
The Human Side of Service Engineering, Vol. 143, 2024, 167–177

https://doi.org/10.54941/ahfe1005095

Concept and Prototypic Implementation
of a Tangible User Interface for
Psychosocial Interventions in the
Context of Dementia
Matthia Leyendecker1 and Christian Zagel2

1IU International University of Applied Sciences, Erfurt, Germany
2Coburg University of Applied Sciences, Germany

ABSTRACT

Demographic developments are not only increasing the proportion of older people
in society, but also the number of people with physical and/or mental impairments
becoming dependent on support, for example in nursing homes. Dementia is one of
the most common and consequential psychiatric diseases among elderly. The pro-
gressive decline in cognitive and motor skills significantly impairs the quality of life
of dementia patients. This also poses a great challenge for caregivers, especially in
terms of communication and social interaction. Within the framework of psychosocial
interventions, they try to maintain the cognitive performance and improve the emo-
tional well-being of those affected. Music and reminiscence therapy have proven to
be effective approaches in this context. While digital media are hardly used in prac-
tice so far, research already shows approaches how corresponding therapies can be
supported by their use. This paper shows how tangible user interfaces (TUI) can be
designed and used not only to support care work, but also to promote active partic-
ipation and self-determined use by dementia patients. A first prototype is presented
and shows the potentials of use and for future research.
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INTRODUCTION

As a result of demographic change, the proportion of older people in Ger-
many is constantly increasing (Flor, 2019; Statistisches Bundesamt, 2023).
As the number of older people grows, so does the number of the disabled
and sick. Aging is the greatest risk factor for the occurrence of various
diseases associated with physical, cognitive and/or psychological impair-
ments, as well as for multimorbidity (Böhm et al., 2009; van den Bussche
et al., 2011). This risk is significantly higher in people over the age of 80
(Böhm et al., 2009; Kuhlmey, 2008; Wurm et al., 2010). One of the most
common and most consequential psychiatric illnesses in older age is demen-
tia (Weyerer & Bickel, 2007). 65 percent of dementia cases are a result of
Alzheimer’s disease (Bundesministerium für Gesundheit, 2021; Kurz et al.,
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2019; Weyerer & Bickel, 2007) which in 2019 was the seventh most common
cause of death worldwide (Gauthier et al., 2021).

The so-called dementia syndrome is characterized by a variety of different
symptoms, including significant impairments in memory, language, com-
prehension, orientation and judgment (World Health Organization, 1992).
Cognitive, motor, emotional and social skills are strongly influenced, so that
people with dementia (PwD) are confronted with challenges in various areas
of daily life that negatively affect their overall well-being and quality of life.
This goes hand in hand with increasing dependence on others (Andersen et al.,
2004; Cipriani et al., 2020). As a result of these developments, the pressure
on the healthcare system is growing as well. As people are getting older, the
number of those in need of support to cope with their everyday lives increases
as well. Since 2000, the number of people in need of care has more than dou-
bled and rose to almost five million in 2021 (Statistisches Bundesamt, 2022).
Consequently, the need for nursing and caregiver staff is rising, although there
is already a shortage of skilled workers (Robert Koch-Institut, 2015; Ziegert
et al., 2023). Up to 80 percent of PwD enter a long-term care facility over the
course of their illness (Weyerer & Bickel, 2007)

The physical and social care of PwD is particularly stressful. The cogni-
tive and motor skills of those affected vary depending on the stage of the
illness and their daily form (Deutsche Gesellschaft für Psychiatrie und Psy-
chotherapie, Psychosomatik und Nervenheilkunde und Deutsche Gesellschaft
für Neurologie, 2017; Kurz et al., 2019). In the context of caring for PwD in
nursing homes, so-called psychosocial interventions aim to train the remain-
ing abilities and improve the mental well-being of the residents (Kurz et al.,
2019). Reminiscence therapy, also known as memory therapy, and music
therapy have proven to be particularly effective. In reminiscence therapy, per-
sonal memories of past times are awakened through conversations, pictures
or objects, thus activating cognitive performance. Music therapy involves
singing or making music, moving to music, or simply listening to music.
Compared to other forms of therapy, these two particularly strengthen the
emotional well-being of those affected, promote social interaction and can
alleviate behavioural symptoms. Reminiscence therapy in particular is said
to lead to a statistically significant increase in independence and communica-
tion skills. More specifically, the opportunity to build relationships, engage
in social interaction and actively participate is crucial for strengthening the
well-being and general quality of life of PwD (Beerens et al., 2018; Cacioppo
et al., 2006; Theurer et al., 2015). However, due to the dynamic and fluc-
tuating clinical picture and individual life histories, social interaction and
communication with those affected pose a major challenge for caregivers.

