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Abstract

Background: Serious games are a support in the rehabilitation process for treating people with physical disabilities. However,
many of these serious games are not adapted to the patient’s needs because they are not developed with a software engineering
framework with aset of activities, actions, and tasks that must be executed when creating a software product. Better serious games
for rehabilitation will be developed if the patient and therapist requirements are identified, the development is planned, and system
improvements and feedback are involved. The goal is that the serious game must offer a more attractive environment, while
maintaining patient interest in the rehabilitation process.

Objective: This paper submits the results of a systematic review of serious games in physical rehabilitation identifying the
benefits of using a software engineering framework.

Methods: A systematic research was conducted using PubMed, PEDro (Physiotherapy Evidence Database), IEEE Xplore,
ScienceDirect, ACM Digital Library, Mary Ann Liebert, Taylor & Francis Online, Wiley Online Library, and Springer databases.
Theinitial search resulted in 701 papers. After assessing the results according to the inclusion criteria, 83 papers were selected
for this study.

Results: From the 83 papers reviewed, 8 used a software engineering framework for its development. Most of them focused
their efforts on 1 or more aspects, such as data acquisition and processing, game levels, motivation, therapist supervision.

Conclusions. This systematic review proves that most of the serious games do not use a software engineering framework for
their development. As aresult, development systems overlook several aspects and do not have a standardized process, eventually
omitting important implementation aspects, which impact the patient’s recovery time.

(IMIR Serious Games 2021;9(4):€25831) doi: 10.2196/25831
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Introduction

Overview

According to the World Health Organization, over 1 billion
people have some form of disability [1], with up to 200 million
people having loss or decreasein movement, which limitstheir
ability to perform activities of daily living. To overcomeit, they
must undergo a rehabilitation program to gradually regain
movement and conseguently, improve their quality of life.

However, the traditional rehabilitation process is often slow
and presents problems such as lack of motivation, boredom,
and others; as a result, many patients consider the exercises
stressful, and therefore abandon the therapy [2].

To avoid these situations, new ways of conventiona therapy
support have been used in recent years, such as medicina
treatments, robotics, video games (known as serious games),
and others [3], which have contributed to faster rehabilitation
when performing exercises in afun way, alowing the patients
to forget their conditions and concentrate on the game.

For this reason, new interaction modes, such as serious games
[4], have the potential to provide more attractive, motivating,
and enriching experiencesfor patientswho suffer from decreases
in movement. Currently, serious game-based physical
rehabilitation is an area of research in constant evolution, and
therefore, there is the need for developing guidelines adapted
from other research fields.

Despite the potential benefits of serious games in physical
rehabilitation, many available platforms are inflexible and
limited in their scope. Many developments do not follow a
processinvolving a set of activities, actions, or tasks that must
be executed when a software product is to be created. As a
result, essential elements to the patient’s improvement process
areignored within the video game. Some of these elements are
motivation, play levels, player commitment, challenges
according to the patient’s level, clinical evaluation, assessment
scales, among others [5,6].

Thiswork aimsto describe the software engineering frameworks
used in serious games development and their benefits in the
physical rehabilitation process.

Background

A Note on Frameworks

The term framework has severa meanings depending on the
field. For example, it may refer to a model, prescription,
guidelines underlying a design and analysis, among others.
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The concept of framework is widely used in the field of
computer science. However, there is some confusion between
the software engineering framework and the application
framework. The former provides a skeletal abstraction of a
solution to several problems that have some similarities. A
software engineering framework will generally outline the steps
or phases that must be followed in implementing a solution
without getting into the details of what activities are done in
each phase[7]. The goal isfor devel opersto use the framework
as a guide to creating software systems by applying “building
blocks’ depending on the problem domain; by contrast,
application framework is an integrated set of software artifacts
(such as classes, abjects, and components) that collaborate to
provide a reusable architecture for a family of related
applications [8]. They are used to facilitate the devel opment
process of applications, reducing time, effort, and costs.

Software engineering framework and application framework
should not be confused. The latter is composed of
pre-established source codes (eg, data access routines, form
validation, templates) that the programmer uses to reduce
workload and do not start the project from scratch.

One of the main motivationsfor applying a software engineering
framework in serious game devel opment isto design an efficient
and satisfactory system for the patient.

