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Abstract—The low adoption of mobile apps by older adults exacerbates the digital divide. We
examine the psychological and technological factors that influence app usage by older adults,
drawing insights from app reviews to highlight the unmet needs of older adults and their
expectations. We find that current accessibility guidelines emphasize physical impairments and
rely on device-level assistive tools. Importantly, they don’t address aging-specific factors
pertaining to reduced motivation and physical, cognitive, and perceptual abilities. To bridge this
gap, we introduce the Empathetic Senior Technology Acceptance Model (e-STAM), a new model
of technology adoption that integrates empathetic AI agents capable of dynamically recognizing
and modeling the unique cognitive challenges of aging users. e-STAM proposes a proactive and
adaptive support mechanism to foster meaningful technology engagement and reduce cognitive
barriers. We show how e-STAM can help refine accessibility guidelines for older adults and may
be realized through empathetic AI agents.

1. Introduction
The World Health Organization (WHO) states

that one in six or 2.1 billion people globally will
be aged 60 years or over by 20501. People are
living longer and the quality of life and indepen-
dence while aging are increasingly important.

Mobile applications (apps) have penetrated
virtually all aspects of life—Google Play reports
over 2.26 million current apps2 and Apple App
Store over a million games and 3.83 million
nongaming apps in 20243. Thus, mobile apps
provide a viable path for autonomy and social
connections among the elderly.

Beyond daily usage and personal purposes,

1https://www.who.int/news-room/fact-sheets/detail/ageing-
and-health

2https://www.statista.com/statistics/289418/number-of-
available-apps-in-the-google-play-store-quarter/

3https://www.statista.com/statistics/268251/number-of-apps-
in-the-itunes-app-store-since-2008/

mobile technologies are often used for nudging
behavior, conducting studies, designing persua-
sive strategies, and many other operational pur-
poses. Poorly designed apps that fail to account
for diverse user needs may result in low engage-
ment and diminish the positive impact of such
interventions, not just causing inconvenience to
users with a lack of personalization.

Unfortunately, developers don’t consider older
adults a target user group and apps often neglect
their needs. Common problems not only include
unintuitive interfaces but also include disruptive
interactions that lead to frustration, anxiety, and
disengagement.

Artificial Intelligence (AI) can model human
behavior and predict user activities and interac-
tions. Our objective is to explore how AI can
lower the barriers to mobile technology adoption.
Accordingly, we evaluate the limitations of exist-
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ing accessibility guidelines and propose empathy-
centric design principles leveraging AI.

The paper is structured around three major
themes: (1) identifying the unique needs of older
adults, (2) revisiting accessibility guidelines to
address aging, and (3) proposing a conceptual
framework (e-STAM) that incorporates empathy
in accessible design via human-agent interaction.

Sidebar: Challenges of Aging
Gerontechnology—technology for older

users—highlights how older adults perceive
apps as tools for enhancing their quality
of life [1]. Older users overlap with users
with disabilities but are distinct from them.
Even those without specific disabilities may
experience natural declines in physical (e.g.,
vision, hearing, and fine-motor control) and
cognitive abilities. Aging poses three chal-
lenges to technology adoption.
Physical. Physical problems include de-

clines in vision (color discrimination)
and motor control. Studies show visual
acuity loss of 50%, hearing sensitivity
loss of 20 dB, and short-term memory
loss of 14% between the ages of 60
and 80 [2]. Mobile interface gestures
such as swiping, tapping, and scrolling
become difficult.

Cognitive. Cognitive abilities—attention,
memory, executive function, language,
and spatial abilities—decline with
age [3]. Procedural knowledge and
ability are key for apps. Cognitive
declines affect comprehension and the
perception of interface elements.

Motivational. Older people tend to resist
change and maintain habits, behav-
iors, and lifestyles [4]. Motivation re-
flects beliefs, attitudes, anxiety, and
fear. Three factors are key to motiva-
tion: personal, including functional ca-
pacity, experience with technology, and
attitudes toward using technology; tech-
nological, involving poor usability and
complexity; and environmental, includ-
ing expense and social influences [5].
These problems are interconnected—

e.g., complex designs may induce anx-
iety, which may harm learnability and
confidence. Likewise, cost or peer pres-
sure may increase or decrease motiva-
tion to accept new technology.

2. Research Questions
We now motivate our research questions.
RQux addresses investigating how older adults

experience mobile technologies to identify pat-
terns and unmet needs that suggest design im-
provements and accessibility concerns.

