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Figure 1: Adjusting the ready position of crossminton players by actuating the calf muscle to modify their feet posture using

electrical muscle stimulation.

ABSTRACT

Racket sports offer an enjoyable form of physical activity and are
fertile ground for interactive technologies supporting new players.
Yet, current research has neglected its potential to support not only
active players but also coaches in their training methods. To inves-
tigate how interactive technologies can support skill acquisition
in training, we designed an Electrical Muscle Stimulation (EMS)
system that helps maintain the ready position in crossminton. We
compared the system with a vibrotactile solution in a user study,
interviewing novice players and experienced coaches about their
perception of the system. The system allowed coaches to effectively
and immediately guide players to the ready position. An EMS-based
feedback system for coaches can potentially reduce delay (phys-
ical and cognitive) for trainees, as stated by coaches. Our work
contributes insights into designing systems that facilitate learning
sports techniques using interactive feedback.

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).

TEI °22, February 13-16, 2022, Daejeon, Republic of Korea

© 2022 Copyright held by the owner/author(s).

ACM ISBN 978-1-4503-9147-4/22/02.

https://doi.org/10.1145/3490149.3505578

CCS CONCEPTS

+ Human-centered computing — Haptic devices.

KEYWORDS
sport, electrical muscle stimulation, vibrotactile, feedback

ACM Reference Format:

Sarah Faltaous, Anna Hubert, Jakob Karolus, Steeven Villa, Thomas Kosch,
and Pawel W. Wozniak. 2022. EMStriker: Potentials of Enhancing the Train-
ing Process of Racket-based Sports via Electrical Muscle Stimulation. In
Sixteenth International Conference on Tangible, Embedded, and Embodied
Interaction (TEI °22), February 13-16, 2022, Daejeon, Republic of Korea. ACM,
New York, NY, USA, 6 pages. https://doi.org/10.1145/3490149.3505578

1 INTRODUCTION AND BACKGROUND

Wearable technology increasingly permeates the sports landscape.
New sensors are made available every day and athletes see their
sport as an increasingly quantified activity. In racket sports, perfor-
mance sensors such as the Zepp Tennis 2! became commonplace,
where a vital function is the collection of performance data to
improve and augment the athlete’s performance post hoc. In this
work, we research an alternative design idea and explore how tech-
nologies can actively augment performance during sports training,
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allowing coaches to provide real-time guidance and thus leading to
developing better techniques. In particular, we investigate design
qualities of EMS-based feedback systems and their potential in exist-
ing training philosophies using crossminton? as a use case scenario.
Racket sports are of particular interest for feedback systems as they
rely on extensive coaching, continuous technique development and
complex measures [8].

Practicing sports proficiently can be interpreted as a skilled mo-
tor performance that depends on cognitive and motor skills [1].
These skills are usually developed through technique training, most
commonly with the participation of a coach who provides verbal
guidance [1]. However, when a given sport requires fast or com-
plex movement, verbal feedback may not be efficient enough. Past
inquiries investigated how interactive technology can foster tech-
nique development in sport. GymSoles [3] showed that interactive
feedback could aid users in the complex techniques deadlifts. Sub-
tletee [26] investigate how the rapid movement of a golf swing
could be augmented with interactive feedback. While these systems
showed that feedback can potentially help users develop sports
techniques, they only featured guidance in diverse forms and did
not act directly on the user to guide them into correct body po-
sitions. Consequently, there is a need to investigate how sports
technologies can provide active guidance in developing techniques.

