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Abstract— Older people throughout the world tend to be
digitally excluded. Regional deprivation multiplies this effect
with younger people in deprived regions also digitally excluded.
Codesigning digital technologies, using the natural and heritage
resources of such regions would address this, but is rarely done.
We present our methods and preliminary results, two-thirds of
the way through a 30-month project to develop novel
technologies in extended reality, underwater telepresence,
digital social games, and artificial intelligence voice interfaces
and to use these assets to tackle digital exclusion. We are taking
an intergenerational approach, working with 36 partner
organizations, some to identify possible technologies and others
to help with recruitment. Between August 2023 and June 2024,
we ran thirty inter-generational codesign workshops for
extended reality (11), underwater telepresence (10), social
games (6), and voice interaction (3) with a total of 95 attendees
(53 older (50+ years old) and 42 younger (16-30 years old)
participants). In total we aim to recruit 120 participants (80
older, 40 younger) and codesign four new technologies. We
present our experiences in recruitment and workshops. This has
lessons for (i) other regions facing similar issues of digital
accessibility, (ii) those codesigning novel technologies for older
people, (iii) those working in extended reality, underwater
telepresence, digital social games, and voice interfaces.

Keywords- digital inclusion; codesign; coastal regions: extended
reality; underwater telepresence; digital social games; artificial
intelligence voice interfaces.

l. INTRODUCTION

We have presented a preliminary (halfway) report on our
project entitled “Intergenerational co-creation of novel
technologies to reconnect digitally excluded people with
community and cultural landscapes in coastal economies
(ICONIC)”, funded by the UK Research and Innovation
Engineering and Physical Sciences Research Council [1].
Here we expand on that report giving an update, unpublished
information related to the original content, new details from a
further six months” work, in particular including progress
from further workshops.

Older and younger people living in coastal and rural areas,
such as Devon and Cornwall (D&C) in England, face
significant health inequalities [2] [3]. In other countries such
as Spain it may be rural areas in the country interior that are
more deprived. Although most solutions often lie with politics
and economics, the codesign of human-centered digital

technologies that reduce inequalities and empowers an
equitable digital society, is also imperative. Three types of
digital equity exist: (i) digital connection — being able to
access the same digital facilities and services as everyone else;
(ii) digital employability — having an equal chance for jobs in
the digital economy and (iii) digital enablement — using digital
to have equal chance of participating in aspects of society
otherwise denied.

The benefits of a digital society are not equally distributed
across  different  demographic and  socioeconomic
backgrounds. For example, older people often do not use
digital technologies at all, or only minimally due to inequity
in digital connectivity and enablement [4]. Furthermore, while
older people’s links with community, resources and
meaningful activities are essential in supporting health and
well-being, these links are increasingly dependent on a digital
connection, often meaning Digitally Excluded Older People
(DEORP) are at risk of being engulfed by an additional sphere
of exclusion. For Younger People (YP), digital employability
equity is of greater concern with disparities in opportunities
for digital employment and career aspirations.

In England, the most disadvantaged regions are often
coastal, characterized by areas of low productivity and high
deprivation. Traditional industries, such as farming, mining,
fishing, and port activity, have all declined, with alternative,
often high-wage digital sectors struggling to emerge, resulting
in an exodus of younger skilled people. Those left behind, may
be from poorer backgrounds, lacking secure and well-paid
jobs, or a clear sense of career ambition. Disadvantaged
regions need to use the assets they have to try to address such
digital inequalities. In England, many coastal regions,
including D&C, have social, environmental and heritage
assets. While access to such cultural and environmental assets
are known to improve health and wellbeing, equitable access
is not always available to older people. And the converse is
also true, that digital equity is important for the economy of
‘left behind’ coastal regions. Digital technologies are
becoming essential in presenting and connecting with local
culture. The cultural landscape together with community
groups makes a cultural ecosystem that gives a region its
unique identity, helping to promote its economy to the outside
world [5].

Technology for intergenerational connectivity is an
emerging field [6]. Lack of technical support is often the main
contributor to digital exclusion among older people. YP often
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adopt new technology quickly so can act as ‘digital
champions’ for DEOP. Positive benefits of intergenerational
activities are also widely reported for YP, many related to
educational and developmental gains and improved attitudes
towards older people [7]. Work with companion robots
demonstrated well how YP’s design ideas for technology may
be different from older people’s expectations [8]. However,
intergenerational codesign may bring ideas that older people
had not thought of but are acceptable and useful.

Research codesign is now widely used [9] [10] and there
is prior research on intergenerational digital codesign [11].
Our project learned considerably from the prior work on the
Generating Older Active Lives Digitally (GOALD) project
funded by the Economic and Science Research Council [12].
GOALD tried to take an intergenerational approach to digital
design but had problems in recruiting younger people [13].
Nevertheless, we learned from their experience in running
codesign workshops and from the guidance for developers of
digital products for older people that they produced [14].

The ICONIC project is a 30-month project. We are taking
an intergenerational approach to address digital exclusion in
older people and digital economic and employment exclusion
of younger people. It is important to know if being
intergenerational is a necessary component of codesign. We
need to know if and how this approach leads to differently
designed more inclusive technology. We have chosen four
technologies that may connect people to community and
cultural landscape in our coastal region: extended reality,
underwater telepresence, digital social games, and Artificial
Intelligence (Al) voice interfaces.

Immersive experiences can help improve wellbeing for
people unable to visit certain places due to mobility problems.
This is a major issue for heritage sites, sites of special
scientific interest, and coastal landscapes where there is often
limited ability to modify construction. Climate change, flood
and coastal erosion create additional risks and put increasing
pressure on the need to facilitate novel and sustainable visitor
experiences, and tourism [15]. Extended reality (XR) allows
people to experience those spaces virtually and enjoy the
wellbeing and psychological benefits. A better understanding
of the importance of the marine environment enables us to
take this a step further into underwater telepresence,
celebrating the rich marine environment of D&C.

