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Abstract

Background: Existing research suggests that digital games can be used effectively for educational purposes at any level of
training. Perioperative nursing educators can use games to complement curricula, in guidance and staff development programs,
to foster team collaboration, and to give support to critical thinking in nursing practice because it is a complex environment.

Objective: To describe the process of developing an educational game to set up surgical instruments on the Mayo stand or back
table as a resource to assist the instructor in surgical instrumentation training for students and nursing health professionals in
continued education.

Methods: The study was characterized by applied research in production technology. It included the phases of analysis and
design, development, and evaluation. The objectives of the educational game were developed through Bloom’s taxonomy. Parallel
to the physical development of the educational game, a proposed model for the use of digital elements in educational game
activities was applied to develop the game content.

Results: The development of the game called “Playing with Tweezers” was carried out in 3 phases and was evaluated by 15
participants, comprising students and professional experts in various areas of knowledge such as nursing, information technology,
and education. An environment was created with an initial screen, menu buttons containing the rules of the game, and virtual
tour modes for learning and assessment.

Conclusions: The “digital” nursing student needs engagement, stimulation, reality, and entertainment, not just readings. “Playing
with Tweezers” is an example of educational gaming as an innovative teaching strategy in nursing that encourages the strategy
of involving the use of educational games to support theoretical or practical classroom teaching. Thus, the teacher does not work
with only 1 type of teaching methodology, but with a combination of different methodologies. In addition, we cannot forget that
skill training in an educational game does not replace curricular practice, but helps.

(JMIR Serious Games 2017;5(1):e1)   doi:10.2196/games.6048
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Introduction

Education, in an enlarged view, covers the formative processes
that occur at work in school learning and human coexistence.
Current research suggests that digital games can be used

effectively for educational purposes at any level of training
[1,2].

In 2015, the Horizon Report identified game-based learning as
an area likely to have major impact on learning in the next 2
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years. The discovery of this report is indicative of the growing
interest in the use of digital games technology with effective
projection in education [3].

An educational game is defined as an instructional method,
which requires that the learner participates in a competitive
activity with preset rules [4]. With educational games, learners
have an opportunity to experiment with decision-making and
problem-solving in a risk-free active learning environment [5].
Therefore, educational games are considered experiential
learning methods that may contribute positively to students’
learning.

Generally, educators use active learning approaches to keep up
with new interesting data, promote information retention, and
stimulate critical thinking. This is especially important when
the subject is complex or tedious [6].

Surgical centers are considered high risk scenarios extremely
susceptible to errors dominated by pressure and stress [7,8]. It
is well known that students from different fields of medical
science are exposed to several stress factors throughout clinical
education processes inside the operating room [9-11]. The level
of anxiety can increase when some factors are associated [12],
such as interpersonal communication, humiliating experiences,
educational environment, clinical experiences, and unpleasant
emotions [10].

Perioperative nursing has a serious agenda with significant
content that can be adapted to the game environment for
teaching, improving proficiency and self-development, and
conducting outcomes of research for best practices and
improvement initiatives. The prospect of using serious games
creates an exciting—and maybe for some, a frightening—future
for those who face this oncoming technology [13].

Perioperative nursing educators can use games to complement
curricula in guidance and staff development programs, foster
team collaboration, and give support to critical thinking in
nursing practice because it is a complex environment [6].

If a serious game could help nurses overcome fear of new
procedures, learn changes in the sequencing of events, reduce
the stress of a situation, or help prevent errors, then the patient
will be the ultimate winner [13].

In this context, the search for quality education of health
professionals and their services is based on guidelines. As an
example, we mention the Safe Surgery Saves Lives campaign,
whose main objective is to improve the safety of surgical care
around the world by defining a core set of safety standards that
can be applied in all countries and settings. The protocol
includes the prevention of infection in surgical sites, safe
anesthesia, safe surgical teams, and surgical care indicators [14].
The idea is that the educational game can help in this search
process for excellence in teaching in the care of surgical patients.

An example in international literature in the surgical nursing
area is the QuizBowl game that was presented at the Annual
Congress of the Association of Perioperative Registered Nurses
2003 to 2010 [6]. Moreover, in the general nursing area, a
Jeopardy-style game called “Nursopardy” is used to reinforce
the fundamentals of nursing material, aiding in students’

preparation for a standardized final exam [15]. Still under
development is an in-home and community care settings game
[16]. The e-Baby Serious Game was built to feature the
simulated environment of an incubator, in which the user
performs a clinical evaluation of the respiratory process in a
virtual preterm infant [17]. LISSA is another serious game that
considers all the steps of the cardiopulmonary resuscitation
(CPR) flowchart [18].

Thus, the aim of the study was to describe the process of
developing an educational game to set up surgical instruments
on the Mayo stand and back table as a resource to assist the
instructor in training nursing students and health professionals
in continued education.

Methods

Study Design
The study was based on applied research in technology
production [19], which was adopted because it dealt with the
process of developing or creating a new product, activity or
service, namely, a learning management system in nursing where
the theme was to develop an educational game.

This study was approved by the Research and Ethics Committee
of the Institute of Cardiology of Rio Grande do Sul state.

The Galvis Panqueva methodology was used to create an
educational game [20] because of its clarity and cohesion,
making the process more objective. This methodology
comprised 3 phases: analysis and design, development, and
evaluation.

A constructivist learning theory was employed to achieve the
objectives of the educational game in development. This requires
that learners use various tools to access content information,
derive meaning, and develop knowledge of how to work through
a scenario and solve given problems. Guiding this construction
of knowledge, Bloom’s taxonomy offers 6 levels of
competencies to acquire knowledge about a topic moving from
simple to complex levels: knowledge, comprehension,
application, analysis, synthesis, and evaluation [21].

Parallel to the physical development of the educational game,
a proposed model for the use of digital elements for educational
game activities was used for the development of game content
[22].

The Phases

Phase 1: Analysis and Design
The target audience, choice of subject, educational goals,
outlining of the content, and technological infrastructure were
defined in the analysis phase.

The target audience chosen was surgical instrumentation
students and nursing health professionals in continued education.

The choice of subject was the setup of surgical instruments on
the Mayo stand and the back table with basic instruments.

Thus, the educational goals for the cognitive domain were
established by considering that at the end of the game, the
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student was able to set up surgical instruments on the table and
understand the organizational sequence when applying it to the
setup of the Mayo stand and back table. Additionally, the student
would be able to analyze organization of the operating table,
synthesize organization of the operating table in accordance
with the procedure and types of instruments needed, and finally
evaluate the acquisition of knowledge with increasing score.

In order to approach the subject, the content of basic types of
surgical instruments and surgical time were considered
important, and for the technological infrastructure, the support
of a team of game designers.

In the game design phase, the proposal was to create an
environment with instruments on a basic tray used in general
surgery, for example, hernioplasty and postectomy, in which
the student had to arrange them according to the model.

The company hired to produce the game planned the navigation
structure, navigation map design, learning environment, and
the interface design. As for the system tools, the need for help
buttons to facilitate solving doubts was stipulated.

Phase 2: Development
The development stage in the construction consisted of an
educational game developed by the researchers and 3 game
designers. Its construction comprised the months of April 2015
to February 2016.

According to the proposed model for the use of gamification
elements, we cite elements pertaining to this game in the
following points:

Mission: To set surgical instruments on the Mayo stand or back
table according to the model in virtual tour mode while
considering the 6 surgical times: cutting, grasping, hemostatic,
retractors, special, and suture.

Plot: In the game, the player assumes the role of a surgical nurse
in the operating room. In the learning mode, the player has no
specific time to finalize the setup table, but in assessment mode
is given 7 minutes, with a basic instrumental tray used in general
surgery (hernioplasty and postectomy). The player has to
recreate a model setup of surgical instruments proposed in the
virtual tour.

Character: A character called Metzenbaum was created to
represent a surgical nurse.

Challenges: Increase the score with each attempt, until one
reaches the appropriate level of 70% of correct positions. After
placing the instruments in each step, the player has to click the
correct button, which results in the following warnings: “Try
again,” “Congratulations, you have reached 70% or more,”
“Great you hit 100%.”

Specific objectives: Place the instruments in the location set for
each surgical time.

Resources, collaboration, or help: In the virtual tour mode, the
player can view the setup of the surgical table, which includes
scientific and popular names and classes of instruments. In
learning mode, the player can use the “hint” as many times as
needed, showing the location where the instruments should be

placed. In either way, the student assessment will not provide
any help.

Items or bonus: For each surgical time that is completed with
the instruments of the game, the player is awarded a star as a
bonus; 6 stars being the maximum.

The game was developed in HTML 5 using the an computer
program, which can be used on Windows, Linux, and Mac
platform. The instrumental images were photos from the
researcher’s personnel file and modeled in blendere changed
in gimp. The game designers built the image of the avatar in
surgical nursing.

The game will be hosted on the financial institution's website
and a password will be provided to the user.

Phase 3: Evaluation
During the stage of the evaluation, students from the surgical
instrumentation course and expert professionals in various fields
of knowledge related to nursing, information technology, and
education were invited to evaluate the learning environment.
The evaluators comprised a nonprobabilistic convenience sample
for which selection was performed using nonrandom, intentional
methods [19].

A specific form based on 3 thematic areas according to the
Ergolist Project was used for data collection, distinct for the
different areas of professionals [23], using a Likert scale, in
which the user had to mark one of the choices: “totally
disagree,” “partially disagree,” “indifferent,” “partially agree,”
and “totally agree.”

Health education and nursing experts, along with the students
evaluated the following thematic areas: (1) Educational aspects
(if the central theme is significant, if there is coherence of
objectives, if theoretical directions are understandable, if
exercises and activities are easy to understand, if valuation
method is applicable, if autonomy is provided to the user, and
if didactic resources helped in solving problems); (2)
Environment interface (if navigability, accessibility,
environment design, and didactic resources are easy to view);
and (3) Interactivity of the system (if it is easy to use and
navigate on the screen).

However, the specific form for information technology
professionals contemplated Response time (referring to
navigability, accessibility, and system feedback to the user); 
Interface quality (design, colors, menu, and buttons); and  Tools
and resources (form, presentation, and working operating
system).

Results

Delivery of the first release of the game was in version 1.0 where
there were discussions on some topics regarding the layout and
background color, the slogan of the institution, use of visual
and auditory feedback, and background music. This release
featured the home screen, which allowed visualization of the
game design with the slogan of the funding institution and a
menu with 4 topics: virtual tour, learning, assessment, and
credits. The topic of learning highlighted the surgical
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instruments of a Mayo stand at the center and a scroll bar system
on the underside with the instrumentals.

On delivery of the second release in version 1.1, we included
the virtual tour screen with images of the instruments, the
learning screen with the scroll bar system, instruments, and
signalization of hits and fails on the screen. We required
adjustments in relation to the position of the instruments (closed
and front position) and defined the pilot project (1st testing)
with surgical instrumentation students.

The pilot group consisted of 6 surgical instrumentation students.
We identified that the sample agreed 100% (6/6) totally or
partially with the educational aspects. Therefore, we concluded
that the central theme is significant, there is consistency of
objectives, the theoretical directions are understandable, the
evaluation method is applicable, exercises and activities are
easy to understand, it offers autonomy and educational support,
and assists in resolution. With regard to the interface, most of
the sample totally or partially disagreed as follows: 83% (5/6)
compared with navigability and 67% (4/6) with accessibility
and design. Regarding the interactivity of the system, 50% (3/6)
of the sample agreed that the game screen was easy to navigate
and easy to use, but the other half disagreed with this view. The
suggestions given were in improving the system, use of sound
to signal the hit and fail, time to score, streamlined speed of
response commands, to highlight the display of instruments,
and increase the amount of tweezers.

After the study, the requests were addressed, such as sound
differentiating on hits and fails, positioning and addition of
instruments, time recorded on the learning screen, the sum of
the points on the evaluation screen, use of 3D image, and buttons
to move the instrumental.

The third release in version 1.2 was tested with surgical
instrumentation students and professional experts from various
fields of knowledge related to nursing, information technology,
and education. There were 15 participants, which included 8
surgical instrumentation students, 4 professionals with
experience in surgical instrumentation, a professor from the
surgical instrumentation course, and 2 IT professionals.

We identified that the entire sample of health professionals and
students agreed totally or partially with the educational aspects,
showing no difference to the pilot group. With regard to the
interface, there was improved acceptance with 77% (10/13) that
agreed totally or partially to navigability, 85% (11/13) to
accessibility, and 77% (10/13) to design. Regarding system
interactivity, 100% of the sample agreed that the game screen
is easy to navigate and use.

The suggestions given were to start the game with a total score
and subtract points as mistakes were made. Others included: to
use a stop button, increase the range of adjustment, improve the
viewing tip of the instruments, provide a score below the scroll
bar, use as criterion the calculation of points for accuracy and
time, delete the fail sound, improve color of the screen with an
updated design, adjust the resolution of the instruments, divide
the table and highlight the phases, and enable musical
background sound.

The IT group rated the response time, interface quality, tools,
and resources. Responses showed no particularity, emphasizing
that the environment was appropriate for a teaching proposal.

Use of the Galvis Panqueva methodology, in association with
educational objectives and digital gaming elements, created for
the educational game “Playing with Tweezers,” a virtual
environment that teaches instrumentalization in an active
participatory fun way. The game offers a learning and evaluation
platform facilitating the teaching-learning process.

An environment with an initial screen containing menu buttons
with rules of the game and the virtual tour modes, learning, and
assessment was created. We used a character feature (avatar)
to represent the surgical nurses. At the end of the game, if the
score was above 70%, a buzzer goes off and the avatar of the
surgical nurse signals, raising its hands with a happy expression.
In the situation of being below a 70% score, you hear a new
sound, and the avatar with hands on its face, obscures the
appearance of sadly crying, highlighting the need for greater
attention. The screens of the final version of the game are shown
in Figures 1-5.

Figure 1. Initial screen.
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Figure 2. Virtual tour mode for learning.

Figure 3. Instrumental in 3D.
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Figure 4. Virtual tour mode for assessment.

Figure 5. Final screen of the game.

Discussion

Principal Findings
The literature on the use of educational games has repeatedly
shown that they have a positive effect on leaners [2,6,15,24-27].
Although this study only describes and assesses an educational
game to set up surgical instruments on the Mayo stand and back
table, the evaluation data of the study suggests there is some
level of interest from those within the study population toward
the use of a digital game to teach perioperative nursing. This

preliminary finding appears to support the existing research in
the area and has the potential to add data to an area of research
that is underexplored.

Perioperative nursing consists in meaningful content that can
be tailored to the targeted teaching game environment,
improving proficiency and self-development, and the results
that conduct research for best practices and improvement
initiatives.
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Changes in our health care system are demanding that nurses
have to develop new skills and competencies. Having the
opportunity to “test-out” various clinical reasoning pathways
allows the practitioner to become more aware of how reason is
reached and recognize the consequences of this reasoning in
action [16].

In the context of medical education, there has been significant
research interest in the use of digital games in clinical training,
such as for surgical skills training [24]. There is also a small
amount of research in the use of digital games for continued
education, including studies in their usability for retraining of
resuscitation skills [18,25].

For example, an article evaluated the use of LISSA, a serious
game that considers all the steps of the CPR flowchart. We
analyzed the effect of using LISSA after the introduction of
theory and before laboratory practice. The results obtained
showed that students who practiced with LISSA performed
better in the laboratory sessions than students that only read
theoretical material. Therefore, from the results we can conclude
that the use of LISSA improves students’ knowledge and skills
on CPR. In addition, students feel that LISSA helps them to
learn [18].

Another study created a 3D serious game for scenario-based
retraining and proved to be effective in advanced life support
and supported retention of acquired knowledge and skills in 3
months. The serious game, called EMSAVE, also positively
engaged and motivated participants [25].

In the perioperative nursing area, 1 study describes the creation,
implementation, and evaluation of a game called “Nursopardy.”
Nursopardy was used with first semester students in nursing
classes to prepare them for the final exams. The game consisted
of 5 categories with a total of 26 questions, involving care
management issues, risk reduction, safety and infection control,
physiological adaptation, and basic care. Research involved a
small sample of 39 students, but concluded that the game is a
useful teaching strategy and the students had positive
evaluations. The combination of visual, sound, teamwork, and
competition worked well to increase the teaching-learning
process [15]. This educational game works with the objective
to improve critical thinking and decision-making, and proves
that there is still a gap in the literature in relation to developing
skills in perioperative nursing.

The data obtained in the evaluation of students, specialists in
nursing and computer areas, were extremely rewarding and fully
validated the objectives of this study. “Playing with Tweezers”
proved to be an intuitive virtual environment, visually pleasant,
with good navigability and accessibility. It has virtual drive
modes, learning, and assessment that facilitate the
teaching-learning process.

Limitations
Some limitations of the study were observed in relation to the
handling of this new technology as well as the use of information
technology in a small sample size.