Over the last few decades, research and practice have already dealt with
the use of so-called Assistive Technologies (AT), which are intended to pro-
vide support for the care of PwD. AT include any devices or systems that
help maintain or improve a person’s ability to perform everyday activities
(Alzheimer’s Society, n.d.). However, the majority of AT focuses on the
impairments of PwD, using systems to ensure their safety (e.g. monitor-
ing systems for fall detection or location tracking) or to aid memory, e.g.
reminder apps for medication (Evans et al., 2015; Orpwood et al., 2010;
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Topo, 2009). It is only in recent years that there was a focus shift to person-
centred approaches with the aim of enhancing remaining abilities of PwD
(Lazar et al., 2014; Lazar et al., 2018; Morrissey et al., 2017) and supporting
caregivers within the context of psychosocial interventions (Pappadà et al.,
2021; Schall et al., 2022). According to the Eighth Age Report of the Federal
Ministry for Family Affairs, Senior Citizens, Women and Youth in Germany
(Bundesministerium für Familie, Senioren, Frauen und Jugend, 2020), digital
technologies are considered to have considerable potential to support various
levels of care and especially social care for PwD. The aim is to help them gain
a sense of self-determination and success and to take a more active role in
communication and interaction (Newell et al., 2002; Outi & Päivi, 2009). In
the context of AT, Lazar et al. (2018) emphasize the importance of making a
system as accessible and usable as possible for PwD to strengthen their sense
of competence by enabling them to use and to control it independently. Even
if it is a matter of interactions, no matter how small, the opportunity for PwD
to actively participate is the decisive factor (ebd.).

In terms of an easy and natural way of interacting with digital media,
Tangible User Interfaces (TUI) have emerged. TUI, also called “graspable”
UI (Fitzmaurice et al., 1995; Ishii & Ullmer, 1997), are user interfaces that
allow interaction with digital content through physical objects. The objects
thus function as physical representations of digital data. By connecting the
physical and the digital world, interaction with technologies should be made
easier, as interface elements become more direct and manipulable through
the use of physical artifacts (ebd.). By doing so, TUI can be used to make
concepts accessible in a practical way that would normally be beyond the
user’s capabilities, as the physical interaction reduces the cognitive load of
the interaction (Klemmer et al., 2006; Shaer & Hornecker, 2009). Due to
their advantages as well as their ability to ‘disguise’ the technology, the con-
cept of Tangible Interaction is often applied in sectors where users do not
match the stereotypical, tech-savvy profile, e.g. children or people impaired
in their cognitive or motor skills (Galiev et al., 2017; Klemmer et al., 2006;
Shaer & Hornecker, 2009; Ullmer & Ishii, 2000). In the context of dementia,
especially in psychosocial interventions, there are so far only comparatively
few approaches to using TUI (Bong et al., 2018; Zhou et al., 2022). However,
existing concepts already indicate that TUI offer a promising opportunity for
PwD to interact with digital media.

This paper aims to build on these findings and presents a TUI-based pro-
totype of a system for care work with PwD in nursing homes. The TUI is
intended to support caregivers in carrying out psychosocial interventions and
to enable PwD to actively participate and experience small successes and
positive emotions through self-determined use.

PROTOTYPE DESIGN: TUI-BASED SYSTEM FOR DEMENTIA CARE

An in-depth literature review on dementia, psychosocial interventions and
the use of technology in the context of dementia revealed a list of require-
ments that seem to be important when designing a system for memory and
music-related activities for care work and especially for PwD as active users.
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Crucial aspects were identified when conducting contextual inquiries in nurs-
ing homes while talking to caregivers and observing PwD. When mapping the
requirements found in related work against those identified within the empir-
ical context of use analysis, a broad consensus was found. The following
features and requirements are found to be of particular importance: flexibil-
ity and adaptability, robustness, a large selection of media, and the presence
of haptic components. Furthermore, a quick and location-independent use
and suitability for both, group and individual interventions, were also key
requirements on the part of the caregivers.

