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ABSTRACT

With increasing age of society, the number of seniors living alone is steadily rising.
This often leads to a feeling of loneliness or a decline in mental health and physi-
cal fitness. Seniors often feel overwhelmed by today’s technology and speed of life
and do not feel needed anymore partly due to lack of contact to the younger gene-
ration. On the other side, young adults – especially from lower social class – often
lack positive role models and have problems establishing trustful relationships with
adults. Buddy4All addresses these challenges by connecting the younger and older
generation via an innovative technology-driven buddy platform. The solution combi-
nes classical smartphone-based interactions via the Buddy4All social app and Mixed
Reality (MR) experiences via the novel and lightweight Nreal MR glasses. The social
app provides multimodal cross-generational communication, experience exchange,
and support content. The mixed reality solution connects the younger and older gene-
ration via fun cross-generational activities such as location-based games and cognitive
exercises. These activities keep both generations mentally stimulated and physically
active. The Buddy4All solution fosters the wellbeing and active lifestyle of both gene-
rations as well as the cross-generational interaction between these generations and
thus, the understanding for each other.

Keywords: Mixed reality, Cross-generational interaction, Location-based games, Cognitive
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INTRODUCTION

Older adults are at risk of mental deterioration, as well as depression due
to reduced social contacts after retirement (Singh and Misra, 2009). Both
cognitive exercises and socialization activities have potentials to slow down
mental decline (Cohen et al., 2006; Seeman et al., 2001; Hikichi et al.,
2017). Gamification of socialization activities and cognitive exercises can
support in motivation and engagement as this technique has previously
been used for cognitive assessment and training (González-González et al.,
2013; Van de Weijer et al., 2019; Khaleghi et al., 2021). For example, in
(Van de Weijer et al., 2019), self-designed cognitive exercises by early-stage
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Parkinson’s disease patients were shown to increase motivation to continue
cognitive training. Virtual Reality (VR) has also been used for the cognitive
training and social inclusion of older adults (Rendever, 2022; Syed-Abdul
et al., 2019; Tuena et al., 2020), and had good acceptance rates among the
users (Syed-Abdul et al., 2019). VR also carries the benefits of full immer-
sion, which can improve cognitive ability (Wan et al., 2021), as well as spurn
interest in the cognitive exercise (Ferguson et al., 2020). These immersive
environments are also used to encourage social interaction through apps such
as Alcove, a family-oriented social VR app (Alcove, 2022), and Rendever, a
VR app that targets to improve the social connections and familial ties in
the geriatric setting (Rendever, 2022). Mixed reality (MR) technology is also
used in this field. TACTILE, for example, provides a framework for mixed
reality cognitive games that include remote game partners via MR glasses
(Broneder et al., 2022).

A common concern regarding VR/AR (augmented reality) gamification for
older adults is the high technological boundary. Despite the general trend of
increased technological acumen among seniors (Anderson and Perrin, 2017),
they still lag significantly behind younger adults in terms of technological
capability (Lee et al., 2019).

Buddy4All focuses on the benefits of intergenerational interaction between
seniors and young (teenage) adults. In general, intergenerational intera-
ction has been shown to benefit both the older and the younger generation
(Zeldin et al., 2005). More broadly, social inclusion online platforms can
increase the well-being of people of any age (Notley, 2009; Nichols and
Ralston, 2011; Nreal, 2022). The goal of Buddy4All is to provide a tech-
nological platform for intergenerational interaction between young adults
(teenagers) and seniors (e.g., via location-based MR games), while simul-
taneously providing cognitive MR trainings. The project seeks to use the
tech-savviness of young people, who are generally more technologically incli-
ned (Anderson and Perrin, 2017), to counteract any lower technical ability of
seniors.

THE BUDDY4ALL SYSTEM

Buddy4All utilizes the buddy concept and differentiates between three diffe-
rent buddy profiles. So-called “real buddies” represent a relation between
younger and older adults. These target groups are considered as primary
users of the system. The “professional buddies” are represented by the rela-
tion between e.g., younger adults and their social workers and older adults
and their caregivers. These professionals are considered as secondary users
of the system. The third buddy profile is the “virtual buddy”, which is the
digital entity of the system, able to provide digital support content and rou-
tines. From the technical point of view, the Buddy4All system consists of the
following components: (a) the “buddy platform”which provides virtual, pro-
fessional, and cross-generational support, (b) location-based MR games, and
(c) MR cognitive exercises.