Software Engineering Frameworks and Serious Games

The use of software engineering frameworks for the
devel opment of serious gamesallowsthe application of avariety
of concepts, models, techniques, and artifacts at a high level of
abstraction. Being an interdisciplinary field, an orientation on
the developed tasks is required. Besides, it is flexible to adapt
to changing conditions or personalization according to thefinal
approach of the video game (rehabilitation, education, etc.).

Serious games like other software developments require a
“systematic, disciplined, and quantifiable” approach. Every
aspect of production, from early stages of system specification
to maintenance after its operation, must be established. Below
is a set of related activities that lead to the development of a
software product [9-12].

Structural Activitiesin Software Devel opment

In software engineering, 5 generic structural activities are used
during software devel opment [9-12]: communication, planning,
modeling, construction, and deployment. The software process
detailswill be different in each case, but the structural activities
are the same. The definitions of the structural activities are
presented in Textbox 1.

JMIR Serious Games 2021 | vol. 9 | iss. 4 | €25831 | p. 2
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Textbox 1. Definitions of the structural activities in software development.
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Communication

Defining the software characteristics and functions is particularly important to communicate and collaborate with the client and other participants.
This activity aims to understand the project objectives of the participants and meet the requirements.

Planning

Once the requirements are obtained, this activity presents an estimate of the resources; establishes a software project plan; and describes technical

tasks, probable risks, and program activities.
Modeling

Its objective is to help understand the requirements through models. The models’ aim is to affirm the understanding of the work and give technical
guidance to those who will implement the software, establishing, for example, the database model, the software architecture, user screen prototypes,
and others. In some developments, this activity is the equivalent of the design stage.

Construction

This activity consists of the code generation and tests required to discover bugs in the software product.

Deployment

Once the softwareis created (completely or an increment), it is delivered to the client who will evaluate it and give feedback for system improvement.

Gamification

According to Kumar [13] gamification applies game design
principles and mechanics to nongame environments. In the
rehabilitation process, gamification can increase motivation and
engagement through rewards, game levels, accessibility,
feedback, and challenge. Therefore, the software engineering
framework for serious game development must incorporate
gamification. Various gamification el ementsincludeimmersion,
support for different roles, flow enhancement, visual
enhancement, support for different learning stages and
experience levels, design for interactivity, and progress [14].
By contrast, Vermeir et a [15] identified thefollowing elements:
avatar, challenge, competition, difficulty adjustment, feedback
loops, levels, progress, rewards, social interaction, sound effects,
and story/theme.

Benefits of Gamification in Rehabilitation

de Castro-Cros et al [16] analyzed the effects of gamification
on the mental imagery brain—computer interfacein rehabilitation
functional assessments in 10 patients with stroke with
hemiparesis in the upper limb and 6 healthy individuas. The
authors concluded that user opinions about the game level of
entertainment, clarity of rules, narrative, and visua
attractiveness were all positive. The patients were consensus
about the interest in gamifying stroke rehabilitation sessions.
By contrast, Steiner et a [17] performed a scoping review of
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gamification in the rehabilitation of patients with
muscul oskeletal disorders of the shoulder. They concluded that
gamification is essential in health care to enhance motivation
and support therapy in general, especialy in chronic diseases
and rehabilitation. Other advantages are motivation, avoiding
boredom, and distraction from pain and anxiety.

Related Works

A systematic review of literature is a method to identify,
evaluate, and interpret all available and relevant research of a
particular research question, subject area, or phenomenon of
interest. Theindividual studiesthat contribute to the systematic
review are called primary studies. A systematic review is also
considered aform of secondary study [18].

This systematic review includes literature work on developing
serious games in physical rehabilitation using a software
engineering framework. To identify existing secondary research
in the same field, we searched the following electronic
databases. |IEEE Xplore, ACM Digital Library, Wiley Digital
Library, PubMed, ScienceDirect, Taylor & Francis, Mary Ann
Liebert, and Springer. Besides, we used Google Scholar as a
web source to broaden our results.

The search was realized using the following search string: A1
AND B1 AND (C1 OR C2 OR C3 OR C4 OR C5 OR C6).
Textbox 2 shows the termsincluded in the search string.
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Textbox 2. Search terms to identify related secondary studies.
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Aterm

« Al Seriousgames

B term

« Bl Framework

Cterm

« Cl. Review

o  C2. Systematic review

« C3. Systematic literature review
o  C4. Systematic mapping

«  C5. Mapping study

«  C6. Systematic mapping study

When this search was performed in the el ectronic databases, no
related secondary studieswereidentified. Therefore, we sought
systematic reviewsfocused on software engineering frameworks
in any field. Table 1 summarizes the secondary studies found.

