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ABSTRACT

Neurofeedback systems have been increasingly utilized in recent
years for the treatment of ADHD. However, the disease-specific
characteristics and the training motivation are only taken into
account to a limited extent, especially for the therapy of children.
Inspired by previous research in projector-based AR, we propose
a new AR-based multiplayer game with BCI and haptic feedback
for the therapy of children with ADHD. We evaluated our
approach in an explorative user study with seven domain experts
with different backgrounds related to the topic. The results show
a harmonious combination of different technologies and that the
multiplayer approach and the haptic aspects of the game are
suitable and motivating to complement existing therapy methods.
The results create an essential basis for further development of
patient-oriented neurofeedback systems in ADHD therapy.
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1 Introduction

ADHD (Attention deficit hyperactivity disorder) is a mental
disorder that is present at any age. It affects 5% of children and
adolescents worldwide and is the most common psychiatric
disorder among children between 8 and 14 years of age [15], the
target group addressed in this work. Especially children often
have problems with learning and social life due to the symptoms.
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ADHD often is expressed by a low attention span, impulsivity and,
in case of additional hyperactivity, by physical restlessness [27].
Patients show a low frustration tolerance, low self-esteem and
varying frequently in mood. There are also strengths in addition
to the deficits that result from ADHD, such as hyperfocus, in
which the affected persons fall into a steady flow state, allowing
them to work exceptionally focused [18]. Patients are often
hypersensitive, in need of harmony, show a high degree of
empathy and a clear sense of justice. Understanding weaknesses
and strengths is necessary to develop a training adapted to these
characteristics that allow the user to train in a focused way and at
the same time promotes fun without creating frustration points.
This changes the focus from weaknesses to strengths [18].

In clinical therapy, Brain-Computer-Interface (BCI) Training is
used as a drug-free therapy for children with ADHD. Electrodes
are attached to the child's head by a cap. By measuring the activity
in the brain regions and providing corresponding feedback on a
screen, a feedback loop is created that enables to learn how to
focus over a more extended period of time. The training is usually
done once a week in up to 60 sessions within 30-60 minutes [13]
in a clinic under supervision. In most BCI trainings, the child sits
still and uses them in a single user mode. This offers optimization
of functional cognitive training [12] but is limitedly adapted to the
needs of children with ADHD.

Our goal is to develop an approach that playfully integrates
movement and haptics into BCI training, addresses social skills
and creates a calm atmosphere to promote focus. In the long-term,
this may promote motivation in training and thus its
effectiveness. As a starting point, we have developed a game
prototype for a god mode simulation based on the AR Sandbox
[28]. The landscape projected on the sand can be changed by
changing the height of the sand. Sand is a medium that most
people know from their childhood, offers room for creativity and
enjoyment and little fear of contact. We have combined the
interaction with the AR-Sandbox with two BCI headsets and an
eye-tracking device so that it can be played collaboratively (Figure
1) with therapists or other children.
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Figure 1: Sandbox with BCI in a game situation
We focused on the following research questions:

¢ (Q1): How does the game affect users and how is one's
contribution to game success perceived?

¢ (Q2): How do the BCI control, the eye-tracking and the
haptic component of sand work individually and together?

¢ (Q3): How is the multiplayer mode perceived in a complex
technical context with haptic elements and how does the
role distribution affect the players?

e (Q4): Is a multiplayer game with eye-tracking, BCI and haptic
elements suitable for use and motivation and integrable into
therapy for children with ADHD?

The contributions of this work are a prototypical development
and systematic evaluation of a multiplayer model with haptic
components within a neurofeedback game in the field of ADHD
therapy. The results of an explorative qualitative expert study
support the potential motivational effect for children with ADHD
and the suitability for use in therapy. Based on this, we show
possibilities of how the approach may be used in current therapy.

In the following, we first describe current research and the
basics of the development of the prototype. Second, we show the
concept and technical implementation. Third, the evaluation and
results are presented and critically discussed, in particular,
concerning the necessary steps for integration into a clinically
applicable therapy system.

2 Related Work

The use of digital games supports the concentration of children
with ADHD [4]. Digital games help to train focus control, as an
EEG comparison in a study on the influence of BCI video games
on children with ADHD shows [2]. They support the motivation
for training [23]. These games are classified as Serious Games,
which pursue a goal outside the game [7], such as therapy [21] or
education [6].

Various ADHD training games are commercially distributed.
Aligned with the game aspect of the training is ,Focus Pocus‘ [21].
The measured EEG waves are used to influence a game on the
computer. With a similar approach, the game ,Harvest Challenge’
was used to show the increased brain wave activity [2]. ,Plan-It
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Commander‘ includes the training of everyday skills, like time
management or organizational skills [4].

In the Social Cognitive Theory [1], one's behavior is developed
by observing others. We suggest considering this approach for
concept development. Research results show that multiplayer
games are suitable approaches to integrate social learning [29].
Both collaborative and competitive multiplayer scenarios are
motivational and performance-enhancing compared to single-
player scenarios [3]. The combination with a tutor model, in
which an experienced person explains things to a less experienced
person also supports the use of a multiplayer. Often negative
reinforcement is used in BCI games. Positive reinforcement as a
behavior enhancing element promotes intrinsic motivation and is
better suited to help players regulate brain activity [24]. This
effect shall also be used in this work.

The AR Sandbox [28] has been used in various scenarios. It is
a suitable tool for supporting learning at school due to its haptics
and physical demonstration [26]. Also, the transfer of the sand
surface into a digital game world on the screen [5] or in VR [10]
and a biofeedback controlled application to support meditation
[25] was developed. Haptic interaction demonstrated to be
particularly supportive and creates a direct feedback loop [14].

In therapy, EEG headsets with high measurement accuracy are
used (e.g. Nielsen). Despite optimized application, fit and fixation
have to be aligned on the head. Technically reduced headsets (e.g.
NeuroSky) with higher usability are available for games in
combination with computer or mobile devices. Their intensity of
alpha and beta frequency of brain waves characterizes focus and
relaxation [11], the basis for deriving the player's focus.

Haptic feedback is used for learning BCI control using a
vibrotactile transducer [17]. Dhillon et al. [9] propose the
combination of EEG signals and eye-tracking as a method of
interaction. However, this could lead to visual fatigue. Therefore,
the use of haptics can be a complementary component.

3 Prototype

Initially, we analyzed restrictions and requirements based on
literature and interviews with experts. The mentioned strengths
of children with ADHD like emotional sensitivity and empathy
should be addressed by a collaborative multiplayer mode. There
should be as few frustration points as possible. Interactions, goals
and tasks should be constructive to prevent termination, maintain
motivation and allow flow. Haptic interactions and movement
should be enabled, but a calm training situation should be created
to allow focus. Usability and flexibility should be kept as high as
possible despite high technical use.

3.1 Game Concept

The concept development is based on designing a game that is fun
for the target group instead of extending existing training with
game elements or mechanisms. The goal of such an approach is to
create an enjoyable activity on its own [8]. The conceptual
decisions were made taking into account the symptoms of ADHD