Our future work will be centered on the design of new scenarios
and the introduction of new characters into the game and will

assess the effect of educational gaming for the improvement of
knowledge and skills.

Comparison With Prior Work
There are numerous examples of educational games that can be
used in health care specialties, including jeopardy style,
concentration, quiz bowls, puzzle formats, crossword puzzles,
card games, board games, electronic games, slideshows, and
multimedia formats. Regardless of the type of game used, it is
important to carry out an assessment of knowledge consolidation
[1,5]. There is limited information about the impact of these
strategies on learner engagement and outcomes [26]. Further
research in this area would be of benefit to both learners and
educators alike [1].

A Cochrane review evaluated the effect of educational games
on health professionals’performance, knowledge, skills, attitude,
and satisfaction as well as on patient outcomes. Just 2
randomized controlled trials, in which the effect knowledge was
not statistically different between the 2 groups, were included.
The findings of the systematic review did not confirm nor refute
the use of games as a teaching strategy for health professionals.
More and better evidence is needed to make practice
recommendations. However, those designing and implementing
educational games should carefully consider their advantages
and disadvantages [5].

A randomized controlled trial was conducted with 145 medical
students to compare the effectiveness on the learning outcome
of a game-based e-learning instruction with conventional
script-based instruction in the teaching of phase contrast
microscopy urinalysis under routine training conditions of
undergraduate medical students. Of the total, 82 subjects where
allocated for training with an educational adventure-game and
69 subjects for conventional training with a written script-based
approach (script group). The students in the game group
achieved significantly better results in the cognitive knowledge
test than the ones in the script group. The mean score was 28.6
for the game group and 26.0 for the script group. Attitudes
toward the recent learning experience were significantly more
positive with the game group. Students reported having more
fun while learning with the game compared with the script-based
approach [2].

The gaming platform “They Know” is a strategy game based
on team participation designed for use in a variety of educational
curricula. In the context of this study, the platform will be used
to develop a game for medical students to study anatomy and
histology. The goal is to work in cooperation with teammates
in order to take control of a home base opposing team across
the map. To cross the map, players must answer multiple-choice
questions on each node they pass, related to its specific category
of learning. During the game, players will be observed by a
study coordinator and will be filmed for the research team to
review how the players interact with their teammates. The
research team will also be working with the study participants
to explore the ways in which their knowledge was structured
as a result of playing the educational video game [1].

Nursing faculty at a mid-Atlantic historical black college and
university introduced “serious gaming” technology to a

JMIR Serious Games 2017 | vol. 5 | iss. 1 |e1 | p.8http://games.jmir.org/2017/1/e1/
(page number not for citation purposes)

Paim & GoldmeierJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


community health nursing course by using 2 Web-based game
simulations (1) Outbreak at WatersEdge: A public health
discovery game, and (2) EnviroRisk. This innovation proved
to be effective in reinforcing learning and improving student
learning outcomes [27].

It is necessary to determine whether learning is taking place
and what are the game elements that support learning. More
studies are suggested to observe how active-learning strategies,
such as games, affect learning outcomes, including exam scores
for nursing students.

Conclusions
The “digital” nursing student needs engagement, stimulation,
realism, and entertainment and not just more reading. “Playing
with Tweezers” is 1 example of educational gaming as an
innovative teaching strategy in nursing, as it encourages the
strategy of involving the use of educational games to support
the theoretical or practical classroom teaching. The teacher does
not work with only 1 type of teaching methodology, but with a
combination of methodologies. In addition, we cannot forget
that skill training in educational games does not replace the
curricular practice, but helps.
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Abstract

Background: A high number of upper extremity myoelectric prosthesis users abandon their devices due to difficulties in
prosthesis control and lack of motivation to train in absence of a physiotherapist. Virtual training systems, in the form of video
games, provide patients with an entertaining and intuitive method for improved muscle coordination and improved overall control.
Complementary to established rehabilitation protocols, it is highly beneficial for this virtual training process to start even before
receiving the final prosthesis, and to be continued at home for as long as needed.

Objective: The aim of this study is to evaluate (1) the short-term effects of a commercially available electromyographic (EMG)
system on controllability after a simple video game-based rehabilitation protocol, and (2) different input methods, control
mechanisms, and games.

Methods: Eleven able-bodied participants with no prior experience in EMG control took part in this study. Participants were
asked to perform a surface EMG test evaluating their provisional maximum muscle contraction, fine accuracy and isolation of
electrode activation, and endurance control over at least 300 seconds. These assessments were carried out (1) in a Pregaming
session before interacting with three EMG-controlled computer games, (2) in a Postgaming session after playing the games, and
(3) in a Follow-Up session two days after the gaming protocol to evaluate short-term retention rate. After each game, participants
were given a user evaluation survey for the assessment of the games and their input mechanisms. Participants also received a
questionnaire regarding their intrinsic motivation (Intrinsic Motivation Inventory) at the end of the last game.

Results: Results showed a significant improvement in fine accuracy electrode activation (P<.01), electrode separation (P=.02),
and endurance control (P<.01) from Pregaming EMG assessments to the Follow-Up measurement. The deviation around the
EMG goal value diminished and the opposing electrode was activated less frequently. Participants had the most fun playing the
games when collecting items and facing challenging game play.

Conclusions: Most upper limb amputees use a 2-channel myoelectric prosthesis control. This study demonstrates that this
control can be effectively trained by employing a video game-based rehabilitation protocol.

(JMIR Serious Games 2017;5(1):e3)   doi:10.2196/games.6026
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Introduction

The initial control of a myoelectric prosthesis can be a
frustrating experience, especially after the already traumatic
event of losing a limb. Due to the nonintuitive interface, which
handles a complex mechatronic system, the cognitive demand
for controlling the prosthesis is high and further delays the actual
use of the device in everyday life [1,2]. At least 50% of upper
extremity amputees report problems with prosthesis control and
functionality [3,4], which can be attributed to the need for
receiving more training in handling the prosthesis [5,6]. By
providing more training opportunities, the user can fully benefit
from the technical functions of the prosthesis.

To prepare the residual muscles and induce specific brain
plasticity, having access to a prosthesis itself is not necessarily
needed. Regaining muscle strength and coordination is a
cognitively exhausting and repetitive process, during which the
proper execution of movements is reestablished using surface
electromyographic (EMG) feedback [2,7,8]. Through
physiotherapy, patients are presented with a variety of tasks
promoting the development of coping strategies for dealing with
the activities of daily living, and introducing the embodiment
of the prosthetic system itself. To effectively control their
prosthesis, patients need to learn how to properly contract their
muscles; the strength of activation and isolation of a single
muscle are important parameters [1,9,10].

Although the standard rehabilitation program offers direct
functional benefits, its main shortcomings are the lack of
motivation for patients to pursue it without the involvement of
a therapist throughout the lengthy process. In addition to the
loss of functionality, patients may suffer from posttraumatic
depression, further decreasing motivation for rehabilitation [11].
Transferring traditional EMG rehabilitation protocols to a virtual
setting, and incorporating video games into the training process,
can potentially increase the patient’s engagement and
perseverance [12]. This approach also provides medical
professionals with quantitative data of the patient’s performance.

Many studies report that the progress achieved during
rehabilitation based on a playful concept is faster and superior
to conservative physiotherapeutic exercises [9,13-15]. These
rehabilitation games are especially popular in older adults [16],
and when treating patients affected by stroke [17,18] and
Parkinson’s disease [19,20]. Various research groups have
addressed adding virtual games to an otherwise dull routine in
the area of upper limb amputee rehabilitation. There is, however,
a difference between virtual or augmented reality environments
and using commercially available video games during
therapeutic interventions [9,21]. The latter provides greater
accessibility and allows patients to easily set up the games at
home, and games can be chosen that are proven to motivate the
players and maintain engagement over a longer period of time
[15]. An example of a commercially available video game that
has been interfaced using EMG signals is Guitar Hero [14].

This game is based on rhythm and speed, and requires a fast
reaction from the player and an immediate transmission of the
processed EMG signals to the gaming system. Similarly, a
rehabilitation concept for stroke patients using a modified
version of the WiiMote control is used for rehab purposes of
upper limb amputees, in which EMG signals are matched to the
keys of the WiiMote [22]. However, controls are only limited
to two motions. Other groups chose a game similar to the arcade
classic Pong, in which the user’s muscle activity is mapped into
a paddle motion that hits a ball into their opponent’s court [23].
Although those approaches can be motivating, the necessary
actions are not very intuitive and are not directly transferable
to the handling of a prosthesis [24].

This study presents an interface between a computer and a
commercially available surface EMG electrode system
(Ottobock Healthcare GmbH, 13E200), which is commonly
used for controlling prostheses, to evaluate the short-term effects
on controllability after a video game-based rehabilitation
protocol.

This study, compared to previous studies, prompted participants
to not only conduct repetitive agonist and antagonist muscle
activation, but also to train and exert sustained contractions over
a short period of time, perform precisely timed contractions,
and elicit simultaneous contraction of both muscles and muscle
groups. These functions are similar to how patients would
control a real prosthesis as they interact with their environment.

Methods

Eleven able-bodied participants, who had no prior experience
in EMG control, took part in appraising the benefits of the video
game-based training. The categories of the EMG controllability
assessments that were evaluated consisted of a provisional
maximum voluntary muscle contraction for calibration, precision
control, electrode separation, and endurance control by retracing
a sine curve with the EMG signal. These assessments are further
explained in detail in the Electromyographic Assessments
subsection. Three video games and their respective control
variations were evaluated for their motivational factors and
feasibility. Two questionnaires were given to evaluate (1) the
video games and the input method, and (2) intrinsic motivation.
This study was approved by the ethics committee at the Medical
University of Vienna (number 1301/2015) and all study
participants read and signed the consent form before taking part.

Participants
Eleven naïve, able-bodied participants without any known
neurological or muscular impairments participated in the study.
All participants had normal or corrected-to-normal vision and
were instructed and accompanied by the examiner throughout
the entirety of the study.
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Experimental Protocol
Each participant was seated comfortably in front of two
computer screens. One screen displayed the acquired EMG data
per electrode channel, the other screen showed the game that
the participant was playing. Two active surface EMG electrodes
(Ottobock Healthcare GmbH 13E200) were positioned on top
of the prominent flexor and extensor muscles of the wrist on
the participant’s nondominant side (see Figure 1). This was
done to match the handedness of the amputees, which is always
transferred on the intact limb regardless of the preimpairment
state. Amplification and electrode placement remained the same
throughout the sessions. Each electrode delivered root mean
square (RMS) at the 100-hertz rate of the recorded EMG signal
following the embedded filtering and rectification.

Participants were invited two times and had three test sessions
in total: one Pregaming and Postgaming measurement, both
conducted on the same day; and one Follow-Up measurement
to evaluate short-term retention rate two days later.

Participants were initially instructed to perform three basic EMG
assessments: the provisional maximum voluntary contraction
(MVC) level, accuracy of electrode control, and muscle
endurance. After a short break, participants were presented with
three computer games in randomized order. After each
EMG-controlled game, they were asked to complete a short
user evaluation survey regarding the gaming experience. After
the third and final game, a modified questionnaire aiming at
intrinsic motivation (Intrinsic Motivation Inventory; IMI) was
completed.

Figure 1. The experimental set-up.

Electromyographic Assessments
To investigate the changes in overall controllability, three basic
assessments evaluating approximate strength, muscle precision
control and coordination, and muscle endurance were performed.

The outcome measures that were considered included
fluctuations of RMS EMG signals over expected EMG signals.
Both electrodes typically show some negligible offset activation
(due to common noise) during the idle state of the forearm
muscles (see Figure 2).
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Figure 2. The interface for the precision control assessment and separation of electrode activation. Electrode 1 is used to assess precision control while
electrode 2 indicates either the separation or cocontraction of both electrodes. a) The red triangle indicates the goal activation level that participants
must reach with their electromyographic signals. b) The black bar marks the threshold at which the electrode is considered active. If the electromyographic
signal passed this bar, electrode separation failed and cocontraction is detected.

Maximum Voluntary Contraction Test
The MVC test was used as a calibration of the voltage detected
by the electrodes, and assessed the MVC force (averaged over
3 trials) for each of the two electrode channels. Participants
were asked to maximally contract one muscle and to hold this
contraction for 1.3 seconds, of which only the last second was
taken for calculating the activation baseline.

Assessment of Precision Control
The Assessment of Precision Control test evaluated the
participant’s fine EMG control accuracy. The range of this test
was adapted based on the outcome of the MVC test. For each
electrode, the participant was asked to reach 30 randomly
preselected activation levels in the range of 10-90% MVC, and
sustain them for 300 milliseconds each. The required level of
activation was indicated by a triangular mark on the EMG bar
(see Figure 2 a). A total of 30 marks (3 trials consisting of 10
levels) were performed for each electrode. The percentile
deviation from the mark was taken as outcome measure.
Randomization of the goal activation marks took place once
before the beginning of the study and was kept constant between
all participants.

Assessment of Separation
The Assessment of Separation test is a subsection of the
Assessment of Precision Control, and determined whether
participants could separately control one muscle or if the
opposing electrode was activated (cocontraction) during the
tasks of the Precision Control assessment. Depending on the
MVC, a threshold was set that corresponded to the point of
EMG activation at which an electrode was considered active
(see Figure 2 b). This threshold was set at 15% MVC. The

concept of reaching a certain threshold for activating the
electrode corresponds to the actual execution of prosthetic
movements [1,25]. The outcome measure was the binary
activation of the opposing electrode and the overall percentage
of activation of the opposing electrode per participant.

Assessment of Endurance Control
The Assessment of Endurance Control test assessed muscle
coordination and muscle fatigue while the participants used
their EMG signals to closely follow a sine curve (1/4 hertz) on
the screen until they felt fatigued. The estimated force needed
to reach the peaks of the sine curve corresponds to 60% MVC.
A positive value corresponded to activation of the first electrode,
while a negative value corresponded to the second. Electrode
activation needed to be separate to reach the peaks of the sine
curve. The minimum time to be reached in this test was 15
minutes. The outcome measure was the EMG signal deviation
from the desired sine curve, given as correlation r² [26].

Games
Three different open-source games were used in this study: a
racing game, a dexterity game, and a rhythm-based game. Each
game featured its own respective control method (see Figure
3). The general input mechanism was to substitute keyboard
events with EMG activation. Participants controlled two
electrodes, making two concurrent keys possible at a time. Those
motions represented one degree of freedom (DoF). However,
to allow for more than just one DoF steering, participants could
perform a cocontraction (a quick simultaneous activation of
both opposing muscles) and switch to a second DoF. For games
that did not offer the option of cocontraction to switch through
keys, the dominant limb supported the control through direct
keyboard input.

JMIR Serious Games 2017 | vol. 5 | iss. 1 |e3 | p.14https://games.jmir.org/2017/1/e3/
(page number not for citation purposes)

Prahm et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. An overview of the three games played by the participants, with their respective input methods and muscle contraction types needed to drive
the game. EMG: electromyographic.

Racing Game
In the 3-dimensional racing game Super Tux Kart [27] the player
raced against the clock and computer-controlled adversaries.
The participant controlled left and right turns solely with EMG
signals, whereas accelerating and braking were controlled using
keyboard inputs with their dominant hand. Required EMG
activations were quick contractions and sustained contractions.

Dexterity Game
In the dexterity game Pospos [28] the player had to maneuver
through a 2-dimensional labyrinth and collect items. This game
was controlled entirely through the participant’s EMG signals.
Switching between the DoFs was done by cocontraction, which
corresponded to controlling the horizontal and vertical axes of
the player. Required EMG activations were quick contractions,
sustained contractions, and cocontractions to switch between
DoFs.

Rhythm Game
In the rhythm-based game Step Mania 5 [29] participants were
prompted to activate 2 different arrow-shaped buttons using
their EMG signal. The arrows had to be quickly pressed or held
in time matching the rhythm of the note patterns that scrolled

across the screen. Required EMG activations were quick
contractions, sustained contractions over a certain time period,
and cocontractions to simultaneously activate two buttons.

Questionnaires
Participants were given two questionnaires to complete: (1) a
modified IMI questionnaire; and (2) a user evaluation survey
about the EMG assessment, the games that were played, and
control methods.

Modified Intrinsic Motivation Inventory Questionnaire
A modified 28-item version of the IMI [30-32] consisting of
five subscales was used to evaluate the experience with the
video games that were played. The five subscales formed scores
for enjoyment, perceived competence, perceived choice, pressure
felt, and immersion. An additional six questions were added to
the last subsection to evaluate immersion into the games. The
questionnaire was adapted to the study by changing the words,
“working” and, “doing” to, “playing”. The questionnaire
included statements such as, “I found the games very
interesting” and, “I felt tense while playing.” The statements
were rated on a 7-point Likert rating scale ranging from 1 (no,
not at all) to 7 (yes, definitely).
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User Evaluation Survey
The user evaluation survey consisted of (1) rating the games
that were played, (2) rating the input and player control methods
(see Figure 3), (3) rating the EMG assessment, and (4)
identifying engaging elements within each game. This short
survey about gaming experience was presented after every game
and included questions about the gameplay, fun factor,
motivation, and input and control methods.

