ABSTRACT

Dementia, Music and Biometric Gaming

Rising to the Dementia Challenge

HELEN R. MITCHELL

In 2012, the U.K. government launched its Dementia Challenge,
authorizing additional funding for dementia research and health

care. The search for curative medicines is ongoing, but scientific
research reveals evidence that music can play a positive role in
general health, and in dementia and Alzheimer's disease in particular.
This article considers whether some of the challenges that dementia
presents could be addressed through music therapy and proposes
that biometric gaming might offer one means of channeling such
associated health benefits to sufferers of dementia, even in the final
stages of the disease.

In 2012, the UK. prime minister announced the launch of
his governments Dementia Challenge, pledging a signifi-
cant increase in funding for dementia research [1]. This an-
nouncement came one year after a rough-cut excerpt of the
film Alive Inside [2] was posted on YouTube, which appears
to present tangible video documentation of music’s transfor-
mative power on a man suffering from advanced dementia
[3]. Henry, the subject of the film, undergoes a remarkable
change: At the start of the clip, he appears largely unrespon-
sive, but by its end, he is highly animated and communica-
tive, capable of answering questions, recalling favorite songs
and even singing remembered lyrics. Remarkably, the only
evident stimulus for Henry’s dramatic reanimation is that he
is listening to his favorite music.

The clip has become the focus of numerous online discus-
sions, some advocating the therapeutic power of music [4]
and others questioning the true catalyst for Henry’s trans-
formation. Developments in brain-imaging techniques and
associated research exploring the complex interplay among
music, memory, language, cognition, emotion, behavior
and related topics are enabling strides toward a better un-
derstanding of the brain and its responses to music [5]. The
findings of such research could be of direct relevance when
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applied practically in the fields of dementia care and music
therapy, but might there be other, less-traveled avenues to
explore?

The 2014 NeuroGaming Conference and Expo in San
Francisco offered a glimpse of the potential of gaming
within the context of health and wellness [6]. Discussions
there broached the possibility of using games as a means to
detect a person’s cognitive ability or memory. More particu-
larly, participants mentioned dementia and Alzheimer’s dis-
ease in relation to gaming, suggesting that biometric games
[7] might potentially slow the progression of these diseases
or some alleviation of their symptoms. The varied array of
gaming hardware and sensors on display added gravitas to
these conceptual plans. More generally, recent patent appli-
cations for commercial biometric gaming sensors show that
the games industry is serious in its intention to explore the
possibilities and wider applications of biometric gaming [8].

Perhaps there has never been a better time to explore the
true potential of music’s transformative power through an
interdisciplinary synthesis of scientific and medical research,
music therapy and game development. If such a synthesis
could be achieved and made accessible to the general pub-
lic in the shape of biometric games, some of which exploit
the positive benefits of music and are designed specifically
for sufferers of dementia, it might go some way toward ad-
dressing the aims of the governments Dementia Challenge.
Admittedly, biometric gaming is unlikely to result in a cure
for dementia or Alzheimer’s disease, but if it could improve
cognitive functioning and well-being or provide some relief
of symptoms (even if only temporary), then research into this
application surely deserves to be attempted.

ADDRESSING THE DEMENTIA CHALLENGE

In the United Kingdom, approximately 800,000 people suffer
from dementia [9]; in the United States, more than 5 million
people live with the disease, which accounts for one in three
deaths in the elderly population [10]. These sobering statis-
tics demonstrate the scale and prevalence of the problem.
Sufferers and caregivers face significant challenges: managing
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changing needs as the disease progresses; coping with the
costs of care and associated resources; managing difficult or
challenging behavior; avoiding social isolation; and main-
taining a decent quality of life.

Music can play a role in addressing some of these chal-
lenges. Music therapy reports, case studies and scientific re-
search provide tangible evidence of music’s positive benefits
in the context of dementia care. For example, such studies
have shown reduced levels of agitation, anxiety and depres-
sion [11]; amelioration of problematic behavior [12]; and
improved social conditioning and mood [13]. Some studies
point to improvements in cognitive functioning [14] and
specific types of memory recall [15]. Surprising additional
health benefits have also been found suggesting that music
therapy can result in enhanced parasympathetic activities
[16]; reduced congestive heart failure [17]; and improvements
in systolic blood pressure, as it has a homeostatic effect and
helps to prevent heart and brain diseases [18]. A number
of studies have suggested that music therapy can result in
increased melatonin levels in the blood [19] and increased
“natural killer” lymphocyte cells [20]. One particularly in-
teresting study even proposes that listening to music facili-
tates neurogenesis—the regeneration and repair of cerebral
nerves—by “adjusting the secretion of steroid hormones,
ultimately leading to cerebral plasticity” [21].

