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ARTICLE INFO ABSTRACT
Keywords: Introduction: The global increase in the older adult population has amplified interest in supporting aging in place.
Older adults Age-related physical and cognitive limitations pose significant challenges, for example managing daily tasks such

Technology usage

Factors influencing technology use
User experience

Assistive technology

as medication or household activities can become increasingly difficult. This also burdens informal caregivers
with emotional stress, time demands and care coordination. Assistive technologies can enhance autonomy, social
connection and health management, but their long-term adoption and use remain limited.

Methods: Within the Pharaon project, the study explored factors influencing technology use among older adults
after 12 months of use. The research focused on the Italian pilot while integrating insights from other European
sites. Qualitative data from semi-structured interviews were analyzed thematically and validated through
reflection meetings and iterative online questionnaires. Recurring factors were consolidated, prioritized and
mapped to explore interconnections affecting adoption.

Results: Initial findings revealed 30 factors, including personal characteristics, motivational aspects, technical
design, social dynamics, and environmental context. These were rated by participating teams and 25 were
retained for deeper analysis. An interconnection analysis explored how these factors influenced one another.
Highly interconnected factors, such as social context, personalized training, ease of use, and cognitive changes,
were central to understanding and improving technology adoption. In contrast, aspects like education level,
internet access, and technical requirements appeared less interconnected, indicating more isolated effects.
Discussion: This multi-site, empirical investigation emphasizes the complex and interconnected nature of tech-
nology adoption among older adults. Our findings underscore the need for user-centered design, tailored
training, and sensitivity to social context. Furthermore, the interactive mapping of interrelated factors provides a
practical framework for developers and policymakers to target impactful interventions. To our knowledge, this is
the first cross-pilot study to empirically define and score factors affecting older adults’ technology use based on
multi-pilot data across Europe, offering valuable insights for long-term, meaningful engagement.

1. Introduction in place, maintaining independence and staying in their homes rather
than moving to institutional care [3]. Meanwhile, adult children or close

In the past decades, the global population has seen a significant rise relatives often juggle independent lives and caregiving responsibilities,

in the proportion of older adults (OAs) globally [1,2]. Many prefer to age creating tension between autonomy and support. These dynamics yield
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fertile ground for developing assistive technologies that promote inde-
pendent living and address physical and cognitive limitations.

Assistive technologies can help OAs maintain autonomy, enhance
social connectedness and manage health [4]. However, long-term
adoption remains limited, influenced by multiple factors, including us-
ability, accessibility and individual needs. While the theory of planned
behavior [5], highlights attitudes, norms and perceived control in
shaping intention to use, it does not fully capture the complex and
multifaceted nature of OAs’ engagement with technology.

Literature points to other key determinants of sustained use such as
perceived usefulness, reliability, hedonic motivation, habits and
commitment [6-9]. Sociodemographic factors such as age, gender, ed-
ucation and marital status, as well as cognitive and physical impair-
ments [10,11], confidence, self-efficacy and attitudes toward
technology [12-14] also play a role. Additionally, social influence,
effective training of OAs and formal caregivers (FCs) [13], and prior
exposure to technology, shape usage. Importantly, digital competences
and education are tied to the social context [15].

Several reviews have synthesized these factors. A systematic review
using the technology adoption model analyzed 14 qualitative and
quantitative studies [16] identifying intrinsic motivation, use expec-
tancy (e.g. safety, cost, appearance and social influence) and biophysical
aging restrictions as key themes. Similar factors appeared in a scoping
review [17] and more recently in Bertolazzi et al. [18], which added
further nuance, grouping factors in macro-categories including de-
mographic and socioeconomic, health-related, dispositional and social
factors. However, most studies remain theoretical or short-term; few
long —term, real-world studies (over 6 months) explore the prioritiza-
tion and interplay between factors.

This study addresses these gaps through experimental research
within the Pilots for healthy and active ageing — Pharaon — project (GA
857188), focusing on the Italian pilot and integrating findings from five
other European sites. Using a participatory, user-centered design (as in
other technology-based papers e.g. [19]) it explores how demographic,
social, and technological factors influence OAs technology use, drawing
on input from OAs, caregivers and service providers. It aims to offer a
cross-pilot perspective and a clearer insight into the most influential
factors, providing an interactive map of factor connections to guide
technology developers and policymakers in improving technology
adoption.

