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Chapter 15

Muscle Activation during
Exergame Playing

Pooya Soltani
University of Porto, Portugal

Joao Paulo Vilas-Boas
University of Porto, Portugal

ABSTRACT

Exergames may provide low-cost solutions for playing, training and rehabilitation. Exergame user
research, studies the interaction between an exergame and users, in order to provide feedback for game
developers and safe and meaningful game play. Detailed evaluations and a coding system based on
muscle activation levels are necessary to characterize. This is important when it comes to use exergames
in purposes other than fun. The purpose of this chapter was to characterize the muscle activation during
a swimming exergame and to compare the level of activation during different conditions. Healthy sub-
Jjects played bouts of exergame using Xbox360 and Kinect. Muscle activation was monitored for desired
muscles on dominant upper limb using wireless electromyography system. An investigation of muscular
coordination was also conducted to provide activation sequences of studied muscles. Preliminary results
showed that upper trapezius was the most active muscle in all techniques. Results can provide insights
for practitioners to have a baseline on application of exergames in their routines.

INTRODUCTION

Since the beginning of the 21st century, video-
games have become one of the main sources of
entertainment for a wide range of individuals.
Statistics show that fifty nine percent of Americans
were playing video gamesin 2014 (Entertainment
Software Association [ESA],2014). By that time,
fifty one percent of American households were
playing computer or video games on different

DOI: 10.4018/978-1-4666-9522-1.ch015

platforms such as computers, videogame consoles
(Microsoft Xbox 360, Sony PlayStation, and Nin-
tendo), handheld consoles (Sony PSP, Nintendo
DS), iPods, and mobile telephones.

On the other hand, a growing body of research
have shown negative effects associated with
playing video games (Ferguson, 2007; Gentile,
Lynch, Linder, & Walsh 2004). Indeed, in the
recent years, research has linked excessive screen
time to a variety of health and social problems

Copyright © 2016, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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(Brown & Witherspoon, 2002). According to
Martinez-Gonzalez, Martinez, Hu, Gibney, &
Kearny (1999), there are inverse associations
between leisure-time physical activity and BMI
which works independently from the amount of
time spent sitting down affecting BMI directly.

Other authors associated the time children
spend watching television, playing electronic
games, and using computers, with an increased
risk of obesity (Janz et al., 2002; Puska, 2009;
Salmon, campbell, & Crawford, 2006). However,
new studies are showing that screen time is not
the only factor responsible for obesity (Jackson,
von Eye, Fitzgerald, Witt, & Zhao, 2011).

Over the past decade, the gaming market has
been facing rapid changes and video games have
attracted new audiences, such as women and the
elderly. A recentdevelopmentin video game indus-
try hasled to designinteractive video games, often
tagged as exergames. These games incorporate
some degrees of physical activity during the game
play and players have to use body movements to
progressinthe games (Peng, Lin, & Crouse, 2011).
Such platforms offer motion-sensitive controllers
(accelerometers, gyroscopes, cameras, exercise
equipment, pads and mats, and pressure sensors)
taking the human computer interaction to another
level. These games are usually controlled using
large body movements alleged to make the player
exert or develop motor abilities during game play.
Popular exergame platforms include Microsoft
Xbox 360 and Kinect, Nintendo Wii, Sony Play-
station Move, Cateye fitness, and Xavix. These
platforms use gaming technology and mechanics
to support various forms of physical activity.

Previous instruments to measure the impact
of video games were questionnaires, observa-
tions, and video analysis while newer methods
of performance analysis may use log files and
biophysical tools. The main differences of meth-
ods lie in subjective versus technology driven
aspects of evaluation (Mishler, Lo Bue-Estes,
Patrick, & Tobin, 2014). Some methods might be
very objective when it comes to applying them in

other contexts (e.g. using log files in an exergame
designed for healthy people while it is going to
be used for stroke patients). In order to adapt
traditional evaluation to exergames, technology-
driven methods are required.

Today, measuring emotional levels of players
is done using different methods. Many tools and
methodologies have been proposed to understand
user experience playing digital games (Chanel,
Kivikangas, & Ravaja, 2012). Psychophysiologi-
cal responses (e.g. electrocardiography (ECG),
electrodermal activity (EDA), and electromy-
ography (EMG) along with psychological ques-
tionnaires) are used more and more to measure
user experience. By using psychophysiological
analysis, researchers are able to analyze the game
experience with greater detail (Nacke, Lindley, &
Stellmach, 2008).

EMG measures the electrical signal associated
with the neural activation of the muscle; it is an
experimental technique which provides informa-
tion in real time about what is physiologically
occurring with respect to nerves and muscles. It
offers an objective assessment of when amuscleis
active or not and reflects the electrical activity in
the muscle fibers of activated motor units (MU).

EMG also provides information on the se-
quencing, or timing, of the activity of several
muscles which enables the researcher to focus on
skill related parameters. It also allows studying
the changes in muscular activity during training
and learning processes. However, we should keep
in mind that EMG can not totally reveal what a
muscle is doing, particularly in multi-segment
movements.

EMG measurements have not been widely
exploredin order to provide constructive feedback
during developing an exergame. The main con-
cern is how these games should be designed to be
entertaining and physically suitable and safe for
players. Due to the novelty of the field, different
playing population, and lack of research in this
field, such methods should be employed as part
of the design process.
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Looking at a great number of applications of
surface EMG in video games, this chapter intends
to provide basic description and some applications
of EMG in exergame research. It also includes the
description about equipment and methods used
and the processing of EMG data.

BACKGROUND
Physiological Aspect of Contraction

The human motor system is responsible for vari-
ety of tasks. Contraction of muscle fibers starts
with a neuromuscular synaptic transmission. The
central nervous system (CNS) controls the muscle
activation by sending/receiving signals called
action potentials while causes calcium to enter
muscle fibers. This electrical signal is usually
proportional to the degree of muscle activation
(Hunter, Ryan, Ortega, & Enoka, 2002). It spreads
over the surface of muscle fiber and causes series
of steps to occur including:

1.  Achemicalisreleased from the end of nerve
fiber causing a fast change in the voltage of
muscle.

2. The electrical signal travels on the surface
and along the muscle fibers.

3. Calcium ions are released into the intracel-
lular fluid of muscle fiber following the
stimulation of electrical signals.

4.  Thecalciumions expose active sites of actin
myofilaments to myosin filaments and cause
them to attach.

5. Following these attachments, myosin fila-
ments pull the actin which is a response to
electrical signal. This means that the muscle
is contracting.

Each individual muscle has several motor units

with several fibers and each fiber has different
action potential (caused by several factors includ-
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ing the deepness of fibers, blood flow, and body
fat). There are three types of motor units based
on physiological properties:

1. Fast-twitch (fatigable);
2.  Fast-twitch (fatigue-resistant); and
3.  Slow-twitch.

Recording and quantifying these action
potentials that activate a muscle is done using
electromyography study. The surface EMG sen-
sors collect the sum of multiple action potentials
and a combination of motor unit recruitment and
firing rate are key factors for having greater force.

During electromyography, a motor unit action
potential (MUAP) is recorded in the contracting
muscle. Depending on type of electrode, the cap-
tured MUAP derives from small number of muscle
fibers to great number of fibers. By using needle
electrodes, physiology and pathology of the MU
could be studied and by using modern surface
EMG systems, other aspects related to behavior,
temporal patterns, or fatigue of the muscle could
be explored. They have important implications
in sport and rehabilitation where using needle is
not possible or when the assessments have to be
repeated several times.

NEUROPHYSIOLOGICAL
CONTROL OF MOVEMENT

Movement process is expressed as idea, plan,
select, and move. The idea defines a goal to be
reached which is then converted into a plan tell-
ing the best way to achieve it. Muscles are later
selected to do the movement. Analyzing move-
ments and muscle activation are ways of trying
to understand how brain works which will lead
to knowing the processes and decision making.
When the brain changes the signals (behavior)
based on the outcome, this control of movement
is called feedback. An important part of feedback
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is comparator in which we compare our current
output with a desired output. For example, when
we play exergames, we constantly use visual
information within the game to progress. In case
of sport exergames, a negative feedback leads to
change movement from original (or real sport
movement) to certain degrees which are enough to
proceed in the game (Soltani & Vilas-Boas,2013).

Learning is the ability to change the behavior
with experience and might happen at the early
stages of trying anew game. Memory, on the other
hand, is the ability to maintain this change over
time. In exergames, this might not involve doing
the same movements but learning the mechanics
underlying the games.

Another issue to consider is fatigue which
is happens as a result of a drop in performance.
Fatigue is a complex phenomenon and depends
on several factors. Among apparent causes are
the shortage of fuel and inability to remove the
products of muscle metabolism. There are several
muscular mechanisms of fatigue; namely slower
conduction velocity (which is characterized by
smaller muscle activation amplitude and longer
duration when recorded by surface EMG) and
slower relaxation phase.

In most motor experiments of sport games,
there might be a difference between task (to do
the movements according to real sport) and per-
formance (what player is doing). Task parameters
may include EMG amplitude, timing, load, and
accuracy requirement. Performance parameters
include kinematic variables (joint position, speed,
and acceleration), EMG, variability from the real
expected movements (accuracy). Before conduct-
ing such studies, there are always predictions about
the relations between task and performance. Such
predictions are comparable with postdictions or
the relationship between task and performance.

Recording EMG during exergame play can pro-
vide information regarding agonist and antagonist
muscles. Activation of agonist muscle accelerates
the limb and if the muscle activation opposes to
the acceleration, the muscle is considered as an-

tagonist. EMG recording can reveal the patterns
of activation (e.g. triphasic pattern) which become
eminent when changing the task parameters can
cause alterations in these patterns. This leads to
a hypothesis called dual-strategy which classi-
fies all the movements into two groups, with or
without clear or hidden control over movement
time (Latash, 2008).

Why Focus on Exergame?