Mubin et a [19] performed a review on gamification design
framework and its application for children with autism. This
review aimed to offer gamification solutions for interaction
skills. They identified the framework phases in 5 papers and
target users/audience/focus. The authors concluded that
frameworks have been analyzed from an in-game context but
did not emphasize on children with autism. In the literature,
studies show that gamification is very effective in the areas of
therapy and education for children with autism. The most
important contribution of this review is the development of
interaction skills. This review identified phases of the
development process in some studies (eg, planning, designing).
However, it does not explain how users benefit from the process
interaction.

Vargas et a [20] developed a systematic mapping study on
serious game quality. The aim was to discover the current state
of serious games quality initiatives. One of the research

Table 1. Summary of secondary studies.

guestions focused on discovering if quality has been constant
throughout the software development cycle or in some stages.
The authors showed that 97% of the literature reviewed applied
quality in the fina phase (product). Only 7.14% focused on
quality inthedesign phaseand 1.79% in the requirement phase.
Thisstudy wasincluded becauseit identified the phasesin which
quality was applied: requirement, design, code, and final
product.

Tomala-Gonzales et a [21] reported on methodologies, game
engines currently used in serious games development in various
areas (education, cognitive disabilities, and physical
rehabilitation), and criteriafor game engine selection. From the
27 papers, 8 used a defined methodol ogy such as XP, Cascade,
and others, while 3 proposed their own model. The authors
concluded that athough several software development
methodologies can be adapted to serious game devel opment,
the best option was the SUM methodology because it is based
on Scrum (fast, precise, optimized, and adaptable programming
characteristics). However, thisreview did not make distinctions
between framework and methodology. It also did not identify
methodol ogy phases nor the benefits of applying amethodology
in the learning or rehabilitation process.

Study Type Year of publication  Target users/audience Benefit of framework  Phases of process devel-
/focus opment identified?
Mubin et al [19] Review 2019 Children with autism Interaction skillsin Yes
children with autism
Vargas et al [20] Systematic 2014 Serious games quality Quality Yes
mapping study
Tomala-Gonzéleset a [21] Review 2020 Identifies methodologies __a No

and game engines

3Not available.

Although our work shares similarities with the af orementioned
studies, the literature review presented in this paper is different
because this review (1) focuses on serious games for physical
rehabilitation, (2) identifies the software devel opment stagesin
each software engineering framework according to the structural
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activities proposed by Pressman [9], who states that “The
software process details will be different in each case, but the
structural activities are the same”; (3) identifies contributions
of software engineering frameworksto the rehabilitation process,
and (4) identifies if the proposed software engineering
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framework provides objective monitoring of the rehabilitation
process.

Methods

Resear ch M ethodology

The systematic literature review process proposed by Brereton
et al [22] wasapplied for thissystematic review. Figure 1 shows
the process and steps for each phase. The process consists of 3
main phases: plan review, conduct review, and document review.

Figure 1. Literature review process.
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Thefirst phase consists of the following steps: (1) describe the
main reasons for the literature review, (2) specify a set of
research questions, and (3) review the protocol. The second
phase comprises 4 steps: (1) identify important research, (2)
select primary studies, (3) extract data from primary studies,
and (4) synthesize data. Finally, the third phase consists of 3
steps: (1) obtain results, (2) identify the validity threats, and (3)
conclusions. Figure 1 shows the literature review process. In
the following subsections, we describe the activities carried out
in each phase of this systematic literature review.

h

FPlan Review

Conduct Review

Meed for literature review
*
Specify research questions
+
Review praotocol

¥

|dentify impaortant research
¥
Select pimary studies
[]
Extract data
¥
Syrthesize data

¥

¥

Diocument Review

Obtain resutts
+
|dertify the validity threats
+
Conclusions

Research Questions

In this subsection, we present the 9 research questions that
guided this study through the investigation to meet the objectives
of the systematic review. Table 2 presents these questions.

Theresearch questions can be classified into 4 fields of interest.
RQ1 and RQ2 study serious games evaluated in software
engineering. These questions identify the number of serious
games developed with a software engineering framework and
the set of activities, actions, and tasks required.