The research questions (RQs) can be summarized in three points:

RQ1: Which factors influence the use of technology in OAs?

RQ2: Do caregivers perceive the same influencing factors?

RQ3: Are these factors consistent and generalizable to OAs in the
other European pilot sites?

2. Material and methods
2.1. The Pharaon project

The Pharaon project aimed to develop integrated, customizable, and
interoperable open platforms to support healthy and active ageing.' The
project included six large scale pilots across five European countries:
Italy, Spain (in Andalusia and Murcia), the Netherlands, Portugal, and
Slovenia.

The Pharaon project started in December 2019 and ended in
November 2024. It comprised four phases: needs analysis, pre-
validation, deployment and sustainability analysis (Fig. 1). The needs
analysis was performed to identify the requirements to support smart
healthy and active aging in these countries [20]. The results from the
needs analysis were developed by each pilot into scenarios designed to
assist the needs of the OAs (see Table 1, “Implemented scenario based on
needs”). Before deployment the technologies were pre-validated [21]. A

! Pharaon Official Website: https://www.pharaon.eu.
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summary of all the technologies is reported in Table 1.
2.2. Participants

In Italy a total of 530 participants divided in 210 OAs, 205 informal
caregivers (ICs) and 115 FCs were recruited for deployment at two
distinct locations, namely Apulia and Tuscany. Half of the participants
were recruited for the intervention group and the other half in a control
group. The intervention services based on the needs of OAs [22] and
tested during pre-validation [23] aimed at increasing socialization (so-
cialization scenario) and monitor health progression over time (moni-
toring scenario).

The deployment phase lasted 12 months and OAs were free to use the
technologies. OAs in the monitoring scenario were provided with a
smartwatch, while environmental and motion sensors were installed in
their home. For the socialization scenario, an application was installed
on a TV or a tablet and given to the OAs. The platform enabled users to
videocall, play cognitive games and read lifestyle news. For both ser-
vices, caregivers had access to a dashboard where they could monitor
the activity and environment of their OAs and could videocall them. In
the Tuscan site a telepresence robotic service was offered to four OAs
and their caregivers as a COVID-19 reaction [24]. During the deploy-
ment phase (April 2022 — May 2024) the Italian pilot met three times to
reflect on the pilot progression (Fig. 1). following the action research
approach [25]. This approach consists of three main aspects: 1) planning
what will be effective prior to actions; 2) interpretative approaches to
learning with different stakeholders; and 3) a more reflective and
collaborative approach among stakeholders. These three elements are
important to create transformative change [25]. Reflecting together can
help with gathering information regarding the next steps to take, the
user experience, and technical and sociocultural aspects [26].

2.3. Methodology for factor definition

The adopted methodology for factor definition was based on five
main consecutive phases (Fig. 2). The analysis started from the experi-
ence and the data collected from the Italian pilot, then, to generalize and
corroborate the results, the experience was consolidated at European
level discussing the factors with the other Pharaon Pilots. As depicted in
Fig. 2, Phases 1 and 2 were conducted within the Italian pilot, while
Phases 3 to 5 were carried out at the European level. The details of the
five phases are reported in Table 2.

3. Results
3.1. Phase 1a — Experience of the older adult

Semi-structured interviews were conducted with 42 OAs from the
intervention group of the Italian pilot (29 in the socialization and 13 in
the monitoring service). Frequent technical problems reduced partici-
pants’ usage. In response to the question, “Did you use the technology? If
you did not use technology, can you please tell me why”, 31 % of partici-
pants reported not using technology, citing technical issues, fear of
making mistakes and feeling “too old and not good using these [techno-
logical] things™.

The socialization scenario required an active use of technology,
whereas the monitoring scenario had sensors and had a more “passive”
way to use technology. Indeed, 92 % of participants in the monitoring
scenario reported that they used technology (almost) daily and reported
that “I did not need to do anything with it”. For the socialization scenario,
21 % of participants reported initial curiosity followed by disinterest,
boredom, forgetfulness or lack of time. Often participants reported that
they did not use the system because “I did not need it, and it was not
interesting” and “I had other things to do which made me forget to use it”.