RQux What do app reviews reveal about how
aging impacts older adults’ experience with
mobile usage?

RQaccessibility tackles inclusive design, includ-
ing creating apps that are usable to the broadest
range of users. Inclusion captures fairness (user
groups get equal opportunities) and equity (each
individual’s unique challenges are addressed).
Current accessibility guidelines, however, em-
phasize disabilities over age-related declines [6].
For example, designs often fail to accommodate
cognitive declines.

RQaccessibility What should a model and guide-
lines for mobile accessibility include to
tackle aging?

RQai concerns using AI to support personal-
ized and intuitive user experience. We envision
empathetic AI that can help improve alignment
with users’ cognitive and emotional needs. For
example, empathetic AI can adjust the pace of
interaction by slowing down reaction times for
users who require more time, or provide re-
assurance messages if erratic patterns indicate
anxiety. Or, it can progressively introduce fea-
tures to gradually increase the complexity of
tasks to accommodate slower learning. From user
interactions, empathetic AI can identify subtle
differences among users and their hidden chal-
lenges and offer adaptive support for functional as
well as emotional and cognitive needs, instead of
merely predicting behavior. This approach fosters
deeper engagement, empowering older adults to
remain active participants.

RQai How can we incorporate AI and empathy
in mobile app design to improve accessibility
and inclusivity?
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3. Current Accessibility Guidelines
Well-known accessibility guidelines for mo-

bile and web apps include the Web Content
Accessibility Guidelines (WCAG)4, BBC’s Stan-
dards and Guidelines for Mobile Accessibility5,
iOS6 and Android.7 These standards are rooted
in WCAG 2.14, and reflect these principles:

Perceivable. Users can perceive information and
interface components.

Operable. Users can navigate the interface com-
ponents to perform their tasks.

Understandable. Users can understand the in-
formation being displayed.

Robust. Content remains accessible to most
users.

These guidelines simply adapt web accessi-
bility from keyboards and mice to hand gestures.
They offer little clarity for the challenges of
older adults. For example, WCAG doesn’t tell us
how to design “perceivable” apps for users with
cognitive impairments.

Work on mobile accessibility for people with
disabilities emphasizes interfaces [7] but not
broader usability. Moreno and Martínez [8] iden-
tify a subset of WCAG 2.0 focused on older users,
including key factors like contrast, text resizing,
timing adjustments, reading level, consistent nav-
igation, change on request, order and location,
error indication, and help. Díaz-Bossini et al.
[9] enumerate common barriers for older people,
including objects without text alternatives, jargon,
actions without adequate warnings, unsuitable
design and graphics, insufficient time to read or
respond, and lack of redundancy in audio-only
content.

Existing guidelines remain static and focus
heavily on low-level concerns (vision, hearing,
and motor skills). They overlook aging challenges
such as cognitive overload and slow learning.
Furthermore, elderly populations are not homo-
geneous. Thus, their experiences and abilities
may differ across cultural contexts, affecting how
guidelines should be implemented. This gap un-

4https://www.w3.org/TR/WCAG21/
5https://www.bbc.co.uk/accessibility/forproducts/guides/

mobile/
6https://developer.apple.com/design/human-interface-

guidelines/accessibility
7https://developer.android.com/guide/topics/ui/accessibility/

apps?hl=ko

derscores the need for guidelines that consider the
diverse cognitive needs of older adults.

4. Failing Older Users’ Expectations
Older adults dislike apps that use unfamiliar

terminology or fast animations, increase the per-
ception of complexity, lack accessibility features,
or do not use color contrast effectively [10].
Good designs simplify the interface navigation
and visualizations, limit the information provided
to users to what is necessary, and provide a
helpful guide that explains the features of the
interface elements. Understanding these expecta-
tions is crucial for developers aiming to create
inclusive and empathetic AI.

To empirically understand what characteristics
affect older people’s real-life mobile app usage,
we turn to an analysis of app reviews. We re-
trieved 6,170,237 user reviews from various apps
on the Google Play Store. The app genres of
reviews include finance, communication, naviga-
tion, shopping, and health-related apps, among
others. Only 3.5% of them specifically relate
to accessibility (filtered with a set of keywords
based on aging-related concerns such as cogni-
tion, motivation, perception, physical operation,
and their respective subcategories). Although au-
thor information is not included in the reviews,
some reviews specify that the author is an older
adult. We focus on these 215,462 “accessibility”
reviews. The details of the review analysis are in
the supplementary materials.