Statistical Analyses
All analyses were conducted using IBM SPSS 20 and Matlab
2013b. Nonparametric tests were performed on data not meeting
the requirement for normal distributions. Normal distributions
were assessed via graphical interpretation showing normal Q-Q
plots, and with Shapiro-Wilk tests for normality as a numerical
assessment. Significance was set at Cronbach alpha=.05.

Controllability

Maximum Voluntary Contraction

This test was used to relatively set the maximum contraction
limit for the subsequent EMG tests, and was given as average
of the RMS electrode activation. MVC was measured three
times: before playing the games, directly after playing the
games, and before the Follow-Up measurement.

Assessment of Precision Control

The outcome measure for this test was the percent deviation
from the 30 goal points per electrode channel. The deviation
from the goal was calculated in absolute values and set in
relation to the achieved MVC to derive a percent value of
deviation for each goal point. All 30 data points were treated
as if they were performed consecutively. The goal points were
divided into three equidistant intensity sections ranging from
10% MVC to 90% MVC. The Shapiro-Wilk test confirmed a
normal distribution with P<.001. The mean and standard
deviation were compared for significance for the activation
levels (low, middle, high) and for measurement sessions
(Pregaming, Postgaming, Follow-Up) with a Bonferroni
corrected paired samples t-test.

Assessment of Separation

Threshold crossings were given in percentages for each of the
3 goal activation levels over the 3 measurement sessions. The
three equidistant intensity levels ranged from 10-90%.

Improvement was tested for significance with a related samples
Wilcoxon signed rank test.

Assessment of Endurance Control

The conformity of retracing the sine curve as a correlation r²
was computed for defined time windows consisting of 30
seconds. The highest r² value was taken from a period of at least
200 seconds. A related samples Wilcoxon signed rank test
(Cronbach alpha=.05) examined the Pregaming measurement
correlation with the Follow-Up measurement correlation.

Questionnaires

Intrinsic Motivation Inventory Questionnaire

Participants had to rank the 28 statements from 1 to 7, where 1
represented I do not agree and 7 represented I agree. The
statements belonged to one of five categories and the ranking
was averaged. An independent samples Mann Whitney U test
was performed to describe the data. All categories except
pressure had a high desirable rank.

User Evaluation Survey

This survey consisted of ranked statements on a 5-point scale,
and multiple choice questions regarding game experience and
preferences that were evaluated via a frequency analysis.

Results

Controllability

Maximum Voluntary Contraction
The MVC was used only as a calibration for the electrode
channel voltage. However, it could be observed that the RMS
values for the MVC test directly after the games showed an
increase instead of the expected decrease. Moreover, the same
can be observed for the Follow-Up session.

Assessment of Precision Control
Results showed a significant improvement in fine accuracy and
electrode coordination from the Pregaming measurement to the
Follow-Up session (P=.001). Percentile deviation from the goal
value was high and heterogeneous in the first two measurements
(Pregaming and Postgaming), but significantly lower and more
homogeneous in the Follow-Up measurement (P=.001; see
Figure 4). In all 3 measurement sessions, it was significantly
harder to reach a high goal activation level compared to a low
one (P=.002).
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Figure 4. Development of the deviation of the electrode activation around the goal value levels (separated into low, middle, and high goal values)
through all three measurement sessions (Pregaming, Postgaming and Follow-Up). MVC: maximum voluntary contraction.

Assessment of Separation
Significantly better performance could be observed during low
level electrode activation tasks compared to high goal activation
tasks within Pregaming (P=.02) and the Follow-Up session
(P=.04; see Figure 5 a). There was a significant decrease in

opposing electrode activation from the first to the last
measurement session for low (P=.04) and middle (P=.02) goal
activation levels; however, this was not true for high intensity
goal activation (see Figure 5 b). There was a significant
improvement in electrode separation overall, considering the
first and last measurement sessions (P=.02).

Figure 5. Opposing electrode activations over three measurement sessions (Pregaming, Postgaming and Follow-Up) and three goal activation areas,
which the participants had to reach with their electromyographic signal (low, middle, and high). a) Comparison within the session. b) Comparison
between the sessions.
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Assessment of Endurance Control
Participants showed an improvement in muscle endurance
control (see Figure 6). This result was true for all but one
participant, whose EMG activation expressed an offset and was

shifted by half a period of the retraced sine curve. Nevertheless,
the Related Samples Wilcoxon Signed Rank Test determined
a significant difference (P=.004) in r² performance between the
Pregaming and Follow-Up measurement sessions.

Figure 6. Scores of the endurance assessment and comparison of Pregaming r² value to the Follow-Up value. High r² corresponds to close
electromyographic retracing of the given sine curve.

Questionnaires

Modified Intrinsic Motivation Inventory
Results obtained from the IMI questionnaire can be viewed as
mean and standard deviation of the five categories in Figure 7.

Participants enjoyed playing the games and felt immersed when
doing so. Participants perceived playing the games as their own
choice and felt competent and at ease while doing so. Pressure
was the only category in which a low rank was desirable.
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Figure 7. Means and standard deviations for 5 subscales of the modified intrinsic motivation questionnaire on a scale from 1 (low) to 7 (high).

User Evaluation Survey
Participants were asked to answer five questions for each game
(Q1-Q5; see Figure 8). According to the user evaluation survey,
the favorite game (derived from the score of Q1 and Q2) was
the racing game Super Tux Cart followed by the rhythm game
Step Mania 5. According to Q3 and Q4, participants preferred
to control the games with EMG signals only and to perform
different contraction lengths as well as cocontractions. In terms
of motivation (Q5), the Pospos dexterity game ranked far behind
the racing and rhythm games, which were equally well received.

The most important components to ensure continued play and
enjoyment of a game were (listed according to importance): (1)
the EMG control method, (2) the level of difficulty, (3) dynamic
movements, and (4) collecting items. Music, atmosphere, and

graphics rated last. Although participants claimed to prefer
3-dimensional graphics, this finding did not reflect their rating
of what they enjoyed most in the games. The most motivating
aspects of games were (1) the gameplay, (2) to see one’s own
high score, and (3) to clear upgrades.

Additionally, participants had to rate the EMG assessments after
each session. Participants were asked about how important they
thought the EMG assessments were, and to rate the fun they
had while doing them. As can be seen in Figure 9, rating of the
importance of the EMG assessment increased until the
Follow-Up measurement (however, not significantly), while
the participants enjoyed them significantly less (P=.002).
Interestingly, a slight rise in rating the fun factor was observed
after the Follow-Up session.

Figure 8. Mean and standard deviation ratings of the three games played, according to the survey that participants had to fill in after each game.
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Figure 9. Mean and standard deviation for ratings of the electromyographic assessment after each session, ranging from 5 (very important/fun) to 1
(very unimportant/boring). EMG: electromyographic.

Discussion

Results from this study demonstrate improvements in fine
accuracy electrode activation and electrode separation from
Pregaming EMG assessments to the Follow-Up measurements.
Surprisingly, the MVC values used as a baseline calibration
also showed an increase, instead of the expected decrease, after
playing the games. This result could be due to either warmth
or sweat that would influence the electrode resistance.
Additionally, this result is a strong indicator that the gaming
session was not fatiguing for the participants. Performance
during the precision control assessment, however, declined after
playing the games. If, based on previous investigations, we
exclude fatigue, it is reasonable to assume that participants
started losing their concentration by the end of the sessions. In
the Follow-Up measurement, a clear improvement in
performance was observed, which can be attributed to the
restoration of full focus combined with the obtained experience
from the previous session.

Compared to previous studies [22-24,33], participants not only
conducted repetitive flexor and extensor muscle activation, but
also sustained contractions over varying periods of time,
performed precisely timed contractions, and executed
simultaneous contractions of both muscle groups. These actions
are similar to how patients would control a real prosthesis.

The motivational aspects of training gamification are clear, and
are likely the main advantage compared to conventional
techniques. It is reasonable to assume that certain improvement
of the EMG control could be observed by sole application of

the listed EMG tests. However, prolonged exposure to such
stimuli would certainly lead to a loss of interest, which is sure
to be maintained by the appealing context of a video game [15].

Limitations
The transferability of the obtained results to the amputee
population might be questioned, since this study was conducted
strictly with healthy participants. However, based on the
outcomes reported in other myocontrol-based studies [34,35],
it is reasonable to expect that the patient group would perform
similarly.

This study was a short-term intervention, and can be viewed as
a proof of concept. Further research will incorporate a long-term
evaluation of video game-based interventions, as well as
additional exploration of advanced control mechanisms, such
as those based on machine learning approaches [36-38].

Conclusion
Most upper limb amputees use a 2-channel myoelectric
prosthesis control. This study demonstrates that this control can
be effectively trained by employing a video game-based
rehabilitation protocol. Participants significantly improved their
electrode separation and fine muscle control. It could be shown
that the enjoyment of the games was greater than that of the
EMG assessments, which decreased over time. Additionally,
engaging elements within each game could be identified. A
subsequent study with an amputee population will show if the
information gained from healthy participants can be transferred
to patients. The final outcome would be a robust system that
patients can operate outside of a clinical environment.

 

JMIR Serious Games 2017 | vol. 5 | iss. 1 |e3 | p.20https://games.jmir.org/2017/1/e3/
(page number not for citation purposes)

Prahm et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
This work was supported by the Christian Doppler Research Foundation of the Austrian Federal Ministry of Science, Research
and Economy, and by the European Research Council Advanced Grant DEMOVE (contract #267888). The authors would like
to thank Korbinian Eckstein, MSc for system implementations. Authors CP and IV designed and conducted the study, led the
analysis, and interpreted the data; all authors contributed to drafting and reviewing the manuscript.

Conflicts of Interest
None declared.

References
1. Roche AD, Rehbaum H, Farina D, Aszmann OC. Prosthetic myoelectric control strategies: a clinical perspective. Curr Surg

Rep 2014 Jan 25;2(3). [doi: 10.1007/s40137-013-0044-8]
2. Sturma A, Göbel P, Herceg M, Gee N, Roche A, Fialka-Moser V, et al. Advanced rehabilitation for amputees after selective

nerve transfers: EMG-guided training and testing. In: Replace, Repair, Restore, Relieve – Bridging Clinical and Engineering
Solutions in Neurorehabilitation. New York: Springer; 2014:169-177.

3. Kyberd PJ, Beard DJ, Davey JJ, Morrison JD. A survey of upper-limb prosthesis users in Oxfordshire. JPO 1998;10(4):84-91.
[doi: 10.1097/00008526-199801040-00004]

4. Dudkiewicz I, Gabrielov R, Seiv-Ner I, Zelig G, Heim M. Evaluation of prosthetic usage in upper limb amputees. Disabil
Rehabil 2004 Jan 7;26(1):60-63. [doi: 10.1080/09638280410001645094] [Medline: 14660200]

5. Weeks DL, Anderson DI, Wallace SA. The role of variability in practice structure when learning to use an upper-extremity
prosthesis. JPO 2003;15(3):84-92. [doi: 10.1097/00008526-200307000-00006]

6. Roche AD, Vujaklija I, Amsüss S, Sturma A, Göbel P, Farina D, et al. A structured rehabilitation protocol for improved
multifunctional prosthetic control: a case study. J Vis Exp 2015 Nov 06(105):e52968. [doi: 10.3791/52968] [Medline:
26575620]

7. Smurr LM, Gulick K, Yancosek K, Ganz O. Managing the upper extremity amputee: a protocol for success. J Hand Ther
2008 Apr;21(2):160-75; quiz 176. [doi: 10.1197/j.jht.2007.09.006] [Medline: 18436138]

8. Aszmann OC, Roche AD, Salminger S, Paternostro-Sluga T, Herceg M, Sturma A, et al. Bionic reconstruction to restore
hand function after brachial plexus injury: a case series of three patients. The Lancet 2015 May;385(9983):2183-2189. [doi:
10.1016/s0140-6736(14)61776-1]

9. Anderson F, Bischof W. Augmented reality improves myoelectric prosthesis training. Int J Disabil Hum Dev
2014;13(3):349-354. [doi: 10.1515/ijdhd-2014-0327]

10. Dawson MR, Carey JP, Fahimi F. Myoelectric training systems. Expert Rev Med Devices 2011 Sep;8(5):581-589. [doi:
10.1586/erd.11.23] [Medline: 22026623]

11. Kotila M, Numminen H, Waltimo O, Kaste M. Depression after stroke: results of the FINNSTROKE Study. Stroke 1998
Feb;29(2):368-372 [FREE Full text] [Medline: 9472876]

12. Burke JW, McNeill MDJ, Charles DK, Morrow PJ, Crosbie JH, McDonough SM. Optimising engagement for stroke
rehabilitation using serious games. Vis Comput 2009 Aug 27;25(12):1085-1099. [doi: 10.1007/s00371-009-0387-4]

13. Tatla SK, Shirzad N, Lohse KR, Virji-Babul N, Hoens AM, Holsti L, et al. Therapists' perceptions of social media and
video game technologies in upper limb rehabilitation. JMIR Serious Games 2015;3(1):e2 [FREE Full text] [doi:
10.2196/games.3401] [Medline: 25759148]

14. Armiger R, Vogelstein R. Air-Guitar Hero: a real-time video game interface for training and evaluation of dexterous
upper-extremity neuroprosthetic control algorithms. In: Biomedical Circuits and Systems Conference. 2008 Presented at:
BioCAS; Nov 2008; IEEE p. 121-124. [doi: 10.1109/biocas.2008.4696889]

15. Lohse K, Shirzad N, Verster A, Hodges N, Van der Loos HF. Video games and rehabilitation: using design principles to
enhance engagement in physical therapy. J Neurol Phys Ther 2013 Dec;37(4):166-175. [doi:
10.1097/NPT.0000000000000017] [Medline: 24232363]

16. van Diest M, Stegenga J, Wörtche HJ, Verkerke GJ, Postema K, Lamoth CJ. Exergames for unsupervised balance training
at home: a pilot study in healthy older adults. Gait Posture 2016 Feb;44:161-167. [doi: 10.1016/j.gaitpost.2015.11.019]
[Medline: 27004651]

17. Duncan PW, Horner RD, Reker DM, Samsa GP, Hoenig H, Hamilton B, et al. Adherence to postacute rehabilitation
guidelines is associated with functional recovery in stroke. Stroke 2002 Jan;33(1):167-177 [FREE Full text] [Medline:
11779907]

18. Lang CE, Macdonald JR, Reisman DS, Boyd L, Jacobson KT, Schindler-Ivens SM, et al. Observation of amounts of
movement practice provided during stroke rehabilitation. Arch Phys Med Rehabil 2009 Oct;90(10):1692-1698 [FREE Full
text] [doi: 10.1016/j.apmr.2009.04.005] [Medline: 19801058]

19. Gil-Gómez J, Lloréns R, Alcañiz M, Colomer C. Effectiveness of a Wii balance board-based system (eBaViR) for balance
rehabilitation: a pilot randomized clinical trial in patients with acquired brain injury. J Neuroeng Rehabil 2011;8:30 [FREE
Full text] [doi: 10.1186/1743-0003-8-30] [Medline: 21600066]

JMIR Serious Games 2017 | vol. 5 | iss. 1 |e3 | p.21https://games.jmir.org/2017/1/e3/
(page number not for citation purposes)

Prahm et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1007/s40137-013-0044-8
http://dx.doi.org/10.1097/00008526-199801040-00004
http://dx.doi.org/10.1080/09638280410001645094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14660200&dopt=Abstract
http://dx.doi.org/10.1097/00008526-200307000-00006
http://dx.doi.org/10.3791/52968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26575620&dopt=Abstract
http://dx.doi.org/10.1197/j.jht.2007.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436138&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(14)61776-1
http://dx.doi.org/10.1515/ijdhd-2014-0327
http://dx.doi.org/10.1586/erd.11.23
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22026623&dopt=Abstract
http://stroke.ahajournals.org/cgi/pmidlookup?view=long&pmid=9472876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9472876&dopt=Abstract
http://dx.doi.org/10.1007/s00371-009-0387-4
http://games.jmir.org/2015/1/e2/
http://dx.doi.org/10.2196/games.3401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25759148&dopt=Abstract
http://dx.doi.org/10.1109/biocas.2008.4696889
http://dx.doi.org/10.1097/NPT.0000000000000017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24232363&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2015.11.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27004651&dopt=Abstract
http://stroke.ahajournals.org/cgi/pmidlookup?view=long&pmid=11779907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11779907&dopt=Abstract
http://europepmc.org/abstract/MED/19801058
http://europepmc.org/abstract/MED/19801058
http://dx.doi.org/10.1016/j.apmr.2009.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19801058&dopt=Abstract
http://www.jneuroengrehab.com/content/8//30
http://www.jneuroengrehab.com/content/8//30
http://dx.doi.org/10.1186/1743-0003-8-30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21600066&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Herz NB, Mehta SH, Sethi KD, Jackson P, Hall P, Morgan JC. Nintendo Wii rehabilitation (“Wii-hab”) provides benefits
in Parkinson's disease. Parkinsonism Relat Disord 2013 Nov;19(11):1039-1042. [doi: 10.1016/j.parkreldis.2013.07.014]
[Medline: 23968649]

21. Al-Jumaily A, Olivares R. Electromyogram (EMG) driven system based virtual reality for prosthetic and rehabilitation
devices. 2009 Presented at: Proceedings of the 11th International Conference on Information Integration and Web-based
Applications & Services; December 14-16, 2009; New York p. 582-586. [doi: 10.1145/1806338.1806448]

22. Oppenheim H, Armiger R, Vogelstein R. WiiEMG: a real-time environment for control of the Wii with surface
electromyography. 2010 Presented at: Proceedings of 2010 IEEE International Symposium on Circuits and Systems (ISCAS);
May 30-June 2, 2010; Paris, France p. 957-960. [doi: 10.1109/iscas.2010.5537390]

23. de la Rosa R, Alonso A, de la Rosa S, Abasalo D. Myo-Pong: a neuromuscular game for the UVa-Neuromuscular Training
System platform. 2008 Presented at: Virtual Rehabilitation ICVR; August 25-27, 2008; Vancouver, BC p. 61-61. [doi:
10.1109/icvr.2008.4625124]

24. Bouwsema H, van der Sluis CK, Bongers RM. The role of order of practice in learning to handle an upper-limb prosthesis.
Arch Phys Med Rehabil 2008 Sep;89(9):1759-1764. [doi: 10.1016/j.apmr.2007.12.046] [Medline: 18675393]

25. Sturma A, Herceg M, Bischof B, Fialka-Moser V, Oskar A. Rehabilitation following targeted muscle reinnervation in
amputees. In: Replace, Repair, Restore, Relieve--Bridging Clinical and Engineering Solutions in Neurorehabilitation. New
York: Springer; 2014:775-779.