Caregiver support emerged as essential, 57 % of participants
emphasized that it was fundamental, especially during training. This
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Fig. 1. Timeline of the project and of the deployment phase in the Italian pilot.
Table 1
Needs and technologies used in the Pharaon pilots.
Pilot Implemented scenario based onneeds  Technologies
Wearable Sensors Personal devices Other
sensors
Andalusia e Support physical wellbeing Activity tracker - TV/tablet -
e Participate in community
Italy e Socialization and stimulation Smartwatch Home sensors TV/tablet Telepresence robot
e Health management and monitoring
Murcia e Get involved in the health and care Smart band Smart devices (IoT devices, home Smartphone Telemedicine robot
process Sensors)
o Improve patient care
e Detect emergency situations
Portugal e Engage with the community - — Tablet/ Sensors and Platform
e Build capacity Smartphone
o Safe and comfortable environment
Slovenia e Indoor monitoring Smartwatch Home sensors TV, Smartphone
e Wellbeing monitoring
e Socialization
The e Community building Activity tracker - - Health coachCommunity
Netherlands e Happy healthy ageing building
Phase 1a: Phase 2: Phase 4:
Semi-structured Factor definition Factor rating
interviews with OA questionnaire (ltalian) questionnaire

(-}

Q]

Y

Phase 1b: Phase 3:
Reflection meetings Online Workshop
with OA’s ecosystem Factor definition

questionnaire (English)

Phase 5:
Factor linking
questionnaire

Thematic analysis Reflection meetings Online questionnaire and workshop Online questionnaires

Reading statements

i . e
Identification of Presentation of ¥ Factor importance and Linking between
keywords » proto-factors and —OI Factor delineation and definition l—’ r:tin fagctors
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Fig. 2. Graphical overview of the methodology, including the used tool. The Italian peninsula and Pharaon logo in each circle indicate the participants for each

phase. The dashed circle depicts an iterative process.

was also reported by those who used computers or smartphones in their by themselves, while 10 % declared difficulty remembering how to use it
daily lives: “we older people need someone that help us use the system or how to access some functionalities. One participant suggested that the
constantly” and “without them [caregivers] I would not have been able to use content should be improved for people with vision impairments.

it”.

In response to the question about problems with technology, 52 % of
participants mentioned technical issues that they were unable to solve
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Table 2
Detailed description of the tools and methodology used in the five consecutive
phases.

Phase Methodology

Phase 1: Collection of experience in
the Italian Pilot

Phase 1a: Experience of the OAs

Phase 1b: Experience of the OAs’
ecosystem

Phase 2: 1st List of factors
influencing the use of technology

Phase 3: Consolidation of the factor
list with the other European pilots

The aim of phase 1 was to collect data on the
factors that influenced the use of the
technologies during the prolonged use. It is
composed of two sub-phases that aims to
collect the factors from OAs’ experience and
their ecosystem respectively. The overall
result of Phase 1 was synthesized by the
Italian project coordination team to be
presented to OAs’ ecosystem during the
following phase with a methodology similar
to that reported in [27].

The aim of this sub-phase was to understand
the overall experience of OAs and to address
the reasons regarding low or high technology
usage. At the end of the 12-month period, a
custom semi-structured interview was
conducted to explore their opinions on the
scenario, their actual technology use (or lack
thereof) and reasoning behind low use,
encountered issues, and digital competences.
These interviews were conducted in both the
socialization and monitoring scenarios and
followed a consistent structure although
some questions were tailored to the specific
scenario (Supplementary Table 1). A content
analysis was conducted to identify recurrent
opinions. All the semi-structured interviews
were read and keywords, proto-factors and
proto-constructs were identified (Fig. 2).
The main themes identified from the semi-
structured interviews were reported in the
three online or hybrid reflection meetings
check points organized during the
deployment (Fig. 1 and Fig. 3). This was
done to understand the perception of the
OAs ecosystem regarding technology usage
by OAs and whether different stakeholders
involved in the project such as technology
facilitators (who trained OAs and FCs on
technology usage), FCs, engineers and pilot
managers, had different thoughts or ideas on
why OAs used the technology or not. All
individuals involved in the Italian pilots
were invited to take part to these meetings.
Each meeting followed a standard structure,
beginning with preliminary quantitative
results followed by a discussion on successes,
technical limitations, identified barriers,
suggestions and actions taken to address the
problems.

This phase aimed at producing a
consolidated list of factors and factor
definitions at the whole Italian pilot level.
The first draft of factor definitions
elaborated by the Italian pilot coordinator
team following phase 1 was presented to
Italian pilot members in the form of an
anonymous online questionnaire. Pilot
member participants that agreed to fill in the
questionnaire could approve the definition
and provide a suggestion to modify the
definition. At the end of the questionnaire, it
was possible to leave a comment or suggest
other factors they believed could promote or
hinder technology usage. The factor list and
definition were modified according to all the
suggestions collected in this phase.