Whereas over 50% of all reviews are positive
(scoring 4 or 5), interestingly, more than 50% of
the accessibility reviews are negative (scoring 1
or 2), indicating that the expectations of older
adults and app design for accessibility mismatch
(Figure 1).

App reviews tend to be statistically biased
because negative experiences are more likely to
motivate users to leave a review than positive
ones. Thus, though the proportion of negative
ratings in accessibility reviews may be inflated,
it does indicate user frustration. In addition, our
analysis relies on reviews in English, which also
biases our sample. Non-English reviews and re-
views on other platforms could reveal different
tendencies than those we observe.

The reviews bring up the aging challenges
described in the sidebar. The reviews (Figure 2)
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Figure 1: The apps’ rating tendency in
accessibility-related reviews compared to all
reviews.

express disappointment about the poor aware-
ness of the cognitive and perceptual abilities of
older users and discontent about user interfaces,
representing older users’ opinions. They reveal
challenges such as confusion and difficulties in
getting started due to complex designs. For in-
stance, one user wrote Much more difficult than
the old one. Elderly people like myself won’t like
it at all. I had to ask an employee how to get
products in my basket, there was no instruction
on the app. I do not like it! Make it easy for
everyone please! about the ease of usage and no
instructions. Another user wrote I understand that
improvements are important but your new system
is way too confusing and time consuming! So sad
for elderly customers too. Example 3 in Figure 2
highlights frustrations with getting help (maps to
motivation) and remembering numbers (maps to
cognitive decline).

We identified co-occurrence patterns between
accessibility concerns within the same app. Apps
lacking in one criterion are highly likely to lack
others as well. For example, apps with annoying
ads often overwhelm users in other ways, too.
Similarly, when one reviewer complains about
navigation complexity, it is likely that another
reviewer complains about the learning curve or
memory demand. Figure 3 illustrates these inter-
connections.

Our empirical analysis indicates that many
apps neglect the needs of older users but instead
offer complicated features without adequate sup-
port mechanisms.

Genre: Maps & Navigation ☀☆☆☆☆

Aging factor: Motivation
Concern: Not intuitive
Very over complicated to use, how an elderly
person would manage it. I don’t know. Why make
it so over complicated. And the translation was
confusing. The acronym made it very inaccessible.

Example 1

Genre: Communication ☀☆☆☆☆

Aging factor: Cognition, Physical
Concern: Readability, Vision
Sad that you can’t have a large, two-column format
for the widgets. Not exactly helpful for the elderly
and cognitively impaired if you have to open the
app to see bigly-sized contacts.

Example 2

Genre: Finance ☀☀☆☆☆

Aging factor: Cognition
Concern: Memory
THINK OF THE ELDERLY!!! I understand ‘Secu-
rity’ but not everyone can memory or remember so
many numbers to use apps. I only found out today
about this app before confirming any payments.
Where was the letter/email advising of the changes?
They have no strategy how the elderly will be
managed, when I called I was advised to go to the
bank to get help?

Example 3

Genre: Finance ☀☆☆☆☆

Aging factor: Cognition
Concern: Effort
Real learning curve for senior citizen

Example 4

Genre: Communication ☀☆☆☆☆

Aging factor: Motivation
Concern: Guidance
there was no instruction on the app. i do not like
it! make it easy for everyone please!

Example 5

Figure 2: Examples of reviews expressing con-
cerns from older users. More examples are in the
supplement.

5. e-STAM: Empathetic Senior
Technology Acceptance Model

Developers often hold stereotypes of older
adult users, e.g., their alleged resistance to
change, and don’t treat them as a distinct user
group. For these reasons, developers treat older
adults as passive receivers—i.e., users who con-
sume technology in a noninteractive manner with
low expectation [11].
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Common assumptions about technology usage
may not apply to older adults due to differences in
their mental models [12]. Older adults have differ-
ent attitudes and motivations from younger users.
They may find mobile apps overly complicated
or irrelevant to their needs. They may struggle
with rapid change. Recognizing these differences
is essential for addressing the barriers older adults
face in their daily lives in adopting mobile apps.

Age-related cognitive factors, such as crys-
tallized intelligence, influence how older adults
perceive new technologies. Crystallized intelli-
gence refers to acquired knowledge and grows
with experience; fluid intelligence includes mem-
ory, attention, problem-solving, and learning, and
declines with age [13].