26. d'Avella A, Portone A, Fernandez L, Lacquaniti F. Control of fast-reaching movements by muscle synergy combinations.
J Neurosci 2006 Jul 26;26(30):7791-7810 [FREE Full text] [doi: 10.1523/JNEUROSCI.0830-06.2006] [Medline: 16870725]

27. Henrichs J, Gagnon M, Hernandez Munoz E, Baker S. SuperTuxKart. 2015. URL: https://supertuxkart.net/Main_Page
[accessed 2017-01-23] [WebCite Cache ID 6njJWpdEv]

28. Gramatke S, Gramatke C. Heise. 2015. Pospos - Im Land der Chukchuks URL: https://www.heise.de/download/product/
pospos-im-land-der-chuchuks-74513 [accessed 2017-01-18] [WebCite Cache ID 6nbplEWfs]

29. Danford C, Maynard G. Step Mania 5. 2015. URL: https://www.stepmania.com/download/ [accessed 2017-01-18] [WebCite
Cache ID 6nbpCoYec]

30. Ryan RM. Control and information in the intrapersonal sphere: an extension of cognitive evaluation theory. J Pers Soc
Psychol 1982;43(3):450-461. [doi: 10.1037//0022-3514.43.3.450]

31. von Held F. Collective Creativity: Exploring Creativity in Social Network Development as Part of Organizational Learning.
Wiesbaden: VS Verlag fuer Sozialwissenschaften; 2012.

32. McAuley E, Duncan T, Tammen VV. Psychometric properties of the Intrinsic Motivation Inventory in a competitive sport
setting: a confirmatory factor analysis. Res Q Exerc Sport 1989 Mar;60(1):48-58. [doi: 10.1080/02701367.1989.10607413]
[Medline: 2489825]

33. Terlaak B, Bouwsema H, van der Sluis CK, Bongers RM. Virtual training of the myosignal. PLoS One 2015
Sep;10(9):e0137161 [FREE Full text] [doi: 10.1371/journal.pone.0137161] [Medline: 26351838]

34. Wurth SM, Hargrove LJ. A real-time comparison between direct control, sequential pattern recognition control and
simultaneous pattern recognition control using a Fitts' law style assessment procedure. J Neuroeng Rehabil 2014 May
30;11:91 [FREE Full text] [doi: 10.1186/1743-0003-11-91] [Medline: 24886664]

35. Farina D, Jiang N, Rehbaum H, Holobar A, Graimann B, Dietl H, et al. The extraction of neural information from the
surface EMG for the control of upper-limb prostheses: emerging avenues and challenges. IEEE Trans Neural Syst Rehabil
Eng 2014 Jul;22(4):797-809. [doi: 10.1109/TNSRE.2014.2305111] [Medline: 24760934]

36. Prahm C, Eckstein K, Ortiz-Catalan M, Dorffner G, Kaniusas E, Aszmann OC. Combining two open source tools for neural
computation (BioPatRec and Netlab) improves movement classification for prosthetic control. BMC Res Notes 2016 Aug
31;9(1):429 [FREE Full text] [doi: 10.1186/s13104-016-2232-y] [Medline: 27581624]

37. Jiang N, Dosen S, Muller K, Farina D. Myoelectric control of artificial limbs - is there a need to change focus? [in the
spotlight]. IEEE Signal Process Mag 2012 Sep;29(5):152-150. [doi: 10.1109/MSP.2012.2203480]

38. Amsuess S, Vujaklija I, Goebel P, Roche AD, Graimann B, Aszmann OC, et al. Context-dependent upper limb prosthesis
control for natural and robust use. IEEE Trans Neural Syst Rehabil Eng 2016 Jul;24(7):744-753. [doi:
10.1109/TNSRE.2015.2454240] [Medline: 26173217]

Abbreviations
DoF: degree of freedom
EMG: electromyographic
IMI: Intrinsic Motivation Inventory
MVC: maximum voluntary contraction
RMS: root mean square

JMIR Serious Games 2017 | vol. 5 | iss. 1 |e3 | p.22https://games.jmir.org/2017/1/e3/
(page number not for citation purposes)

Prahm et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.parkreldis.2013.07.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23968649&dopt=Abstract
http://dx.doi.org/10.1145/1806338.1806448
http://dx.doi.org/10.1109/iscas.2010.5537390
http://dx.doi.org/10.1109/icvr.2008.4625124
http://dx.doi.org/10.1016/j.apmr.2007.12.046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18675393&dopt=Abstract
http://www.jneurosci.org/cgi/pmidlookup?view=long&pmid=16870725
http://dx.doi.org/10.1523/JNEUROSCI.0830-06.2006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16870725&dopt=Abstract
https://supertuxkart.net/Main_Page
http://www.webcitation.org/6njJWpdEv
https://www.heise.de/download/product/pospos-im-land-der-chuchuks-74513
https://www.heise.de/download/product/pospos-im-land-der-chuchuks-74513
http://www.webcitation.org/6nbplEWfs
https://www.stepmania.com/download/
http://www.webcitation.org/6nbpCoYec
http://www.webcitation.org/6nbpCoYec
http://dx.doi.org/10.1037//0022-3514.43.3.450
http://dx.doi.org/10.1080/02701367.1989.10607413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2489825&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0137161
http://dx.doi.org/10.1371/journal.pone.0137161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26351838&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/1743-0003-11-91
http://dx.doi.org/10.1186/1743-0003-11-91
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24886664&dopt=Abstract
http://dx.doi.org/10.1109/TNSRE.2014.2305111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24760934&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-016-2232-y
http://dx.doi.org/10.1186/s13104-016-2232-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27581624&dopt=Abstract
http://dx.doi.org/10.1109/MSP.2012.2203480
http://dx.doi.org/10.1109/TNSRE.2015.2454240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26173217&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 25.05.16; peer-reviewed by S Flynn, R Armiger, F Anderson; comments to author 28.06.16; revised
version received 18.11.16; accepted 06.01.17; published 09.02.17.

Please cite as:
Prahm C, Vujaklija I, Kayali F, Purgathofer P, Aszmann OC
Game-Based Rehabilitation for Myoelectric Prosthesis Control
JMIR Serious Games 2017;5(1):e3
URL: https://games.jmir.org/2017/1/e3/ 
doi:10.2196/games.6026
PMID:28183689

©Cosima Prahm, Ivan Vujaklija, Fares Kayali, Peter Purgathofer, Oskar C Aszmann. Originally published in JMIR Serious
Games (http://games.jmir.org), 09.02.2017. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The complete bibliographic
information, a link to the original publication on http://games.jmir.org, as well as this copyright and license information must be
included.

JMIR Serious Games 2017 | vol. 5 | iss. 1 |e3 | p.23https://games.jmir.org/2017/1/e3/
(page number not for citation purposes)

Prahm et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://games.jmir.org/2017/1/e3/
http://dx.doi.org/10.2196/games.6026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28183689&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Mobile, Avatar-Based App for Improving Body Perceptions
Among Adolescents: A Pilot Test

Annmarie A Lyles1, RN, PhD; Ashish Amresh2, PhD; Jennifer Huberty3, PhD; Michael Todd1, PhD; Rebecca E Lee4,
PhD
1College of Nursing and Health Innovation, Arizona State University, Phoenix, AZ, United States
2Ira A Fulton School of Engineering, Arizona State University, Tempe, AZ, United States
3School of Nutrition and Health Promotion, Arizona State University, Phoenix, AZ, United States
4Center for Health Promotion and Disease Prevention, College of Nursing and Health Innovation, Arizona State University, Phoenix, AZ, United States

Corresponding Author:
Annmarie A Lyles, RN, PhD
College of Nursing and Health Innovation
Arizona State University
550 N 3rd St
Phoenix, AZ, 85004
United States
Phone: 1 602 496 2196
Fax: 1 602 496 1128
Email: Annmarie.Lyles@asu.edu

Abstract

Background: One barrier to effectively treating weight issues among adolescents is that they tend to use social comparison
instead of objective measures to evaluate their own health status. When adolescents correctly perceive themselves as overweight,
they are more likely to adopt healthy lifestyle behaviors.

Objective: The purpose of this pilot test was to develop and assess acceptability and usability of an avatar-based, theoretically
derived mobile app entitled Monitor Your Avatar (MYA).

Methods: The MYA app was engineered for high school adolescents to identify, using avatars, what they thought they looked
like, what they wanted to look like, and what they actually looked like based on body measurements.

Results: The MYA app was pilot-tested with male and female adolescents aged 15-18 years to assess for acceptability and
usability. A total of 42 students created and viewed their avatars. The majority of the adolescents were female (28/42, 67%), age
16 years (16/42, 38%), white (35/42, 83%), non-Hispanic (36/42, 86%), in grade 10 (20/42, 48%), healthy weight for females
(23/28, 82%), and obese for males (7/14, 50%). The adolescents had positive reactions to the avatar app and being able to view
avatars that represented them. All but one student (41/42, 98%) indicated some level of comfort viewing the avatars and would
use the app in the future to see how their bodies change over time.

Conclusions: Avatar-based mobile apps, such as the MYA app, provide immediate feedback and allow users to engage with
images that are personalized to represent their perceptions and actual body images. This pilot study adds to the increasing but
limited research of using games to improve health outcomes among high school adolescents. There is a need to further adapt the
MYA app and gather feedback from a larger number of high school adolescents, including those from diverse backgrounds.

(JMIR Serious Games 2017;5(1):e4)   doi:10.2196/games.6354

KEYWORDS

adolescents; avatars; eHealth; mHealth; perceptions; Web-based; usability testing

Introduction

One in five adolescents in the United States are obese, increasing
their risk for related complications such as poor quality of life,
asthma, type 2 diabetes, and hypertension. Additionally, as they

age, adolescents’ participation in physical activity decreases
[1], while concern about weight and negative body image
increases [2].

One barrier to treating these adolescent weight issues is that
they tend to use social comparison instead of objective measures
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to evaluate their own health status [3]. Having inaccurate body
size perceptions may decrease adolescents’ likelihood of
changing their health behaviors [4]. If adolescents correctly
perceive themselves as overweight, they are more likely to adopt
healthy lifestyle behaviors [5] than will those who do not
recognize themselves as overweight [4].

Another barrier to effectively treating weight issues among
adolescents is misclassifying obesity risk due to incomplete
measures for adolescents. Researchers and health care providers
have long used body mass index (BMI), a common, inexpensive
measure, to determine healthy weight in adolescents. BMI does
not distinguish between fat and muscle, does not identify body
size perceptions, and cannot detect those at risk for unnecessary
and unsafe weight loss behaviors. There is a potential for
adolescents to not receive appropriate counseling and referral
if their body fat percentage, perceptions, and methods for losing
weight are not assessed along with BMI [6].

Adolescents also contend with using the current methods to
assess healthy body sizes. Using BMI may be too vague or
abstract for adolescents to comprehend. Their weight in pounds
on a scale may change insignificantly or not at all even though
positive lifestyle changes are substantial. Choosing from a series
of body figure silhouettes may not be true representations of
the adolescents’body shapes. These methods of assessing body
weight classifications and changes made to the bodies may
prevent adolescents from seeing the effects that healthy eating
and physical activity can have on their health.

As children move into adolescence, they are more likely to
desire independence in attaining and maintaining healthy bodies.
Identification (ie, the extent an individual relates to a model
and feels similarity to the model) can increase the likelihood
for a teen to perform a learned behavior [3,7]. The power of
identification increases when the models are of the same sex
[4], race [5], or skill level [6]. Fox and Bailenson [8] conducted
three studies and found virtual self-models can be an effective
impetus for health behavior change. Virtual self-models such
as avatars (ie, computerized representations of the adolescents’
bodies) can be connected to goal setting, self-monitoring, direct
reinforcement, and social support processes that drive behavior
change. Having adolescents interact with avatars on mobile
devices, such as tablet computers, engages them in viewing and
thinking about their bodies in a realistic and positive light.

Visually rich 3D representations that accurately portray how
bodies appear may have a greater impact on adolescent behavior
than can a number on a scale or BMI percentage. In addition,
adolescents prefer Internet-based health resources because of
the 24-hour availability and lack of perceived judgment and
conflict with sensitive topics [9]. Mobile phone technology has
the ability to track everyday behavior changes in an unobtrusive
way, in real time [10,11], and with the potential to provide
immediate feedback [12].

Researchers and providers can have a greater impact on
adolescents’ actions to change their bodies or help maintain
healthy bodies by providing interactive and dynamic strategies.
Further, over 93% of teens are active users of the Internet [13],
75% own mobile phones [14], and 40% own iPhones [15],
suggesting that Web- and mobile device-based apps can be

powerful technologies for implementing behavior change
programs in this population.

The purpose of this pilot test was to develop and assess
acceptability and usability of an avatar-based, theoretically
derived, mobile app entitled Monitor Your Avatar (MYA).
Positive lifestyle changes can affect adolescents’ body
composition, which in turn can affect their perceptions of their
bodies, their body shapes, their satisfaction with their bodies,
and their emotional well-being as they mature into adulthood.

Methods

Design and Development of the App
The MYA app was engineered for male and female high school
adolescents to identify, using avatars, what they thought they
looked like, what they wanted to look like, and what they
actually looked like based on body measurements. The MYA
app is interactive and designed for adolescents to change specific
body parts of the avatars; they can also access the app
recurrently to help monitor their targeted goals. The completion
of the app consisted of three phases: classification, development,
and prototype testing. The three phases of the project were
derived from combining a model-driven approach to developing
software [16] along with an iterative user-centered design
approach to creating mobile health apps [17]. The classification
phase required the collection of accurate datasets, the
development phase developed the models based on this data,
and the prototype-testing phases incorporated user testing to
validate the models developed in the previous stage. All policies,
procedures, and ethical concerns for all phases were approved
by the Institutional Review Board of the university and high
school. All parents provided informed consent and all
adolescents provided assent to participate.

Classification Based on Body Scans
The purpose of the classification phase was to classify the
models based on body scans for use when creating the three
avatars.