The main purpose of designing a game is to be
enjoyable as well as being profitable for game
developers; that’s why proper design leads to safe
playing and greater game review scores and sales
(Fullerton, Swain, & Hoffman, 2004). In the fol-
lowing paragraphs, we will address some of the
other concerns with exergames.

Exergame Design

As mentioned in the circuamplex model of affect,
all feeling conditions come from two neuro-
physiological systems, one related to valence
(pleasure-misery continuous sequence) and the
other is related to alertness (Russel, 1980). Facial
EMG is generally applied in human computer
interaction (Hazlett, 2006) and in video games.
With the occurrence of positive or negative emo-
tions, EMG activity of facial muscles increases.
For example, increased activity of zygomaticus
major (cheek) is related to positive and corruga-
tor supercilii (brow) muscle regions are related
to negative emotions (Witvliet & Vrana, 1995).
Based on this, Ravajaet, Saari, Salminen, Laarni,
& Kallinen (2006), found their game positive and
rewarding, but also concluded that using EMG for
measuring emotional valence might be misleading.

Exergame and Rehabilitation
Motor function can be improved with therapy and

repetitive practice of specific tasks. As rehabili-
tation is usually a long process which involves

315



repetitive tasks, clinicians are looking for motivat-
ing tasks to make the process more meaningful
(Weiss, Rand, Katz, & Kizony, 2004). Therapeutic
exergaming includes functional and engaging ex-
ercises that, through improving motivation, could
encourage patients to perform high volumes of
practice (Sveistrup et al., 2003). By consequent
improvements in adherence levels (Heuser et al.,
2007), some studies have also reported increased
exertion during training (O’Connor, Fitzgerald,
Cooper, Thorman, & Boninger, 2001); that is
why they have been described as innovative and
promising in rehabilitation technology.

Yohannan et al. (2012) measured outcomes of
several parameters including active range of mo-
tion (AROM) while using Nintendo Wii during
rehabilitation of patients. They demonstrated that
patients who used exergames in their rehabilitation
process improved their AROM with less pain com-
pared to the control group. Brown, Sugarman, &
Burstin (2009) developed an EMG controlled video
game in order to improve motor control of wrist
muscles in patients who survived chronic stroke. In
their pilot study, most of the participants improved
maximal activation during game therapy sessions.

Howcroftetal. (2012) used different exergames
on a group of children with cerebral palsy (CP)
and showed that muscle activations did not exceed
the maximum voluntary contraction (MVC). They
also showed that whenever participants were using
realistic movements (that could be successful in
the real-world version of the game), muscle acti-
vation was even higher. Van Wijck et al. (2012)
used the repetitive task training and feedback of-
fered in their music-making exergame on stroke
survivors to enhance functional recovery of their
affected upper limb.

As most of the exergames are designed for
healthy players, in order to use exergames in
rehabilitation, the task should be tailored to the
target audience and their needs.

For example, Hsuetal. (2011) considered using
a bowling game in patients with upper extremity
problems. They only found a significant increase
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in enjoyment (compared to standard exercise
group). This proves the necessity of designing the
specific game for the purpose of rehabilitation.
The task should be continues until the patients are
fatigued (Matsuguma, Hattori, & Kajiwara,2014).
Furthermore, it should ensure that the patients
are performing the correct movements (Alankus,
Lazar, May, & Kelleher, 2010) and the therapist
should also be able to monitor their performance.

Based on suggestions of Doyle, Kelly, Pat-
terson, & Caulfield (2011), initial requirements
for a therapeutic exergame should be

1. Generality, covering a variety of upper- and
lower-limb exercises;

2. Handsfreeinteraction, so thatsubjects focus
on the movements;

3. Easy setup, to reduce complexity and main-
tain adherence; and

4. Real time feedback, allowing patients to
correct their movements.

Some other examples of exergames in reha-
bilitation are: Brain function rehab (Loureiro,
Valentine, Lamperd, Collin, & Harwin, 2010;
Saposnik et al., 2010), balance training (Brown et
al., 2009; Kliem & Wiemeyer, 2010), and energy
expenditure (Hurkmans, van den Berg-Emons, &
Stam, 2010).

Exergame and Injuries

Many injuries come from overtraining and overuse
(Marx, Sperling, & Cordasco, 2001) and low levels
of muscle strength and endurance are considered
asfactorsindevelopment of injuries. Observations
of Wilson and Brooks (2013) are suggesting that
exergames (they evaluated) had at least one ex-
ercise considered unsafe by American College of
Sports Medicine (2013), showing that users might
be prone to injury. Therefore, developing games
using musculoskeletal criteria may lead to more
effective games and safer game play.
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Weisman (1983) reported that 20% of elderly
refused to play computer games because they were
afraid of exposing their deficits. Shubert (2010)
showed that most of the commercially available
games are not suited for other populations and
game developers should be attentive when design-
ing games for different groups considering their
needs and requirements (de Schutter & Vanden
Abeele, 2008). Therefore, understanding physical
condition (which for example, changes due to age)
of players is an important factor when designing
games, particularly for the elderly (Gerling, Liv-
ingston, Nacke, & mandryk, 2012).

As shown by Wollersheim et al. (2010),
exergames do not increase physical activity sig-
nificantly; possible explanations would be due
to the gaming platform (e.g. Nintendo Wii only
detects hand movements and not the whole body).
Another possible explanation would be that as
the games involve lots of repetitive movements
or the movements are tiring, players are looking
for strategies to exert less. This is happening as
they switch from emotional playing to technical
playing (Soltani & Vilas-Boas, 2013).

In exergames, fatigue is unavoidable but if
it compromises performance, the experience of
player will be affected (Bachynskyi, Oulasvirta,
Palmas, & Weinkauf, 2013). Players should be
challenged in a way so they don’t lose their
interest in playing games (Navarro, 2011). In
order to keep the motivation and continuation of
playing, unnecessary complex movements should
be avoided. Monitoring muscle activation might
adapt the challenges dynamically, which might
help players to reach a good balance between
challenge and skill levels (Borghese, Pirovano,
Mainetti, & Lanzi, 2012).

Warm-Up

Warm-up is designed to increase the core body
temperature, and stretching is designed to increase
the range of motion (ROM) at a joint or group of
joints. General warm-up movement is important

in performance and to reduce the risk of injury in
physical activity. Both active (low intensity move-
ments to increase body temperature; Franks, 1983)
and passive (using heating pads or ultrasound)
warm-ups might be helpful prior to exergame
playing. In addition, movement should imitate
the actual movements of the activity (specific
warm-up).

Warm-up prior to exergame play might prepare
the tissues for greater stresses during the game play
and may lower the risk of muscle tendon injury.
Recommendation for effective warm-up routines
varies depending on the nature and duration of the
activity (Bishop, 2003).

MAIN FOCUS OF THE CHAPTER
Issues, Controversies, Problems
There are two pathways of EMG:

1. Clinical, which is a diagnostic tool in neu-
romuscular problems and

2.  Biomechanical, which explores the muscle
function and coordination during movements
(Clarys, 2000).

Most of the studies conducted using EMG,
analyzed if muscles are active or not and consid-
ered their role in complex sports, exercises, and
rehabilitation, as well as quantifying muscular
fatigue (de Luca, 1997).

EMG has great time resolution, provides quan-
titative data, requires small system setups, and once
signals arerecorded, different analyses are possible
with the same data set. On the other hand, there
is always a chance of movement artifacts which
does notallow proper interpretation of the recorded
signal. Moreover, EMG recording is generally an
expensive and hard to interpret method.

The most common use of EMG in video game
analysis is related to measuring facial muscle
activities in which reactions and emotional mo-
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ments inside a video game are recorded (Hazlett,
2006). As mentioned by Nacke, Drachen, & Gobel
(2010), EMG of facial muscles allows mapping
emotions in the valence part of the circumplex
model of affect. Chanel, Rebetez, Bétrancourt, &
Pun (2008) alsoused EMG and self-report analysis
to measure emotional states. Muscular activity and
physiological patterns were higher when playing
in a conflicting situation rather than cooperative
which leads to a richer interaction with the game.

Ibarra Zannatha et al. (2013) used EMG in
their virtual game to determine muscle strength
and fatigue effect in stroke rehabilitation. By
using biopotential of carpis radialis and biceps
brachialis muscles, they were able to determine
fatigue in order to modify their training program.
Park, Lee, & Lee (2014) examined the effects of
virtual exercises on muscle activation of trunk and
lower extremities. Their results showed that virtual
training causes a significantincrease in the activa-
tion of tibialis anterior and medial gastrocnemius
and, therefore, it could be used in joint stability.

Types of EMG Electrodes

There are two main types of EMG electrodes;
invasive and surface electrodes. Invasive elec-
trodes (fine wire and needles) require a needle to
be percutaneously inserted into the muscle. The
advantages are:

An increased bandwidth,

Analysis of deeper muscles,

A more specific pickup area, and

The ability to test smaller muscles that are
impossible to monitor with surface EMG
due to the chance of receiving signals even
from distant muscles (de Luca & Merletti,
1988).

Ll

This phenomenon is called cross talk and there
are several technical and statistical approaches
available in order to reduce cross talk (de Luca,
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1997; Koh & Grabiner, 1993); such as using
spatial filters (van Vugt & van Dijk, 2001). The
disadvantages are:

1.  Discomfort due to needle insertion,
Tightness or spasticity due to pain, and

3. Less repeatable testing situations, as it is
hard to insert the needle in the same area
of muscle each time.

Surface EMG, on the other hand, provides
a safe, easy, and noninvasive way of measuring
the energy of the muscle activity. It provides
valuable information regarding the activation of
aparticular muscle group and can allow research-
ers and designers to implement this information
accordingly in their practice and design. The
advantages are that:

1. Sensors cause no pain,

2. They are mostly more reproducible than wire
or needle EMG, and

3.  They are very good for movement applica-
tions (Figure 1).

The disadvantages are that:

1. They have large pick-areas which make them
prone to cross-talk from other muscles and

2.  Electrodes can only be used for surface
muscles.

Dueto ease of use with large number of partici-
pants and applicability to be used with children and
older adults, we decided to use surface electrodes
in our study. From now on, wherever we mention
EMG, we mean surface EMG or sSEMG.