5.1. Senior Technology Acceptance Model
We begin with the well-known Senior Tech-

nology Acceptance Model (STAM) [14], which
outlines the key predictors of technology adoption
among older adults. STAM considers the physi-
cal, psychological, and social dimensions of older
adults, including health, attitudes, interpersonal
relationships, cognitive abilities and physical lim-
itations, age, gender, and economic status. The
following STAM factors are important.

Perceived Usefulness (PU)
Older adults perceive technology as useful when
it is convenient, well-featured, and supportive of
their daily lives [15]. Perceived usefulness reflects
how well an app supports productivity, ideally
outweighing any usability challenges.

Perceived Ease of Use (PEOU)
Perceived ease of use (PEOU), the lack of effort
in interaction [16], incorporates usability and cog-
nitive abilities. PEOU is affected by the recall of
the functionalities offered (thus improved by sim-
plicity) and a user’s self-efficacy and motivation.

Individual characteristics like age, gender,
health, and education outperform attitudinal val-
ues (such as PU and PEOU) in predicting tech-
nological adoption [14]. Moreover, self-efficacy
and cognitive functioning are essential, and it
is necessary to increase older adults’ confidence
and perception of their capabilities. To this end,
we must create a low-threat, welcoming, and
inclusive user experience.

Usability
Usability concerns a user’s ability to understand
an app’s features and achieve their goals. Us-
ability comprises efficiency, learnability, memo-
rability, effectiveness, satisfaction, and error pre-
vention, and attributes such as attractiveness,
simplicity, and understandability. Usability pre-
sumes mental resources, e.g., to figure out how
to navigate an app, understand its functions,
and complete necessary tasks without confusion.
Thus, age-related cognitive decline exacerbates
usability.

5.2. e-STAM
We propose e-STAM (empathetic STAM), an

enhancement of STAM that is geared toward AI
agents (Figure 4). STAM considers technology in
general and doesn’t address the rise of AI, which
enables technology to function not just as an
instrument but as a partner. However, technology
is no longer passive; rather, it can dynamically
respond to users.

STAM focuses on the user’s subjective per-
ceptions, which may be suitable for predicting
acceptance, but doesn’t yield actionable design
principles that enhance adoption. Empathy is key.
Empathy is a multifaceted psychological process
and involves understanding another’s situation
with more congruent feelings than one’s own
situation [17]. In designing apps for older adults,
empathy helps both developers (at design time)
and AI agents (at runtime) to form a more pro-
found understanding of their unique needs and
challenges.

As Figure 4 shows, e-STAM focuses on part-
ner agents, not tools. It emphasizes self-efficacy,
cognitive ability, social relationships, attitude, and
anxiety. e-STAM proposes interventions to reduce
frustration (Recognizing and addressing anxiety)
such as clear explanations, malfunction handling,
and predictive support that helps users before
they encounter problems. It emphasizes gentle
learning curves, simplicity, and transparency to
ensure that users understand what is happening
and why at every step. By anticipating user needs,
it seeks to proactively adapt to user behaviors and
preferences and gradually introduce functionali-
ties. Via adaptive feedback and tailored interac-
tion, it supports personalized interfaces. e-STAM
includes dynamic cognitive assistance to help
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users manage tasks without overwhelming cogni-
tive load. Throughout, e-STAM incorporates em-
pathy. Unlike existing models, e-STAM directly
addresses cognitive and motivational decline in
technology acceptance. Since our objective is to
promote adoption through concrete, empathetic
design principles and improved guidelines for
developers, we consider desired attributes for an
agent, not merely the user’s subjective view of
those attributes.

6. Toward Empathetic AI for Older
Adults

We propose higher-level criteria (colored rows
in Table 1) for e-STAM that go beyond mere
physical considerations. These guidelines apply
to early-stage design. However, apps must con-
stantly evolve to remain aligned with the chang-
ing usage and cognitive capabilities of aging
users.

Figure 5 presents a conceptual model and
approach for tackling the (sometimes hidden)
needs of older adults by leveraging AI and em-
bedding empathy. Our design objective should be
technology that is not only accessible but also
resonates with the user’s emotional and cognitive
needs. This framework suggests the importance of
supporting the holistic well-being of older adults
by responding to their cognitive states relating to
mental processes and behavioral states that reflect
engagement patterns. Understanding these states
can enhance motivation by reducing frustration,
increasing confidence, and fostering a sense of
autonomy.