Connecting with others helps address social isolation and
in that respect the importance of technologies, such as
videocalls, has been demonstrated in care homes and for
people unable to travel during the pandemic. But often more
is required than just the opportunity to talk. Digital social
games have been shown to be a key motivator in connecting,
educating, and engaging people and more importantly keeping
people engaged as well as reducing stress from prolonged
isolation [16]. They offer possibilities for the communication
of specific values and information while simultaneously
engaging previously disconnected audiences. Digital games
also have the capacity to engage hard to reach audiences and
minority groups but also allow for the valorization of heritage,
often a strong motivation for rural regions and marginalized
groups. While more generic history-themed digital games are
commercially available, the potential health and wellbeing
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benefits of digital games based on the specific history and
historic environment related to the cultural identity of D&C
had not yet been explored and so is a focus of ICONIC.

Finally, while the three technologies above can be used to
engage individuals with some level of digital awareness, skills
and device ownership, we need ways to engage those most
digitally excluded - those without internet access or digital
devices. This group, for reasons of cost, awareness, lack of
skills and/or support perhaps due to isolation may never use
broadband or own a digital device but nevertheless can be
connected to the digital world through existing phone
technology. Voice interaction with the internet is now
commonplace through smart speakers but making that
available by telephone to an older internet naive population
has had little research. Voice interaction by phone via chatbots
to community and cultural resources could help re-connect
DEOPs, particularly those with visual impairments.

The ICONIC project therefore aims to codesign
appropriate and human-centered technologies focusing on
extended reality, underwater telepresence, social games, and
voice Al. The project is trying to capitalize on existing cultural
and environmental assets in D&C to address challenges faced
by both DEOP and YP. ICONIC is necessarily an inter-
disciplinary project with a team drawing on computing
science (including Al, games, robotics, vision), public health,
psychology, architecture, art and design, history and heritage,
marine biology, and business studies.

The rest of this paper is structured as follows. In Section
11 we present ICONIC’s research questions and in Section IlI,
the objectives. As this paper focuses on methods, in Section
1V, we present our methods in detail. Preliminary results and
discussion are in Section V. Section VI concludes our article.

II. RESEARCH QUESTIONS

The six main research questions for this 30-month project
are: (i) Is intergenerational codesign of the four identified
technologies feasible? (ii) Does intergenerational codesign
promote an equitable digital society in coastal Britain? (iii)
Which of the four technologies are more susceptible to
intergenerational codesign and what preferences do DEOP
and YP have in using these technologies? (iv) Which
approaches lead to a sense of connection with community and
cultural landscape for DEOP and help develop confidence,
communication skills, and employability for YP? (v) Does
intergenerational codesign lead to differently designed
technology with more potential for inclusivity? (vi) What are
the technical and social requirements to develop, adopt, scale-
up, spread and sustain these technologies?

I11.  OBJECTIVES

The objectives of ICONIC include: (i) To engage with
local partners who will help with recruitment and who have
various digital resources related to the social, environmental,
and heritage assets of the region; (ii) To recruit 120
participants (80 DEOP, 40 YP) with the help of those external
partners; (iii) To codesign four novel technologies by taking
an intergenerational approach in a series of workshops; (iv)
To document group working by external observation and
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internal reflection to assess the impact of intergenerational
working between the four technologies on design; (v) To
assess whether using the four codesigned technologies
improves digital access and wellbeing and sense of connection
for DEOP or digital involvement or digital employability of
YP; (vi) To explore sustainability through opportunities of
embedding these processes into curricula for further and
higher education students and in the creation of a social
enterprise partnering university and community groups.

IV. METHODS

A. Regional Partner Organisations

An initial stage (Objective (i)) was to recruit and meet with
partners to explain ICONIC’s aims and to explore their related
resources and needs. By June 2024 we had met with and had
the support of 36 organizations (Table 1). Some partners had
both resources and experience of using digital to engage with
the digitally excluded. For example, the Ocean Conservation
Trust runs the ‘Oceans For All’ sessions, in which care home
residents can view 360 degree videos recorded inside the tanks
of the National Marine Aquarium (NMA) in Plymouth, and
Geevor Tin Mine in Cornwall have developed a Virtual
Reality (VR) tour to provide remote access to their 18th
Century mine-workings heritage site. Other partners provided
‘the challenge’ such as remote villages Pendeen and Carnon
Downs in Cornwall. In some cases, partners provide
technology that needs further development. For example, to
support voice Al development, we are working with a small
and medium enterprise (SME) PatientCards that has a social
prescribing network that can be accessed through the
Help@Hand mobile application. With Pendeen village we are
working with community members who provide Outreach
Pendeen’ a community newsletter containing details of local
services, activities, and community groups (see Section G).

B. Recruitment of Participants

We have worked with our partners to recruit older people
(aged 50 or over) and younger people (aged 16-30) (Objective
(ii)). The project has ethical permission from the University of
Plymouth Arts, Humanities and Business Research Ethics and
Integrity Committee (09/05/23; project ID 3941). Our primary
method of recruitment has involved recruitment partners
(Table 1) sharing adverts of the project with potential
participants. This strategy was supplemented through
contacting additional groups (such as the University of the
Third Age, a network that supports education for retirees) that
are not partnered with the project directly, to attempt to recruit
participants that are ‘digitally excluded’. Partner recruitment
success has been varied, with some partners unable to source
interest in the project and others providing many participants.
For example, prospective rural community partners reported
no participation interest amongst individuals in the older, rural
communities that they work with. Other partners embedded in
rural communities were much more successful and
contributed sufficient participants to embed a codesign
workshop group with them. Further recruitment of YP was
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conducted through our University, to ensure an
intergenerational component for the workshops. Although
university students are not a good fit for ‘digitally excluded’,
some, such as nursing students, may not be particularly
digitally proficient, and given problems of recruiting younger
people, we have compromised to ensure the intergenerational
aspect of the project. Participants are reimbursed for their
participation with vouchers, with additional vouchers
available to cover costs of transport and time to travel to the
workshop venue. Before their first workshop, we meet with
participants either in-person or remotely (via phone or Zoom)
and they are interviewed to gauge their current engagement
with digital technologies, local heritage and the environment,
and their local communities. By the end of June 2024, we had
recruited 53 DEOP and 42 YP. Outside of networks within the
University of Plymouth, recruiting YP has proven more
difficult than recruiting DEOP due to workshops conflicting
with working or education hours. This has been addressed
through embedding asynchronous codesign workshops within
work being conducted by community partners and further
education (FE) providers in Cornwall that work with YP.

