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A BSTRACT
In this paper we introduce the project EXGAVINE, which is an interdisciplinary collaborative project with the goal to develop and
evaluate Exergames in virtual environments (VEs) for the treatment of neurological diseases such as Dementia or Parkinson. The
project addresses problems and limitations of existing approaches
and focuses on innovative and novel concepts of virtual reality (VR)
therapy. The idea is to provide VR-based games which require motor, mental and cognitive efforts following the dual-task-paradigm
through complex motor-cognitive tasks.
1

BACKGROUND

While the life expectancy of elderly people in the world population
continues to grow, unfortunately, the number of patients that are diagnosed with a neurological disease such as Dementia or Morbus
Parkinson increases as well [4]. While the primary aging process
can only be influenced to a certain extent, secondary aging processes can be reduced through adapted life style, exercise, and well
targeted prevention and rehabilitation [5] [11]. Some rehabilitation as well as several fitness facilities adapt to this demographic
change, and provide novel forms of therapy. However, the broader
use of these offers is currently not widely spread in the population,
in particular, for elderly patients with (stronger) neurological diseases such solutions are often in appropriate and miss also mental,
cognitive or motivational aspects in the training and therapy.
Immersive technology such as virtual reality (VR) provides interesting applications scenarios in this domain, in particular, for
gamified solutions. However, existing VR exergames are often
limited to easy training, simple therapy and rehabilitation []. The
treatment of neurological diseases, which often show cognitive and
mental impairments in combination with physiological limitations,
are not regarded in these games and thus offer an important and
innovative field of research for enhanced health-care. Such novels
types of therapy do not require constant contact between health professionals, doctors and patients, but instead allow for precise medical diagnostics and increased therapeutic efficiency in the field.
Furthermore, multiple patients could potential collaborate in such
VR exergames approaches to further raise their motivation and flow
state, which in turn improves their engagement and thus the effectiveness of the exercise. However, consumer-based solutions are
often inappropriate for medical use. For instance, tracking with current consumer hardware is insufficient when it is used for analysis
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and control of precision movement tasks. Especially in the context
of neurological and motor diseases, the conjunction of micro and
macro gestures requires more sophisticated solutions.
In this paper we introduce the project EXGAVINE, which is an
interdisciplinary collaborative project with the goal to develop and
evaluate VR-based exergames in virtual environments (VEs) for
the treatment of neurological diseases such as Dementia or Morbus
Parkinson. The paper is structured as follows. Section 2 describes
the overall approach of the EXGAVINE project and explains its
core components. Section 3 brielfy resumes potential games, which
will be developed in the scope of the project.
Computer assisted methods of therapy offer great potential and are
already applied in a variety of diverse contexts [6]. These serious
games can prove to be an important asset when helping people of all
ages improve their lifestyle and health habits [8]. Using immersive
VR-technology, e.g. head-mounted-displays (HMDs), we allow patients to experience computer-generated environments with one or
more senses. Such virtual environments (VEs) became increasingly
more important in the past and show great potential for innovative
entertainment and training applications as well as for therapy and
communication [7]. Immersive VEs also simplify the process of
developing a sense of presence [10]. Mel Slater defines it as a place
and plausibility illusion [1], which combined with the co-presence
[2] allows multiple users to have a collective realistic virtual experience without being exposed to any greater real life risks e.g. when
treating akro- or arachnophobia [9].
2

T HE EXGAVINE P ROJECT

In an interdisciplinary consortium combining expertise in humancomputer interaction, tracking in medical context, game design and
software development as well as wearables, together with domain
experts and clinical partners we create innovative therapy methods
using immersive VR technology. Following a user-centered design
approach we will conduct multiple studies and focus-group interviews with each iteration of generated prototypes.
2.1

Tracking and Sensor Technologies

Some patients with neurological diseases have significant limitations in their ability to move. Hence, it is important to track larger,
but also very small motions, so called micro-motions. To improve
tracking of micro- and macro-motions innovative wearables will be
developed in the scope of this project, which are designed for usage
in a nursing home environment. Therefore, we will make use of inertial measurement units (IMUs) and vibrotactile feedback, which
can also provide feedback about incorrect motions of the patients.
During the project, we will evaluate our sensors in a state of the art
living lab to ensure safe applicability for the patients before using
the technology in the clinical context. To summarize, our projects
advances the field of VR exergames by combining the following
contributions:

Figure 1: Elderly people in the nursing home we work with are playing video games regularly every week. These people will benefit directly from
the serious games developed in our project.