Electrical Muscle Stimulation (EMS) is a novel feedback modal-
ity that offers proactive feedback to their users. EMS uses external
electrical impulses to activate muscles. The externally induced im-
pulses imitate the impulses which the brain sends through the
nervous system to intramuscular nerve branches. This causes mus-
cle traction resulting in body movements [22, 24]. Researchers and
practitioners have initially applied EMS in the medical field, pri-
marily for rehabilitation [6, 11]. In the last decade, research in HCI
(Human-Computer Interaction) began to explore the potential of
EMS. EMS has been employed for controlling human actions, such
as guiding the walking direction [19], increasing reaction time [9],
or communicating take-over requests [5]. Furthermore, researchers
investigated how EMS could influence human perception by provid-
ing haptic feedback. This was studied in the context of interacting
with public displays [20], manipulating food textures [16], or com-
municating physical impact in VR [14]. Here, research showed that
EMS is a feedback modality with further potential which needs to
be explored further.

EMS also offers potential in enhancing in sports and training,
where it has been used since the 1960s when the Russian Olympic
team trained using EMS [25]. HCI researchers explored the use of
EMS in adjusting the foot angle before landing while running [7]
or correcting the putting technique in golf [4]. While the previous
work focused mainly on the potentials of EMS technology, there was
less focus on establishing the user requirements for EMS technology
to be integrated into amateur sports, both for players as well as
coaches. In this work, we investigate how players perceive EMS
and if they would be willing to make it part of their sport practice.
Moreover, past exploration of the use of EMS in sports HCI was
primarily targeted at developing a corrective device. In contrast,
this work explores the potential role of EMS in developing sports
mastery and enhancing existing coaching process.

2 A racket sport that combines elements of tennis and badminton.
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This work investigates the user requirements and opportunities
for augmented coaching using EMS in crossminton. To that end,
we provide the concept for an EMS-based feedback system (cf.,
Figure 1) that supports players in maintaining the ready position
while playing crossminton. We first contribute a (1) user study,
where we compared the effectiveness of EMS feedback at varying
intensities to vibrotactile feedback. We subsequently conducted (2)
contextual interviews with crossminton players and coaches. Based
on the gathered data, we present (3) insights on the integration of
EMS into crossminton practices that help users to develop motor
skills using EMS.

2 AN EMS-BASED CROSSMINTON ASSISTIVE
SYSTEM

We consider using EMS-based feedback as an assisting modality
while playing sports. We focus on crossminton, because it is a
sports discipline with a particular focus on training a correct ready
position. This ability is key for quick preparation for the opponent’s
next actions. Informed by related work, we envision EMS as a
training tool that subtly actuates the trainee to adjust their ready
position, resulting in maintaining correct positions even when
no EMS stimulation is present [10]. We describe a user-centric
evaluation of the feasibility of using wearable EMS-based feedback
in crossminton sports.

2.1 Study with Beginner Players

Vibrotactile stimulation was previously applied in sport as it is
inexpensive and easy to implement, e.g. [26]. We propose an EMS-
based system to support racket sports practitioners in a context
in which the use of vibrotactile feedback can be a plausible design
alternative. Thus, in our work, we contrast vibrotactile feedback
with EMS. By doing so, we (1) evaluate the feasibility of EMS-based
systems on racket sports training and (2) contrast the techniques
and their advantages/disadvantages in a racket sports context.

2.1.1 Participants and Procedure. Electrical muscle stimulation
induces external electric impulses in the muscles to generate a
contraction in the muscle, consequently leading to a movement of
the body part linked to that muscle (e.g., a calf muscle contraction
affecting the foot movement). In the sports context, the muscles
of the practitioners are constantly varying the electric charge (i.e,
received from the brain) to move from one position to another,
making this a relevant factor in our application. Consequently,
our study design considers this variable. We conducted a within-
subjects study with two factors: (1) Feedback modality, consisting
of two levels (EMS, vibrotactile) and (2) calf tension, consisting of
four levels (Free, Low, Medium, High).

Tension levels were controlled by changing the participants’
position; for Free participants seated in a table, in this way their
feet were hanging freely without touching the ground, in Low,
participants seated in a chair, allowing them to rest their feet on
the floor, for Medium level participants were required to stand
straight, and, for High participants were instructed to stand in the
ready position. Participants experienced all tension levels using
one feedback modality and then switched to the remaining one.
Feedback modality and calf tension factors were randomized to
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