As participants are being recruited from diverse
backgrounds, there is considerable variation in the nature of
digital exclusion they report in recruitment interviews.
Participants have reported barriers to accessing technologies,
including lack of skills, costs, and poor local infrastructure
[17]. One commonality across most participants, however, is
a keen interest to learn more about the technologies being
codesigned as a part of the ICONIC project. Participants have
shown the greatest interest in the Underwater Telepresence
technology, with XR a ‘close second’, as both technologies
can be used to make difficult to access spaces more accessible
to a wider audience. Social digital games has registered the
least interest from participants, with some older participants
reporting negative attitudes. The feedback, based on anecdotal
evidence, seems to suggest that this negative attitude stems
from the general portrayal of digital games in the media and a
missing personal experience with games technology and
digital games [18], linking digital games to violence and
wasting time. Nevertheless, a core of 8 DEOP joined codesign
workshops for the Social Games technology, taking
ownership of the direction of the game design and the
interpretation of the seagrass conservation theme (see below).
This group can also later provide a more reflective picture of
the specific games technology and games they engaged with,
creating a more nuanced perception in the community which
could lead to a shift of the community attitude.

C. Overview of the codesign workshops

Obijective (iii) is to codesign four novel technologies by
taking an intergenerational approach in a series of workshops.
The iterative process of technology development we are using
is like Participatory Inquiry approaches generating knowledge
collaboratively and iteratively where research and action are
linked through critical reflection [19]. Our approach is based
on an extension of the Participatory Inquiry method called
Research through Design [20]. Stakeholders are involved at
all development stages of the project from initial problem-
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TABLE 1. SUMMARY OF 36 PARTNER ORGANISATIONS SUPPORTING WORK ON THE ICONIC PROJECT
SHOWING THEIR ROLE IN EITHER PARTICIPANT RECRUITMENT (PR) OR TECHNOLOGY CONTENT (TC).

Partner Brief Description of Partner Role
Abbeyfield Charity providing housing, residential care and support to older people [21] PR
Age UK Cornwall Charity supporting older people (federated independent branches) [22] PR
Age UK Plymouth Charity supporting older people (federated independent branches) [23] PR
Carnon Downs Village community/hall in Carnon Downs, Cornwall [24] PR
Centre of Pendeen Village community/hall in Pendeen, Cornwall [25] PR
City College Plymouth | Plymouth Further Education college, providing education for students aged 16+ [26] | PR
CN4C Social enterprise supporting individuals in Cornwall with economic/social issues [27] | PR
Cornish Mines World Heritage Site preserving 18" and 19'" century mining sites in 10 locations [28] | TC
Cornish Mining NT Heritage Site preserving Tin Coast mining region: 3 locations in west Cornwall [29] TC
National Park (Area of Outstanding Natural Beauty) covering approximately 27% of TC
Cornwall AONB Cornwall and comprising twelve separate areas, eleven of which are coastal [30]
Cornwall College Cornwall Further Education college, providing education for students aged 16+ [31] PR
Cornwall Digital Team embedded in Cornwall Council to support access to digital tools and services in PR
Exclusion Network Cornwall and the Isles of Scilly [32]
Cornwall Museums Charity that works collaboratively across museums in Cornwall to promote wider TC
Partnership engagement with Cornish heritage [33]
Cotehele National An estate with a medieval house that has been developed across the Tudor and TC
Trust Victorian eras additions located in the east of Cornwall run by National Trust [34]
Dartmoor Nat. Park Historic national park in south Devon with extensive Bronze Age heritage [35] TC
Exmoor National Park | National Park located in Somerset and north Devon [36] TC
Geevor Tin Mine Historic 18™ century mine site in west Cornwall [37] TC
Healthwatch Torbay Non-profit organisation supporting health and social care in Torbay, Devon [38] PR
SME running the Help@Hand social prescribing mobile application used as TC
PatientCards information sources by the ICONIC Voice Al technology [39]
Hi9 SME specialised in voice Al interfaces [40] TC
iSight Cornwall Charity supporting individuals with sight impairments in Cornwall [41] PR
SME that runs Cornwall Link and Devon Connect directory websites used as TC
Made Open information sources by the ICONIC Voice Al technology [42]
Minack Theatre Historic open-air theatre in west Cornwall, with views over Porthcurno Bay [43] TC
Mount Edgcumbe Historic Park and stately home in south-east Cornwall [44] TC
Newquay Orchard Community group in Newquay, Cornwall [45] PR
Nudge Community group in Plymouth [46] PR
Ocean Conservation Charity focused on ocean conservation, that runs the National Marine Aquarium, TC
Trust Plymouth [47]
Plymouth CH Plymouth Community Homes (PCH) - Large housing association [48] PR
Plymouth Digital Team embedded in Plymouth City Council to support access to digital tools and PR
Exclusion Network services in Plymouth [49]
Plymouth So‘fnd The UK's first national marine park, based in Plymouth Sound [50] TC
National Marine Park
Saltram National Trust | Park and Georgian stately home near Plymouth run by National Trust [51] TC
South Devon AONB ‘Area of Outstanding National Beauty’ National Park located in south Devon [52] TC
South Devon College Further Education college in Torbay, providing education for students aged 16+ [53] PR
St Austell Healthcare GP practice serving St Austell and surrounding areas, working with PatientCards [54] | PR
The Eden Project Attraction in Cornwall comprising domes housing emulations of natural biomes [55] | TC
EZ:?:KE;Z:?E::&Z Charity supporting community development in Torbay, South Devon [56] PR