Clearly a full discussion of such research is beyond the
scope of this article, but there is undoubtedly enough evi-
dence to assert that music triggers profound physiological
and psychological changes and holds the potential to offer
tangible benefits for people suffering from dementia and Alz-
heimer’s disease. Our challenge is not only to research such
evidence further but also to apply the research in practical
and accessible ways for those living with the debilitating dis-
eases and to intensify music’s positive benefits in daily life.

Music therapists have considerable expertise and experi-
ence in the therapeutic application of music in dementia care;
however, many people do not have access to music therapists,
and those who do might have only infrequent or short-term
access. For this reason, it is necessary to find additional ways
to deliver music therapy’s benefits to the general population.

TECHNOLOGICAL DEVELOPMENTS

The popularity and proliferation of digital technologies and
computer/video games indicates one route through which
these benefits could be channeled. Although the develop-
ment of enabling technologies to support those with disabili-
ties and progressive medical conditions is not new, interest
in health-related gaming is growing.

Recent developments include the Forest Project [22] (a
virtual reality video game) and NeuroRacer (a driving sim-
ulation game). The Forest Project gives late-stage demen-
tia sufferers interactive control of a naturalistic environ-
ment through simple movements and actions. By contrast,
NeuroRacer is designed for healthy people between the ages
of 60 and 79 and aims to improve memory, focus and atten-
tion [23]. Game developments such as these are not isolated;
Simon McCallum and Costas Boletsiss recent literature re-
view of dementia-related games speaks of “a proliferation of
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cognitive training, exercise and social games” targeted to-
ward dementia, but they suggest that the dementia-related
gaming field is still “uncharted” [24]. Their latter statement
is even more applicable to music-based dementia gaming, a
field in which few explorations have been made.

Currently, one of the few video games designed to exploit
the health benefits of music or music therapy is MINWii,
a simple music therapy tool developed for Alzheimer’s and
dementia sufferers. It allows users to play predefined songs
and to improvise on a virtual keyboard, and its objective
is to reduce behavioral symptoms that can lead to institu-
tionalization. The developers claim that the game improves
self-image, encouraging “renarcissization” [25]. Although in-
teresting, the range of benefits offered by the game is limited
in scope when compared to those detailed in the scientific lit-
erature on music therapy in general. Furthermore, the game
also requires a certain amount of control and so might not
be suitable for late-stage sufferers—yet the potential for other
therapeutic biometric game applications increases exponen-
tially for such patients, whose movements are uncontrolled,
concentration is limited and normal interactions are difficult.

BIOMETRIC GAMING

In the context of dementia-related games, a synthesis of mu-
sic therapy and biometric gaming has yet to be attempted.
If appropriately developed, however, such a synthesis might
offer the possibility of interaction, emotional expression or
communication without the necessity of physical movement,
speech, physical game controllers, technological know-how,
prior gaming experience or the ability to learn and remember
new skills. In cases of advanced dementia, simple wearable
devices might be used to provide some indication of stress,
engagement, mood or emotional state, and caregivers could
use such biometric data to offer customized music therapy
treatments, improving well-being, quality of life and ulti-
mately health. Wearable haptic [26] technologies might fur-
ther enhance such treatments by providing tactile feedback
based on the biometric data that the gaming system receives.

To realize such goals, developers and other researchers
might explore a number of possible directions, ranging from
passive approaches that require minimal active, conscious
or creative user input to highly interactive systems requir-
ing significant levels of physical interaction, active control
and creativity.

Passive Systems

For people with advanced dementia, biometric gaming apps
could be linked to streaming music services or large pre-
loaded sound or music banks, possibly organized by genre
or sound classification. Devices such as smart watches or
headphones with integrated sensors could capture biomet-
ric data and send it wirelessly to gaming apps, which could
then use the data to control evolving and adaptive playlists
that are designed to prolong positive reactions while mini-
mizing negative responses. Over time, the app would create
an increasingly personalized profile to govern the playback
probabilities of audio assets. Ideally, music therapists, and/or
family members would first input audio preferences or other



relevant data to inform the first playlist selections—but this
would not be an absolute requirement for an adaptive system,
since it could customize initial randomized playlists on the
basis of biometric data alone.