RQ3 and RQ4 describe framework contributions to the
rehabilitation process and implementation of gamification

https://games.jmir.org/2021/4/e25831

RenderX

elements. It allowstransforming obstaclesinto positive and fun
reinforcements, thereby encouraging patients.

RQ5 and RQ6 are centered on applicability and serious game
characteristics for rehabilitation using a software engineering
framework. These questionsidentify relevant data such astarget
audience, interaction technology for data acquisition, main
modalities, among others.

Finaly, RQ7, RQ8, and RQ9 studied important aspects to
evaluate and provide follow-up of rehabilitation progress
depending on the type of exercise.
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Table 2. Research questions.
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Research question Question

What framework is used in the development of the serious game?

What are the generic structural activities used in frameworks?

How the framework contributes to the rehabilitation process?

What is the targeted disability contemplated in the frameworks?

1
2
3
4 What gamification elements does the framework use?
5
6

If the framework includes a case study, which part of the body is rehabilitated? What is the modality of the serious
game? Which interaction technology is used?

7 What type of evaluation and number of patients are involved in the clinical trials?
8 Does the framework contemplate a standardized scale to evaluate the patient’s rehabilitation progress?
9 Does the framework contempl ate adaptability?
were identified by searching in the following databases:
Search Strategy 4 g g

The objective of the search strategy was to identify all relevant
primary studies. A literature search was conducted to answer
the proposed research questions.

The search strategy is an adaptation of Guidelines for
Performing Systematic Literature Reviews in Software
Engineering [18] and Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses (PRISMA) [23]. Relevant papers

Textbox 3. Search termsfor the final search string.

PubMed, PEDro (Physiotherapy Evidence Database), |IEEE
Xplore, ScienceDirect, ACM Digitd Library, Mary Ann Liebert,
Taylor & Francis Online, Wiley Online Library, and Springer.
To build the search string, alist of keywords and their synonyms
were identified. Logical operators (AND and OR) and words
related to rehabilitation, serious games, and framework were
used. Thefinal search strings consisted of the following Boolean
expressions. “(A1 AND (B1 OR B2)) AND (C1 OR C2 OR
C3) AND D1". The search terms are shown in Textbox 3.

Aterm

« Al Serious

B term
. B1. Game

« B2 Games

Cterm

«  C1. Rehabilitation
.  C2. Disability

o  C3. Disabilities

D term

« D1. Framework

Inclusion Criteria

The systematic review isfocused on serious gamesfor physical
rehabilitation; clear inclusion criteria were established to
determine the eligibility of papers for inclusion in the review.
Only studieswith the following criteriawere considered eligible
for inclusion: serious game papers for physical rehabilitation,
papers published in English, and all serious games regardliess
of the year of devel opment.

Exclusion Criteria

Papers duplicated, papers regarding opinion pieces, existing
literature reviews, papers that are not related to rehabilitation

https://games.jmir.org/2021/4/e25831

using serious games, serious games for educational purposes,
and serious games for cognitive rehabilitation were excluded
from the study.

Study Selection

First, the search string was used in different databases.
Potentially relevant papers wereidentified after reading thetitle
and abstract. Duplicate papers were removed. Subsequently, an
exhaustive verification of compliance with the inclusion and
exclusion criteriawas carried out to select the papers. Figure 2
shows the item selection process. In the systematic review, 701
papers were included. Table 3 shows the number of documents
retrieved from each database.
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Figure2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)—based flowchart.

Records in the systematic review with the search criteria:
serious AND (game or games) AND (rehabilitation OR
disability OR disabilities) AND framework

Records excluded from the
analysis

!