In addition to identifying the general requirements, the main challenge
when designing the system was to determine how it could be technically
implemented as a TUI considering the suitability for PwD. It should offer
interaction with digital content via tangible objects, without the technology
being perceptible. There is a variety of ways in which such a system can be
implemented, e.g. using image recognition or wireless sensor and communica-
tion technologies. The use of (depth) cameras and projectors which can track
the position and orientation of objects using visual markers on a mostly hori-
zontal surface is widespread (Follmer et al., 2013; Kaltenbrunner & Bencina,
2007; Ullmer & Ishii, 1997; Weiss et al., 2009; Wilson, 2007). Tracking
objects using capacitive sensors on touchable surfaces or (electro)magnetic
sensors are also possible techniques (Jansen et al., 2012; Liang et al., 2013;
Paradiso et al., 2001). The individual technical realization usually depends on
the respective task: which information of a physical object should be recorded
and what should be controlled with it. For example, the presence of objects,
their identity, their position, their exact orientation in space, their movement
(discrete/continuous), the interrelation of objects and events on the object
might be recorded (Ullmer & Ishii, 2000; Ullmer, 2002).

In order to realize a location-independent system with maximum flex-
ibility and robustness a simple and cost-effective type of interaction was
implemented using NFC Tags that can be hidden in physical objects
(Hornecker, 2004; Riekki et al., 2012; Takama et al., 2015). The tags act as
a simple trigger without the need of position-, orientation-, movement- or
relation-tracking. The result is a tangible, NFC-enabled object that serves
as an input device by tracking its presence and identity. Hence, each object
can act as a trigger for a specific digital action using its unique ID. Assigning
media to IDs enables the linked medium to be activated depending on the
respective tag. This makes it easy to monitor and control media and enables
quick and easy access. The following concept was considered: The system
continuously searches for NFC tags and lights up in blue colour. If a user
places a TO on top of the system, it checks whether the tag ID is known.
If so, the corresponding media is played, and the system lights up in white
colour. The content is presented on a display and/or via speakers, depend-
ing on whether it is audio, visual or audio-visual content. Buttons for media
control (play/pause, skip forward, skip backward) offer caregivers the pos-
sibility to control the selection and display duration of the media as well as
the flow of conversation. To stop playback completely, the TO simply has
to be removed from the system and the system switches to idle mode. Light
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and colours help to attract the attention of PwD and visually support interac-
tion (Ly et al., 2015). The possibility to link different media types to one TO
helps to flexibly respond to the different interests and needs of the residents.
By assigning certain tags to certain people, it is possible to realize individ-
ual media collections. Hence, content can be adapted to different users to
meet their individual needs and biographies. The possibility to change, add or
delete content any time addresses a primary challenge of dementia syndrome:
interests, memory, and cognitive abilities of PwD are constantly changing as
the disease progresses. This is realized using a media-platform to access the
digital content.

Even if it is advisable to test low-fidelity prototypes with the target group
early on in the design process, they are not suitable in every context and/or for
every design goal (Nielsen, 2003; Pernice, 2016). They require a high level
of imagination and abstraction on the part of the test subjects, especially
when it comes to novel products or systems. However, this ability is severely
limited in PwD. Therefore, high-fidelity prototypes are the better choice to
realistically depict interactions with the system and thus minimize the cog-
nitive load on the subjects. This process has also proven successful in prior
research (Uhlig et al., 2018). Therefore, a realistic, yet fast and cost-effective
prototype implementation was realized.

A Raspberry Pi 3 model B acts as the basic platform. A MFRC522 mod-
ule acts as the NFC reader, which communicates via SPI (Serial Peripheral
Interface) at a frequency of 13.56 MHz. Thin NFC stickers which are used
to identify the object using their individual ID were chosen for inconspicu-
ous attachment to the physical object. A Neopixel RGB LED ring WS2812B
12-bit realizes the lighting effects. Two 3W speakers connected to an audio
amplifier with a potentiometer for volume control were integrated for the
audio output. An interference suppression filter is used to reduce noise. This
in turn is connected to an external USB sound card communicating with the
Raspberry Pi via USB. TTP223 touch sensors have been integrated to con-
trol media playback. To enable visual content the system is connected to a
screen via an HDMI cable. For the prototype implementation, an external
15.6-inch display was connected. Ultimately, the system requires a power
supply. A power bank with a nominal capacity of 20.000 mAh powers both
the Raspberry Pi and the audio amplifiers.