Procedure for Body Scans
In order to develop a classification, it was necessary to
body-scan male and female adolescents 15-18 years of age.
Regarding recruitment, subject inclusion criteria were as
follows: (1) in grades 9-12; (2) able to speak, read, and write
English; (3) able to stand on a turntable for the 1-minute body
scan; and (4) comfortable wearing form-fitting clothes such as
compression shorts, leggings, form-fitting tank top, or
swimwear. MyBodee by Styku [15] was used to scan the
adolescents. MyBodee [15] is a portable and highly accurate
body measurement technology. The adolescents wore
form-fitting clothes and stood on a turntable. Using a tablet and
3D camera, the researcher measured each adolescent’s full body
shape. The adolescent slowly spun a full 360 degrees on a safe
and automated turntable. After 40 seconds, the adolescent’s
scan was sent to a secure, private network where the research
team concurrently analyzed the shape and body measurements.
The research team also collected additional body measurements,
including the widths and circumferences of the chest, biceps,
waist, hips, thigh, and calf using a body tape measure. The scan
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did not measure the widths of these body parts, so collection of
the circumferences and widths of the body parts was needed to
configure ratios to be used during the classification phase. A
total of 47 adolescents 15-18 years of age were scanned—24
male and 23 female—using MyBodee [15]. MyBodee [15] was
only needed to scan the adolescents so their body scans could
be used to classify the models for use in the app.

Classification
Before creating the models, the research team classified the
scanned models using the ratio of height and weight. According
to the ratio, we classified both male and female models into six
groups. In each group, we selected one or two of the most
representative models and reviewed their measurements. The
measurements included height and weight as well as the widths
and circumferences of the chest (breast/bust), waist, hips, biceps,
thigh, and calf. These measurements were used to create baseline
models for the app using the MakeHuman software
(MakeHuman) [18].

Development of the Monitor Your Avatar App Avatars

Overview
The purpose of the development phase was to use the classified
models and build a pipeline to display and manipulate them via
a Web app. The Web app called MYA provides an interface
(see Figure 1) for the participants to engage with the following
avatars: Perceived Avatar (what adolescents think they look
like), Target Avatar (what adolescents want to look like), and
the Actual Avatar (what adolescents actually look like based
on body measurements).

Procedure for Prototype Development
The prototype development consisted of three steps: (1)
Modeling: generating the baseline models using MakeHuman
[18]; (2) Display: rendering the models via a Web interface
written in JavaScript and WebGL [19]; and (3) Analysis: saving
the user-generated avatar content to a secure database for
research and analysis.

Modeling
With the provided measurements, the models were created by
setting up the gender, height, and age in MakeHuman [18]. The
scanned model and measurements were used as a reference to
match the body type and create the baseline model that is
geometrically similar to the scanned model. MakeHuman models
are not fragmented into body parts and manipulating one area
had no effect on the other. Since we were seeking local control
and manipulation based on measurements of specific body parts,
we had to use the Blender 3D software (Blender) [20] to
fragment the model into body parts. A new model whose
individual body parts could be manipulated by varying the
measurements using sliders was created. With this model, the
slider could be used to manipulate each body part independently
and provide the ability to export the functionality to the Web.

Display
The models from the Blender software were exported as a single
JSON file [21] that contained the location and name of all the
baseline models. Once a representative sample was selected

based on height, weight, and gender input we used Three.js
[22], a Web-based, 3D-rendering application programming
interface, for loading and displaying the appropriate baseline
model with the manipulating sliders. The manipulation of the
body parts is done independently by an algorithm that morphs
the 3D object based on predetermined minimum and maximum
3D surfaces for each body part. The Actual Avatar is generated
by having the users input the body measurements and
algorithmically calculate the morph targets for this input set.

Analysis
When the user completed the three avatars, the measurements
of all body parts for all the avatars were retrieved and the
WebGL content was saved into an image format. The
measurements of body parts were saved onto a spreadsheet. All
three avatars were compiled onto a screen capture and the final
state of the app was saved. A server-side script was written to
give administrative access to the research team to easily
download this data for all the adolescents.

Prototype Testing of the Monitor Your Avatar App

Overview
The purpose of the third phase was to determine the acceptability
and usability of the MYA app in male and female adolescents
aged 15-18 years. Acceptability was defined as thoughts on
viewing the avatars and visual representation, as well as comfort
level of using, intent to use, and satisfaction with the app.
Usability was defined as ease of using and actual use the app,
need to look for help when using the app, understanding of how
to use the app, and engagement of the app.

Procedure for Prototype Testing
Participant inclusion criteria included the following: (1) in
grades 9-12; (2) able to speak, read, and write English; (3) has
not been diagnosed with an eating disorder or depression, as
provided by a school nurse; and (4) be comfortable wearing
form-fitting clothes such as compression shorts, leggings,
form-fitting tank top, or swimwear for taking measurements.
These adolescents were not part of the body scan study
completed for the classification phase. The research team
introduced the study to 45 adolescents in two high school
physical education classes. One adolescent elected not to be
part of the study and two others were absent on the day of data
collection.

During data collection, the adolescents wore form-fitting clothes.
The research team measured the height of the adolescents using
a stadiometer and their weight and body fat percentage using a
Tanita body composition analyzer. We also measured the
adolescents’ body parts—biceps, chest/bust, waist, hips, thigh,
and calf—using a body tape measure to obtain circumferences.
The girls also had their bust girth measured, in addition to their
chest/bust, for entry into the Actual Avatar feature.

After measurement, the adolescents entered an assigned
identification number, their gender, measured weight, and
measured height into the app to populate a baseline avatar using
the computer located in the school library. They then designed
the avatar to represent how they currently perceive their bodies
to look (Perceived Avatar). The app allowed each adolescent
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to make the body parts (ie, biceps, chest/bust, bust girth, waist,
hips, thighs, and calves) bigger or smaller using the slider. Their
completed Perceived Avatar then generated on the same screen
so they could design it to represent how they wanted their bodies
to look within realistic, healthy parameters (Target Avatar).
This feature was incorporated so the adolescents could work
from their current perception rather than having to start over.
On the same screen and to the right of the Perceived and Target
Avatars, the adolescents generated an Actual Avatar by entering
their body part measurements into the app. Figure 2 displays
the three avatars after completion. The avatars could be rotated
360 degrees. Figure 3 displays the three avatars from the side
view.

The adolescents were then asked to answer questions about their
reactions to creating and viewing the avatars to assess
acceptability and to complete the Software Usability Survey.
The open-ended reaction questions posed to the adolescents
included the following: “What do you think about being able

to view avatars of yourself?” “Do you think the avatars are a
good representation of yourself? Explain why or why not.”
“How comfortable were you creating and viewing your avatars?”
“In the future, would you use these avatars to see how your
body parts are changing? Explain why or why not.” “What do
you like about the avatars?” “What do you not like about the
avatars?” “What would you change about the avatars?”

The Software Usability Survey is a short usability 7-point
Likert-type scale survey informed by the product and best
practices in software engineering [23,24]. The items used to
identify usability for the MYA app included the following: (1)
simplicity of navigation from one page to another, (2) ease of
control to view the avatars and their body parts, (3) ease to
manipulate each body part and make it look more muscular, (4)
need to look for help when working with the app, (5)
understanding of what the three avatars are and how to view
and manipulate them, (6) ability to keep the user engaged and
not quit, and (7) overall satisfaction with ease of using the app.

Figure 1. User Interaction Screens for MYA App.
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Figure 2. Example of three female avatars (front view).

Figure 3. Example of three female avatars (side view).

Analysis
SPSS version 23 (IBM Corp) was used to conduct the
descriptive statistics of the sample. The adolescents’ reactions
to the MYA app were analyzed using content analysis [25]. The
content analysis process included three phases: preparation,
organizing, and reporting. The preparation phase included
selecting the unit of analysis and classifying the data as a whole.

The organizing phase included developing a categorization
matrix and coding the data per the categories. The reporting
phase included the results of the analyzing process and the
results. The frequencies of the Software Usability Survey were
analyzed and calculated into percentages.
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Results

The sample characteristics for prototype testing are highlighted
in Table 1, with the majority of the adolescents being female

(28/42, 67%), age 16 years (16/42, 38%), white (35/42, 83%),
non-Hispanic (36/42, 86%), in grade 10 (20/42, 48%), healthy
weight for females (23/28, 82%), and obese for males (7/14,
50%).

Table 1. Sample characteristics of the adolescents (N=42).

n (%)Sample characteristics

Age in years

12 (29)15

16 (38)16

11 (26)17

3 (7)18

Gender

28 (67)Female

14 (33)Male

Race

35 (83)White

2 (5)More than one race

2 (5)Asian

2 (5)Black American Indian

1 (2)American Indian

Ethnicity

6 (14)Hispanic

36 (86)Non-Hispanic

Grade level

2 (5)9

20 (47)10

16 (38)11

4 (10)12

Female BMIa -for-age categoryb

0 (0)Underweight

23 (82)Healthy weight

4 (14)Overweight

1 (4)Obese

Male BMI-for-age categoryb

0 (0)Underweight

4 (29)Healthy weight

3 (21)Overweight

7 (50)Obese

aBMI: body mass index.
bUnderweight: less than the 5th percentile; healthy weight: 5th percentile up to the 85th percentile; overweight: 85th to less than the 95th percentile;
obese: equal to or greater than the 95th percentile.

To determine acceptability, the adolescents’ responses to the
reaction questions (see Table 2) were analyzed using content
analysis [25]. When asked what the adolescents thought about
being able to view the avatars of themselves, 37 out of 42

adolescents (88%) provided positive feedback. For example,
one adolescent commented about the actual and target
representations: “I think it's good to see what you actually look
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like, then being able to see what your personal target is”
(healthy-weight, 15-year-old female).

Another adolescent compared the app to the mirror: “It's nice
to see what I actually look like opposed to looking in the mirror”
(obese, 16-year-old male). When asked if the avatars were a
good representation of themselves, 38 out 42 (90%) responded
“yes.” One adolescent explained the following: “Yes, because
it shows what my body looks like and what I think it looks like”
(healthy-weight, 16-year-old female).

Another adolescent indicated how this was something new:
“Yes, I've never done something like this. I think it is a good
representation” (overweight, 17-year-old male). One adolescent
did not think it was a good representation: “Not really, because
I think more measurements should be taken” (obese, 18-year-old
male).

When asked if they were comfortable viewing the avatars, 41
out of 42 (98%) indicated they were comfortable. The research
team categorized the level of comfort into three categories: very
comfortable, somewhat comfortable, and comfortable based on
the explanations the adolescents provided (see Table 2). Almost
half of the adolescents (18/42, 43%) were very comfortable
creating and viewing their avatars. When asked if the
adolescents would use the avatars in the future to see how their
bodies changed, 41 out of 42 (98%) responded “yes” (see Table
2).

The adolescents explained the reasons they would use the app
in the future. Most of the adolescents indicated they would use
the app to track progress and goals (15/42, 36%) and to see the
changes or differences in their body parts (11/42, 26%). The
following are examples of why the adolescents would use the
avatars in the future:

Yes, it would be very helpful because sometimes your
progress can't be seen on the body but is realized in
measurements or on other body/perspectives.
[Healthy-weight, 16-year-old female]

Yes, because visual representation would help build confidence
in achieving the goal. [Overweight, 16-year-old female]

Yes, I would like to see the pictures of my before and
after results. [Obese, 16-year-old male]

There were several reasons the adolescents liked the avatars.
Almost half of the adolescents (18/42, 43%) indicated they liked
how the avatars were realistic, while almost a third (15/42, 29%)
liked how they could move the avatars to see them from different
angles (see Table 2). Adolescents commented on what they
liked:

That they are suited for the gender that you are and body type.
[Healthy-weight, 17-year-old female].

I like how they're realistic. [Healthy-weight, 15-year-old
female].

How you can play around with them and see what you look like
with certain numbers. [Obese, 16-year-old male].

When asked what the adolescents did not like about the avatars,
approximately one-third (13/42, 31%) indicated there were not
enough details or customization options with the avatars, while
13 out of 42 (31%) commented there was nothing to dislike.

They do not show definition of muscle. (Obese, 16-year-old
male).

They don't have as much detail, with looks and more
measurements. (Healthy-weight, 16-year-old female).

The suggestions the adolescents made when asked about what
they would change about the avatars included the appearance
of the avatars, such as the clothing, hair, etc (16/18, 38%). One
participant stated, “I think I would change the avatars to look
more like the person making the avatar so they can really feel
more into it and help view the different avatars of the person”
(healthy-weight, 16-year-old female).
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Table 2. Responses to the questions identified by the adolescents (N=42).

n (%)Questions and answers

What do you think about being able to view avatars of yourself?

37 (88)Positive feedback

4 (10)Neutral feedback

1 (2)Negative feedback

Do you think the avatars are a good representation of yourself?

38 (90)Yes

4 (10)No

How comfortable were you creating and viewing your avatars?

18 (43)Very comfortable

15 (36)Comfortable

8 (19)Somewhat comfortable

1 (2)Neutral

In the future, would you use these avatars to see how your body parts are changing?

41 (98)Yes

1 (2)No

Reasons the teenagers would use the app in the future

15 (36)To track progress/goals

11 (26)To see the changes/differences in body parts

8 (19)Helpful to see visual representations

4 (10)Accurate representations

2 (5)It was fun/interesting

1 (2)Yes, with no explanation

1 (2)No

What do you like about the avatars?

18 (43)Exact/actually look like/realistic

12 (29)Ability to move them/3D

4 (10)Ability to compare avatars

3 (7)It was fun/cool

2 (5)Others’ perspective

1 (2)App is anonymous

1 (2)Target Avatar

1 (2)No response

What do you not like about the avatars?

13 (31)Needs more details/customization

13 (31)Nothing

8 (19)Appearance of avatars/clothes

3 (7)Difficulty seeing body changes made

2 (5)Not accurate

2 (5)Uncomfortable to see self

1 (2)Difficulty moving avatars

What would you change about the avatars?

16 (38)Appearance of avatars/clothing
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n (%)Questions and answers

9 (22)Nothing

8 (19)Add more details

7 (17)Able to see body changes better

1 (2)Able to move avatars better

1 (2)Add diet to the app

The results of the 7-point Software Usability Survey indicated
that the adolescents found the app simple to navigate (rating of
6 or 7; 40/42, 95%), found it easy to control the viewing of the
avatars (rating of 6 or 7; 31/42, 74%), and found it easy to
manipulate each body part and make it look muscular (rating
of 6 or 7; 24/42, 57%). The adolescents had the need to look
for help several times (rating of 1 or 2; 42/42, 100%), had a
better understanding of what the three avatars are and how to
view them (rating of 6 or 7; 40/42, 95%), were engaged by the
app (rating of 6 or 7; 41/42, 98%), and experienced overall
satisfaction with the ease of the app (rating of 6 or 7; 41/42,
98%).

Discussion

Principal Findings
The purpose of the prototype testing was to assess the
acceptability and usability of an avatar-based, theoretically
derived mobile app, the MYA app. Prior to the app being ready
for prototype testing, two phases were completed that consisted
of classification and development. Once completed, the app
prototype was tested with a sample of male and female high
school adolescents. The adolescents created and viewed the
three avatars: Perceived Avatar, Target Avatar, and Actual
Avatar. The adolescents had positive reactions to the avatar app
and being able to view avatars that represented them. Almost
all of the adolescents indicated some level of comfort viewing
the avatars and would use the app in the future to see how their
bodies change over time.

Adolescents who evaluated a Web-based substance abuse
intervention also indicated high ratings for overall usability
features such as ease of use and future use [26]. The ease of
manipulation of the body parts and making the avatars look
more muscular resulted in a lower-percentage rating from the
adolescents than the other usability survey items. The responses
regarding the viewing of the avatars support this lower score.
The adolescents indicated that more details and customization
of the avatar bodies were needed and that it was difficult to see
the changes made to the avatars. These responses may explain
the lower ease of manipulation score. In further adaptations,
there is a need for the avatar bodies to be more detailed with an
easier view of the body changes from one avatar to the next.

The adolescents indicated they would use the avatars in the
MYA app in the future to monitor their body shape changes.
This is similar to participants who were assigned a virtual
representation of their physical selves, an unchanging virtual
representation, or no virtual representation. Those who witnessed
the virtual representation of their physical selves engaged in

more voluntary physical activity than those who saw an
unchanging virtual self or no virtual representation [8].

Ridgers and colleagues [27] conducted a systematic review of
the effectiveness of youth wearable tracker devices to increase
physical activity levels among children and adolescents. They
found these devices have the potential to increase activity levels
as the adolescents self-monitor their progress and set their goals.
The MYA app is similar in that it can be used to provide
feedback of their body shape progress and monitor their goals.
Ridgers and colleagues [27] recommended that research be
conducted to establish how youth engage with technology over
longer periods of time. The adolescents indicated future use of
the MYA app; however, more research is needed to examine
their engagement with the app over time.

Limitations
This study is not without limitations. Due to the sample of
adolescents being relatively small and nondiverse, there was
not enough power to detect group differences. Another limitation
is that the adolescents only tested the app at one session. To
understand the acceptability and usability over time, it is
necessary for the adolescents to interact with the app over a
longer period of time with several recurrent uses. The app did
not have this capability at the time of testing.