An online workshop with other Pharaon
pilots was held to consolidate and eventually
expand the factor list and factor definitions
with the other European pilots reinforcing
the results generalizability. During the
workshop, the Italian pilot team highlighted
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Table 2 (continued)

Phase

Methodology

Phase 4: Factors prioritization in the
promotion of the technology usage

Phase 5: Identify factors connection

the knowledge gap regarding technology
acceptance and then presented the factor list
to all workshop participants. To get more
insights from the single pilot sites, members
of each pilot met in breakout rooms to rate
the factors on a scale of 0 to 100 (Fig. 3) and
could suggest additional ones
(Supplementary Fig. 1).

After the end of the workshop, the Italian
pilot coordination team analyzed all the
feedback collected creating a revised version
of the questionnaire shared in phase 2, with
all the factors and definitions. If a factor in
the workshop was rated on average lower
than 50, the factor was not included in the
questionnaire.

The questionnaire was shared among
Pharaon project members that participated
in the workshop. To reach consensus, an
iterative process was used in which
participants indicated agreement or
proposed revisions until all participants
agreed on the definitions (see theme
development in [27]).

This phase was conducted to provide the
strength of each factor in promoting or
hindering technology usage. The
consolidated factor list — with their
definitions — were shared among Italian and
other pilot sites at the through an online
questionnaire. Participants were first asked
whether they considered each factor
important for technology usage (yes/no). If
they responded affirmatively, then they were
asked to rate its influence on a 0 and 100
scale. In the Italian pilot, responses were
provided individually by each participant,
whereas in the other pilots, a single
collective response was submitted per team.
As a result, we reported the percentage of
participants who rated each factor as
important for technology usage, along with
the average influence score among those
who responded positively. Only those factors
identified as important by at least 80 % of the
individual respondents in the Italian pilot
and by at least 80 % of the team responses
from the other pilot sites were included in
the subsequent analysis.

To understand whether factors jointly
influenced technology usage, factors
meeting the criteria from phase 4 were
shared with members of the Pharaon project
that participated in phases 3 and 4.
Participants were asked to identify
interconnections between factors they
believed cooperatively affect technology
usage. The linking of the factor was
preserved only if at least two pilot sites
independently reported it and then
visualized as an interactive map using the
networkD3 R package [28], where nodes
were the factors and edges the connections
weighted for the number of pilots suggesting
the link. The matrix of all the links was used
to calculate normalized betweenness
centrality with the igraph R package [29].
Additionally, connections reported by all
pilot sites were highlighted in blue to
visually emphasize relationships with the
highest level of consensus. Spearman
correlation between betweenness centrality
and average factor rating produced in Phase
4 was done to assess whether subjective
importance corresponds to objective
structural influence.
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3.2. Phase 1b — Experience of the older adult’s ecosystem

The three hybrid/online checkpoints were conducted with 20 par-
ticipants in the first, 19 for the second and 13 for the third. The dis-
cussion of the first checkpoint is partially reported in [30]. The full
analysis revealed five themes:

e User profile: Many Italian OAs had low education and limited digital
skills, especially early in the study. Younger OAs (<75 years old)
were generally more receptive to technology and familiar with tools
like smartphones and messaging applications such as WhatsApp.
Participation did not always translate to engagement since motiva-
tion often declined unless the technology was personally meaningful
or beneficial.

Health profile: Cognitive functioning influenced technology
acceptance. Particularly, changes in cognition can affect the
comprehension of questionnaire items and the ability to remember
the instructions on how to use technology. Furthermore, it was
observed that lonelier OAs showed greater apprehension toward
technology use.

Caregiver involvement: Recruitment varied by region. Neverthe-
less, social bonds with caregivers appeared to influence continued
participation, often driven by a desire of OAs to not disappoint a
caregiver or promoter of the study (i.e., ICs or FCs).