6.1. Design Time: Embedding Empathy in
Development

Traditional human-centered design
approaches often rely on developer intuition
and user studies. Whereas these methods
provide valuable insights, these approaches
may fail to capture the subtle nuances of user
experience across different user groups and may
inadvertently overlook the needs, especially
accessibility, of aging users.

Previous studies have applied and assessed
empathy primarily in conversational agents [17].
Its application in mobile apps remains underde-
veloped. Leveraging empathy-driven user model-
ing in the design process can address the fore-

going limitations of traditional approaches to
creating more adaptive and inclusive experiences
that lower technology barriers. For example, ex-
panding longitudinal research with older adults
beyond standard usability testing can provide
richer insight into how aging users interact with
technology over time. Conducting a participatory
design process may help capture the specific
struggles.

Empathy in mobile accessibility does not sim-
ply involve developers listening and passively
observing users to gather insights to understand
their needs. It involves active observation of users
to gain insights into their limitations through their
interaction with an app. It involves creating intel-
ligent systems capable of perceiving, interpreting,
and responding to user behaviors, thoughts, and
emotions.

Two types of empathy can be applied during
design: Affective empathy and Cognitive empathy.
Affective empathy is the ability to share and
respond to others’ emotions. Cognitive empathy is
the ability to understand others’ perspectives and
needs without necessarily sharing the emotional
experience. AI agents designed with affective
empathy can recognize and react to emotional
responses, such as frustration and anxiety.

For example, alleviating unnecessary panic
caused by misunderstanding errors—freezes up
- actually went out looking for elderly spouse
thinking they had collapsed on their walk when it
was just the app freezing. scared me to death!—
can be handled. Another example reported by
a user is frustration—update won’t work on my
elderly mother’s phone and she can’t log on to
online banking without using the app to verify.
ridiculous. with no branches nearby, she’s now
got no way to regularly access her account. for a
‘helpline’ they’re sadly not very helpful. AI agents
can detect these moments through users’ behav-
ior, such as long inactivity time, repeated tries,
and rapid tapping, and respond with immediate
actions. Furthermore, AI agents with cognitive
empathy allow to anticipate usability challenges
that older adults might face and proactively adapt
interfaces. Cognitive empathy can handle com-
mon challenges such as complex features (e.g.,
the new update is not good. need a comfortable
update from which everyone can see properly es-
pecially senior citizens.) and predictable friction
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Table 1: Summary of accessibility guidelines and e-STAM elements. The gray background elements
are what the current accessibility guidelines cover, which supplements minimum physical limitations.
The colored elements support cognition and indirect factors that help an app. Colors are accordingly
mapped to Figure 4.

Category Subcategory
Clear labels
Color contrast & Font sizeVision

⎧⎪⎪⎪⎨⎪⎪⎪⎩ Alternatives for images and texts
Hearing Alternatives for audio

Simple gestures
Alternatives of gesture interactionMotor

⎧⎪⎪⎪⎨⎪⎪⎪⎩ Touch target size
Navigation paradigm for assistive tools
Requirements for built-in assistive technologyAssistive tech

⎧⎪⎪⎪⎨⎪⎪⎪⎩ Compatibility with assistive devices

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

Covered by
- Google (Mobile)
- Apple (Mobile)
- BBC (Mobile)
- WCAG (Web)

Simplified navigation
Error prevention and recovery (e.g., Clear error messages)
Easy access to instructions
Memory aids (e.g., reminders)
Readability

Cognitive support

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩ Minimize effort (e.g., learning curve)
Adaptive user supportSelf-efficacy { Easy troubleshooting malfunctions
Clear feedback
Progress indicator
Predictable behaviorAnxiety reduction

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩ Familiar interface
Participating interaction
Peer supportSocial connection

⎧⎪⎪⎪⎨⎪⎪⎪⎩ Interactive feedback

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

e-STAM

(e.g., to be honest, it could be more user friendly.
the app itself still has some glitches when you try
to reset the password. older people really find it
difficult to access even when you press remember
me on the password, it doesn’t remember it. don’t
get me wrong, when its used by the right per-
son then it works perfectly, but not always.) that
users go through while using essential services.
Integrating empathy can make AI agents more
supportive and foster confidence in using mobile
technologies.