Buddy Platform

The Buddy Platform is a smartphone app that connects seniors with the
younger generation. They can help each other, e.g., seniors can help young
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adults with their homework or younger adults can support with technical
problems. Apart from that they can interact and profit from each other’s
knowledge and life experience. Additionally, they can schedule location-
based MR games. Users can connect with each other via friend requests
and communicate via chats or video calls. Apart from the intergeneratio-
nal component, the platform offers virtual support via articles and tips on
specific topics relevant to the younger and/or older generation. Moreover,
the platform offers a direct connection to professional buddies like social
workers or care personnel to provide easily accessible support for the two
target groups. To avoid abuse of the system, users are registered (usually by
professionals) and thus are not anonymous. If users feel not treated well or
have the feeling of being harassed or exploited, they can get in contact with
the professionals who will take further actions. Figure 1 shows how the app
looks like.

Figure 1: Left: younger adult finding anagrams; middle: view of the user through the
glasses during the anagram game, right: buddy platform.

Location-Based MR Games

Buddy4All offers location-based games in mixed reality to provide interge-
nerational activities and thus foster the intergenerational exchange. Younger
and older adults can schedule games via the buddy platform. In game, the
younger adults wearing MR glasses are moving from location to location. At
each location they need to solve a puzzle together with their senior buddies.
The younger user’s view in the MR glasses along with the virtual content is
viewed on the senior user’s smartphone. The seniors have the task to guide
the younger users from one to the next location. For this, they can view a map
showing the younger user’s location and the next target location. Further, the
seniors are connected to the young adults via Voice over IP (VoIP), discus-
sing about the right solution for the puzzle. When the young adults arrive
at the correct location, an avatar presents the puzzle. This can be either a
question that must be answered correctly, or a story where the users have
to listen carefully and then sort items that were mentioned in the story by
order. Upon a correct answer, the new location appears on the map of the
senior. Location-based games are configured via a backend portal by the
professionals. Locations and tasks can be defined on a map, so that they
can configure a variety of games close to the younger users’ homes. Figure 2
shows the view of the younger user that is transmitted to the seniors as well as
the map.
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Figure 2: Location-based game. Left: view of what the young adult is seeing trough the
glasses, right: next location and position of the user in the map.

MR Cognitive Exercises

Buddy4All provides cognitive exercises for both the senior and younger gene-
ration that are done in mixed reality. The benefit of MR is to combine
cognitive exercises with physical movement by distributing elements of the
exercise (e.g., cards of a memory game) within the living room. Users must
then move towards the cards and touch them with their hands. The use of
hand-tracking allows for intuitive user interaction. In the current prototype
a word game was implemented, where new words must be created with the
letters of a given word by touching the letters. This game was tested in the
first user workshop that took place in November 2022. A screenshot of the
game and a person performing the exercise can be seen in Figure 1.

DESIGN AND DEVELOPMENT METHODOLOGY

As part of the user centered co-design process, a requirement analysis was
performed (persona workshop, interviews, survey) in the beginning of the
project. During the project, end-users are testing the system in a pre-test and
three user-workshops. The feedback is incorporated into the system. Towards
the project end, field trials are planned where the end-users use the system
in their homes. Currently, the pre-test and the first two workshops were per-
formed, whereas the second workshop is still evaluated. Up to this point
a total of 213 primary users (young and older adults) and 145 secondary
users (family members and experts in care giving or youth work) have been
involved in the process.

The requirements analysis has been used to identify the needs of the two
primary user groups and the secondary users. It was conducted in three steps:
1.) a persona workshop where members of the consortium used a value pro-
position canvas to identify user pains and gains and made first assumptions
for the analysis. 2.) The findings were used to develop interview questi-
ons for primary and secondary users to further explore the findings of the
workshop. In total, 7 older, 4 younger adults and 3 secondary end-users
were interviewed. Based on the answers of the semi-structured interviews,
3.) an online survey was created to complete the final step of collecting users’
needs and requirements in an early stage. The goal was to collect quantifiable
feedback from both primary and secondary end-users to identify trends and
preferences. The survey received 264 responses consisting of answers from
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152 primary end-users (102 elderly primary end-users, 50 younger end-users)
and 112 secondary end-users.

The assumptions drawn from the early requirement analysis were the basis
for the content and main principles of the prototypes that were tested during a
design pretest in August 2022 and the end user workshops in November 2022
and March 2023. In the pre-test, meant to test the design in advance, 10 per-
sons participated. In the user workshops 54 primary users and 20 secondary
users were engaged. The first workshop consisted of three workshop stati-
ons where the primary and secondary end-users tested different aspects of
the app. The test persons answered some initial questions and tested three
sub-prototypes (design wireframes for future functionalities of the buddy
platform, the buddy platform, and the MR cognitive game) and performed
a final interview. Secondary users had to set up a location-based game in a
web browser. The second workshop took place in March 2023 and the third
workshop will follow in October 2023. All results were logged and analyzed
to receive a list of change requests in the end that will be considered for the
following workshop rounds.