Table 3

International Journal of Medical Informatics 206 (2026) 106179

Technology: Technological readiness was crucial. Bugs or other
technical issues led many OAs to disengage (see results from phase
1a). Furthermore, tablets were easier to use than TVs, which required
more complex input switching. Most of OAs lived in urban areas, but
some issues arose due to lack of internet connection or internet
connectivity issues. Furthermore, the telepresence service was
deemed “easier” to use due to its passive nature [24] asit did not
require any active manipulation by OAs. Indeed, facilitators
explained that this service was primarily offered to OAs with greater
cognitive or technological limitations. However, one of the issues
that was identified was the battery life, which was deemed as “too
short™.

Training: Initial training was insufficient, and ongoing training
could be more efficient. This was suggested for two reasons: OAs
wanted to increase the point of contact with facilitators and get more
reassurance, and because increased exposure to training correlated
with greater technological use.

3.3. Phase 2: Factor definition based on the Italian pilot

The common themes identified in the Italian pilot were coded into a

list of 26 factors by the Italian project coordination team. Following
consolidation, the obtained list was translated into English, then it was
shared with the other pilots to consolidate it (Phase 3).

Results from phase 2 to 5. Phase 4 was done separately in the Italian and other pilots, percentage of positive responses to whether the factor is important and the
average influence rating (0-100 scale) for each factor is reported. For phase 5 factors included for the connectedness step and number of total connections per factor.

Phase 2 and 3: Factor definition and Phase 4: Factor ratings Phase 5: Factor linking
consolidation
Construct Factor list Included in Italian pilot (N = 15) Other pilots Included in Total number of
phase 3 Is it Influence Is it Influence phase 5 connections
important? (% rating important? (% rating
YES) [0-100] YES) [0-100]
User Profile Age 100.0 76.3 100.0 66.7 v 7
Digital skills 100.0 84.7 100.0 76.0 v 9
Educational level 86.7 64.5 100.0 54.7 v 3
Free Time v 60.0 56.2 33.3 85.0 X -
Older adult’s needs 100.0 77.7 100.0 62.0 v 6
Older adult’s motivation 100.0 84.2 100.0 82.0 v 9
Interest 93.3 73.3 100.0 75.0 v 5
Emotional and mental 93.3 77.1 100.0 65.3 v 7
availability to learn and use
Mental health 100.0 75.3 100.0 77.0 4 6
Emotional/psychological 100.0 67.1 100.0 77.0 v 4
response of the user to an
external/technical issue
Expectations 86.7 72.9 100.0 47.7 v 5
Social and Social context 86.7 58.1 100.0 44.0 v 15
Economic Socioeconomic level of the user 80.0 63.2 100.0 53.3 v 9
Infrastructure 60.0 52.0 100.0 45.3 x -
Intra-personal Relationship with operator 93.3 70.6 100.0 53.3 v 7
Relationship with the informal 100.0 68.4 100.0 63.0 v 6
caregiver
Presence of grandchildren v 73.3 48.0 66.7 44.0 X -
Technological Technological requirements 93.3 88.8 100.0 79.3 v 3
Choice of device 93.3 84.7 100.0 80.0 v 8
Requirement of the user 100.0 87.1 100.0 81.7 v 6
interface
Updates in user interface 100.0 72.3 100.0 57.3 v 5
Ease of use 100.0 87.4 100.0 83.3 4 13
Software (bugs) and hardware 100.0 87.2 100.0 86.0 v
issues
Coaching system 93.3 65.6 100.0 68.7 4 9
Notification 73.3 68.6 100.0 71.3 X -
Internet connection 93.3 78.9 100.0 85.0 4 3
Wellbeing Changes in cognition 100.0 81.6 100.0 62.3 v 12
(Physical) health issues limiting v/ 100.0 71.3 100.0 39.7 v 9
the ability to use technology
Training Personalized training 100.0 76.3 100.0 80.3 v 14
Other Climate/weather conditionsand v/ 40.0 38.7 100.0 53.3 X -

seasonality
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3.4. Phase 3: Factor consolidation with other pilot sites

The Italian project coordination team organized a workshop with
other Pharaon pilot sites. In the workshop, the 26 identified factors were
discussed, and four additional factors were identified during the dis-
cussion with the other pilots: amount of free time, presence of grand-
children, weather/seasonality, and physical independence/physical
health (Table 3). These additional identified factors were considered
important and included in the following discussion. A total of four it-
erations were needed to consolidate these 30 factors definitions, and
these are presented in Supplementary Table 2.