2024, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



framing to the later development stages (for example,
designing interactions). To accommodate the iterative nature
of the codesign process, we have set up monthly time-boxed
development windows and each technology will have
between 7 to 10 workshops. From the technical point, this
setup provides a suitable timeframe to plan, develop the
technology, deliver the workshop, and analyze the results of
the workshop to generate knowledge (Figure 1). One of the
main benefits of the monthly workshops is repeated,
consistent interaction with the participants: a key ingredient
for building a productive collaborative relationship.

Planning informed Workshop
by knowledge s * I Plan | S &tech
. .
N\

/
L 3y
[Generate Knnwledge] [ Develop ]

Q ]
: ’

N .
.
Collect & ~ ., . . - Workshop
analyse results Deliver activities & tech

Figure 1. Monthly iterative process used to extract knowledge from the
codesign process. The outcome of each process is being used to inform the
planning and delivery of the next workshop.

D. Extended Reality (XR)

Our work with XR technologies aims to give older people
with mobility impairments access to experiences in sites of
cultural and historical significance, addressing the limitations
of commercially available VR systems while creating bonds
with specific places and communities. For example, older
adults may have needs related to physical impairments such
as visual (use of glasses with the VR headset) and aural (VR
headsets interference with hearing aid devices) [57]. Current
VR systems have a strong emphasis on the gaming aspect of
the VR market, highlighted by the design of the individual
controllers, which at the core is a gaming controller split in
two. This can present challenges to the users with limited
dexterity in their thumbs and fingers. In addition to technology
adaption, content tailored to the older adults' interest is crucial
to providing an experience that leads to acceptability and
adoption [57].

This builds upon previous work on the development of XR
systems for digital heritage, which focused on Powderham
Castle and the Higher Uppacott medieval site in Dartmoor
National Park [60]. We are focusing on Cotehele (Table 1), a
site managed by the National Trust which preserves a series
of medieval buildings and historic garden in Cornwall.
Despite the best efforts of its local team to improve
accessibility and the visitor experience, the site includes
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buildings with accessibility issues, such as narrow corridors
and steep steps, and limited public transport.

Between August and December 2023, we ran five XR
workshops. An introductory codesign workshop was held
asynchronously with one rural workshop group in March
2024 and three further workshops were held with a group of
students at a partner FE provider in June 2024, making ten
workshops in total (Table 2). We used a Meta Quest 2 headset
to give participants a VR immersive experience (Figure 2).
Activities included multiple methods of documenting,
experiencing, and speculating about historical sites and their
potential to elicit wellbeing principles such as social cohesion
and intergenerational interactions. These included 360 video
demonstrations, persona-based experience design workshops,
and activities to test ergonomics of XR hardware for older
users.

Figure 2. Participant trying out a virtual reality environment via a head
mounted display in one of the codesign workshops.

E. Underwater Telepresence

We want to give people the feeling of being underwater
while onshore and to see an environment they have never seen
before. Our initial codesign workshops revealed several
barriers to engaging with the underwater world, such as
financial constraints, time commitments, physical fitness
requirements, and discomfort due to cold water. While
initially, we intended to deliver the experience via a remotely
operated vehicle, through a scoping review [60] we identified
other potential technological implementations of underwater
telepresence characterized by the trade-offs between
accessibility, interactivity, as well as the complexity of
installation and maintenance. Between September 2023 and
February 2024, in partnership with the NMA, we ran five
workshops. Activities included problem-framing, physical
prototyping and educational technology demo sessions. As
with the XR track, we also ran an introductory codesign
workshop asynchronously with a rural workshop group in
April 2024 and a further three extended codesign workshops
were held with a group of students at a partner FE provider in
June 2024, making nine workshops in total (Table 2). The
Underwater Telepresence introductory workshop took place
at the NMA and focused on identifying problem statements
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and identifying participant preferences for the technology
following immersive demos. The extended codesign
workshops for the YP mirrored the activities first completed
by the original intergenerational codesign group, but also
included digital prototyping of Ul elements for stimulating
and relaxing underwater experiences.

F. Digital Social Games

Games may be a key technology for engaging with
younger user groups that are often otherwise hard to reach as
they offer interactive engaging experiences. As people get
older, the technology they use will often stay with them,
affecting future generations of older people, playing games
using digital technology. Traditional games and play [61],
including chess, board games or storytelling, have a rich
history and background in learning and shared exploration of
knowledge with a strong social focus, which is often
overlooked in the current debate on games. Social games add
a stronger social emphasis and a social component into the
mix, which allows the formation or retention of communities.
How can we help them keep both older and younger people
engaged and contributing? One approach we envisioned is the
development of a new digital social game creation framework
inspired by casual game creation apps [62] such as Wevva
[63] that will provide co-creation groups with the technology
for understanding, exploring, and creating games while not
having access to more expensive computing hard and
software. As games can be quite divisive, codesign is a crucial
aspect of designing the framework along with the community
to cater to the needs of the entire intergenerational group.