Recording EMG Signal

A fullunderstanding of EMG and its application in
exergame research requires knowledge of anatomy
as well as consideration of signal processing and
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Figure 1. Delsys Trigno wireless EMG system

recording. The general requirement is to detect
the signal using electrodes, being able to modify
the signal with amplifiers and store the signal
with a recorder. The selection and placement of
electrodes are important, and it could be acquired
either with monopolar, or bipolar or multi-polar
arrangement. Monopolar recording is mostly
used in static situations (Ohashi, 1997) and situ-
ations involving needle electrodes; while bipolar
or multi-polar are more common and records the
electrical differences between the two or more
recording electrodes over the muscle, reducing
noise effects.

Muscle Selection

Once researchers considered which muscles
might be associated with playing activity, they
can place electrodes on those muscles to test their
assumptions. This model encourages researchers to
understand muscle synergy patterns too. Another

strategy is based on clinical reasoning, in which
researchers will consider additional muscles for a
specific phenomenon and may have a strategy to
switch from one level of assessment to another,
until they discover possible contributing factors
that are involved in their practice.

Data Acquisition

There are different models of EMG systems avail-
able such as hard-wired, wireless or data logger
systems; each has their own pros and cons. Hard-
wired systems are not affected by ambient noise
easily, and allow as many channels as possible to
be connected to the subject. On the other hand,
they might be bulky and cumbersome; moreover
using wires might limit the optimal movement
during playing. In wireless systems, the researcher
has to place small units on desired muscles which
do not limit the subject’s movements. Choosing
EMG sensors depends on the task, research, and
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specific muscles to be investigated. As surface
electrodes are commonly used for clinical ap-
plications (Oh, 2003), technical issues regarding
placement and skin preparation can improve the
quality of recording in this method.

Skin Preparation

Good EMG signal will be obtained if we prepare
the placement site properly. Due to ease of use and
non-invasive nature, many EMG studies currently
use surface electrodes but good surface preparation
is still beneficial. As technology advances, the
need toreduce the impedance of skin and electrode
is decreased. However, some skin preparation is
still necessary for better contact of the electrodes
with the skin in order to improve the quality of
recorded signal (Hewson et al., 2003).

Generally, the preparation involves cleaning
the skin with soap and water, dry shaving it and
rubbing it with alcohol-soaked pad in order to
reduce the impedance. This simple task can re-
duce the resistance of the skin by 200% (Rash &
Quesada, 2006). Another important consideration
isregarding test condition and exercise. If the task
involves slow motion changes, a simple alcohol
cleaning might be enough, but in more dynamic
conditions (e.g. moving limbs), a more careful
preparation is advisable.

Electrode Map of Placements

The European recommendations for surface
electromyography, also called SENIAM project
(Surface Electromyography for the Non-Invasive
Assessment of Muscles) is attempting to standard-
ize EMG assessment procedures (Hermens et al.,
1999). For many clinical applications, the belly
of the muscle is chosen for the electrodes to be
placed and, in order to assure repeatability of the
exact location of placing electrodes, using bony
landmarks as reference is highly advisable.
Asthe recordings are usually contaminated by
crosstalk from other muscles (which can cause
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misleading the identification of the muscle action),
researchers should decide if they want a general
or specific recording and place the electrodes
according to their purpose. In general placement,
the researcher can record from a general region.
The specific electrode placement tries to record
the muscle activity of certain muscles that are
usually close to the surface and relatively easy to
isolate. Here, we describe electrode placements
for five muscles:

Upper Trapezius

The position of the arms in relationship to the torso
may be the major factor influencing the muscle’s
activation. The electrodes are placed parallel to
the muscle fibers of upper trapezius (UT). They
are placed in the middle of the spine (C7) and
lateral point of acromion, and approximately 2.5
cm away from the ridge of the shoulders (Figure
2). Raising the shoulders, rotating the head, and
pulling the shoulder blades together help toidentify
the position of placement. Artifacts include ECG
(which could be eliminated using proper filter
range) and breathing.

Biceps Brachii

This muscle is responsible for forearm flexion,
supination, and shoulder flexion. Placement of
electrodes on this muscle which is two-blinded is
done by flexing forearm on a supinated position
and putting them on a line between the medial
aspect of acromion process and the cubit fossa in
the direction of muscle fibers (Figure 3).

Triceps Brachii

Placement of triceps brachii whichisresponsible for
elbow extension and adduction and extension of the
shoulder is done by monitoring the long head of the
muscle; placing the electrodes parallel to the fibers
and at the middle of the line between posterior crest
of the acromion process and olecranon (Figure 4).
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Figure 2. Electrode placement for the upper trapezius

Figure 3. Electrode placement for the biceps brachii

N =i
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Latissimus Dorsi

Placement of electrodes of latissimus dorsi which
is responsible to medial rotation, adduction, and
extension of shoulder/arm, participation in rota-
tion, lateral bending, and extension of torso is done
by palpating the scapula; placing the electrodes
approximately 4 cm below the inferior border of
scapula, half the distance between the spine and
the lateral edge of torso and positioned almost 25
degrees obliquely (Figure 5).

Erector Spinae

This muscle is responsible for main trunk moves
and monitors stabilizers. The sensor is placed at
the L.3-4 level; about 4 cm lateral from midline
(Hashemirad, Talebian, Hatef, & Kahlaee, 2009;
Figure 6).

Figure 4. Electrode placement for the triceps brachii
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Noise and Artifacts

There are many sources of unwanted signal (noise)
collected with the wanted signal. A common source
of noise is related to heart beat, or ECG artifact.
This should be specially noted when electrodes
need to be placed on the left side of the body and
close to the heart which will be shown both in raw
and processed EMG signals. Movement artifact is
another massive deflection in the EMG potentials
of the raw EMG recording and happens because
the electrodes move around (relative to the detec-
tion site). Improper placement of the sensors may
result in movement artifacts. Using better gels,
standard adhesive tapes, securing sensors with
nets and taping are additional strategies to keep
the sensors in place. Another source of noise is
from 50/60 Hz energy of electrical cords that af-
fects EMG signals significantly.
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Figure 5. Electrode placement for the latissimus dorsi

Figure 6. Electrode placement for the erector spinae
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Assuming a good performance of the amplifier
and proper skin preparation, the average baseline
noise should not be higher than 3-5 mV. The hu-
man body is a good electrical conductor but this
conductivity changes with tissue type (e.g. muscle
vs.fatmass), thickness, physiological changes and
temperature. These parameters vary from subject
to subject and even within subject (if the tests are
not done in the same conditions).

Pit Falls

Good history and physical examination is necessary
before analyzing EMG. For example, sometimes a
neck pain might be associated with paresthesias.
However, abnormal results might not always rep-
resent pathology but due to an error by the eletro-
myographer. Temperature is another important factor
that could affect amplitude and latency. Usually a
32°C temperature for upper limb and the lower limb
above 30°C is ideal. As mentioned before, adipose
tissue assuages the EMG signal and it is important
that the researchers are attentive when selecting the
population for the study. Ideally, researchers should
measure the thickness of adipose tissue around the
placing site, rather than just measuring the overall
body fat percentage. Factors such as age, height, and
weight can significantly affect EMG recording and
they need to be addressed appropriately.

EMG Data Processing

Improvements in both hardware and software
(signal processing techniques) have changed pro-
cessing and analyzing of the data. As raw EMG
is low voltage and could be covered by electrical
noise, the signal should undergo treating processes
in order to be correctly interpreted.

Filtering EMG Signal
In most of movement studies, raw signal is used;

however, the main problem associated with raw
EMG is the true interpretation of the signal. Re-
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searchers developed ways to process the EMG
signals and make it easier to understand. Recti-
fication and smoothing out the signal are among
normal procedures to obtain interpretable data.
Rectification changes the raw EMG signal to
a single polarity (usually positive) and it eases
signal processing (Landa-Jimenez et al., 2014).

As comparing the quantified EMG would
be affected by adipose tissue, muscle mass/
cross sectional area, age, and sex between the
subjects, a technique called normalization is
being used to control these variables. Several
forms are available for normalization and among
all, maximum voluntary isometric contraction
(MVIC) is frequently used (Ekstrom, Soderberg,
& Donatelli, 2005).

MVIC normalization provides an estimation
of relative invested neuromuscular effort dur-
ing exergame task, and shows at what capacity
levels the muscles are working. After warming
up, which includes stretching and low aerobic
exercises lasting 5 to 10 minutes, participants are
asked to do three MVICs for the muscle groups
of interest. In our study, each MVIC lasts for
10 seconds (first three seconds for preparation
and gradual increase in exertion, four seconds
for maximal exertion, and the last three second
for gradual decrease and resting) and the middle
four-second contraction is considered and then
averaged over three trials of the MVIC. All the
EMG data points are divided by MVIC value,
and it represents a percentage between 0 and
100%. All values are relatively compared to
the maximal effort and therefore comparisons
between muscle and different subjects would
be possible.

Working with special population (e.g. patients
with cerebral palsy or low-back pain), they can’t/
shouldn’t perform MVIC and alternative methods
should be considered. A clinical concept called
“accepted maximum effort” which is the maximal
level of exertion that could be tolerated by a person
is advisable and could act as a MVIC replacement
(Khalil et al., 1992).
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Lower cutoff point filters will delete much of
the electrical noise and upper cutoff point deletes
tissue noise. This is practical while using differ-
ent systems with different technologies. Upon
amplification and filtration, the signal is ready
for visual display and quantitative presentation.