The field trials that last four weeks for each attending primary user will
start in the beginning of 2024. This is the final step in the user cente-
red co-design process. In four consecutive months, each month a group of
20 primary users (80 in total) und in total 20 secondary users will participate.

RESULTS

In this paper the results of the first user workshop are described. The first
workshop was attended by 30 elderly, 26 younger, and 20 secondary users
in Austria and Switzerland. The senior users were aged between 60 and 89
years (25 between 60 and 79 years, 5 persons above 80). 20 of the 23 younger
participants, that filled out the questionnaire, were aged between 14 and
16 years and 3 were aged between 17 and 19 years. The secondary users
consisted of 15 professionals from care and youthwork and 5 relatives of
elderly primary users.

At the first test station, design wireframes which illustrate the navigation
within the app and the health tips section were tested. The most impor-
tant findings for the navigation were that both primary and secondary users
appreciated the overview of all options at the start screen. The terms “trai-
ning”, “games” and “wall” were not clear for the users and thus will be
renamed and summarized. The game scheduling was also tested at this sta-
tion and showed that the primary users of both age groups had no problem
following the logic of planning a location-based game. Both user groups sta-
ted that they would favor to play rather spontaneously than to schedule an
appointment for playing a game in advance. Additionally, users wished for
more information about the planned game such as the length, the number of
locations, or the overall topic of the specific game.

In addition to game planning, the involved secondary professional users
were requested to create a user account for a primary user and to create a
location-based game in the backend system. The professionals could perform
these steps but in the final interview 9 out of 15 persons stated that the process
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was too complicated (3) or time consuming (6). 4 people feared that it would
be hard to find the “right” questions or tasks (4). They wished for predefined
game rounds and a list of possible questions that they could choose from.

At the second station users tested the buddy platform on the smartphone.
The biggest problem lay in the icons used (e.g., a pen or an hourglass) not
being recognized by nearly half of the elderly participants. Younger persons,
on the contrary, had no problems understanding the meaning of the icons.
For the wall-function, where young and elderly persons have the possibility
to ask for help, the end-users wished for a setting to make a post visible either
only to friends or globally within the platform.

At the third station users tested a cognitive exercise – a word puzzle where
users have to find anagrams. First, they had to start the app within the MR
glasses. 12 of the elderly persons needed some initial help. 4 persons acci-
dentally closed the app, 3 persons had trouble identifying the controller’s
laser beam (which is essential for the navigation and item selection within
the MR environment), and 5 persons had problems hitting buttons due to a
light tremor or mobile restrictions like holding the smartphone while using a
walking stick. In the younger group no such difficulties were observed. How-
ever, the first impression was very positive. 25 out of 30 elderly and 24 out of
26 young persons described it as “cool” or “fascinating”. Only three of the
younger persons stated that the design was “too simple” in their opinion.

52 out of 66 participants had no problems playing the cognitive anagram
game. Only one person aborted the session due to difficulties in depth perce-
ption and not being able to choose the letter boxes. The other 13 persons
needed some guidance. 12 seniors expressed their wish of a possibility to
adjust the distance to the letters so that they could do the task also while
sitting. 6 elderly persons stated that the letters appeared too high above and
not in front of them. 7 persons would appreciate the possibility to delete one
letter if chosen by accident. The biggest problem for primary users in the
workshop was to exit the anagrams game. 5 persons (1 elderly, 1 younger
and 4 secondary users) were not able to quit the game. 12 persons (7 elderly,
3 younger and 2 secondary users) needed help to quit the game. In the final
interview, 23 persons stated that the quitting process must be easier.

SUMMARY AND OUTLOOK

Next to some minor design, functionality, and implementation issues within
the smartphone app, the preliminary results highlighted, that the biggest
challenge was in starting the anagram game via the main menu of the MR
glasses. However, it needs to be mentioned that almost no participant had
previous experiences using the MR glasses and that such a novel techno-
logy, which uses a different interaction style, requires a familiarization phase.
On the other hand, we could see that operating the anagram cognitive game
itself within the MR glasses was not a problem for most users. We are curi-
ous to see if above mentioned difficulties could be alleviated in the second
workshop when returning users already have experience with the glasses.
Furthermore, within the second workshop round we are testing new smart-
phone app functionalities such as the extended user profile and the procedure



Buddy4All – A Mixed Reality-Based Solution for Enabling Intergenerational Interaction 303

of offering and accepting support and friendship requests. Regarding the MR
solution, the second prototype offers next to the cognitive anagram game also
an early version of a location-based game. Results of this second workshop
round will be presented in a subsequent publication. The overall goal is to
gather valuable user feedback in the final workshop round in October 2023
and to use this feedback to improve both the smartphone app as well as the
MR app before the start of the field trial in January 2024.
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