In discussion with project partners NMA “Blue Meadow
team” we decided to focus development on the topic of
seagrass and its growing process. The beneficial role of
seagrass as part of the local ecosystem and its ability to combat
the effects of climate change identifies with the ethos and
beliefs of the local coastal community. The topic also provides
links to another ICONIC technology namely underwater
telepresence and builds on local strengths. The codesign
process for social games started in February 2024 and has
been working with two groups (i) the main workshop group
completing five workshops and (ii) an asynchronous group
embedded within a partner completing two workshops,
making seven workshops in total (Table 2). As all workshops
they followed the iterative approach to knowledge generation
(Figure 1) enabling the capture and integration of the codesign
team’s feedback and suggestions into the game development
process. Game development, in general, is mainly concerned
with the “construction” of the game and it is focused on
bringing together elements such as game design,
programming, art creation, sound design, level design and
more [64] [65]. Game development for our Social Game,
follows a similar approach, with most work being carried out
by the development team with input from the codesign
participants. The codesign team’s primary role is conceiving
and creating the way the game works, with a particular focus
on player experience, core actions and theme.
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Figure 4. Working with National Marine Aquarium “Blue Meadow team” we
are focussing games development on seagrass and its growing process.

G. Voice Al (Phone-based Access to Internet Services)

Nearly 40% of those 75+ in the UK had never used the
internet in 2020 [66]. Providing them with phone access to the
Internet is one way to address such digital inequality. But even
among those with internet access, previous research has
shown that older people may abandon voice assistant services
on smart speakers after unsuccessful attempts [67]. We are
working with older and younger participants to discover how
older people with no previous computer experience want to
interact with various resources. The main objective is to create
bidirectional voice communication with internet services
through phone calls, which can be achieved through an IP
phone (IP PBX) server that is called by the DEOPs so that it
connects them to the application programming interfaces
(APIs) of the cloud-based voice assistants (e.g., Amazon
Alexa) and services (Caller Smart Speaker API). These
intelligent assistants receive voice-based instructions or
questions from DEOPs and reply to them through the phone
using the available information online or through the other
connected service APIs.

We have explored three contexts: (i) existing audio
content from Cornwall Museums that had previously been
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made available via smart speaker [68] (ii) and ‘social
prescribing’ [69]. For the initial development stage, we
focussed on the local events and services, exploring the social
prescribing aspect of the technology, with the view of further
including other sources of information. Social prescribing is
an approach to connect people to community activities,
groups, and services for their health and wellbeing in primary
care. For this first stage we are supported by our content-
provider partners: Patientcards Help@Hand mobile
application for community group information, Cornwall Link
[70], a web platform managed by Made Open for AgeUK
Cornwall, and local Pendeen village newsletter Outreach. As
our application is location dependent, our initial development
has focused on (i) Help@Hand application, running codesign
workshops in St Austell area, and (ii) working with Pendeen
village and their community newsletter (Figure 5).

We have been conducting codesign workshops with two
groups in Cornwall starting in January 2024. Our rural
community group has taken part in three codesign workshops
focusing on Voice Al technology, and another group based in
St Austell is taking part in workshops focusing on access to
social prescribing resources in the local area, using the
Help@Hand database and has so far had one workshop
making four in total (Table 2). These workshops will be
employing common conversational interaction design tools
like Wizard-Of-Oz (WoZz) for prototyping [71]. Our pilot
workshop revealed a need to explore subtle voice interaction
features like pauses and intonations for natural voice
interaction. We have partnered with the University of Exeter’s
conversational analysis group to study these features to
enhance user satisfaction and engagement in the provided
service. Early codesign workshops with both groups have
focused on the problem statement for this technology,
highlighting difficulties in coastal and rural digital
infrastructure.  Additional  activities have included
demonstrations of related technologies (e.g. smart speakers,
large language models) and early-stage evaluation of phone-
based Voice Al prototypes. Later workshops included
prototype testing based on Anthropic Claude-3 Haiku LLM
model and supported by real-time speech recognition and text-
to-speech engines.

“ Tﬂﬂlﬂh

n\m“ with Moryah

Figure 5. Voice Al workshops have been with two communities. One of
these is via a community newsletter "Outreach" for Pendeen village.
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H. Exit Interview, Evaluation and Analysis

Participants will be interviewed on leaving the study to gauge
their assessment of the intergenerational interactions within
the workshops. We will also use workshop recordings to
identify patterns in how the generations work together or if
there are specific technical preferences associated with either
age group. Some preliminary observations from workshops
for the first two technologies suggest that DEOP tend to take
the role of ‘directors’ and let the YP do the hands-on design
activities/idea presentation. We will adapt and adjust our
methods to try to get the best from this aspect of the study
design. The participant ‘exit interview’ will be used to assess
whether using the four co-created technologies improved
their digital access, wellbeing and sense of community and
environmental connection (for DEOP), or digital
involvement and digital employability (for YP) (Objective
(v)). Finally, we will be discussing with the further and higher
education providers among our partners how to sustain
opportunities and embed these processes into curricula for
their students (Objective (vi)).

V. PRELIMINARY RESULTS AND DISCUSSION

We are making progress in our aim to develop four novel
technologies codesigned by intergenerational groups of
people who are in some way digitally excluded living in
coastal communities.