Analyzing and Interpreting EMG

Amplitude (indicator of magnitude of muscle ac-
tivity) and frequency (firing rate ranging between
1 Hz and 500 Hz) are important characteristics of
EMG signal. For analyzing amplitude, one might
use peak to peak amplitude, average rectified
amplitude, root mean square (RMS) amplitude,
linear envelope, or integrated EMG. Follow-
ing amplitude analysis, and in order to analyze
frequency characteristics of the EMG, turning
points and zero crossings, or mean and median
frequency might be used.

Other techniques such as onset-offset analysis
(whichisimportant for time analysis), phase-plane
(which tries to link the kinematics of the movement
with EMG), and polar plots (which describes the
spatial distribution of EMG during an activity)
diagrams and other analysis techniques might be
alsoused (Robertson, Caldwell, Hamill, Kamen, &
Whittlesey, 2013). The muscle on- and off-timing
patterns and relative increase and decrease in
muscle activity are the main parameters extracted
fromthe signal. Beside this, researchers might also
use EMG as changes in the signal as the muscle
fatigue; particularly in the frequency domain.

Documentation

Documentation allows the researchers to know
what has been done during the test, allowing them
to have a basic understanding of analysis and
enables them to share information. It covers four
main items: Subjective documentation, Objec-
tive documentation, Assessment, and Planning.
Subjective documentation involves a self-report
of the subject. If the assessment is related to pain,

the researcher should ask subjects torate their pain
on ascale of 1to 10 for each part of the study/visit
and should chart the subjects’ pain (Borg, 1970).

The second part is objective documentation,
in which EMG offers useful information to share
with others. The next part is assessment of the
information where comments about how to im-
prove the games and what’s potentially danger-
ous (especially by using repetitive movements)
are mentioned. The last layer refers to treatment
planning, in which the researchers decide about
the plan they want to use. For example if they
are using exergames in rehabilitation, the results
might help if such games are helpful for patients
or not. Comprehensive list of elements to docu-
ment may include:

1. Target muscles (anatomical markers usage
if relevant).

2. Electrode location and electrode locator
templates.

3. Electrode type and manufacturer.

4. Inter-electrode distance and orientation to
muscle fibers (which should be standard).

5.  Ground electrode placement (if relevant).

6. Instrumentation specification; band pass
filter range, site of pre-amplification, notch
filter, type of signal display (raw versus pro-
cessed), integration times (time constants),
common mode rejection ratio, input imped-
ance, signal-to-noise ratio, time constant,
type of signal processing (i.e., RMS), and
sampling rate for computerized systems.

7.  Informed consent for procedures and objec-
tives of analysis.

8.  Positioning and movement of the subject.

9.  Work: resttimes, number of repetitions, task
duration.

10. Verifying if EMG signals are being received
from the muscles.

11. Veritying if the researchers attempted to
document/eliminate the cross-talk from other
muscles.
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12. Normalizing methods (maximum voluntary
isometric contraction, submaximal voluntary
isometric contraction, EMG defined as a
percentage of the peak magnitude recorded
during a defined dynamic movement, EMG
defined as a percentage of the average mag-
nitude recorded during a defined dynamic
movement, EMG values averaged over a
defined movement sequence are expressed
as a percentage of the average during an-
other reference movement, EMG values
from homologous muscles are expressed
as a left-right percent difference, frequency
spectral analysis).

Assessment Consideration

General reports regarding the findings might
include the following:

1. Body posture/position of limbs (Kinematics).

2. Baseline values (resting).

3. Peak amplitude attained during the
movement.

4. Recovery from movement (baseline level
and rate of recovery).

5. Multi-channel comparison of muscles (rela-
tive timing recruitment/silence during phases
of movement).

6. Interpretation of the findings.

7.  Recommendation for further assessment.

Sample Size in Exergame Research

One of the main questions in exergame research is
‘How many subjects are needed for the research?’
The answer is important since the amount of
collecting data is not always a quick matter.
Sample size estimation is an important aspect of
exergame experimental design, because without
these calculations, sample size may be too high or
too low. If sample size is too low, the experiment
will lack the inferential power to provide reliable
answers to the questions under investigation. If
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sample size is too large, time and resources will
be wasted, often for minimal gain (but always
tending to increase inferential power). The main
purpose of statistical power analysis is to guide
the planning of exergame research.

Power analysis is the ability to detect a signifi-
cant effect (a relationship between the variables),
where one exists. When a pilot study is conducted,
power analysis can help to make sure that the
procedures are working well enough to encourage
the researchers to consider a larger scale research.
On the other hand, participants might be a minor-
ity population (e.g. children with unusual health
problems) who in this case, are often hard to study
in a large number of participants.

One method for determining sample size is to
use sample size calculators that are widely avail-
able on the internet. They are often available as
free resources. Some of them are provided below:

1. Creative Research Systems: www.survey-
system.com/sscalc.htm.

2. Raosoft: www.raosoft.com/samplesize.
html.

3. National Statistics Service (Australia):
www.nss.gov.au/nss/home.NSF (access via
statistical references).

Another program is called G¥Power which
has been available for several years. It’s a tool to
calculate power analyses for many statistics tests.
It can also calculate effect sizes and display the
results graphically (Faul et al., 2007). It is im-
portant to consider power, effect size, number of
participants, and type of design/statistics in order
to increase chances of finding an effect.

Pilot Study: Muscle Activation
during Swimming Exergame

In the following part, we will take a look at an ex-
periment we are conducting and a part of which was
published in the XII international symposium on
biomechanics and medicine in swimming (Soltani,
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Figueiredo, Fernandes, Fonseca, & Vilas-Boas,
2014). Our main aim was to provide a muscle
activation profile for aswimming exergame and to
compare level of activation in different conditions.

Procedures

10 male subjects (age 24.1+3.3 yr; body mass
71.7+6.1 Kg; height 175.14+7.2 cm) played bouts
of swimming exergame. Anthropometric measures
were taken and the participants were familiarized
with the equipment and the procedure. Wireless
EMG sensors were placed on dominantupper limb/
side of players. Five muscles of interest (biceps
brachii (BB), triceps brachii (TB), latissimus dorsi
(LD), upper trapezius (UT)) for this study were
employed. These muscles were frequently used in
swimming (McLeod, 2010). We also monitored
the activity of erector spinae (ES) asit was used in
this particular game. Placement of electrodes was
according to SENIAM recommendation (Freriks
etal. 1999) and EMG was recorded using a Trigno
Wireless system (Delsys Inc., USA) at sampling
rate of 2000 Hz.

Inordertorelate EMG and kinematics, spheri-
cal reflective markers (size: 20 mm) were placed
over the skin on the anatomical landmarks based
on a custom links segment model as follows: 7th
cervical vertebrae, acromio-clavicular joints,
lateral and medial epicondyles approximating
elbow joints, wrist bar thumb side and pinkie
side (radial styloid and ulnar styloid), dorsum of
the hand just below the head of the second and
fifth metacarpal, inferior lower border of scapula
bones, sacrum, sternum, and mid-superior, ante-
rior superior aspect of iliac crest. The setup was
in accordance with commonly used model (Rab,
Petuskey, & Bagley, 2002).

3D position of each marker was simultane-
ously recorded at 200 Hz using a 12-camera opto-
electronic motion capture system (Qualisys AB,
Gothenburg, Sweden) within acquisition software
(Qualisys Track Manager, Qualisys AB, Gothen-
burg, Sweden). Figure 7 shows a subject with the
reflective markers and wireless EMG sensors
placed on his body. For this study we considered
only the upper limb kinematics.

Figure 7. A sample setup for EMG sensors and reflective markers placement
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A dynamometer (Biodex 4, Biodex Medical
Systems, Shirley, NY) was used to obtain MVIC.
Three MVIC attempts were obtained, each lasted
10 s (3 seconds of rest in the beginning, 4 seconds
of contraction, and 3 more seconds to reduce
gradually) with one minute rest between the at-
tempts. The MVIC values were chosen from the
highest value of the three attempts to normalize
the trial data. During MVIC, verbal encourage-
ment was provided.

The exercise task was a swimming exergame
designed for Xbox gaming platform. The software
used was Michael Phelps: Push the Limit (505
Games, Milan, Italy), a game that offers differ-
ent swimming techniques and uses Kinect, which
connects to the Xbox via a USB cable allowing
users to interact physically with the game.

After arriving at the laboratory, participants
got familiar with the device through navigating the
menus and exploring different options. As part of
the game, they watched a brief instructional video
from the game in which playing with the game
was demonstrated. The game was divided into two
phases of normal and fast swimming. Four different

Figure 8. Position of the body during front crawl
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swimming techniques were randomly played during
this study. Each event consisted of 100-meters of
virtual swimming. In the beginning of the game,
players can cheer the audience by moving their
arms up and down and get extra energy (Figure
8A). Subjects had to stand in front of Kinect and
slightly bend forward (Figure 8B) and as soon as
they saw “Go!” command, they had to return back
to normal standing position (Figure 8C). After that,
they have to swing their arms according to the tech-
nique (no leg movement) to move the avatar in the
game (Figure 8D-8K). When they finished one lap
of the pull, they have to push their hand forward in
order to return back (Figure 8L). At the end of the
event, they had to drop both arms (Figure 8M) and
thenraise one armto finish the race (Figure 8N). To
prevent players from swimming too fast or too slow,
there is a spectrum on the screen which indicated
if the cycle frequency is at moderate level. At the
middle of the second lap, there is a possibility to
swim as fast as possible called “Push the limit”. If
players swim with a constant speed, they can save
energy on a so called energy bar and reuse it in the
push the limit phase.

/2

T
i

O
/

<



Muscle Activation during Exergame Playing

Figure 9. Time sequencing of muscle activation in different technique, 1: Start, 2: Return phase, 3: Push
the Limit (fast swimming) phase, 4: End; BB: biceps brachii, TB: triceps brachii, LD: latissimus dorsi,
UT: upper trapezius, ES: erector spinae; Values of %eMVIC ranges from 0 to 150% (each line is 50% of

muscle activation).
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EMG data was processed using EMG Works
Analysis 4.0 (Delsys Inc, USA), and it included
signal filtering between 20-450 Hz, full-wave recti-
fication and RMS envelope calculation using a 150
ms window. This process was performed for both
the MVIC and the trial data. To determine whether
there is a statistically significant mean difference
between the five muscles in normal and fast mode,
apaired t-test was run on each technique (p < 0.05).