3.5. Phase 4: Factor ratings

After the factors were consolidated, they were rated on a scale of 0 to
100 by 15 participants (3 project managers, 5 facilitators, 3 FCs and 4
collaborators) working in the Italian pilot (Fig. 3). Additionally, the
questionnaire was also filled by one team representative of the Murcia,
Portugal and Slovenia pilot.

Overall, the Italian pilot placed higher ratings for the user profile and
technological constructs, whereas for the other pilots it was particularly
important the motivation, presence of bugs, internet connection, and
ease of use (Table 3). Only 5 factors were not retained for the next step
(phase 5) as less than 80 % of the Italian pilot define it as important.

» e LI

These factors were “free time”, “infrastructure”, “presence of grand-
children”, “notification” and “climate/weather conditions and season-
ality”. Although the factors were not included in the next phase, it is
nonetheless notable that whilst “free time” was selected only by one
pilot, the overall rating on a scale of 0 to 100 was quite high. On the
other hand, even though there was consensus on “infrastructure”,
“notification” and “climate/weather conditions and seasonality” these

factors were rated lower than 80 out of 100.

3.6. Phase 5: Factor linking

For the interconnection analysis, 25 factors that met the selection
criteria were included. A connection was confirmed when at least two
pilots agreed on the inter-connection between factors. Several factors
exhibited high connectivity, suggesting their central role in influencing
or being influenced by other variables (see Table 3). The most connected
was “social context” (15 connections), identified as important by all
pilots (>80 %) despite moderate ratings in phase 4 (58.1 in Italy and
44.0 in the other pilots). This was followed by personalized training (14
connections), ease of use (13 connections) and changes in cognition (12
connections). The least connected were education, technological re-
quirements and internet connection (3 connections each). Overall, the
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social and technological constructs showed the highest connectivity (see
Table 3). Notably, betweenness centrality was not correlated to average
importance ratings from Phase 4 (rho = -0.29, p = 0.17), indicating that
highly rated factors were not necessarily the ones most central. All
connections and agreement between pilots are reported in Supplemen-
tary Table 3 and as an interactive map in Supplementary material,
whereas Fig. 4 shows only complete consensus among pilots.

4. Discussion

This study presents findings from a multi-site, empirical investiga-
tion exploring the factors influencing long-term adoption or rejection of
assistive technologies among healthy OAs. Assuming that technology
adoption is a multifactorial process, the study aimed to move beyond
theoretical models by identifying, prioritizing, and mapping the in-
terconnections between real-world factors affecting technology use.
Semi-structured interviews conducted in the Italian pilot of the Pharaon
project yielded a consolidated list of 25 key factors (Table 3).

RQ1 and RQ2 findings identified social context as the most inter-
connected factor (15 connections). This factor was defined by relation-
ships, living conditions, and caregiver involvement, and bridged
personal and technical domains, suggesting that social support can
mitigate individual limitations. The importance of caregivers was a
recurring theme in interviews, with one OA stating, “without them
[caregivers] I would not have been able to use it”.

Personal and Psychological factors emerged as barriers, with many
OAs expressing feelings of being “too old” or “not good enough” and
lacking confidence and experiencing anxiety when faced with unfamil-
iar technologies thus confirming technology anxiety as a common in-
hibitor. Indeed, earlier analyses revealed that technostress was
significantly correlated with trust, usability and acceptability at base-
line, but these associations diminished and were no longer evident after
six months [30]. Interestingly, this concept was not reported as a stand-
alone factor, but it was incorporated into the “Emotional/psychological
response of the user to an external/technical issue”, the natural behavioral
predisposition of the user to answer or react to a stimulus.

Technological issues, especially ease of use and software and
hardware issues, emerged as major determinants. OAs frequently re-
ported forgetting how to use the system or experiencing technical issues,
and caregivers noted that this discouraged use and contributed to
disengagement. These findings align with [7], which emphasized the
impact of the software stability and interface design on technology
acceptance. Caregivers echoed these concerns, aligning with established
technology acceptance models focused on perceived usefulness, ease of
use, and social influence, which are primarily external factors to the user
[31,32]. Interestingly, the structural model in [6] identified hedonic

Fig. 3. Reflection meetings in the Italian pilot performed online or hybrid format.
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Fig. 4. Snapshot of connections between factors where consensus between pilots was reached. The color of the circle represents the construct (see figure legend and
Table 3), the line is the connection between factors. The circle-wide depends on how connected the factor is. The interactive file of this figure with all connections can

be found as Supplementary material.

motivation, satisfaction and perceived usefulness as key factors for
intention of continued use. Notably, battery life was cited as a specific
frustration. All these factors were identified in the present study, with
the latter included as one of the examples of “software (bugs) or hard-
ware issues”.