Implications
This app allows teens to have visual representations of their
bodies—perceived, target, and actual avatars— interactive
individualized programs, access to immediate feedback, and a
method to monitor changes to their bodies as a result of positive
changes in health behaviors. This visual representation is
different from what adolescents currently have access to, such
as digital scales and BMI calculators. Adolescents continue to
be overweight and obese while physical activity decreases as
they get older. Adolescents who identify with and use these
avatars who represent them can monitor and reach their body
shape and health goals. While this app may be user driven, it
also has the capability for health care providers, parents, and
adolescents to have a visual communication tool to discuss
adolescents’ body perceptions and goals.

Conclusions
Avatar-based mobile apps, such as the MYA app, provide
immediate feedback and allow users to engage with images that
are personalized to represent their perceptions and actual body
images. Adolescents appreciate the use of weight-related
messages that are personalized for them [28]. The high school
students found the avatars of the MYA app easy to use, were
comfortable viewing their avatars, and would use the avatars
in the future to monitor how their body changes. Overall, they
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were satisfied with the MYA app; however, they made
suggestions on how to make the app more appealing to high
school males and females. This pilot study adds to the increasing
but limited research of using games to improve health outcomes

among high school adolescents. There is a need to further adapt
the MYA app and gather feedback from a larger number of high
school adolescents, including those from disadvantaged
backgrounds, while testing adherence to the app over time.
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Abstract

Background: e-Bug is a pan-European educational resource for junior and senior school children, which contains activities
covering prudent antibiotic use and the spread, treatment, and prevention of infection. Teaching resources for children aged 7-15
years are complemented by a student website that hosts games and interactive activities for the children to continue their learning
at home.

Objective: The aim of this study was to appraise young people’s opinions of 3 antibiotic games on the e-Bug student website,
exploring children’s views and suggestions for improvements, and analyzing change in their knowledge around the learning
outcomes covered. The 3 games selected for evaluation all contained elements and learning outcomes relating to antibiotics, the
correct use of antibiotics, and bacteria and viruses.

Methods: A mixed methodological approach was undertaken, wherein 153 pupils aged 9-11 years in primary schools and
summer schools in the Bristol and Gloucestershire area completed a questionnaire with antibiotic and microbe questions, before
and after playing 3 e-Bug games for a total of 15 minutes. The after questionnaire also contained open-ended and Likert scale
questions. In addition, 6 focus groups with 48 students and think-aloud sessions with 4 students who had all played the games
were performed.

Results: The questionnaire data showed a significant increase in knowledge for 2 out of 7 questions (P=.01 and P<.001), whereas
all questions showed a small level of increase. The two areas of significant knowledge improvement focused around the use of
antibiotics for bacterial versus viral infections and ensuring the course of antibiotics is completed. Qualitative data showed that
the e-Bug game “Body Busters” was the most popular, closely followed by “Doctor Doctor,” and “Microbe Mania” the least
popular.

Conclusions: This study shows that 2 of the e-Bug antibiotic educational games are valuable. “Body Busters” effectively
increased antibiotic knowledge in children and had the greatest flow and enjoyment. “Doctor Doctor” also resulted in increased
knowledge, but was less enjoyable. “Microbe Mania” had neither flow nor knowledge gain and therefore needs much modification
and review. The results from the qualitative part of this study will be very important to inform future modifications and
improvements to the e-Bug games.

(JMIR Serious Games 2017;5(1):e5)   doi:10.2196/games.6420

KEYWORDS

antibiotic resistance; computer games; children; education; e-Bug

JMIR Serious Games 2017 | vol. 5 | iss. 1 |e5 | p.35http://games.jmir.org/2017/1/e5/
(page number not for citation purposes)

Hale et alJMIR SERIOUS GAMES

XSL•FO
RenderX

mailto:vicki.young@phe.gov.uk
http://dx.doi.org/10.2196/games.6420
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

There has been a continuous rise in the number of infections
caused by antibiotic resistant bacteria, which, in part, has been
driven by misuse of antibiotics by prescribers and patients [1-4].
The World Health Organization (WHO) has stated that antibiotic
resistance has the potential to affect anyone [5], and therefore
is a serious and growing problem that has been labeled as “a
ticking time bomb, not only for the United Kingdom but also
for the world” [6]. The National Institute of Clinical Excellence
has advised that schools should teach all ages about prevention
of infections, self-care, and antibiotic use [7].

The e-Bug project is a pan-European initiative that aims to help
“reduce the incidence of antibiotic resistance across Europe by
educating future prescribers and users on prudent antibiotic use”
[8]. The e-Bug website contains 2 sections, junior and senior,
aimed at pupils aged 9-11 years and 12-15 years respectively.
These include downloadable classroom lesson plans for teachers
and fact files, quizzes, and revision guides for students. The
e-Bug website also hosts several games, to be used at school or
in the home, aimed at improving young people’s understanding
of respiratory and hand hygiene, and responsible antibiotic use
[9,10].

Since the 1970s, the global market for computer games has
grown exponentially and games have advanced in terms of
complexity, graphics, interaction, and narrative; attracting an
ever-increasing number of gamers. Different theories explain
how and why these games are so popular and can immerse a
player for extended periods. Csikszentmihalyi theorized “flow”
[11], which he described as “the state in which people are so
involved in an activity that nothing else matters” [12]. The flow
state has particular characteristics, including intense

concentration, a sense of control of the situation, an altered
personal experience of time, and a loss of reflective
self-consciousness [13]. To access the flow state, an activity
such as playing a computer game needs to create a balance
between the difficulty of the challenge and the skills of the
player [14].

In recent years, Web-based tools have been increasingly used
in schools and other settings for education. Many studies have
looked at the effectiveness of serious games, particularly those
that cover health topics. A meta-analysis showed that serious
games have a small but positive effect on healthy lifestyles and
knowledge improvement [15]. Serious games are defined as
games which have a primary goal of education, rather than
entertainment [16].

Many educational games focus around health and science
subjects. In public health, these include smoking cessation [17]
and diet and exercise [18]. Web-based tools such as Twitter and
social media have also been used to raise awareness and educate
about antibiotics [19,20]. An antibiotic game to educate
clinicians exists [21], but no material has been published on the
development or evaluation of Web-based antibiotic educational
games for children.

We aimed to determine the effectiveness, flow, and value of
the e-Bug junior games as a resource for increasing antibiotic
knowledge and awareness in primary school pupils and receive
their suggestions for improvement. We selected 3 e-Bug games
for this study based on their learning outcomes on antibiotic
use, antibiotic resistance, and viruses or bacteria. The games
are summarized in Figure 1. The aim of the e-Bug website is
that children play the games in a classroom or at home,
therefore, we evaluated the effect of playing all 3 games in
sequence.
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Figure 1. The three 3 e-Bug games evaluated in this study.

Methods

Setting
The authors invited, by email and telephone, 53 primary schools
and 3 residential summer holiday schools in the Bristol and
Gloucestershire area, which had not previously used the e-Bug
resources in this setting, to participate. No incentives were
offered.

Recruitment
Three schools that expressed initial interest were sent detailed
information. This included a parental information sheet with an
opt-out form attached, a teacher consent form, and examples of
the questionnaire, focus group and think-aloud material to be
used. Schools that expressed no interest were not recontacted.
Two residential summer and 2 primary schools withdrew as the
timing of the study did not fit their lesson schedule.
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Sample Size
A convenience sample of 153 pupils was used from the school
and summer school that responded to the invitation to participate
in the study.

Ethics
Ethics approval was gained from the University of the West of
England Faculty Research Ethics Committee (UWE FREC).
Written consent was obtained from teachers at the participating
schools, and the parents and pupils involved were given the
option for pupils to opt out at any point of the data collection.

All year, 5 and 6 pupils aged 9-11 years at the primary school
and all pupils aged 9-11 years at the summer holiday school
had the opportunity to evaluate the games. All data collection
was carried out under the supervision of teachers in computer
suites in the schools. The research was carried out in groups of
around 30 pupils at a time. Before and after spending 15 minutes
playing the 3 games, the groups of pupils completed
questionnaires in silence, to ensure no comparison of answers.
They played each of the 3 games (Doctor Doctor, Microbe
Mania, and Body Busters) for 5 minutes, always in that order
to maintain consistency across the schools. Time was also
monitored to maintain consistency. During the game play time,
pupils were allowed to talk freely, which allowed the researcher
to gather verbal feedback on the games.

Quantitative Data Collection
The data collection process is outlined in Figure 2. The pregame
questionnaire asked 7 simple multiple-choice questions adapted
from a previous e-Bug evaluation [22]. Pupils’ responses were
recorded as right or wrong. The answers to the questions were
either available directly from information in the games or
implied by in-game action (Multimedia Appendix 1) . The
postgame questionnaire had identical questions. The
questionnaires were matched to allow evaluation of knowledge
change in individual pupils. The postgame questionnaire also
asked how much the pupils liked each game, using a 10-point
Likert scale and open-ended free text questions.

All incomplete answers in section 1 of the questionnaire were
marked as wrong for data analysis. Questions with more than
1 answer ticked and incomplete answers in section 2 of the
questionnaire were not included in the data analysis. We used
a McNemar test to compare the pre- and postgame questionnaire
answers, as this can compare 2 paired dichotomous variables.
As statistical package for the social science (SPSS) version 20
does not provide a McNemar test without the Yates Correction
(a correction for continuity used in the McNemar test that is
often considered to be too conservative [23]), we employed a
macro written by Marcia Garcia-Granero to remove the Yates
correction [24].
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Figure 2. Data collection process.

Qualitative Data Collection
After questionnaire completion, a random number generator
was used to select 6 to 8 pupils to take part in a focus group at
each venue. The focus group aimed to explore the usability of

the games section of the website and assess the pupils’ change
in awareness of antibiotics. Before participation, pupils were
informed of the purpose of the focus group, that it would be
recorded, and that they could opt out at any point. The focus
group guide asked simple open-ended questions relating to the
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pupils’ thoughts on the games. Each focus group lasted at least
ten minutes.

A think-aloud session followed the focus group. One pupil was
selected randomly from the focus group at each venue and asked
to describe their thoughts and feelings as they played the games.
The researcher prompted the pupil to continue talking at all
times and aimed to make each think-aloud session last at least
five minutes. Throughout all data collection, the researcher
recorded general observations and comments relating to the
games in note form.

The researcher made verbatim transcripts of each session and
the data were analyzed using NVivo qualitative analysis
software (QSR International). Comments and interactions were
marked as either positive or negative toward an aspect of the
games and further divided into subgroups that related to
comments about usability, style, learning experiences, or general
comments.

Results

Recruitment
Ninety-three pupils aged 9-11 years were recruited from one
primary school in the Bristol area and 60 pupils aged 9-11 years

were recruited from a music-based summer school in
Gloucestershire. In total, 153 pupils completed pre- and
postgame questionnaires; 135 pupils completed the qualitative
section of the post questionnaire. Forty-eight pupils completed
6 focus groups (3 groups in each venue with 8 pupils in each
group) and 4 pupils (1 from the primary school and 3 from the
summer school) participated in think-aloud sessions.

Likert Scale Data
Body Busters had the highest mean score of 8.2 on the Likert
scale, for how much participants reported enjoying playing the
game (Figure 3). Microbe Mania had a mean score of 4.7, and
Doctor Doctor had a mean score of 6.8. Distribution of the
scores for each game (Figure 4) shows that 73.1% (106/145) of
the scores for Body Busters were 8 to 10 whereas the scores for
Microbe Mania were more evenly distributed across 1-10, with
only 18% (26/148) scoring 8-10. Scores for Doctor Doctor were
mostly distributed between scores 4-7 and 8-10 with only 5.4%
(8/147) scoring 1-3.

Figure 3. Comparison of the mean score given for each game in section 2 of the questionnaire.
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Figure 4. Comparison of the distribution of scores between the 3 games.

Qualitative Data

Doctor Doctor
Doctor Doctor received an overall positive review with many
positive comments as well as suggestions for improvement.

I thought it was really fun in the fact that it was hard
because there were 4 patients and only 3 beds
[Student, focus group 4]

Participants in the focus groups often agreed with comments
made by other participants, with multiple pupils offering simple
statements of agreement whenever a positive or negative
statement was made. There were some negative comments
surrounding the game play, including comments on how hard
the game was.

I found it hard because I didn’t really understand too
well, you had to explore the controls for yourself,
because the instructions aren’t that good. [Student,
focus group 4]

I think it was actually quite frustrating too because
when they were about to die you couldn’t really cure
them at all and it was really really bad. [Student,
focus group 5]

There were also several suggestions to extend the game to
incorporate more role-playing, integrating more of a story and
characterization to increase immersion.

Instead of them dying you could like have another
level that they go into like an emergency area instead
of them dying. [Student, focus group 6]

The learning experience of Doctor Doctor was well received.
Many of the pupils demonstrated awareness of the topics
covered during the gameplay.

If you got a virus then you’d know to give the patient
water and rest and if they had a bacteria then you

should give them antibiotics. [Student, focus group
6]

No participants in the think-aloud sessions or free text section
of the questionnaires made any negative comments regarding
the learning experience. The small number of negative
comments in the focus groups mostly came from pupils who
admitted that they did not read the introductory information on
how to play. One pupil mentioned that they thought the colors
in the game worked really well together. Although the pupils
mostly liked the characters, they expressed a wish for more
variation.

Microbe Mania
Microbe Mania received an overall negative review, with many
negative comments and no positive comments regarding the
in-game action. Common themes from the focus groups were
that the game did not have many “gaming” elements and it was
more like a quiz than a game.

It wasn’t a game, it was just information. [Student,
focus group 2]

When we had to play microbe mania and it was the
same game over and over again. [Q 12, participant
40]

The pupils also said that the main problem was that the game
needed expansion beyond the 2 short levels available, and some
element of challenge. The pupils suggested the game could be
improved by adding a time limit and having more and varied
levels. Some of the comments regarding the lack of challenge
stem from the game’s mechanics that allow a player to guess
the answers without repercussions, taking away the need to read
any of the information, a factor that was noted by the pupils
and increased some of the negative opinions of the games.

It also lets you do it as many times as you want to,
you could literally just go for every one. [Student,
focus group 2]
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The microbe mania needs to be longer and less
boring. [Q 13, participant 130]

The apparently poor gameplay of Microbe Mania meant the
pupils lacked interest, offering many comments of “boring” in
the focus groups. Microbe Mania was consistently commented
on as the worst game in the free text section of the
questionnaires. This correlates with observations in the
researcher’s field notes, that showed that the pupils very quickly
became bored with this game and wanted to move on to a more
interesting one. Their lack of enjoyment affected the learning
experience that accompanied the game; almost no comments
showed a positive learning experience in any of the data
collection methods. In some brief instances pupils demonstrated
the knowledge available in the game but many said that they
just guessed the answers.

Body Busters
Body Busters was the most popular of the 3 games played by
the pupils. When asked, the pupils consistently said that this
was their favorite game. The free text questionnaire section also
showed that Body Busters was very popular, with a large number
of pupils writing that it was their favorite section.

What I like about the game is that the more you play
it and you collect the more pills the less, the smaller
amount of bacteria and viruses, which makes it easier.
[Think-aloud 2]

Yeah that was so cool, the main ones didn’t go away
so it was fun and challenging. [Student, focus group
4]

My favourite was when we had to run away from the
germs. [Q 11, participant 112]

The few negative comments about the game mostly arose from
not knowing how to play but such comments were very rare in
comparison to positive comments.

It didn’t really explain, I don’t know if there was a
how to play on the advert, I didn’t see it. [Student,
focus group 2]

Overall, a generally positive learning experience appeared to
accompany the game, although when asked what they had learnt,
none of the comments were linked to the learning objectives
(“you must finish the whole course of your antibiotics,” and
“antibiotics kill bacteria”). This was the only game that
prompted further discussion directly related to any of the
subjects addressed. Although the other games prompted some
antibiotic or microbe-related questions, Body Busters prompted
a brief discussion (below) that showed the beginning of some
change in awareness about antibiotic use.

P: I thought pills were bad for you.

R: You thought pills were bad for you?

P: Because sometimes people die from having pills.

R: Those are bad pills though, there are lots of
different sorts.

P: Aren’t they drugs, the pills?

R: Antibiotics? Pills just hold things; they can hold
lots of different things so some are good for you and

some are bad for you. These are antibiotics and are
good at killing bad bacteria, so the ones that make
you ill.

P: There are good bacteria as well.

R: There are good bacteria as well. [Focus group 3,
P: participant, R: researcher]

Several comments suggested improvements to the game,
including improvement to the overall design.

Maybe for the pacmanish game it could have more
characteristics for the viruses and stuff. [Student,
focus group 1]

And maybe more lives so you don’t die as soon as
you touch them. [Student, focus group 1]

Quantitative Data
After playing, there was a small increase in the number of
participants answering each question correctly (Multimedia
Appendix 1). This increase ranged from 2.0% for the question,
“Which of these microbes causes coughs and colds” to a 13.1%
increase for the question, “Which of these would antibiotics be
used for?” However, the increase was only significant for the
2 questions (5 and 7) which tested pupil’s knowledge about the
effectiveness of antibiotics against bacteria and viruses (P<.05).
In question 5, 26.8% pupils (41/153) answered incorrectly before
and correctly after playing the games; in question 7, 15% pupils
(23/153) answered incorrectly before and correctly after playing
the games.