Preliminary Results

Table 1 presents RMS EMG mean+SD data ex-
pressed as a percentage of MVIC, recorded during
“normal” and "fast” phases of swimming. The pair
t-test showed a significant change between normal
and fast swimming in breaststroke, butterfly and
crawl (1(4) = -4.27, p = 0.01; #(4) = -3.49, p =
0.02; 1(4) = -3.80, p = 0.01, respectively).

Figure 9 presents a visual time sequencing of
muscle activation for different techniques.

Figure 10 shows a sample movement pattern of
a player in front crawl along with the behavior of
the signal according to the position of the player.

DISCUSSION

Preliminary results show higher contributions of
UT in all techniques. This is probably because
players always have to hold their upper limbs up/
front (flexed shoulder). Particularly high values
were obtained for back crawl, where expressive
shoulder flexion/rotation is required. In addition,
as players were focused on the game and televi-
sion, they avoided rotating their bodies which may
justify why there were not any significant changes
between normal and fast swimming as players
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Figure 10. Behavior of the signal according to the position of the body in front crawl; BB: biceps brachii,
TB: triceps brachii, LD: latissimus dorsi, UT: upper trapezius, ES: erector spinae ; Values of %MVIC
ranges from 0 to 150% (each line is 50% of muscle activation).
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Table 1. Muscle activation levels (normalized to % MVIC) during swimming exergame for all muscle
groups in two virtual swimming phases

Bi Tri LD uT ES
Back Crawl Normal 49+2.4 17.0+16.2 15.4+10.4 47.0+15.5 6.8+4.1
Fast 8.2+5.0 23.7+22.1 21.7+18.1 69.3+18.6 13.4+7.3
Breaststroke* Normal 10.0+5.5 19.0+18.2 11.1+6.7 29.0+19.3 5.0+2.6
Fast 18.3+7.2 28.8+31.7 20.6+12.4 46.1+40.8 8.1+4.5
Butterfly* Normal 5.6+2.0 23.4+21.3 24.4+32.7 43.8+19.0 5.5+24
Fast 9.7+3.9 33.1+£26.2 50.8+66.8 65.4+34.4 15.8+10.2
Crawl* Normal 8.2+3.1 16.2+15.6 11.8+7.6 39.7+22.5 7.1+£4.1
Fast 15.2+4.8 23.0+24.6 22.9+14.9 63.7+31.5 18.1+13.0

*: Significant changes were observed between normal and fast swimming in muscle groups; Bi = Biceps Brachii; Tri = Triceps Brachii;
LD = Latissimus Dorsi; UT = Upper Trapezius; ES = Erector Spinae

had to exert a lot during both phases. When play- The investigation of muscular coordination can
ers perform the movements of swimming out of be performed using kinematics while the EMG
water, gravity is the only relevant resistance they signals are cut into cycles (Figure 11). Typically,
confront and it will affect the movement as the most important muscles around a joint or most
subjects want to lift their upper limb (i.e. in the so muscles within a group could be measured. The
called recovery phase and in the last part of pull). cyclebegins when the dominanthand is completely
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Figure 11. Muscle activation pattern in one cycle during front crawl based on the position of the dominant
arm; BB: biceps brachii, TB: triceps brachii, LD: latissimus dorsi, UT: upper trapezius, ES: erector spinae.
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extended in front (Figure 11C). The level of UT
activation is close to the maximum. This is hap-
pening due to upward rotation of the shoulders.
LD quickly joins other muscles to assist this phase
(similar to the first propulsive phase of real swim-
ming). At the elbow and during (Figure 11E), BB
(one of the elbow flexors) begins to contract as
the player rotates the hand inward and gradually
into a flexed position. This happens as ES and
LD is helping rotating the body.

Following that, TB activity, which was re-
duced to the minimum while the hand in the
lowest position (Figure 11G), starts to increase
again extending the elbow which brings the
hand backward and up (Figure 11Q). In the
real swimming, this phase is called recovery
in which deltoid and rotator cuff are assisting
TB in removing the hand from water to start a
new phase. As in swimming exergame, players
tend not to rotate their trunk due to facing the

television, they would compensate by flexing
the elbow. That’s why there an increase in BB
activity from Figure 11E to Figure 11Q.

TB is the main stabilizer muscle as the activity
of UT decreases in this phase. When the hand
is completely in the back (Figure 11Q), player
flexes his arm to return the arm in order to start
a new phase. Once again, as the player did not
rotate his body completely, during Figure 11H,
the hand is not fully extended in the back, causing
UT not to be active much, and ES acts as a core
stabilizer. From that point, the activity of BB
starts to decrease again but TB starts to extend
the arm again. When arm is in the highest posi-
tion (Figure 11J), the activity of UT is almost
maximum as it is stabilizing the arm too. As the
arm is extended too, the activity of UT reaches
maximum. From that point the activity of TB
starts to decrease again while LD accompanies
the gravity in lowering the arm (Figure 11K).
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SOLUTIONS AND
RECOMMENDATIONS

Problems

EMG datacollection is generally notafast process.
Straker et al. (2009) measured energy expenditure
and EMG in different exergame platforms but
did not normalize their results in order to reduce
the time burden on their participants (children).
Although wireless EMG sensors are easy to apply
but the preparation phase (preparing subjects) and
MVIC recordings for each muscle are time con-
suming. Our data collection took approximately
one hour per subject (participation in game and
recording MVIC for five muscles) which might
not be tolerable for children and elderly. In such
cases, normalization can also be performed us-
ing a standardized reference contraction, and the
muscle activation is expressed as a percentage of
reference voluntary electrical activity (%RVE).
Of course, time issues vary for different groups
of participants and different approaches. The
limitations on time highlight the importance of
planning, scheduling, and piloting the EMG study.

We were using the standard adhesive tapes
for our EMG sensors. However, after the MVIC
recording and as the subjects start to sweat, there
was a chance for the sensors not have proper
contact with the body. This is important to keep
the recording time as short as possible for having
proper signal. We were using securing nets for
UT and ES in order to make sure that the sensors
are not moving during the game play. Because of
the rectangular shapes of the sensors and by using
nets, we made sure that the sensors are in place
especially for rotational movements of the arms.

Exergame researchers should know what each
sensor type measure. During these kinds of experi-
ments, we should keep in mind that human body
might be influenced by other parameters such as
room temperature, supervision of investigators,
noise, and many more that could affect our in-
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terpretation of muscular activity. By controlling
unwanted factors, we can improve signal-to-noise
ratio while measuring muscle activation.

Application of EMG

Muscle activation profile may allow adapting the
activity according to the needs of participants. In
terms of exergame design, profiling makes the
game closer to the real activity. In case of virtual
swimming, it might be a method to compare the
activation pattern of the muscles with the real
swimming. If proved similar, it could be used as
an alternative; especially when measuring the real
activity is practically hard (Marion, Guillaume,
Pascale, Charlie, & Anton, 2010), albeit feasible.

During repetitive movements which involve
fatigue and changes in temperature, EMG-force
relationship could be useful (Dowling, 1997) and
a fast Fourier transform (FFT) analysis of the
frequency response can be used to identify the
occurrence of fatigue. Creating EMG profile in
each activity may allow full program/game design
guidelines and decisions. It does provide details on
how each activity can benefit or harm the subject.
If you decide to use exergames in your practice
and if you would like to target one specific muscle,
EMG profiles can give you useful insights.

However, we should be aware of several
considerations while applying exergames. The
repetitive nature of mostexergames might develop
muscle imbalances and fatigue. Some muscles
might face overload while others may not even be
used. These muscle imbalances may also create
secondary postural imbalances.

As exergames might be used in other domains
such as rehabilitation and in an unsupervised and
self-directed setting, such understandings are cru-
cial for prescription and secure training session.
The changes that we observed in our study may
be appropriate for healthy population. We should
note that training and games should be specific
to the population. As mentioned in a system-
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atic review by Barry, Galna, & Lynn Rochester
(2014), using exergames in rehabilitation is still
very novel. Concerns regarding safety, feasibility,
effectiveness should be address before imple-
menting them in clinical practice. Dogan-Aslan,
Nakipoglu-Yiizer, Dogan, Karabay, & Ozgirgin
(2012) also suggested that combinations of EMG
and conventional therapies are more successful.

Finding the suitable exergame for certain
groups is a challenge. The commercial exergame
titles and platforms are cheap and it might provide
opportunities to promote physical activity for
elderly and disabled patients (Higgins, Horton,
Hodgkinson, & Muggleton, 2010). On the other
hand, specific exergames that meet certain needs
of the patients might be expensive as they are not
mass produced.

Applying EMG in Game Design

Depending on the type of platform and game
title, some muscle groups might be more active
than others. In some platforms such as Nintendo
Wii, players have to hold a sensor while playing
which gives extra activation on wrist extensors.
All exergame platforms have advantages and
disadvantages for clinical research. Inaccurate
sensors might cause the players to repeat the
movements or might generate frustration which
leads to decrease adherence.

By using wireless EMG sensors and kinemat-
ics, muscle activity signal can be recorded during
the gaming session and could be used to modify
the games before final release, which seem to be
a better approach than subjective methods (i.e.
using questionnaires during or after gameplay)
of evaluation.

Sport exergames might be used as a tool for
training real sports. Therefore, proper exergame
exercises need to be selected carefully. Two con-
cepts of transference and isolation can help in
choosing the exercises. Transference is the ability
of an exercise in strengthening muscles in a way

that helps a skill. Isolation is selecting a specific
activity that targets one muscle or muscle group
in order to make that muscle stronger.

