analysis, with dropout numbers and
reasons reported appropriately.

This initial pilot is a single-group, non-randomized study.
Retention and adherence will be reported both per participant
and per pair. Any kind of missing questionnaire items will
be handled according to each scale’s scoring instructions, and
participants without follow-up data will be described rather
than imputed. Semi-structured interviews of about 30 minutes
will be held with both members of each pair at the end of
week 8, recorded with consent, and coded thematically by two
independent coders.

Proposed Data Collection

The study will gather data at baseline (before onboarding),
at the end of week 8, and at the week-12 follow-up through
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Figure. 3 Proposed conceptual model linking family-contributed content to a behavioral outcome and hypothesized outcomes through Al
personalization and interaction history. Solid arrows show how the system is designed to work; dashed arrows and boxes show hypothesized
effects that have not been tested. Cognitive benefit is a long-term rationale and is not measured in the proposed pilot.

validated self-reporting interfaces. The primary outcomes are
feasibility and usability: recruitment rate, retention at week
8, adherence rate as defined above, and usability measured
with the System Usability Scale (SUS)?°. The secondary, ex-
ploratory outcome is change in loneliness, measured with the
UCLA Loneliness Scale, 3-item version (UCLA-3)39. These
measures will be supplemented by custom items measuring
the frequency and perceived quality of family interaction.

Proposed Data Collection and Analytic Metrics

The central goal of the evaluation is to learn which design
choices are worth keeping or refining, and which are worth
removing, and hence the platform is designed to collect two
complementary layers of data which are validated clinical
measures of well-being and behavioral usage data logged di-
rectly by the application. The metrics below define how each
layer would be converted and expressed as quantities and, in
each case, the specific design decision the metric is meant to
support. Given the anticipated pilot sample size, all quantities
are treated as descriptive and sources of hypothesis rather than
confirmatory information.

Clinical Outcome Change

For each subject i, let Xpre ; and Xpog,; equal the UCLA-3 lone-
liness score at baseline and at the end of week 8. The individ-
ual change score is

A= Xpre,i - Xpost,i-

Because higher UCLA-3 scores mean more loneliness,
a positive A; represents an improvement. This participant
change score is the fundamental unit of the analysis and feeds
every following metric.

Effect Size for a Small Pilot

Rather than relying on significance testing, which has little
power at small sample sizes, the magnitude of change is found
by using a paired effect size (Cohen’s d,):
d, = é7
SA

where A is the mean of the change scores and s, is their
standard deviation. Reporting d, tells whether the platform is
associated with a small, moderate, or large shift in loneliness
in a way that is honest about the pilot’s limited power. This
estimate is used to only inform the sample size of a future
controlled trial and is not interpreted as evidence of effect.

Behavioral Usage Metrics

The application keeps track of different behavioral signals
over the observation period of length 7. For participant i, rep-
resentative raw metrics include the conversation-starter accep-
tance rate,
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used
Si

ai =
! S?hown ’
where S$1°"1 s the number of Al-generated conversation
starters presented and S¥°¢ is the number the user acted on.
The frequency of logins and of family posts per week will
also be tracked. These data indicate whether features reduce
the effort of staying in contact or are rarely used.

Composite Engagement Index

Because the raw data live on different scales, they are made
consistent and combined into a single engagement index for
each participant:

K _ K
My, — My,
e o ()
k=1 Sk k=1

where m;; is the value of usage metric k for participant i,
my and s; are the sample mean and standard deviation of that
metric, and wy, is a weight reflecting the metric’s assumed im-
portance. In the pilot, all actions are weighted equally. Any
usage metric with zero variance across participants cannot be
standardized and will be omitted from the index, and the re-
maining weights will be renormalized so that they again sum
to one. A participant with missing data for a metric will have
their index computed from the metrics that are available, with
those weights renormalized in the same way. Weights may be
adjusted in later studies as evidence accumulates about which
behaviors matter most. Standard-scaling ensures that the ac-
tions with high counts do not completely drown out rare but
important actions. This produces a single score summarizing
each participant’s overall activity.

Linking Engagement to Qutcomes and Prioritizing Features

The key question for iterating on the app is whether engage-
ment actually tracks with improved well-being. This is as-
sessed with a rank correlation (Spearman’s p) between the en-
gagement index and the clinical change score:

_ iz1(Ri —R)(Si —S)

VI R =R VYL (Si— 5%

where R; and S; are the ranks of E; and A; for participant i, R
and § are the mean ranks, and 7 is the number of participants.
Tied values are assigned their average rank, so p is the Pearson
correlation of the ranks. Ranks are used rather than raw scores.
This keeps the outliers, mainly the very high numbers, from
dominating the results, which matters because a small sample
is unlikely to follow a normal distribution. Participants shown
no conversation starters will be excluded from the acceptance-
rate metric. The same rank correlation, computed for each
feature separately, is then combined with that feature’s uptake
into a priority score to guide design decisions:

p

Pr=py-iy,

where py is the rank correlation between usage of feature f
and A;, and iy is that feature’s mean normalized uptake across
participants. This analysis is exploratory and intended only for
internal design iteration. Features that are used a lot and linked
to user improvement get a high priority score and receive more
attention and investment. On the other hand, features with
little use and little apparent association with improvement are
flagged for redesign or removal. This provides a consistent
rule for deciding how to update the application based on user
behavior.