In a recent systematic review [18], around half of the studies dis-
cussed demographic and socioeconomic factors, mostly related to the
costs of the technology, and not the social context or socioeconomic
status of the user. Our findings expanded the user profile to include
digital skills, free time and expectations, alongside age and education.
This broader conceptualization recognizes that while these factors
individually influence technology use, their impact may be reduced
through targeted training and caregiver support. Motivation, mental
health, and digital competence were among the highest-rated factors
across pilots. In contrast, socio-economic factors were rated lower.
Forgetfulness and cognitive challenges were often cited, emphasizing
the need for simplified interfaces and ongoing support.

Cross-site analysis (RQ3) showed consistency in key factors (e.g.,
ease of use, motivation), but revealed contextual differences. For

Key findings & Lessons Learned

Social context is the most interconnected
factor

Personal and psychological barriers are
linked to motivation

Technological determinants and usability
are linked to disengagement

User profile should include digital skills,
free time and expectations

Cross-pilot differences may influence
technology use

=

instance, free time was rated low in Italy (56.2) but received higher
ratings in the other European sites (85.0). Conversely, expectations and
(physical) health issues limiting the ability to use technology, were seen
as critical factors in Italy (72.9 and 71.3) but received a lower rating
(47.7 and 39.7) from the other pilots. Similarly, for the interconnections
phase, the rating may have been influenced by the context, experience
and technology used.

These findings hold clear implications for policymakers and stake-
holders seeking to support technology adoption among OA (Fig. 5). In-
terventions targeting high-betweenness factors such as social context,
personalized training, and socioeconomic level can influence multiple
other factors simultaneously, amplifying their systemic impact.
Accordingly, three main policy domains emerged: 1) build capacity
through sustained digital literacy programs and training course for OAs
and their caregivers, including the use of essential applications such as e-
government login systems; 2) guarantee universal internet access and
provide reliable, age-friendly devices; and 3) design programs that foster
social support and personalization, strengthening social networks and
offering adaptive guidance is particularly relevant in contexts of

Implications and
Recommended actions

Invest in sustained, personalized
training

Prioritize user-centered and reliable
technological design

Strengthen social support systems

and offer adaptive guidance

Fig. 5. Summary key findings, lessons learned, implications and recommendations for policy action.
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cognitive decline.

Previous results [33] showed a clear relationship between training
and usability in promoting long-term engagement. Social support,
whether from caregivers, peers or community, further strengthens
motivation and reduces disengagement, regardless of individual differ-
ences or technical barriers. Notably our interconnection analysis
revealed that commonly assumed obstacles (e.g., internet access, edu-
cation level), while relevant, were less central, suggesting that social and
motivational dimensions exert a greater systemic influence. Addressing
these external and contextual factors is therefore essential to fostering
sustained technology use. This study has limitations, including a limited
qualitative sample and focus on the Italian pilot; however, the cross-site
validation mitigates some of these constraints. Future research could
further strengthen these insights by applying advanced analytical
techniques, such as large language model-based clustering, to explore
cross-cultural or longitudinal patterns in user experience data.

5. Conclusions

This study highlights the complexity of factors influencing technol-
ogy usage within the Pharaon project and the importance of collabora-
tive, iterative approaches to identifying and prioritizing them. The most
influential factors were social context, digital skills, mental health and
ease of use, underscoring the need for localized, user-tailored strategies.
A list of key influencing factors, along with a map of their in-
terconnections, is provided to the research community, to guide the
design, implementation and scaling of technology solutions in aging
populations.

6. Summary Table
What was already known on the topic

e Assistive technologies can support aging in place, yet their long-term
adoption remains low.

Previous studies identified various influencing factors (e.g., moti-
vation, usability, digital skills).

Most research was theoretical, based on systematic reviews or based
on short-term or single-site studies.

Little was known about how these factors interact or differ across
European sites.

What this study added to our knowledge

Provided the first cross-pilot empirical rating and linking of factors
involved in technology usage.

Highlighted that some commonly assumed barriers (e.g., internet
access, education) are less central.

Offered a practical framework through interactive factor mapping to
guide design and policy.

Emphasized the role of caregivers and the importance of tailoring
solutions to social environments.
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