Soltani & Vilas-Boas (2013) considered learning
during a sport exergame. They asked real swimmers
and expert exergame player to play bouts of swim-
ming exergame. They concluded that real swimmer
applied thereal swimming mechanics during playing
while expert players were swimming technically
(not mimicking real swimming or emotionally) in
order to win the game. In their study, the authors
used kinematics of movement as a result of learn-
ing. Therefore, the swimming exergame may not be
used in transference as most of the players tend to
use technically rather than emotionally (correctly).
However, it might be a good tool in teaching basic
concepts of real swimming to children and those
who don’t know how to swim at all.

As mentioned by Lui, Szeto, & Jones (2011),
one third of players experience some sort of body
pain during playing with video games. Among
reported areas, neck pain is commonly occurring.
Our results confirm this as UT was the most ac-
tive muscle during the game play. This justifies
the importance of warm-up routines and adapting
the games according to the needs of players. By
using small EMG sensors, muscle activation can
be recorded without interrupting the game play.
This information can be used to modify different
events of the game.

Exergame Ergonomics

Repetitive stress injuries are becoming a concern
in biomechanics, ergonomics, and rehabilitation.
Researchers can use many EMG tools to identify
tasks that could potentially be dangerous to the
body. In case of exergames, even low-intensity
activities could be fatiguing if conducted for a
long time. As many games consist of repetitive
tasks, the site of fatigue could be determined us-
ing EMG techniques and EMG analysis could be
auseful tool in redesigning and reducing fatigue.

333



FUTURE RESEARCH DIRECTIONS

Future research should investigate exergames
qualitatively and quantitatively. Future studies
could incorporate real world practices (such as
warm up, stretching, instructions, and feedback)
and analyze their effects on exergame performance.
Dividing the movements into different phases us-
ing kinematics, and comparing the EMG levels
in different phases, could possibly show in what
part of the movement the incidence of injury is
more probable. As exergames consist of lots of
repetitive movement, such approaches could be
beneficial in designing games avoiding extreme
movements that could potentially harm the body.

EMG could be used to compare the game
play behavior of different players. After playing
for some time, most of the players tend to switch
the way they play in order to spend less energy.
EMG and kinematics could be used to identify
these points and adapt the game levels for a more
meaningful experience. Adding a virtual com-
petitor (computer or another peer) increases the
exercise effort among competitive tasks for both
normal (Anderson-Hanley, Snyder, Nimon, &
Arciero,2011) and stroke patients (Chuang, Sung,
Chang, & Wang, 2006). Future studies should
compare muscle activation with the presence of
peer pressure.

CONCLUSION

In this chapter one possible way to analyze
exergames has been outlined. We introduced
different challenges using EMG for the game
analysis, describing the process from obtaining
raw data to interpretable signal. We covered the
sufficient recommendations of SENIAM and
the equipment used in recording EMG. EMG
profiling could predict user’s effort and measure
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their results. This can affect the development of
a game, and will allow developers to gather data
from real world users to improve the game using
an objective process.

Evaluating exergames from different aspects
proves their applications and their types of
measurements and how to measure them are the
main areas. Measuring performance is one of
the categories of the impact of the exergames
and includes the factors in the person’s ability to
finish a task. Profiling exergames using muscle
activation might prolong game play, especially
when lots of repetitive movements are involved.

Injury biomechanics research applied to exer-
games is trying to prevent trauma through game
modification. To do so, it is necessary to clearly
understand what the mechanisms of injury are,
and to have an understanding of human toler-
ance to game impact. EMG research might help
in identifying and defining the mechanisms of
injury and it quantifies the responses of human
muscles to these mechanisms.

The individual’s playing experience is impor-
tant in exergaming as it might be used to foster
fitness goal or to be used in other contexts. For a
better exergame, the game should have a good user
experience (based on the purpose of user evalua-
tion). Active video games are gaining popularity
in different populations and game developers
might use emerging technologies to design better
games. Game user research and human computer
interaction can offer better understating of player’s
experience with active video games.

Making decision to use an active video game in
other contexts (such as rehabilitation or teaching) is
based on clinical reasoning (Schenkman, Deutsch,
& Gill-Body, 2006). Using patient-centered focus
and detailed analysis, makes the decision oninclu-
sion of games in practice easier. More research to
characterize and showing the efficacy of games
will help incorporating exergames into practice.



Muscle Activation during Exergame Playing

ACKNOWLEDGMENT

Authors would like to kindly Rui Diogo Ferraz
and Luis Faria for the pictures and José Manuel
Fernindez Sandra for proofreading the text.

REFERENCES

Alankus, G., Lazar, A., May, M., & Kelleher, C.
(2010). Towards customizable games for stroke
rehabilitation. Proceedings of the SIGCHI con-
ference on human factors in computing systems,
Atlanta, GA, USA. doi:10.1145/1753326.1753649

American College of Sports Medicine. (2013).
ACSM’s guidelines for exercise testing and pre-
scription. Baltimore, MD: Lippincott Williams
& Wilkins.

Anderson-Hanley, C., Snyder, A. L., Nimon, J.
P., & Arciero, P. J. (2011). Social facilitation in
virtual reality-enhanced exercise: Competitiveness
moderates exercise effort of older adults. Clinical
Interventions in Aging, 6, 275. doi:10.2147/CIA.
S25337 PMID:22087067

Bachynskyi, M., Oulasvirta, A., Palmas, G., &
Weinkauf, T. (2013). Biomechanical simulation
in the analysis of aimed movements. Paper pre-
sented at the CHI’13 extended abstracts on hu-
man factors in computing systems, Paris, France.
doi:10.1145/2468356.2468406

Barry, G., Galna, B., & Lynn Rochester, L. (2014).
The role of exergaming in Parkinson’s disease re-
habilitation: A systematic review of the evidence.
Journal of Neuroengineering and Rehabilitation,
11(1), 1-17. PMID:24602325

Bishop, D. (2003). Warm up II. Sports Med-
icine (Auckland, N.Z.), 33(7), 483-498.
doi:10.2165/00007256-200333070-00002
PMID: 12762825

Borg, G. (1970). Perceived exertion as an indicator
of somatic stress. Scandinavian Journal of Reha-
bilitation Medicine, 2, 92-98. PMID:5523831

Borghese, N. A., Pirovano, M., Mainetti, R., &
Lanzi, P.L. (2012). An integrated low-cost system
for at-home rehabilitation. Paper presented at the
2012 18th international conference on virtual
systems and multimedia (VSMM), Milan, Italy.
doi:10.1109/VSMM.2012.6365975

Brown, J. D., & Witherspoon, E. M. (2002).
The mass media and American adolescents’
health. The Journal of Adolescent Health, 31(6),
153-170. doi:10.1016/S1054-139X(02)00507-4
PMID:12470911

Brown, R., Sugarman, H., & Burstin, A. (2009).
Use of the nintendo wii fit for the treatment of
balance problems in an elderly patient with stroke:
A case report. International Journal of Reha-
bilitation Research. Internationale Zeitschrift fur
Rehabilitationsforschung. Revue Internationale
de Recherches de Readaptation, 32, S109-S110.
doi:10.1097/00004356-200908001-00144

Chanel, G., Kivikangas, J. M., & Ravaja, N.
(2012). Physiological compliance for social
gaming analysis: Cooperative versus competitive
play. Interacting with Computers, 24(4),306-316.
doi:10.1016/j.intcom.2012.04.012

Chanel, G., Rebetez, C., Bétrancourt, M., & Pun,
T. (2008). Boredom, engagement and anxiety as
indicators for adaptation to difficulty in games.
Paper presented at the proceedings of the 12th
international conference on entertainment and
media in the ubiquitous era, Tampere, Finland.
doi:10.1145/1457199.1457203

Chuang, T. Y., Sung, W.H., Chang, H. A., & Wang,
R. Y. (2006). Effect of a virtual reality—enhanced
exercise protocol after coronary artery bypass
grafting. Physical Therapy, 86(10), 1369-1377.
doi:10.2522/ptj.20050335 PMID:17012641

335



de Luca, C. J. (1997). The use of surface electro-
myography in biomechanics. Journal of Applied
Biomechanics, 13, 135-163.

de Luca, C. J., & Merletti, R. (1988). Surface
myoelectric signal cross-talk among muscles of
theleg. Electroencephalography and Clinical Neu-
rophysiology, 69(6),568-575.doi:10.1016/0013-
4694(88)90169-1 PMID:2453334

de Schutter, B., & Vanden Abeele, V. (2008).
Meaningful play in elderly life. Paper presented
at the 58th annual conference of the international
communication association “‘communication for
social impact,” Montreal, Canada.

Dogan-Aslan, M., Nakipoglu-Yiizer, G. F., Dogan,
A., Karabay, I., & Ozgirgin, N. (2012). The effect
of electromyographic biofeedback treatment in im-
proving upper extremity functioning of patients with
hemiplegic stroke. Journal of Stroke and Cerebro-
vascular Diseases, 21(3), 187-192. doi:10.1016/j.
jstrokecerebrovasdis.2010.06.006 PMID:20880720

Dowling, J. J. (1997). The use of electromyog-
raphy for the noninvasive prediction of muscle
forces. Sports Medicine (Auckland, N.Z.), 24(2),
82-96.d0i:10.2165/00007256-199724020-00002
PMID:9291550

Doyle, J., Kelly, D., Patterson, M., & Caulfield,
B. (2011). The effects of visual feedback in thera-
peutic exergaming on motor task accuracy. Paper
presented at international conference on virtual
rehabilitation (ICVR2011), Zurich, Switzerland.
doi:10.1109/ICVR.2011.5971821

Ekstrom, R. A., Soderberg, G. L., & Donatelli,
R. A. (2005). Normalization procedures using
maximum voluntary isometric contractions for the
serratus anterior and trapezius muscles during sur-
face EMG analysis. Journal of Electromyography
and Kinesiology, 15(4), 418-428. doi:10.1016/j.
jelekin.2004.09.006 PMID:15811612

336

Muscle Activation during Exergame Playing

Game player data. (2014). Entertainment
Software Association. Retrieved from http://
www.theesa.com/wp-content/uploads/2014/10/
ESA_EF_2014.pdf

Ferguson, C. (2007). The Good, the bad and the
ugly: A meta-analytic review of positive and
negative effects of violent video games. The Psy-
chiatric Quarterly, 78(4),309-316. doi:10.1007/
s11126-007-9056-9 PMID:17914672

Franks, D. B. (1983). Physical warm-up. In W. M.
H. (Ed.), Ergogenic aids in sport (pp. 340-375).
Champaign, IL: Human Kinetics.