Developers might extend such an approach to incorporate
the use of visual stimuli, ranging from familiar and person-
ally significant images to more general ones or to generated
media, both ideally linked to corresponding audio assets.
They could incorporate eye-tracking technology as a supple-
mentary indicator of preference, perhaps through the addi-
tion of smart glasses [27].

Active Systems

Developers could create active systems for less-impaired us-
ers. For example, music therapy sessions often place great em-
phasis on improvisation and the creation of music or sound
through interaction with the patient or client. Active gaming
systems could allow similar opportunities for audio creation
within responsive and interactive gaming environments.
Developers could create gaming systems for supplementary
use by music therapists in therapy sessions; alternatively,
stand-alone applications might capture some of the ben-
efits of music therapy without the presence of a therapist.

In either scenario, the application might use biometric
data to inform the therapist or the game engine of the play-
er’s physiological response to stimuli. Negative physiologi-
cal responses might then be countered through appropriate
therapeutic changes in the musical stimuli or game environ-
ment. Similarly, positive physiological responses could be
reinforced. The application or therapist could also interpret
biometric data as an indicator of audio preference or even
map data to specific audio parameters such as pitch, volume,
tempo, timbre, texture, harmony and so on, allowing physi-
ological changes to shape musical outcomes within a game
environment based on music therapy principles.

Additional inputs, such as motion sensors, built-in micro-
phones or standard game controllers, could provide more
opportunities for active and conscious interaction or im-
provisation, particularly if they are reinforced by the game’s
visual environment through audiovisual mapping. For ex-
ample, an application could link pitch tracking to position
coordinates, or speed of motion to tempo. Such approaches
would allow the reciprocal manipulation of sound and image
and generate a continuous feedback loop in which changing
audiovisual stimuli could generate new biometric data, trig-
gering further audiovisual changes in the game environment
and generating new stimuli in turn.

In active systems that combine various types of sensors,
the influence of particular sensors’ inputs might be weighted

hierarchically according to the patient’s level of impairment.
For example, the therapist or application could give greater
precedence to biometric data to accommodate significant
levels of mental or physical impairment.

THE BIOMETRIC DATA CHALLENGE

Despite the potential of such systems, the numerous chal-
lenges of interpreting and implementing biometric data
within game play cannot be overstated [28]. How, for ex-
ample, would an industry geared toward entertainment gain
sufficient understanding of the complexities of physiological
and psychophysiological responses to create systems that ac-
curately interpret biometric data and implement meaningful
changes via appropriate real-time feedback and interaction?
Challenges such as these are further compounded by the fact
that scientific studies examining physiological and psycho-
physiological responses to various stimuli can yield contra-
dictory results. Nor are test subject responses universal—one
shoe does not fit all. When developers seek to create bio-
metric games for those with specific health conditions or
diseases, such challenges are amplified still further: Ethical
considerations take on new significance, and research, design
and development must be adapted to the needs of those with
physical or psychological impairments.

Nevertheless, if such developments were successful, bio-
metric sensors and data might offer tangible and measurable
ways to detect an individual’s response to aural and visual
stimuli in the absence of other indicators, and these systems
could provide caregivers and therapists with custom interac-
tive treatments through the use of music and images—even
in the final stages of disease. Such targeted treatments, or
“gaming entertainments,” could also offer transferable health
benefits to the general population, piggy-backing on the de-
velopment of biometric technologies designed for commer-
cial gaming applications.

CONCLUSION

We conclude where we began: with the remarkable transfor-
mation of Henry, a man brought vividly to life through his
love of music, momentarily freed in mind and enlivened in
body. Imagine if we could extend such experiences by add-
ing unobtrusive biometric devices that measure responses
to inform playlist preferences or by delivering customized,
“on-tap” music therapy treatments in response to changing
needs. Achieving these goals depends upon our political will,
research funding and interdisciplinary collaboration, and
some of these necessary pieces are now falling into place.
The challenges are significant for those at the coal face of
such developments, but so, too, are the potential rewards.
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