The highest knowledge in the prequestionnaire came in the
question “most coughs and colds get better without antibiotics,”
with 68.6% (105/153) of pupils answering correctly. The lowest
knowledge in the prequestionnaire was in question 7, which
focused around what antibiotics do. Only 9.2% (14/153) pupils
answered this correctly, although this saw one of the largest
increases in knowledge in the postquestionnaire.

Discussion

Principal Findings
This study indicates that playing the 3 games consecutively in
one session had a small significant effect on pupils’ knowledge
of antibiotics. Body Busters, which teaches that antibiotics kill
bacteria and that you must finish your whole course of
antibiotics, was the most effective game for generating
discussion about and increasing awareness of antibiotics. It
promoted the most positive discussion about flow and enjoyment
in the focus groups and ranked the highest on the Likert scales.
This suggests that enjoyment of a game is an important factor
in learning and in the amount of awareness a game is able to
impart. Data from Doctor Doctor supports this suggestion; it
received generally positive reviews but was not as successful
at changing knowledge as Body Busters. None of the questions
that linked to Microbe Mania had any significant change in
knowledge, and qualitative data showed that it was neither
popular, interesting, nor a good learning experience. This
accords with Csikszentmihalyi’s theory of flow, that suggests
that if a player is enjoying a game then they will become more
engaged with it and take in more of the available information
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[11-13]. The data gathered in relation to Body Busters could
demonstrate that it creates a flow-like state in players, whereas
Microbe Mania does not.

Strengths and Limitations
The strengths of this study were that the data were collected in
a school environment, emulating the environment where the
games would normally be played as part of structured e-Bug
lessons. This removes distractions that would come from
carrying out the study in an environment unfamiliar to the pupils.
Another strength is that the games were played together,
simulating what a pupil may do during unstructured use. Finally,
antibiotics are not covered in the national curriculum at this
age, allowing a more accurate reflection of knowledge change
due to game play.

All postgame data collection was done immediately after playing
the games, therefore we do not know if the increased awareness
and knowledge was either maintained or changed future
behavior. The choice to collect data immediately after the pupils
played the games was governed by the time constraints
prevailing on the researcher and the teachers and educators at
the institutions where the research was carried out.

Another limitation was that the think-aloud methodology is not
well suited to being used with young pupils. The pupils aged
9-11 years who participated in this study often found it difficult
to vocalize their thoughts beyond simple sentences or reading
directly from the screen. The pupils’ poor responses may have
been due to the small sample size and chance, as the pupils were
chosen at random from the group. Responses from the pupils
may have been affected by the type of questions; developing
simple multiple choice questions relating a complex topic such
as antibiotic resistance can limit or bias the answers.

The evaluation was done after the games were played for 15
minutes in isolation, which may not mimic the natural
environment for game play. The games are likely to be more
effective when used to reinforce teaching in the classroom,
alongside the curriculum, but more work will be needed to
confirm this. A further study could ask pupils to play the games
several times, to see if knowledge increases over time. The
similar questions in the pre- and postgame questionnaires may
cause the pupil to learn through the questionnaire rather than
the game. Varying the questions asked while assessing the same
learning outcomes could address this issue.

Implications
The Body Busters game was shown to be a good tool for
changing awareness of antibiotics. Particular elements of the

game that contribute to flow, user engagement, and enjoyment
include the colorful and exciting visuals, the simple, relatable
and easily understood gameplay, and the fast-paced action.
Pupils suggested very few improvements other than overall
expansion. An increase in knowledge on the learning outcomes
could be supported by including more information in the
introductory text, making the difference between viruses and
bacteria more obvious, and creating a steady increase in
difficulty as the game progresses.

The Doctor Doctor game is also well suited to its role in e-Bug,
showing an increase in awareness for its learning objective
(antibiotics are used to treat bacterial infections). Similar to
Body Busters, this game uses exciting and colorful visuals and
simple gameplay to encourage flow and user engagement, as
well as other successful elements such as a strong narrative to
“save the patients,” and progressively harder and more
challenging gameplay. A further increase in knowledge for the
learning outcomes could be attained by lengthening the game,
either with further levels using different scenarios, or a wider
variety of difficulties. If further levels are included, asking the
player to answer questions between levels, with in-game
rewards, would benefit both knowledge on the leaning objectives
and the flow.

Microbe Mania would benefit from more significant design and
gameplay changes, as it offers no benefit to the website and
may even detract from the overall purpose of e-Bug. Although
there are a few previously identified elements of flow in this
game, such as a colorful style, they do not come together to
form any sort of user engagement. Increasing the overall
engagement and flow could be achieved through the use of
rewards for the correct answer, penalties for incorrect answers,
and/or time limits for completing each level. Other
improvements include increasing the text size, a much broader
range of questions and answers, more levels, and a quiz at the
end of the game. Although Microbe Mania has the potential to
be more of an asset to the e-Bug website, feedback from teachers
suggests that it should be moved to the teacher-led section of
the website, as teachers find the information useful to reinforce
learning outcomes in the microbes’ lessons.

This study could stand as a basis for a much larger study
identifying the role of educational games as teaching resources
and as a broader evaluation of the e-Bug material. The e-Bug
project will hopefully continue to increase awareness of
antibiotics in Europe and help reduce antibiotic use, thereby
reducing the rise in superbugs.
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Multimedia Appendix 1
Questions and answers, where answers were available in game, and percentage of pupils that answered correctly before and after
playing the games for each question (N=153).

[PDF File (Adobe PDF File), 34KB - games_v5i1e5_app1.pdf ]
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Abstract

Background: Seniors need sufficient balance and strength to manage in daily life, and sufficient physical activity is required
to achieve and maintain these abilities. This can be a challenge, but fun and motivational exergames can be of help. However,
most commercial games are not suited for this age group for several reasons. Many usability studies and user-centered design
(UCD) protocols have been developed and applied, but to the best of our knowledge none of them are focusing on seniors’ use
of games for physical activity. In GameUp, a European cofunded project, some prototype Kinect exergames to enhance the
mobility of seniors were developed in a user-centered approach.

Objective: In this paper we aim to record lessons learned in 3 years of experience with exergames for seniors, considering both
the needs of older adults regarding user-centered development of exergames and participation in UCD. We also provide a UCD
protocol for exergames tailored to senior needs.

Methods: An initial UCD protocol was formed based on literature of previous research outcomes. Senior users participated in
UCD following the initial protocol. The users formed a steady group that met every second week for 3 years to play exergames
and participate in the UCD during the 4 phases of the protocol. Several methods were applied in the 4 different phases of the
UCD protocol; the most important methods were structured and semistructured interviews, observations, and group discussions.

Results: A total of 16 seniors with an average age above 80 years participated for 3 years in UCD in order to develop the
GameUp exergames. As a result of the lessons learned by applying the different methodologies of the UCD protocol, we propose
an adjusted UCD protocol providing explanations on how it should be applied for seniors as users. Questionnaires should be
turned into semistructured and structured interviews while user consultation sessions should be repeated with the same theme to
ensure that the UCD methods produce a valid outcome. By first following the initial and gradually the adjusted UCD protocol,
the project resulted in exergame functionalities and interface features for seniors.

Conclusions: The main lessons learned during 3 years of experience with exergames for seniors applying UCD are that devoting
time to seniors is a key element of success so that trust can be gained, communication can be established, and users’ opinions
can be recorded. All different game elements should be taken into consideration during the design of exergames for seniors even
if they seem obvious. Despite the limitations of this study, one might argue that it provides a best practice guide to the development
of serious games for physical activity targeting seniors.

(JMIR Serious Games 2017;5(1):e2)   doi:10.2196/games.6254
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Introduction

Overview
Physical activity is important at all ages, and seniors particularly
need sufficient strength, balance, and flexibility to manage in
everyday life. This is particularly true for those ages 65 years
and older.

Exergames can be a method to motivate seniors to exercise and
hence get more physical activity with sufficient physical exertion
[1]. Most commercial games are, however, not suited for this
group for several reasons including speed, amount of
information, required movements, etc [2-4].

GameUp, a project cofunded by the European Union, Spain,
Norway, and Switzerland [5,6] aimed at creating useful and
motivational exergames for seniors, was undertaken with a
user-centered approach during the design and development
process to meet the users’ limitations and requirements.

Despite the fact that many usability studies and user-centered
design (UCD) protocols have been developed, to the best of our
knowledge none of them have focused on seniors’ use of games
for physical activity (ie, exergames). Furthermore, there is
limited information regarding the design and functionality of
serious games for seniors and more specifically for exergames.
An initial UCD protocol was created based on literature and
previous research outcomes in order to develop the GameUp
project exergames. During the project, we followed that protocol
and adjusted it based on 3 years’ experience in order to meet
the needs of both the project and the users. In this paper we
report the lessons learned for the different phases of the protocol
and the adjustments that our initial protocol needed in order to
be applicable to older adults and we highlight the most important
UCD influences and recommendations on the GameUp
exergames.

The remainder of the paper is structured as follows. Initially,
we set the scene by pinpointing the need for unique design for
seniors, exploring the UCD, and identifying the need for a
specific UCD for seniors. In the Methods section we describe
all the necessary elements of lessons learned, namely the UCD
protocol which served as the base of our exergames
implementation, the recruitment criteria for the seniors, the
GameUp exergames, and the considered ethical aspects and
risks. Next, the Results section describes the lessons learned
from a 3-point view: (1) the lessons learned during the different
protocol phases, (2) changes and tips for our initial protocol on
the different methodologies of the UCD protocol, and (3) the
lessons learned from the important changes of our developed
exergames. The Results section points out the initial protocol’s
weaknesses against the existing literature including the
limitations of our approach. Finally, the Conclusions section
sums up the lessons learned and emphasizes the key issues on
applying UCD with seniors.

Why a Unique Design for Seniors?
It has been established in several studies that seniors enjoy
playing exergames and they believe exergames can assist in
maintaining physical activity [7-12]. Despite the fact that
balance and rehabilitation of seniors can be maintained and
improved through exergames [2,3,7,8,13-16], not many are
designed for this age group [11,17,18]. Game designers use
their creativity for game ideas, but since designers normally are
young, they do not often consider the needs of seniors [19]. The
game stories might therefore not be of interest for the senior
population.

A trial using Nintendo Wii exergames for seniors indicated that
age-related impairments influence the use of video games among
frail elderly, so this should also be considered in the design
process [20]. We have indeed observed that there are many
obstacles for seniors playing commercial exergames, and this
has been confirmed in other studies [4,7]. Also, existing games
for the young are not developed to meet the physical exercise
needs of elderly people. Based on these findings we can
conclude that good and safe exergames should be developed
particularly for seniors, both regarding movements and narrative.

What Is User-Centered Design?
The International Organization for Standardization uses the
term “human-centered design” and defines it to be an “approach
to systems design and development that aims to make interactive
systems more usable by focusing on the use of the system and
applying human factors/ergonomics and usability knowledge
and techniques” [21]. The same standard also states that this
term in practice is used synonymously with UCD. According
to Karat and Karat [22], “UCD defines iterative processes whose
goal is the development of usable systems.” According to Sebe
[23], “user-centered design (UCD) is a process (not restricted
to interfaces or technologies) in which the needs, wants, and
limitations of end users of a product, service, or process are
given extensive attention at each stage of the design process.
UCD can be characterized as a multistage problem-solving
process that not only requires designers to analyze and foresee
how users are likely to use a product but also to test the validity
of their assumptions with regard to user behavior in real world
tests with actual users.”

Since UCD can be considered a multistage process, one will
normally use different methods in different stages. Both
qualitative and quantitative methods were used by Proffitt and
Lange [24] while implementing a UCD. They used focus groups
as well as an iterative user-testing process while testing changes
to a prototype. One study [25] used a 3-stage qualitative UCD
approach in the requirement phase including literature search
and focus groups. The actual use of UCD in the industry was
studied by Vredenburg et al [26] wherein 13 methods were
identified, among them field studies, user requirements analyses,
iterative design, usability evaluation, task analyses, focus groups,
user interviews, participatory design, and prototypes. Several
of these methods have been used in our initial protocol.
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Need for a Specific User-Centered Design for Seniors
Gregor et al [27] further conclude that UCD principles need to
be employed for seniors. Seniors are different from the young;
“functionality, needs, and wants differ from the young even
though they consider themselves as fit, but many often have
several physical problems with a general reduction in
functionalities” [27]. The authors further refer to the difficulty
both of recruiting representatives from this group and of
communicating with them.

When users have special needs like the senior users do, the costs
of applying UCD increases as the users have more diverse
requirements [28]. Zaijcek [29] concluded that it is difficult to
arrange traditional focus groups for seniors, which is a common
method in UCD. Focus groups should be adapted for older
people, and their organization requires considerable
interpersonal skills. They conclude that interface design for
seniors is more complex than for other groups.

According to Zajicek, “adults as they get older experience a
wide range of age-related impairments including loss of vision,
hearing, memory and mobility, the combined effects of which
contribute to loss of confidence and difficulties in orientation
and absorption of information” [29]. With age, eyesight and
hearing deteriorate and seniors require more time to think and
get an overview [10,30]. Also motoric skills deteriorate with
age, and many seniors have health conditions limiting their
abilities.

Dickinson et al [31] made a list of guidelines for maximizing
the research outcomes of working with older adults. The test
case was to learn to use email, but some of the recommendations
are also valid for exergame development. One is to put great
care into making sure information and instructions are
understood; another is that one has to be flexible when it comes
to timing during trials. They also point out the difficulties of
recruitment and the importance of being able to reschedule and

be flexible on timing to maintain participation in a long-term
study.

Existing research on Web design for elderly people shows the
importance of designing and implementing games and
applications uniquely targeting elderly people. We have
identified some initiatives and research aimed at providing
guidelines for the design and accessibility of websites for elderly
people [32-40]. AgeLight [33] points out the importance of
player-centered design, meaning that the seniors should be
brought in early in the design process. An affordance-based
approach to designing a game was followed by Awad et al [41]
emphasizing “the type of action the user can perform but also
when (response times) and how it can be performed (range of
motion).” In this study the authors followed an iterative testing
process starting with an early prototype.

Despite the fact that some studies followed a UCD, to the best
of our knowledge none of the studies coded and formed a UCD
protocol for exergames targeting seniors. In addition, there are
few studies that recorded the needs of the older adults either for
the creation of exergames or as being part of a UCD.

Methods

Recruitment
One of the partners in the project was a senior center, and the
participants in the UCD were recruited from its members. In
order to ensure that participants would be available throughout
the duration of the GameUp project, a regular group was formed
that met every second week to play exergames and share a meal.
Researchers would participate often but not at all gatherings.

All testing, interviews, etc, were performed at these gatherings.
To ensure that the participants were in the target group for the
GameUp project and also competent to sign an informed
consent, inclusion and exclusion criteria were defined (Textbox
1).

Textbox 1. Eligibility criteria.

Inclusion criteria:

• Aged 65 years or older

• Risk of falling or history of falling

• Recent illness or surgery

• Impaired strength or balance

Exclusion criteria:

• Cognitive impairment, defined as a Mini Mental State Examination score below 25

• Other disease, illness, or limiting condition that would make inclusion and beneficial use of the system difficult, such as complete blindness,
deafness, or severe disabilities

Definition of a High-Level Protocol for User-Centered
Design of Exergames for Seniors
A high-level protocol for UCD of exergames for seniors was
developed by the authors as depicted in Figure 1. This was based

on the aforementioned literature and on indications through
previous research engaging seniors and exergames on a much
smaller scale [10]. This protocol was then tested during the
GameUp project on a group of seniors over a 3-year period. A
description of the design protocol and how it was used follows.
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Figure 1. The 4 phases and the methods used in each of the phases.

Phases of Development

Requirement Gathering and Analyses
The main objective of this phase was to gather requirements
for an initial design by collecting basic requirements and needs
of the end users for the chosen group as well as requirements
for the games to be developed by defining useful exercises. The
methods for the user involvement in this phase included

• Literature study
• Questionnaire with background information
• Observations while end users play commercial exergames
• Group discussions
• Existing knowledge in the project group

Design
In this phase, the initial design of the games become more
detailed using an iterative approach. The users should have a
real opportunity to influence the outcome of the design by giving
feedback. This phase includes the following methods for user
involvement:

• Observations
• Semistructured interviews
• Group discussions

Implementation
The implementation phase follows an iterative approach based
on feedback and user reactions. Detailed descriptions of the
design may need to be adjusted merging different parts of the
game. During the implementation phase, methods for user
involvement are

• Observations
• Semistructured and structured interviews
• Group discussions

Evaluation
In the evaluation phase, the emphasis is on the final prototypes.
The most common approach is to run pilot tests, but testing the

exergame with smaller new user groups can also give valuable
input. The methods for user involvement in this phase are

• Structured and semistructured interviews
• Observations
• Questionnaires
• Prototype tests with new participants

The Games
Microsoft Kinect was chosen for development based on usability
studies [42]. The movements included exercises for balance,
flexibility, and strength, all important for mastering daily
activities.