Fullerton, T., Swain, C., & Hoffman, S. (2004).
Game design workshop: Designing, prototyping,
& playtesting game. San Francisco, CA: CRC
Press.

Gentile, D. A., Lynch, P. J.,, Linder, J. R., &
Walsh, D. A. (2004). The effects of violent video
game habits on adolescent hostility, aggressive
behaviors, and school performance. Journal of
Adolescence, 27(1), 5-22. doi:10.1016/j.adoles-
cence.2003.10.002 PMID:15013257

Gerling, K., Livingston, 1., Nacke, L., & Man-
dryk, R. (2012). Full-body motion-based game
interaction for older adults. Paper presented at the
proceedings of the SIGCHI conference on human
factors in computing systems, Austin, TX, USA.
doi:10.1145/2207676.2208324

Hashemirad, F., Talebian, S., Hatef, B., & Kahlaee,
A.H. (2009). The relationship between flexibility
and EMG activity pattern of the erector spinae
muscles during trunk flexion—extension. Journal
of Electromyography and Kinesiology, 19(5),
746-753. doi:10.1016/j.jelekin.2008.02.004
PMID: 18400517



Muscle Activation during Exergame Playing

Hazlett, R. L. (2006). Measuring emotional
valence during interactive experiences: boys
at video game play. Paper presented at the pro-
ceedings of the SIGCHI conference on human
factors in computing systems, Austin, TX, USA.
doi:10.1145/1124772.1124925

Hermens, H.J., Freriks, B., Merletti, R., Stegeman,
D.,Blok,J.,Rau, G., & Higg, G. (1999). European
recommendations for surface electromyography.
roessingh research and development, Enschede.

Heuser, A., Kourtev, H., Winter, S., Fenster-
heim, D., Burdea, G., Hentz, V., & Forducey,
P. (2007). Telerehabilitation using the Rutgers
Master II glove following carpal tunnel release
surgery: Proof-of-concept. IEEE Transactions on
Neural Systems and Rehabilitation Engineering,
15(1),43-49.doi:10.1109/TNSRE.2007.891393
PMID:17436875

Higgins, H. C., Horton, J. K., Hodgkinson, B.
C., & Muggleton, S. B. (2010). Lessons learned:
Staff perceptions of the Nintendo Wii as a health
promotion tool within an aged-care and disability
service. Health Promotion Journal of Australia,

21(3), 189-195. PMID:21118065

Howcroft, J., Klejman, S., Fehlings, D., Wright,
V., Zabjek, K., Andrysek,J., & Biddiss, E. (2012).
Active video game play in children with cerebral
palsy: Potential for physical activity promotion
and rehabilitation therapies. Archives of Physical
Medicine and Rehabilitation, 93(8), 1448-1456.
doi:10.1016/j.apmr.2012.02.033 PMID:22571917

Hsu, J. K., Thibodeau, R., Wong, S. J., Zuki-
wsky, D., Cecile, S., & Walton, D. M. (2011). A
“Wii” bit of fun: The effects of adding Nintendo
Wii® bowling to a standard exercise regimen for
residents of long-term care with upper extremity
dysfunction. Physiotherapy Theory and Practice,
27(3), 185-193. d0i:10.3109/09593985.2010.48
3267 PMID:20698793

Hunter, S.K.,Ryan,D. L., Ortega,J. D., & Enoka,
R. M. (2002). Task differences with the same load
torque alter the endurance time of submaximal
fatiguing contractions in humans. Journal of
Neurophysiology,88(6),3087-3096.doi:10.1152/
jn.00232.2002 PMID: 12466432

Hurkmans, H. L., van den Berg-Emons, R. J., &
Stam, H. J. (2010). Energy expenditure in adults
with cerebral palsy playing Wii Sports. Archives
of Physical Medicine and Rehabilitation, 91(10),
1577-1581. doi:10.1016/j.apmr.2010.07.216
PMID:20875517

IbarraZannatha,J. M., Tamayo, A.J. M., Sdnchez,
A.D.G.,Delgado,J.E.L.,Cheu,L.E.R., & Aréva-
lo, W.A.S.(2013). Development of asystem based
on 3D vision, interactive virtual environments,
ergonometric signals and a humanoid for stroke
rehabilitation. Computer Methods and Programs
in Biomedicine, 112(2), 239-249. doi:10.1016/j.
cmpb.2013.04.021 PMID:23827333

Jackson, L. A., von Eye, A., Fitzgerald, H. E.,
Witt, E. A., & Zhao, Y. (2011). Internet use, vid-
eogame playing and cell phone use as predictors
of children’s body mass index (BMI), body weight,
academic performance, and social and overall
self-esteem. Computers in Human Behavior,
27(1), 599-604. doi:10.1016/j.chb.2010.10.019

Janz, K. F., Levy, S. M., Burns, T. L., Torner, J.
C., Willing, M. C., & Warren, J.J. (2002). Fatness,
physical activity, and television viewing in children
during the adiposity rebound period: The Iowa
bone development Study. Preventive Medicine,
35(6), 563-571. doi:10.1006/pmed.2002.1113
PMID: 12460524

Khalil, T. M., Asfour, S. S., Martinez, L. M.,
Waly, S. M., Rosomoff, R. S., & Rosomoff,
H. L. (1992). Stretching in the rehabilitation
of low-back pain patients. Spine, 17(3), 311-
317. doi:10.1097/00007632-199203000-00012
PMID:1533060

337



Kliem, A., & Wiemeyer, J. (2010). Comparison
of a traditional and a video game based balance
training program. International journal of com-
puter science in sport, 9(2).

Landa-Jimenez, M. A., Gonzalez-Gaspar, P., Mor-
gado-Valle, C., Lopez-Meraz, L., Perez-Estudillo,
C.A., & Beltran-Parrazal, L. (2014). Development
of a virtual instrument for integration of electri-
cal nerve signals. Revista eNeurobiologia, 5(9).

Latash, M. L. (2008). Neurophysiological basis
of movement. Champaign, IL: Human Kinetics.

Loureiro, R. C. V., Valentine, D., Lamperd, B.,
Collin, C., & Harwin, W. S. (2010). Gaming and
social interactions in the rehabilitation of brain
injuries: a pilot study with the Nintendo Wii
console. Designing inclusive interactions (pp.
219-228). London, UK: Springer.

Lui, D. P. Y., Szeto, G. P. Y., & Jones, A. Y. M.
(2011). The pattern of electronic game use and
related bodily discomfort in Hong Kong primary
school children. Computers & Education, 57(2),
1665-1674.d0i:10.1016/j.compedu.2011.03.008

Marion, K., Guillaume, G., Pascale, C., Charlie,
B., & Anton, S. (2010). Muscle activity dur-
ing fin swimming. Procedia engineering, 2(2),
3029-3034.

Martinez-Gonzalez, M. A., Martinez,J. A.,Hu, F.
B., Gibney, M. J., & Kearney, J. (1999). Physical
inactivity, sedentary lifestyle and obesity in the Eu-
ropean union. International Journal of Obesity and
Related Metabolic Disorders,23(11),1192-1201.
doi:10.1038/sj.1j0.0801049 PMID:10578210

Marx, R. G., Sperling, J. W., & Cordasco, F. A.
(2001). Overuse injuries of the upper extremity in
tennis players. Clinics in Sports Medicine, 20(3),
439-451. doi:10.1016/S0278-5919(05)70261-1
PMID:11494833

338

Muscle Activation during Exergame Playing

Matsuguma, H., Hattori, F., & Kajiwara, J. (2014).
Development of a rehabilitation game to support
stand-up exercise and its usability in care fa-
cilities. Gerontechnology (Valkenswaard), 13(2),
144-145. doi:10.4017/gt.2014.13.02.142.00

McLeod, 1. (2010). Swimming anatomy. Cham-
paign, IL: Human Kinetics.

Mishler, A., Lo Bue-Estes, C., Patrick, E., &
Tobin, S. (2014). A comparison of objective and
subjective markers of exertion using the Wii and
Xbox Kinect. International journal of exercise
science: conference proceedings, 9(2), 57.

Nacke, L., Drachen, A., & Gobel, S. (2010).
Methods for evaluating gameplay experience in
a serious gaming context. International journal
of computer science in sport, 9(2).

Nacke, L., Lindley, C., & Stellmach, S. (2008).
Log who’s playing: psychophysiological game
analysis made easy through event logging. Fun and
games (pp. 150-157). Berlin, Germany: Springer.

Navarro, K. F. (2011). A dynamic and customiz-
able layered serious game design framework for
improving the physical and mental health of the
aged and the infirm. Paper presented at the third
international conference on e-health, telemedi-
cine, and social medicine (eTELEMED 2011),
Gosier, France.

O’Connor, T. J., Fitzgerald, S. G., Cooper, R.
A., Thorman, T. A., & Boninger, M. L. (2001).
Does computer game play aid in motivation of
exercise and increase metabolic activity during
wheelchair ergometry? Medical Engineering &
Physics, 23(4), 267-273. doi:10.1016/S1350-
4533(01)00046-7 PMID: 11427364

Oh,S.J.(2003). Clinical electromyography: nerve
conduction studies. Philadelphia, PA: Lippincott
Williams & Wilkins.