• Efficient multi-user tracking and analysis of fellow players
and spectators in a therapeutic play session,
• sensor fusion from different sources to evaluate combinations
that result in the most stable and informative data sets for further analysis by clinicians,
• camera-based solutions working in synergy with wearables to
improve data confidence, and
• design that feels homely and fits in a nursing home’s common
space without deteriorating the atmosphere.
2.2 Gamification
The EXGAVINE project will primarily create games for the three
games genres (i) targeting, (ii) racing and (iii) puzzle. All three
types will require motor-cognitive performance by the patients, but
each game has a different main focus:

3. The puzzle game will focus on navigational tasks with known
landmarks to train brain areas (hippocampus) that suffer from
Alzheimers.
Based on the users performance, behaviour and cognitive abilities, individualized scaffolding methods will be applied to create
personal difficulty curves for improved training and game flow. We
create a coherent overall concept of the gaming system via analysis criteria of the Octalysis Gamification Framework [3]. This system is based on a bidirectional controlling scheme, where players
not only control the game, but the game also continuously adjusts
according to the users current abilities, source of motivation and
training requirements.
3

H UMAN - CENTERED D ESIGN P ROCESS

1. In the targeting game, the focus is on hand-eye coordination
when the users target at the goal; those aspects are particularly
important in stroke rehabilitation.

The EXGAVINE project will follow a human-centered design process. The major aspect of this process is to start with the patients
in order to develop new solutions that are tailor made to suit their
needs. The human-centered design consists of four phases:

2. Racing games will motivate patients to improve gait and walking performance, which has potential to reduce the falling
hazard.

1. Analyses: First, it is important to build a deep empathy with
the patients and analyze the patients requirements, their activities, the clinical context and the appropriate technology.
2. Design: Based on the analyses, novel ideas are designed in
this phase in a participative design approach in which patients
are included in the discussion.
3. Implementation: Promising ideas from the design phase are
implemented in an iterative way as prototypes with increasing
fidelity.
4. Evaluation: To ensure continued use of our games during
and after the project, we conduct empirical studies of our incremental prototypes throughout development.

Figure 2: First contact with a VR headset for elderly people in a nursing home. In the context of EXGAVINE their feedback will be invaluable for creating new methods of interaction.

The entire human-centered design process will be based on several iterations in which the results from each phase will be fed into
the next phase. The results from the evaluation will be used to
re-analyze the requirements. Currently, we started with the first iteration and entered the analyses session (see Figure 2).
Furthermore, we also account for legal, social, cultural and other
difficulties such as user-preference or additional technical options
that may increase overall usability. This increases satisfaction and
compliance for users and their support networks.

R EFERENCES
[1] F. Biocca, C. Harms, and J. Gregg. The networked minds
measure of social presence: Pilot test of the factor structure
and concurrent validity. 4th annual International Workshop
on Presence, Philadelphia, 01 2001.
[2] F. Biocca, C. Harms, and J. Gregg. The networked minds
measure of social presence: Pilot test of the factor structure
and concurrent validity. 4th annual International Workshop
on Presence, Philadelphia, 01 2001.
[3] Y. Chou. Actionable Gamification: Beyond Points, Badges,
and Leaderboards. Createspace Independent Publishing Platform, 2015.
[4] J. E. Birren and B. A. Birren. The concepts, models, and
history of the psychology of aging. 12 1990.
[5] S. Eriksson, Y. Gustafson, and L. Lundin-Olsson. Risk factors for falls in people with and without a diagnose of dementia living in residential care facilities: A prospective study.
Archives of gerontology and geriatrics, 46:293–306, 05 2008.
[6] P. Gamito, J. Oliveira, N. Santos, J. Pacheco, D. Morais,
T. Saraiva, F. Soares, C. S. Mayor, and A. F. Barata. Virtual exercises to promote cognitive recovery in stroke patients:
the comparison between head mounted displays versus screen

exposure methods. International Journal on Disability and
Human Development, 13, 2014.
[7] A. Garcia-Palacios, H. G. Hoffman, A. Carlin, T. Furness, and
C. Botella. Virtual reality in the treatment of spider phobia: A
controlled study. Behaviour research and therapy, 40:983–93,
10 2002.
[8] G. Osorio, D. C. Moffat, and J. Sykes. Exergaming, exercise,
and gaming: Sharing motivations. Games for health journal,
1 3:205–10, 2012.
[9] B. Rothbaum, L. Hodges, R. Kooper, D. Opdyke, J. Williford,
and M. North. Effectiveness of computer-generated (virtual
reality) graded exposure in the treatment of acrophobia. The
American journal of psychiatry, 152:626–8, 05 1995.
[10] M. Slater, M. Usoh, and A. Steed. Depth of presence in
virtual environments. Presence: Teleoper. Virtual Environ.,
3(2):130–144, Jan. 1994.
[11] L. Tay, W. Shiong Lim, M. Chan, N. Ali, and M. Sian Chong.
A combined cognitive stimulation and physical exercise programme (mindvital) in early dementia: Differential effects on
single- and dual-task gait performance. Gerontology, 62, 02
2016.