Figure 1: Conceptual design of the system.
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During the observations in the nursing homes, it was noticeable that care-
givers used a soft tennis ball for initial activation of the residents, evokoing
positive emotions when being held. This resulted in the insight, that the TO
should not only be used for a direct interaction with the system, but also
for social interaction by passing it forth and back between the residents. To
ensure a stable position on the system this object was realized using poly-
hedrons (geometric bodies consisting of many flat surfaces). A polyhedron
that resembles the shape of a ball is a dodecahedron. As a platonic solid, a
dodecahedron is characterized by the greatest possible symmetry in the form
of polygons that are both equilateral and equiangular. In addition, all faces
are congruent and have the same angle. In total, a dodecahedron has twelve
identical faces, each of which represents an equilateral pentagon. These find-
ings in mind, the TO as well as the case for the microcontroller system were
designed and 3D printed. The design and size of the main system was cho-
sen to resemble a small radio (see Figure 1). The TO on the other hand was
chosen to be as big as an average human hand in order to provide an easy
and pleasant grip. The model of the TO was created in two halves making it
easier to print and offering the possibility to invisibly place the NFC tags on
the inner surface (see Figure 2).

Figure 2: Tangible object: NFC-enabled dodecahedron (CAD model and printed object).

The recess on the surface of the system serves as an affordance and signifier
to make clear that each side of the dodecahedron fits in the pentagonal recess
and is thus intended to facilitate interaction (Norman, 2016). Thoolen et al.
(2020) also identified a recess as an indication of placement which is ben-
eficial in terms of mental understanding and the physical ability of PwD to
interact with the system. The LEDs serve as an additional signifier by drawing
attention to the recess.

An advantage of the dodecadic shape is the option to integrate multiple
tags at once. Opposing sides of the TO should be linked to the same media
and labelled identically to avoid incorrect use of the system. This results in six
different media per dodecahedron. A reduced media variety also makes sense
regarding self-determined use by PWD as a too large variety of media might
overwhelm PwD, especially in later stages of the disease. Figure 3 shows the
final prototype of the system.
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Figure 3: Physical prototype of the interactive system.

CONCLUSION

Literature review has emphasized the importance of psychosocial interven-
tions, especially of reminiscence and music therapy, as an integral part of
dementia care in nursing homes. The contextual inquiries conducted in differ-
ent care facilities as well as the observational participation in a psychosocial
intervention showed that practice does not clearly distinct between memory-
and music-related activities. Instead, caregivers focus on the general cogni-
tive stimulation and activation of PwD. The main challenge of care work is
to individually and spontaneously react to different situations in dependence
of the respective stage of dementia. Past research shows initial approaches
on how digital technology can be used in care work. However, researchers
primarily focus on caregivers as the active user group while PwD are often
pushed into a passive role. Related work addressing the use of TUI in the
dementia context addresses this by focusing more on PwD and promoting
their active participation and self-determination. A literature analysis identi-
fied functional and design-related properties which are able to influence the
suitability of a system for music and memory-related care work as well as
self-determined use by PwD. A simple, easy-to-understand operation as well
as a large selection of media along with adaptability and flexibility (regard-
ing different interests, abilities, purposes and locations) could be revealed as
the most important criteria. Likewise, related work has shown that a nostal-
gic or familiar design, haptic elements and light can increase PwDs interest.
Based on the insights gained by the empirical research methods as well as
the literature analysis, a prototype was designed and implemented. A field
evaluation within three nursing homes showed that the concept in general
and the implemented system have great potential to both support caregivers
within psychosocial interventions as well as to promote the active participa-
tion of PwD. Nevertheless, it is to be expected that the benefit of the system
heavily depends on how much freedom caregivers give the residents for self-
determined interaction. The success of the system therefore might not only
depend on its design and functions, but rather on its adequate integration
into care work.

As the aim of person-centred care is to tailor it as closely as possible to the
interests and preferences of the residents, future research should investigate
how the usage behaviour of the system can be tracked and analysed. Artificial
intelligence could be used to analyse behavioural patterns and media data
to automatically create profiles for each resident. This could lead to lasting
relief for nursing staff and thus support and strengthen the health care system
through technology despite the shortage of skilled workers.
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