Muscle Activation during Exergame Playing

Ohashi, J. (1997). The effects of preceded fatigu-
ing on the relations between monopolar surface
electromyogram and fatigue sensation. Applied
human science: journal of physiological anthro-
pology, 16(1), 19-27.

Park, J., Lee, D., & Lee, S. (2014). Effect of
virtual reality exercise using the Nintendo Wii
Fit on muscle activities of the trunk and lower
extremities of normal adults. Journal of Physical
Therapy Science, 26(2), 271-273. doi:10.1589/
jpts.26.271 PMID:24648647

Peng, W., Lin, J. H., & Crouse, J. (2011). Is play-
ing exergames really exercising? A meta-analysis
of energy expenditure in active video games. Cy-
berpsychology, Behavior, and Social Networking,
14(11), 681-688. doi:10.1089/cyber.2010.0578
PMID:21668370

Puska, P. (2009). Commentary on active liv-
ing: From research to practice? American
Journal of Preventive Medicine, 36(2Suppl),
S57-S59. doi:10.1016/j.amepre.2008.10.002
PMID:19147061

Rab, G., Petuskey, K., & Bagley, A. (2002). A meth-
od for determination of upper extremity kinemat-
ics. Gait & Posture, 15(2),113-119.d0i:10.1016/
S0966-6362(01)00155-2 PMID: 11869904

Rash, G. S., & Quesada, P. M. (2001). Electro-
myography: Fundamentals. In W. Karwowski
(Ed.), International encyclopedia of ergonomics
and human factors (pp. 3107-3118). Boca Raton,
FL: CRC Press.

Ravaja, N., Saari, T., Salminen, M., Laarni, J., &
Kallinen, K. (2006). Phasic emotional reactions
to video game events: A psychophysiological
investigation. Media Psychology, 8(4), 343-367.
doi:10.1207/s1532785xmep0804_2

Robertson, G., Caldwell, G., Hamill, J., Kamen,
G., & Whittlesey, S. (2013). Research Methods
in Biomechanics, 2E. Human Kinetics.

Russell, J. A. (1980). A circumplex model of af-
fect. Journal of Personality and Social Psychology,
39(6), 1161-1178. doi:10.1037/h0077714

Salmon, J., Campbell, K. J., & Crawford, D. A.
(2006). Television viewing habits associated
with obesity risk factors: A survey of Melbourne
schoolchildren. The Medical Journal of Australia,
184(2), 64-67. PMID:16411870

Saposnik, G., Teasell, R., Mamdani, M., Hall,
J., Mcllroy, W., Cheung, D., & Bayley, M.
(2010). Effectiveness of virtual reality using
Wii gaming technology in stroke rehabilitation
a pilot randomized clinical trial and proof of
principle. Stroke,41(7),1477-1484.doi:10.1161/
STROKEAHA.110.584979 PMID:20508185

Schenkman, M., Deutsch, J. E., & Gill-Body, K.
M. (2006). An integrated framework for deci-
sion making in neurologic physical therapist
practice. Physical Therapy, 86(12), 1681-1702.
doi:10.2522/ptj.20050260 PMID:17138846

Shubert, T. E. (2010). The use of commercial
health video games to promote physical activity in
older adults. Annals of long-term care, 20, 27-32.

Soltani, P., Figueiredo, P., Fernandes, R., Fonseca,
P., & Vilas-Boas, J. P. (2014). Muscle activation
during swimming exergame. Paper presented at the
Proceedings of the XII International symposium
on biomechanics and medicine in swimming,
Canberra, Australia.

Soltani, P., & Vilas-Boas, J. P. (2013). Exploring
learning effects during virtual swimming using
biomechanical analysis (a work in progress). In
P. Escudeiro, & C.V. de Cravalho. (Eds.). Paper
presented at Proceedings of the 7th European Con-
ference on Games Based Learning, Porto, Portugal.
(pp- 793-796). Sonning Common, UK: Academic
Conferences and Publishing International.

339



Straker, L., Pollock, C., Piek, J., Abbott, R., Skoss,
R., & Coleman, J. (2009). Active-input provides
more movement and muscle activity during elec-
tronic game playing by children. International

Journal of Human-Computer Interaction, 25(8),
713-728. d0i:10.1080/10447310903025495

Sveistrup, H., McComas, J., Thornton, M.,
Marshall, S., Finestone, H., McCormick, A.,
& Mayhew, A. (2003). Experimental stud-
ies of virtual reality-delivered compared to
conventional exercise programs for reha-
bilitation. Cyberpsychology & Behavior, 6(3),
245-249. doi:10.1089/109493103322011524
PMID: 12855079

van Vugt, J. P., & van Dijk, J. G. (2001). A
convenient method to reduce crosstalk in sur-
face EMG. Clinical Neurophysiology, 112(4),
583-592. doi:10.1016/S1388-2457(01)00482-5
PMID:11275529

van Wijck, F., Knox, D., Dodds, C., Cassidy, G., Al-
exander, G., & Macdonald, R. (2012). Making mu-
sic after stroke: Using musical activities to enhance
arm function. Annals of the New York Academy of
Sciences, 1252(1),305-311.doi:10.1111/j.1749-
6632.2011.06403.x PMID:22524372

Weisman, S. (1983). Computer games for the
frail elderly. The Gerontologist, 23(4), 361-363.
doi:10.1093/geront/23.4.361 PMID:6618244

Weiss, P. L., Rand, D., Katz, N., & Kizony, R.
(2004). Video capture virtual reality as a flex-
ible and effective rehabilitation tool. Journal of
Neuroengineering and Rehabilitation, 1(1), 12.
doi:10.1186/1743-0003-1-12 PMID:15679949

Wilson, K., & Brooks, K. A. (2013). Virtual vs.
traditional exercise training in previously untrained
subjects. International Journal of Exercise Sci-
ence: Conference Abstract Submissions, 2(5),72.

340

Muscle Activation during Exergame Playing

Witvliet, C. V., & Vrana, S. R. (1995). Psycho-
physiological responses as indices of affective
dimensions. Psychophysiology, 32(5), 436—
443. doi:10.1111/j.1469-8986.1995.tb02094.x
PMID:7568637

Wollersheim, D., Merkes, M., Shields, N., Liam-
puttong, P., Wallis, L., Reynolds, F., & Koh, L.
(2010). Physical and psychosocial effects of Wii
video game use among older women. International
Jjournal of emerging technologies & society, 8(2),
85-98.

Yohannan, S. K., Tufaro, P. A., Hunter, H.,
Orleman, L., Palmatier, S., Sang, C., & Yurt,
R. W. (2012). The utilization of Nintendo® Wii
during burn rehabilitation: A pilot study. Journal
of Burn Care & Research; Official Publica-
tion of the American Burn Association, 33(1),
36-45. do0i:10.1097/BCR.0b013e318234d8ef
PMID:21979851

ADDITIONAL READING

Bredl, K., & Bosche, W. (Eds.). (2013). Serious
games and virtual worlds in education, profes-

sional development, and healthcare. 1GI Global.
doi:10.4018/978-1-4666-3673-6

Burden, A. M. (2007). Surface electromyography.
In C. J. Payton & R. M. Bartlett (Eds.), Biome-
chanical evaluation of movement in sport and
exercise. Abingdon: Routledge.

El-Nasr,M.S., Drachen, A., & Canossa, A. (2013).
Game analytics: Maximizing the value of player
data. Springer. doi:10.1007/978-1-4471-4769-5

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A.
(2007). G* Power 3: A flexible statistical power
analysis program for the social, behavioral, and
biomedical sciences. Behavior Research Meth-
ods, 39(2), 175-191. doi:10.3758/BF03193146
PMID:17695343



Muscle Activation during Exergame Playing

Howitt, D., & Cramer, D. (2007). Introduction
to statistics in psychology. Pearson Education.

Irwin,J. D. (2011). A biomechanical assessment of
activevideo gaming in children with cerebral palsy
detailing energy expenditure, muscle activations,
andupper limb kinematics [Masters dissertation].
Retrieved from http://hdl.handle.net/1807/30636

Kapp, K. M. (2012). The gamification of learn-
ing and instruction: game-based methods and

strategies for training and education. John Wiley
& Sons.

Merletti, R., & Parker, P. A. (Eds.). (2004).
Electromyography: physiology, engineering, and
non-invasive applications (Vol. 11). John Wiley
& Sons. doi:10.1002/0471678384

Mileham, R. (2008). Powering Up: are computer
games changing our lives (Vol. 1). John Wiley
& Sons.

Perotto, A., & Delagi, E. F. (2005). Anatomical
guide for the electromyographer: the limbs and
trunk. Charles C Thomas Publisher.

Sandlund, M. (2011). Motion interactive games
for children with motor disorders. Sweden: Umea
University.

KEY TERMS AND DEFINITIONS

Electromyography: Electromyography is a
technique for recording and evaluating the electri-
cal activity produced by skeletal muscles.

Exergame User Research: It focuses on un-
derstanding user behaviors, needs, and motivations
through observation techniques, task analysis, and
other feedback methodologies.

Exergame: A portmanteau of “exercise’” and
“game” is a term used for video games that are
also a form of exercise.

Isometric Exercise: Muscle action in which
tension is developed but there are not any changes
in joint position.

Kinematics: Kinematics involves the study
of the size, sequencing, and timing of movement,
without reference to the forces that cause or result
from the motion.

Microsoft Xbox 360: The second video game
console developed by and produced for Microsoft
and the successor to the Xbox, a seventh genera-
tion videogame console which integrates Kinect,
which allows the players to interact with the Xbox
360 without the need to touch a game controller,
through a natural user interface using gestures
and spoken commands.

Power Analysis: A process that allows to de-
cide: (a) how large a sample is needed to enable
accurate statistical judgment and (b) calculate the
minimum effect size that is likely to be detected
in a study using a given sample size.
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