A. Recruitment and intergenerational interaction

We managed to engage 36 partner organizations and by
June 2024 had recruited 95 of our target 120 participants for
workshops. Our approach in offering participants direct
reimbursement appears to be more successful than methods
used in GOALD [12][13]. However, recruitment has been
difficult due to the requirement of older participants to be
digitally excluded, and the availability of YP, means that we
have not yet reached the same direct intergenerational
participant balance within workshop groups as other projects
[72]. Attracting DEOP has required a focused effort to work
with the project’s partners to share ICONIC’s messaging. This
has proven a successful approach, as it has allowed us to set
up workshops in digitally marginalized areas. In these
workshops participants have articulated clear issues with the
local digital infrastructure. A further barrier has been a lack of
interest in the project from some groups due to the desire for
more foundational access to technology, that can offer
practical support for using digital technologies. This has been
particularly evident with some village partners supporting our
recruitment efforts but being unable to successfully recruit
participants in their local communities to the project. It is
difficult to recruit YP for synchronous events as they may be
working or studying during daytime when DEOP want to
meet, but our work to date has shown the importance of
intergenerational collaboration [73]. Asynchronous codesign
workshops have allowed us to expand our reach for younger
participants, supported by our external partners, following
techniques employed in response to the COVID-19 pandemic
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[74]. Whilst this does not provide direct intergenerational
interaction, we have been able to introduce the different
generational groups to the other generation’s respective
priorities for the XR, Underwater Telepresence, and Social
Games technologies. This has revealed some similarities and
differences in perspectives and outlook on problem
statements, ideation, and interactive components of these
technologies, driving the codesign process forward.

TABLE 2. SUMMARY OF CODESIGN WORKSHOPS

Technology Workshops
Extended Reality 10
Underwater telepresence | 9

Social Games 7

Voice Al 4

Total 30

A further lesson from the codesign sessions is the
importance, when working with digitally excluded older
adults, to articulate the researchers’ impartiality, and
emphasize the need to learn about the difficulties. Part of this
messaging involves clearly explaining that the project is not
designed to promote technology, but to identify how
technology can support societal inclusion and support
vulnerable populations, and also identify current barriers that
prevent access to digital resources for vulnerable populations.

B. Technology developments

Our XR workshops have resulted in the development of
bespoke controlling and handling functionalities for the Quest
2 headset. We 3D scanned and documented artefacts for the
Cotehele team as part of our partnership working. As part of
the workshop held at the FE college, students were introduced
to photogrammetry as a methodology for capturing 3D objects
digitally. Ongoing XR workshop activities focus on
addressing the integration of locomotion and interaction
design elements, and to incorporate narrative and storytelling
strategies on the final codesign of XR experiences.

Underwater telepresence workshops have shown a
preference for an immersive, real-time experience of a local
underwater environment with on-demand access to
information about the surroundings. These preferences have
been distilled into a prototype of a live video streaming from
a static 360 camera with a backend marine life classification
engine and a simple user interface (Ul) delivered over the
head-mounted display with interactive controllers.

For digital social games we created 6 design values, that
enabled the codesign team to focus on one aspect of game
design in each workshop with the last workshop being
reserved for testing and evaluation. The six design values
(i)Theme, (ii) Player Experience, (iii) Challenges, (iv)
Decision making, (v) Skills and strategy, and (vi) Look and
Feel. Our overall aim, to be pursued in subsequent workshops,
is to use the approach, lessons and tools developed during the
codesign process as the foundation of an open-source
framework that will enable the development of similar games
through a social enterprise.
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In the voice Al workshops participants expressed diverse
attitudes towards the application with feedback surrounding
the quality of the information provided and clarity of the
voice. Some concerns regarding privacy and absence of
emotion awareness of the system were also expressed. As the
application is still being developed, we will iterate the
prototype based on participants’ feedback.

C. Limitations

Finding a niche for new technology development is
difficult given the rapidity of background technology
developments. This is an unusual project in that we work hard
to engage the digitally excluded and with them to identify
novel technologies while novel technologies are most
frequently designed by those deeply embedded in and at the
cutting edge of technology development. We are trying to be
in ‘two places at once’ — looking at the digital accessibility
needs of those who are infrequent users of technology, trying
to make sure their voice is heard by technology developers.

Our project’s impact may be limited by the short timescale
of digital developments. We may also be limited by the
findings from this one geographical locality. It may therefore
be difficult to find generalizable design recommendations, but
we hope that at least the observations on our methods will be
generalizable to other locations.

VI. CONCLUSIONS

Recruiting older and younger people who are digitally
disadvantaged to participate in the codesign of four novel
technologies that make use of regional cultural and
environmental resources is a difficult ‘space’ to occupy.
However, we are making good progress in doing that and are
producing novel technologies in extended reality, underwater
telepresence, digital social games and Al voice interfaces. We
think it is worth the effort and through design will help to
address digital exclusion. Further work is needed to explore
methods such as our asynchronous approaches to
intergenerational codesign in other settings. Further work is
also needed to assess the impact on digital inclusion of new
technologies, for example, the use of voice interfaces in social
prescribing, if embedded in routine services.

ACKNOWLEDGMENTS

This paper is presented on behalf of the ICONIC project
that includes Katharine Willis, Daniel Maudlin, Chunxu Li,
Sheena Asthana, Kerry Howell, Shangming Zhou, Emmanuel
Ifeachor, and Hannah Bradwell as co-applicants and advisors
and Lauren Tenn (Media and Administration Officer). We
thank our 36 external partners (Table 1) and participants.

Intergenerational co-creation of novel technologies to
reconnect digitally excluded people with community &
cultural landscapes in coastal economies (ICONIC) is funded
by UK Research and Innovation Engineering and Physical
Sciences Research Council Grant Ref: EP/W024357/1.

2024, © Copyright by authors, Published under agreement with IARIA - www.iaria.org

129



International Journal on Advances in Intelligent Systems, vol 17 no 3 & 4, year 2024, http.//www.iariajournals.org/intelligent_systems/

(1]

[2]

(3]

(4]
[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

REFERENCES

R.B. Jones et al., “Intergenerational Technology Codesign in
Deprived Coastal Regions.” In The Eighteenth International
Conference on Digital Society, pp. 25-32. May 26, 2024,
Barcelona Spain ISSN: 2308-3956 ISBN: 978-1-68558-169-5

S. Asthana and A. Gibson, “Averting a public health crisis in
England’s coastal communities: a call for public health
research and policy.” Journal of Public Health, 2022, 44(3):pp.
642-650.