A total of 7 minigames were developed. The 3 balance games
are based on the same concept but with different graphics, and
thus they appear as different games. In these games, one is
supposed to catch things that fall from above. The falling items
(apples, stars, and chickens) are of 2 different colors, and they
need to be put in the correct basket. In addition, 4 different
minigames for leg strength and flexibility were developed. Since
there was a big difference in abilities in the user group, the
games have several difficulty levels.

Ethical Aspects and Risks
Ethical aspects and risks must be identified, including an exit
strategy if the participants are enjoying and even getting
dependent on the GameUp project results. In our case there
were no direct medical interventions, but many exercises are
performed standing, and there could be a risk of falling. Some
can play alone; for others there must either be a person or chair
for support. Some will even play seated or use a walking frame.

A Berg Balance Scale was performed for all the users before
the start of the UCD to define the appropriate level of exercises.
To avoid any further risk, all the participants were informed
about proper use of the system.

The participants have no economic interest or obligations related
to the GameUp project, and participants hold the right to exit
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the project at any time without having to provide a reason for
this and without consequences.

Ethical approval for this study was granted by the Data
Protection Official for Research in Norway.

Results

Study Participants
Approximately 7 to 10 seniors would be present at each
gathering, and they were retirees in the age range of 66 to 95
years. In total 16 persons participated.

All participants signed an informed consent and were aware of
the fact that they were participating in a research project in
which a UCD method would be followed to implement the
GameUp exergames. During the 3 years, several members left
the group for various reasons, and new ones were recruited.
Reasons for discontinuation were varied: 1 moved to a care
home far away, a couple got too sick to continue, 1 died, and 1
had a steep cognitive decline and could no longer participate.

The average age was over 80 years but because of the time span
and replacements, this was not constant. The first established
group consisted of 9 participants, 1 man and 8 women aged 71
to 95 years with an average age of 83 years. Toward the end of
the GameUp project at the completion of the UCD protocol,
there were 10 participants, 2 men and 8 women in the age range
of 66 to 90 years with an average age of 81.7 years.

Lessons Learned Using User-Centered Design With
Seniors

Lessons Learned During the User-Centered Design
Protocol Phases

Requirement Gathering and Analyses

During this phase, a multidisciplinary team should be involved
from the beginning. Important inputs for our exergames design
were that physiotherapists defined suitable exercises to help the
mobility of seniors, developers studied the possibilities of the
different tracking movement technologies such as Wii and
Kinect, and game designers considered game elements, etc.

Design

Videotaping proved to be useful in order to analyze the reactions
of the users to different tests. Furthermore, we identified that
all the different elements should be taken into consideration
during the design of exergames for elderly, including theme,
movements, user interface and interaction both with the games
and the technology, colors, sounds, playability, etc. As explained
above, we developed Kinect-based exercises. During the design
phase, we aimed both to learn how the users reacted to this type
of interface and which of the physiotherapist-defined movements
would be suited for Kinect games. All the different elements
were presented progressively to the users. Initially, the first
design was presented to the users by presenting graphics on
paper and then the interaction with the system was introduced
by presenting the physical movements required. Later, design
elements like sound and graphics were introduced.

Implementation

Detailed descriptions of the design were adjusted during this
phase since merging different elements of the design required
additional user input. Different tests of the exergames were
performed using different methods depending on what was
appropriate: (1) test of early prototypes, (2) iterative tests with
changes according to outcomes from previous tests, (3) tests of
user interface elements (coming together), and (4) test of the
playability of the game with focus on game story and game
theme.

Evaluation

As part of this phase we tested the final prototype with our
group. We observed that the group that participated throughout
the other 3 phases of the UCD protocol provided feedback
during this phase as well, with a few alterations as described in
the Study Participants subsection.

Lessons Learned Applying the User-Centered Design
Protocol Methodologies
Our initial UCD protocol was used throughout the project in a
UCD methodology although it was slightly adjusted to enable
us to reach our goal. The lessons learned could be summed up
as a series of tips and adjustments for the creation of serious
games for seniors and are summarized in Figure 2.
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Figure 2. Adjustment to initial protocol for user-centered design (UCD) design having seniors as users.

Questionnaires in Interviews
Questionnaires were part of our initial UCD protocol during
the “Requirement Gathering and Analyses” and “Evaluation”
phases. In order to apply those to our user group, we realized
that we had to adjust them by reducing the questions for each
session because the users found it hard to concentrate for a long
period and they got exhausted very quickly. If there were many
questions, we would observe very visible signs of fatigue and
loss of concentration.

To this extent, we completed all questionnaires in the form of
structured or semistructured interviews since many of the
participants had problems both reading and writing and many
also had problems understanding some of the questions despite
the fact that they met the inclusion and exclusion criteria. Some
of the participants also tended to unintentionally skip questions,
so the questionnaires have to be short and very clear if used.

When a 5-point Likert scale was used, the facilitators of the
session turned the questionnaires into structured interviews as
explained above. Furthermore, additional time had to be spent
on getting a proper reply. For example, a common answer in
this case was “That is fine” in order to avoid a thorough reply.
Also the way many responded on color tests gave the impression
that they wanted to tell there was nothing wrong with their
eyesight instead of telling what they could see the best. Finally
a different approach was taken on the questioning than first

planned, resulting in minimizing both the number of questions
and the number of answering options and spending more time
on getting useful answers.

Semistructured and Structured Interviews
In the semistructured interviews, we had some open questions
and discussions in addition to the structured interviews where
we wanted to learn about users’ opinions on specific topics. At
the beginning of the application of the UCD protocol, we more
or less only got replies to direct questions, which made us think
that only structured interviews should be used, but toward the
end of the application of the UCD protocol many would give
their own suggestions and that allowed us to constructively
include semistructured interviews.

Observations
Researchers often observed the seniors as they played both
commercial games and the GameUp project–developed games.
In the observations, we could see how they mastered both the
game technology and the movements but also how much they
did not perceive. This was particularly the case in many of the
commercial games. Based on observations, we also defined
questions for group discussions and structured interviews about
the project games. For instance, we had the feeling that most
could only see exactly what they were doing in the game even
if the graphics were very simple and clear. We therefore asked
whether they could see information on the top of the screen
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about the points earned while they were playing. In fact, nobody
could see it even though they had been playing the same game
several times as well as watching others play. We also observed
repeated errors and could adjust the game accordingly.

We used observations to see the users’ reactions to the design
elements as well as to detect errors and misunderstandings.
Observations also made us change graphics or parameters: the
speed of the games or the placement of menu buttons, for
example. We also made sure that it was possible to get
information before or after gameplay instead of during the game.

Group Discussions
The setting of the group discussion was as follows: the entire
group would sit in a semicircle in front of the screen with the
person playing in front, and they would take turns playing
(Figure 3). In between playing or before and after we would
initiate small group discussions while all were seated by
triggering a discussion through questions about the game,
particularly if we had introduced something new. We found the
setting appropriate since the users didn’t have to change places
between observing or playing the game and discussing. Issues
we brought up during the group discussions included hearing
issues of the users. Hearing is a problem for many elderly
people; we experienced that we often had to repeat questions

and frequently we had to repeat the responses so that all could
hear what had been said.

Another important lesson learned is that replies would often
come gradually playing the same game version in several
sessions. Repetitions were also important to get the response
from as many as possible, since there were always some who
were not present at specific gatherings.

As an example of the outcome of group discussion, one theme
that was successfully discussed was the perceived contents or
game story. In one minigame the players perform knee bends,
which results in water coming from a pump and into a bucket
(Figure 4). Occasionally a cow would pass by and bellow, so
many players wanted the water to run into a trough for the cows
instead of a bucket. Another example is a flexibility game where
the players use a scythe. Most of the players had used scythes
in their youth and were a bit frustrated that it was cutting in the
wrong direction. In the game, the corn was cut when the scythe
was on the way back, but in reality you have to cut on the first
move and then swing the scythe back.

Many changes occurred to the developed exergames through
the 3 years of the GameUp project. We briefly describe the ones
that can be generalized to other games in Figure 5.

Figure 3. Seated in front of the screen ready to play.
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Figure 4. Bending knees to get water.

Figure 5. Most important exergames elements and functionality as resulted from 3 years of experience with exergames for seniors.
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Lessons Learned From Exergames Targeting
Seniors—Important Changes
Among the most important elements of the games were speed,
both of some movements and of the game progress. In our
exergames, we needed to reduce the speed of both and in
addition adapt the game to the physical ability of the seniors,
so we changed movements that were difficult for many elderly
people to perform.

Eyesight deteriorates with age. We need more light the older
we get, and we also see fewer colors. This means that graphics

need to be clear and bright, and users’ feedback helped us
change graphics. Also small details were lost. For instance, the
straw and apple in Figure 6 was perceived as a pipe, so the straw
was removed. This also means that fonts must be big and clear,
and there should be as little text as possible, preferably
accompanied by oral feedback. Oral information is important,
but sound can also be very disturbing, and many sounds have
been adjusted based on user feedback.

Several menu buttons were enlarged and the distance between
them increased. A menu color test was performed to find good
color combinations between button, background, and text.

Figure 6. The first and a later version of an “Old farmer” character. With the straw, the players thought he was smoking a pipe.

Discussion

Prinicipal Findings
Lately research has been focusing on older adults over 65 years,
including how to keep them active. Exergames seems to be a
promising tool to enable elderly people to be active, but the
creation of the games can be difficult since no specific
guidelines exist. As participatory design is central to the creation
of serious games, in this paper we propose an adjusted UCD
protocol tailored to senior users and provide and discuss the
lessons learned of applying this protocol over almost a 3-year
period.

Taking into consideration the limitation and the cross-validation
of findings through published literature, the novelty of this paper
lies in the proposal of a UCD protocol and the use of its
methodologies tailored to seniors’needs, lessons learned during
the creation of an exergame applying a UCD approach which
then can be generalized and applied in serious games targeting
seniors, and lessons learned from the application of such a
protocol having seniors as users. This may act as a guide for
future studies and projects.

Most (exer)game developers are young, and it is difficult for
the young to realize the limitations of age. This applies to
graphics as well as speed and movements. It is therefore highly
advisable to apply a user-centered approach when designing for
seniors. It is difficult to recruit the very old, but the authors
believe that the users should be as close as possible to the
intended user group both in age and abilities. Senior users are
often defined as being 55 years and older, but there is often a
huge difference between a 55-year-old person and a 95-year-old
person both in cognitive and physical abilities. In the 3-year
period using user-centered design, the average age of our users
was over 80 years.

One big challenge was to ensure that the participants understood
the questions we posed and gave an accurate reply. For instance,
the nuances were lost on a 5-point Likert scale; we propose
using only 3 points when this will still give valid results (eg, “I
agree,” “I do not agree,” and “I do not know”).

Observations are very important and should be emphasized
throughout the protocol, including hints for the observers about
what to look for. This should include errors made during the
test but also signs that the participant does not understand or
cannot see details, whether there are games or parts of games
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they do not want to perform, etc. Filming the different tests and
sessions can be of great help for later analyses.

Since group discussions can be a challenge and participation
was irregular, we developed small questionnaires when we
wanted to make sure that we got the opinion of as many as
possible and repeated the sessions in several gatherings to get
responses from most participants, sometimes even asking
selected persons to arrive before the gatherings started. Further,
in the group discussions we took the time to direct questions at
each and every one, coming up closer to the persons to make
sure that they could hear what was being said.

The very old get exhausted easily, so there should not be too
many questions and certainly not too many that are almost the
same. We particularly experienced this when going through
color tests. We had 4 sheets, each with 5 menu buttons, and we
wanted to know which ones they could see the best. Toward
the end most were exhausted and did not want to continue. Tests
like this should only have small samples and could be performed
in more than one session.

Working with seniors requires trust, which takes time to build.
The group size should not be too big for several reasons: it is
difficult to recruit in this age group, the participants need to
gain trust inside the group, and group discussions among the
old are challenging.

Since many in this user group are more or less computer
illiterate, it is also important that they understand that crashes
and errors are not their fault but the developers’.

According to Faulkner [43], the number of users in a usability
study probably influences the problem discovery level a study
will achieve. He demonstrated that 10 users are able to identify
a minimum of 82% of the problems with an average problem
finding of 94.686% while this percentage changes to a minimum
of 90% and an average of 97.050% problems identified by 15
users. Nielsen [44] advises that 5 participants is optimal for
problem discovering, while Spool and Schroeder [45] support
that problem-discovering relates to the complexity of tasks and
5 participants can only identify 35% of the problems in an
interface. As Macefield [46] demonstrated there is no “one size
fits all” solution; however, 5 to 10 participants is a sensible
baseline range for problem discovery while comparative studies
aiming at statistically significant results should have 10 to 12
participants. Furthermore, the length of the study should be
taken into consideration. According to Baek et al [47], users
participate in a design at the full inclusion level and the
emancipatory level by cooperating with the researchers and
developers or even carry out the design themselves over a long
period of time. Taking into consideration the average age of the
participants and the place of the study, the number of users can
be considered satisfactory and beneficial for this study.

Limitations
There are some limitations in our study. The 3 most important
are

• The adjusted protocol was modified during a long period
with 1 user group. It should be tried on new groups to be
confirmed and further adjusted.

• Gaining trust from the participants and also within the group
of participants can lead to biased results from participants
wanting to please the researchers or developers.

• A small steady group could after a while feel that the game
is partly their creation, particularly when they see changes
based on their feedback. This can make the users less
critical.

Comparison With Prior Work
The players often bring their own context into game play and
this should be reflected in exergames for elderly people [19].
The senior population, for instance, often has other preferences
than the young when it comes to music and activities that would
make a game enjoyable. Also, activities from the past that can
trigger fond memories could make a good background for game
stories, but as our example with the scythe shows, elderly people
need to be involved to get the stories and activities correct.

When approaching the very old, one needs to be patient and
spend the time that is required to gain trust, but tests and
interviews will take longer, and less can be done at a time. Our
experiences forming, evaluating, and adjusting the proposed
protocol echo the findings of Redish and Chisnell [48] that
recruiting and working with older adults requires special
communication.

Questionnaires are found difficult to read and fill in. According
to our experience, when given a paper questionnaire many will
ask for help to read, explain, and write the replies. If the seniors
are left alone filling them in, there are often many blanks and
several replies that indicate that they have not understood the
questions. Hayes et al [49] also confirm that seniors often have
problems filling in quite simple questionnaires on their own,
either feeling unable to do so or missing out on questions or
information given. Questionnaires should therefore be filled in
by a helper or in structured interviews. This could lead to biased
results since they will not be anonymous, but we think that this
is a smaller problem than not understanding the questions and
one that can be taken into account when analyzing the results.

Iacono and Marti [50] point out how important it is to create an
empathic and trusted relationship between participants and
designers in participatory design with seniors and state that the
role of the facilitator is crucial. Being in line both with our
experience and the view of Iacono and Marti is that knowledge
is not acquired once and for all by older adults, since they often
forget recent events.

Conclusions
Involving seniors in the entire process can lead to many big and
small changes that are essential to make good, safe, and fun
games that the seniors will want to play and thus be motivated
to exercise more. In this respect, involving senior end users
when designing exergames for this group is essential. However,
the UCD must be adjusted to suit this user group.

It is important to plan the sessions so as not to exhaust or
confuse the participants, and each session should be short and
should not cover too many aspects at once. It is also a good idea
to leave time to perform the same tests or questions/interviews
in several sessions in case many participants are absent at the
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first one. Also, questions should be formed with care and
questionnaires should be short and either filled in using
structured interviews or with a helper at hand.

Devoting time to seniors is a key element of the success of a
UCD so that trust can be gained, communication can be
established, and users’ opinions can be registered. Thus, with
some adjustments regarding time and tasks to perform, our
initial protocol was useful and gave valuable results.

In the development of exergames for seniors applying UCD,
all the different game elements should be taken into
consideration during the design of exergames for seniors even
if they seem to be obvious. Those elements include theme,

movements, the user interface and interaction both with the
games and the technology, colors, sounds, playability, etc.

Despite the fact that it might be considered a limitation, another
reason for the useful feedback might be that a stable group of
senior users participated in our study. They felt safe both with
each other and with the researchers. The researchers gained
their trust by spending much time with them playing, chatting,
and sharing meals and learning the names of all participants.

It is clear from this research that best practices have been formed
for UCD of serious games for older adults that look promising
for researchers and developers and for facing societal challenges
like active and healthy aging as well.
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