Proposed Analysis

Feasibility outcomes will be reported descriptively. As a
guide, the pilot will be considered to support a larger trial
if participant-level retention is at least 70%, participant-level
adherence is at least 60%, and the mean SUS score is at
least 68, the commonly used benchmark for average usabil-
ity3!. Pair-level retention and adherence will be reported
alongside these figures but will not be used to judge success.
Changes in UCLA-3 scores will be reported with the effect
size above. Interview transcripts will be analyzed themati-
cally to explain participants’ experiences and to identify de-
sign problems. Given the small sample, all results will be
treated as hypothesis-generating.

Future Comparative and Factorial Studies

If the pilot shows that the platform is feasible, a random-
ized controlled trial would compare Heartlinks with a standard
messaging condition. The comparison group would receive
the same onboarding, research contact, and encouragement to
participate and post so that differences cannot be attributed
to changes in attention to the study. To test the contribution
of individual features, a factorial design would randomly as-
sign participants to different versions of the platform with each
feature switched on or off which can create multiple different
versions of the Heartlinks framework to test different impacts.

Expected Outcomes and Anticipated Contributions

It is expected that the participants will be able to use
Heartlinks as intended, with retention, adherence, and usabil-
ity meeting the thresholds above. Due to the lack of resultant
data at this stage of the development of the technology, this
section states the outcomes that this framework is expected
and designed to produce in the form of testable hypotheses
for the evaluation as proposed above. Firstly, it is expected
that regular use of the Heartlinks framework will be associ-
ated with reduced self-reported loneliness as measured against
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the UCLA-3 metric. And increased perceived social connec-
tion among older participants consistent with the effects ob-
served in trials and pilots of technology-based interventions
1516~ Secondly, participants are expected to report that in-
teractions through Heartlinks feel emotionally meaningful, as
measured by the custom interaction-quality items and inter-
views. Whether these interactions are more meaningful than
those on general-purpose messaging apps can only be tested
with the comparative design outlined under Future Compar-
ative and Factorial Studies. Furthermore, the proactive and
intuitive design of the framework is expected to bring down
the barriers that users with limited digital literacy feel when
interacting with technology *7. If the suggested hypotheses
are supported by the data derived from the interviews con-
ducted with the participants of the survey, the results will po-
sition Heartlinks as an accessibility focused contribution to the
inter-generational technology literature which addresses the
integration gap between generations that has been identified 7.
Heartlinks would be one of the few to combine family-specific
updates, personalized memories and Al driven conversation
starters with accessibility embedded in a singular system.

Discussion

Ethical Considerations

The Heartlinks framework handles sensitive family data and
serves a generation with severe vulnerabilities such as cog-
nitive and social, several ethical considerations are central to
its design and evaluation. Informed consent will be obtained
from every participant. Because individuals who cannot give
informed consent are excluded from the pilot, caregiver con-
sent will not be used in place of participant consent; any future
study that includes people with cognitive impairment would
require an approved proxy-consent procedure. Since data pri-
vacy is another concern regarding sensitive family informa-
tion shared via images and other media formats, such infor-
mation will be stored securely and used only for the purposes
that participants have explicitly agreed to. Furthermore, the
platform’s personalization feature must avoid manipulation of
engagement patterns and only prioritize the core and genuine
well being of the participant.

Limitations

This framework and its literature have some limitations which
are important to consider. Most significantly, at this stage it
presents a framework, but not empirical data and hence, the
claims made about Heartlinks remain a hypothesis, not a con-
clusion. The proposed sample space of participants is small
and may not represent the true diversity of its effective user
base. Furthermore, the self report structure of the data gath-

ering process can lead to self bias by the users and must ac-
count for the same, an account that is not prescribed by this
literature. Finally, as the developer of this platform, the au-
thor acknowledges the potential for optimism bias which the
use of validated instruments and independent qualitative anal-
ysis is intended to reduce. Although cognitive health is part of
the framework’s long-term rationale, the proposed pilot does
not measure cognition; cognitive outcomes would require a
longer, adequately powered study using validated cognitive
measures.

Challenges and Barriers

This framework may encounter practical hindrances in its ex-
ecution of its designed purpose, such barriers include but are
not limited to digital literacy and confidence gaps which have
been documented throughout the literature *. Added to this,
there is an imbalance between the roles of the younger and
older generation participation in the platform which may make
the older generation hesitant to adapt to a new platform. The
platform is designed to address this known challenge of sus-
tained engagement across a digital platform.

Long Term Benefits

If the Heartlinks framework proves to be effective and effi-
cient in reducing perceived loneliness for participants, it could
offer a substantial long term potential for a family unit. With
prolonged use the framework could help maintain family pres-
ence across vast distances and help preserve shared memories
while supporting the social engagement that has been linked to
healthier cognitive aging 8. These possibilities are speculative
at this stage and represent directions for future research.

Conclusion

Factors like geographical separation and technological exclu-
sion have contributed in isolating many adults from their fam-
ilies at precisely the stage where they need meaningful social
connections for emotional and cognitive health. This paper
has reviewed the evidence for inter-generational connection,
social engagement and cognition in aging and has proposed
Heartlinks, a framework powered by Al to proactively deliver
personalized, memory-rich family content along with an ac-
cessible user interface. The core argument of this literature
is that by removing steep learning curves of technology, the
burden of initiating conversation, and prioritizing emotional
connection, Heartlinks could strengthen family relationships
and support a healthy aging process. These claims remain to
be tested against empirical evidence. With the global spread
of singular family units, a thoughtfully designed framework,
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with accessibility and Al at its helm, Heartlinks could con-
tribute to how generations stay connected which makes future
evaluations of metrics a worthwhile undertaking.
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