A. Gibson and S. Asthana, “Analysis of Coastal health
outcomes” In: Whitty C, Loveless B, eds. Chief Medical
Officer Annual Report, 2021: Health in Coastal Communities
pp. 189-208, 2021.

G. Blank and W. Dutton, “Perceived Threats to Privacy Online:
The Internet in Britain.” Oxford Internet Survey, 2019.

S. Barab et al., “Critical design ethnography: Designing for
change.”  Anthropology and Education Quarterly,
2004;35(2):pp. 254-68.

L. Reis, K. Mercer, and J. Boger, “Technologies for fostering
intergenerational connectivity and relationships: Scoping

review and emergent concepts.” Technology in Society,
2021;64 doi: 10.1016/j.techsoc.2020.101494.

K. Crowther and K. Merrill, “Evaluation of the generations
together programme —learning so far”. York Consulting, 2010.

H. L. Bradwell, K. J. Edwards, R. Winnington, S. Thill, and R.
B. Jones, “Companion robots for older people: importance of
usercentred design demonstrated through observations and
focus groups comparing preferences of older people and
roboticists in South West England.” BMJ Open, 2019 Sep
26;9(9):e032468. doi: 10.1136/bmjopen-2019-032468.

P. Slattery, A. K. Saeri, and P. Bragge, “Research co-design in
health: a rapid overview of reviews.” Health Research Policy
and Systems, 2020. 18(1).

S. Koch Stigberg, A Critical Review on Participation in Mobile
Interaction Design Research. in 16th International Conference
on Mobile and Ubiquitous Multimedia (MUM). 2017.
Stuttgart, Germany.

I. Mannheim, et al., “An "ultimate partnership": Older persons'
perspectives on age-stereotypes and intergenerational
interaction in co-designing digital technologies.” Archives of
Gerontology and Geriatrics, 2023. 113.

Universities of Stirling and Plymouth. Generating Older Active
Lives Digitally project. 2024
https://www.plymouth.ac.uk/research/centre-for-health-
technology/goald

S. A. Tomaz et al., “Generations Active Together: An Example
of Using Physical Activity Promotion and Digital Technology
to Bring Together Adolescents and Older People in Stirling,
Scotland.” Journal of Intergenerational Relationships, 1-7.
https://doi.org/10.1080/15350770.2024.2322442 [last access:
May 2024]

Universities of Stirling and Plymouth. The GOALD toolkit.
Design considerations for development of technologies to
support physical and mental activity for older adults
https://www.plymouth.ac.uk/research/centre-for-health-
technology/goald/toolkit [last access: May 2024]

P. Murphy, D. Thackray, and E. Wilson, “Coastal heritage and
climate change in England: assessing threats and priorities.”
Conservation and Management of Archaeological Sites,
2009;11(1):pp. 9-15.

A. Giardina et al. Online Gaming and Prolonged Self-1solation:
Evidence from Italian Gamers During the Covid-19 Outbreak.
Clin  Neuropsychiatry. 2021  Feb;18(1):65-74.  doi:

(17]
(18]

(19]

[20]

[21]
[22]
(23]
[24]

[25]
[26]
[27]
(28]
[29]

(30]
[31]
(32]

(33]
[34]

(35]
(36]

[37]
(38]
(39]
[40]
[41]
[42]
[43]
[44]

[45]
[46]
[47]
(48]
[49]
(50]

[51]

10.36131/cnfioritieditore20210106.
PMCID: PMC8629072.

J. Van Dijk, “The digital divide”. John Wiley and Sons, 2020.
ISBN 978150953445.

A.K. Przybylski and N. Weinstein “How we see electronic
games” PeerJ 4:¢1931 doi:10.7717/peerj.1931. 2016

E. Vasconcelos et al., “TRIPS: Codesign as a Method for
Accessible Design in Transport”. in Towards User-Centric
Transport in Europe 3: Making Digital Mobility Inclusive and
Accessible (eds. Keseru, I. and Randhahn, A.) pp. 173-193,
Springer International Publishing, 2023. doi:10.1007/978-3-
031-26155-8_11.

K. Andersen and R. Wakkary, “The magic machine
workshops: making personal design knowledge.” In: CHI
Conference on Human Factors in Computing Systems -
Proceedings. New York: Association for Computing
Machinery, pp. -13, 2019.
https://doi.org/10.1145/3290605.330 0342. [last access: May
2024]

https://www.abbeyfield.com/ [last access: May 2024]
https://www.ageuk.org.uk/cornwall/ [last access: May 2024]
https://www.ageuk.org.uk/plymouth/ [last access: May 2024]

https://www.carnondownsvillagehall.org/ [last access: May
2024]

https://www.centreofpendeen.co.uk/ [last access: May 2024]
https://www.cityplym.ac.uk/ [last access: May 2024]
https://www.cn4c.org.uk/ [last access: May 2024]
https://www.cornishmining.org.uk/ [last access: May 2024]

https://www.nationaltrust.org.uk/visit/cornwall [last access:
May 2024]

https://cornwall-landscape.org/ [last access: May 2024]
https://www.cornwall.ac.uk/ [last access: May 2024]
https://www.cornwall.gov.uk/people-and-