6.2. Runtime: AI Agent as Partner
Empathy should also be realized in the be-

haviors of AI agents through real-time adap-
tation based on how users interact. Here, em-
pathy yields AI agents that deliver clear, user-
friendly explanations accommodating accessibil-
ity by continually assessing older users’ aging de-
cline. Context-sensitive assistance, personalized
interactions, and dynamic user support exemplify
empathetic AI.

Tailored user modeling fosters greater empa-
thy by adapting interfaces to users’ behaviors
and preferences. Empathetic AI can help improve
usability and ease of use through personalized
guidance and reduced complexity, thereby boost-
ing confidence and motivation.

AI agents can interact empathetically and
provide personalized, adapted, and assistive sup-
port. For example, an empathetic agent can ad-
just the timing of guidance, transition duration,
frequency of notifications, and message formats
to suit each user’s needs and abilities, thereby
producing a gentle learning curve. If a user hesi-
tates before completing tasks, the agent can slow
down transitions and offer help prompts. It can
recognize frustration or confusion by inferring
the cognitive and emotional states of users and
reduce complexity when necessary. In contrast,
nonempathetic AI disregards older users’ needs
and abilities. and offers generic solutions.

Moreover, empathetic AI can promote users’
trust in apps and their developers [18]. It can also
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feed information back to developers to improve
how apps are designed to serve users of a wider
range of capabilities. Indeed, the lack of continual
feedback from older adults is a shortcoming of
current approaches.

7. Discussion
Aging and disability studies share common

concerns but address distinct populations. Extant
approaches largely overlook the cognitive and
motivational challenges faced by aging users.
Current accessibility guidelines focus on physical
limitations. However, users may suffer from mild
cognitive decline, and built-in tools are not ad-
equate for them. Addressing these gaps requires
an inclusive design that recognizes and accom-
modates varying degrees of cognitive decline.

This paper fills an important gap since current
methods [19] and developer mindsets are not
geared to supporting older users. We discuss chal-
lenges arising due to aging with an emphasis on
cognitive support and motivation with the goals
of reducing older users’ anxiety and enhancing
their self-efficacy. We highlight the importance of
improving accessible and user-centric design by
adopting a human-centered approach, integrating
empathetic AI, and extending current accessibility
guidelines.

Our primary contribution is to propose a con-
ceptual direction for the future mobile technology
by centering empathy and adaptivity. Moving
beyond one-size-fits-all static design processes, e-
STAM urges developers and researchers to inte-
grate empathy as a core design principle at both
design time and runtime.

As highlighted by Zhu and Luo [20], artificial
empathy may drive biases; so does e-STAM-
based empathetic AI because interaction data
gathered from users is actively used. The risk
of incorporating existing biases could lead to un-
ethical outcomes, misrepresentation of emotions
and behaviors, or overadaptation. This ethical
challenge may need to be addressed during both
design time and runtime.

Building on the proposed e-STAM, we pro-
pose a novel, empathy-centered framework lever-
aging AI agents to understand users’ cognitive
states and evolving needs that become important
while aging (Figure 5). This integration enables
personalized and adaptive experiences that foster

inclusion by ensuring older adults feel understood
and cared for, eventually promoting their accep-
tance and sustained use of mobile technologies.

Although our review analysis identifies the
concerns of older users, much work remains to be
done in realizing e-STAM in practice. Important
future themes are implementing human-centered
design processes that incorporate empathetic AI
technologies to create inclusive mobile apps that
better meet the needs of older adults. To this
end, we are crafting a user study to validate
the effectiveness of our proposed framework and
observe how empathetic AI improves usability
and lowers the technology barriers by adapting
to individuals’ cognitive abilities.
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(a) Co-occurring concerns by category. Motivational and Physical concerns most
frequently coexist, followed by ‘Cognition’ and ‘Motivation’.
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Figure 3: The co-occurrence map visualizes how accessibility concerns intersect, highlighting which
concerns frequently appear together. This helps identify patterns in user challenges, emphasizing
the need for comprehensive solutions that address multiple overlapping barriers rather than isolated
concerns.
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Figure 4: e-STAM (Empathetic Senior Technology Acceptance Model)
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Figure 5: A conceptual model for identifying the impact of accessibility and an approach to resolution
with e-STAM. e-STAM supports early design stages by guiding developers to consider inclusivity
and influencing agents in learning key elements that foster empathy. During runtime, agents develop
empathy through interactions with users, identifying areas where users experience difficulties.
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