PMID: 34909021,

communities/digital-inclusion/about-us/ [last access: May
2024]
https://www.cornwallmuseumspartnership.org.uk/ [last

access: May 2024]

https://www.nationaltrust.org.uk/visit/cornwall/cotehele [last
access: May 2024]

https://www.dartmoor.gov.uk/ [last access: May 2024]

https://www.exmoor-nationalpark.gov.uk/ [last access: May
2024]

https://geevor.com/ [last access: May 2024]
https://healthwatchdevon.co.uk/ [last access: May 2024]
https://hand.community/ [last access: May 2024]
https://www.hi9.iof#about [last access: May 2024]
https://www.isightcornwall.org.uk/ [last access: May 2024]
https://madeopen.co.uk/ [last access: May 2024]
https://minack.com/ [last access: May 2024]

https://www.mountedgcumbe.gov.uk/visit/ [last access: May
2024]

https://newquayorchard.co.uk/ [last access: May 2024]
https://www.nudge.community/ [last access: May 2024]
https://oceanconservationtrust.org/ [last access: May 2024]
https://www.plymouthcommunityhomes.co.uk/ [last access:
May 2024]
https://www.plymouth.gov.uk/digital-inclusion-network [last
access: May 2024]
https://plymouthsoundnationalmarinepark.com/ [last access:
May 2024]

https://www.nationaltrust.org.uk/visit/devon/saltram
access: May 2024]

[last

2024, © Copyright by authors, Published under agreement with IARIA - www.iaria.org

130



International Journal on Advances in Intelligent Systems, vol 17 no 3 & 4, year 2024, http.//www.iariajournals.org/intelligent_systems/

[52]
[53]
[54]
[55]
[56]
[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]
[67]

[68]

[69]

[70]

[71]

[72]

https://www.southdevon-nl.org.uk/ [last access: May 2024]
https://www.southdevon.ac.uk/ [last access: May 2024]
https://www.staustellhealthcare.co.uk/
https://www.edenproject.com/ [last access: May 2024]
https://www.torbaycommunities.com/ [last access: May 2024]

A. Seifert and A. Schlomann The Use of Virtual and
Augmented Reality by Older Adults: Potentials and
Challenges. 2021 Front. Virtual Real. 2:639718. doi:
10.3389/frvir.2021.639718

L. Hung et al., Facilitators and Barriers to Using Virtual Reality
and its Impact on Social Engagement in Aged Care Settings: A
Scoping Review. Gerontol Geriatr Med. 2023 Apr
1;9:23337214231166355. doi: 10.1177/23337214231166355.
PMID: 37020921; PMCID: PMC10068985

A. V. Reyes, M. N. Varga, H. Bradwell, and R. Baxter,
“Unlocking Social Innovation in XR for Healthcare” in Coastal
Communities. in 2023 IEEE Conference on Virtual Reality and
3D User Interfaces Abstracts and Workshops (VRW), 128-
131, 2023. doi:10.1109/VRW58643.2023.00032.

O. Hagen, A. Aly, R. Jones, M. Varga, and D. Bazazian,
“Beyond the Surface: A Scoping Review of Vision-based
Underwater Experience Technologies and User Studies.” In
Intelligent Marine Technology and Systems
(http?//Iink.springer.com/journal/44295) [last access: May
2024

E. Singer "Play and playfulness, basic features of early
childhood education." In European Early Childhood Education
Research Journal 21.2 pp. 172-184. 2013

M. J. Nelson, S. E. Gaudl, and S. Colton, Deterding S. “Curious
users of casual creators.” Proceedings of the 13th International
Conference on the Foundations of Digital Games. 2018.

E. J. Powley et al., “Wevva: Democratising game design.”
Proceedings of the AAAI Conference on Artificial Intelligence
and Interactive Digital Entertainment. vol. 13. No. 1. 2017.

C. Macklin and J. Sharp, (2016) ‘Preface’, in Games, design
and play: A detailed approach to Iterative Game Design.
Boston: Addison-Wesley.

C. Macklin and J. Sharp, (2016) ‘Games, Design and Play’, in
Games, Design and Play: A Detailed Approach to Iterative
Game Design. Boston: Addison-Wesley, pp. 7-9.

Office of National Statistics. Internet Users 2021

S. Kim, “Exploring How Older Adults Use a Smart Speaker—
Based Voice Assistant in Their First Interactions: Qualitative
Study.” JIMIR Mhealth Uhealth, 2021;9

Cornwall Museums Partnership. Explore Cornwall’s Audio
Archives from the Comfort of Your Own Home
https://www.cornwallmuseumspartnership.org.uk/explore-
cornwalls-audio-archives-from-the-comfort-of-your-own-
home/ [Last access July 2024]

K. Husk et al., “What approaches to social prescribing work,
for whom, and in what circumstances? A realist review.”
Health  Soc  Care  Community. Mar;28(2)  doi:
10.1111/hsc.12839. Epub 2019 Sep 9. PMID: 31502314;
PMCID: PMC7027770. pp. 309-324, 2020.

Cornwall Link https://madeopen.co.uk/cornwall-link [last
access June 2024]

N. Dahlbick, A. Jonsson, and L. Ahrenberg, “Wizard of Oz
studies — why and how.” Knowledge-Based Systems, 1993 6
@) 1993 258-266, ISSN 0950-7051,
https://doi.org/10.1016/0950-7051(93)90017-N.G. [last
access: May 2024]

D. K. Sakaguchi-Tang, J. L. Cunningham, W.Roldan, J. Yip,
& J. A. Kientz, “Co-design with older adults: examining and
reflecting on collaboration with aging communities.”
Proceedings of the ACM on Human-Computer Interaction,
2021.

(73]

[74]

O. Hagen et al, "Insights from Co-design of Underwater
Telepresence and Extended Reality Technologies with
Digitally Excluded Older Adults", Proceedings of the 9th
International Conference on Information and Communication
Technologies for Ageing Well and e-Health, 2024.

J.A Fails, D. Kumar Ratakonda, N. Koren, S. Elsayed-Ali, E.
Bonsignore, & J. Yip, “Pushing boundaries of co-design by
going online: Lessons learned and reflections from three
perspectives.” International Journal of Child-Computer
Interaction, 2022, Vol 33, 100476.
https://doi.org/10.1016/j.ijcci.2022.100476

2024, © Copyright by authors, Published under agreement with IARIA - www.iaria.org

131