Records reviewed by
title
n=701

Intellectual disability, n=47
Education, n=37

Visual impairment, n=2
Language problems, n=2
Other topics, n=216
Reviews, n=32

I

ecords reviewed by
abstract
n=365

No serious games, n=27
Education, n=9

Visual impairment, n=5
Cognitive rehabilitation, n=9
Other language, n=4

Other topics, n=196
Language rehabilitation, n=5

v

ecords reviewed by ful
text
n=110

No serious games, n=12
Serious games evaluation, n=1
Hearing deficit, n=2

Cognitive rehabilitation, n=6
Language rehabilitation, n=2
Visual rehabilitation, n=4

Records included in the
quantitative analysis
n=83

Records without framework,
n=75

Records included in
the qualitative analysis
n=8
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Table 3. Search results.
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Databases Results, n
PubMed 14
PEDro 12

IEEE Xplore 103
ScienceDirect 88

ACM Digital Library 166

Mary Ann Liebert 27

Taylor & Francis Online 50

Wiley Online Library 43
Springer 198

Extract Data From Primary Studies

After identification, the primary paperswererigorously analyzed
in accordance with the following considerations: (1) only the
authors of this review can participate in the data collection
process; (2) each primary paper should be reviewed with at |east
two reviewers; (3) each reviewer will collect a set of datafrom
each primary study, then meet with another reviewer to reach
an agreement on the data obtained.

Table 4. Bibliographic data of the primary papers.

Two types of datawere extracted for each study: bibliographic
(title, author name, country, year, database) and content data,
which are used to answer the research questions. Table 4 shows
the concentration of the bibliographic dataof the primary papers.

Multimedia Appendix 1 showsthe percentage of primary studies
from each electronic database. |IEEE Xplore presented more
primary studies than the rest. Thefollowing section presentsan
analysis of the data collected.

Study Year Country Database

Baranyi et al [24] 2013 Austria IEEE Xplore
Pirovano et al [25] 2016 Italy ScienceDirect
Amengua Alcover et al [26] 2018 Spain PubMed

Baranyi et a [27] 2019 Austria IEEE Xplore

Zainet a [28] 2012 Malaysia IEEE Xplore
Noveletto et a [29] 2018 Brazil ScienceDirect
Afyouni et a [30] 2017 Cyprus ACM Digital Library
Maggiorini et al [31] 2012 Switzerland ACM Digital Library

Results

RQ1: What Framework Is Used in the Development
of the Serious Game?

Only 8 (10%) out of the 83 papers related to physical
rehabilitation using a software engineering framework
(Multimedia Appendix 2).

InBaranyi et al [24,27], the proposed studies were based on the
user-centered design framework. The physiotherapist is
important because s/he identifies the needs and limitations of
the patients in the rehabilitation process. There are 3 phases:
research, design, and evaluation. In research, a physiotherapist
conducts brainstorming with the work team and identifies the
requirements. Afterward, in the design phase, the team creates
mock-ups and a prototype. Finally, the physiotherapist eval uates
the application.

Pirovano et al [25] proposed a 4-step procedure to create safe
exergames for rehabilitation therapies: exercise definition,

https://games.jmir.org/2021/4/e25831

RenderX

virtualization, game design, and secondary goals. In exercise
definition, aset of exercisesis proposed to cover therapy needs.
Each exercise is structured into primary and secondary goals.
During virtualization, the team identifies primary goals, and
they are implemented into a virtual exercise by defining input
(tracking) and output (feedback) requirements through simple
graphical elements and specifying interaction mechanisms.
Through game design, the virtual exercise is converted into a
true exergame. In the last step, there are 2 functionalities. The
first is to analyze motion data and identify wrong movements.
The second provides feedback to the patients.

In Amengual Alcover et al [26], the serious game devel opment
framework follows an iterative process flow structured into 2
dimensions: activities and incremental development. The first
dimensionisbased on 3 approaches. Scrum, theweb application
development model, and aclinicdl trial. The activitiesdimension
includes aproject initiation activity, aniterative flow composed
of 4 basic development activities (planning and control,
modeling, construction, and evaluation), and a final clinical
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study to eval uate the rehabilitation process of the patient through
the serious game. Incremental devel opment includes 3 different
increments: interaction mechanism, interaction elements, and
serious game. In the first increment, an existing device on the
market is identified to capture the movements of patients
according to their needs. In the second increment, the
development team must design the interaction elements that
force patients to perform the therapy correctly. The fina
increment is aimed at designing a serious game that motivates
the patient to perform therapy to obtain the best results.

Zain et a [28] proposed a conceptual framework for people
with motor impairment, so they can enjoy the experience of
playing serious games. The framework’s main elements were
player skills, challenge, concentration, feedback, immersion,
learning opportunities, accessibility, and adaptivity. The
proposed framework will help the game designer and devel oper
create a serious game that combines the game’stechnology with
thelearning environment. Thisframework isbased on the game
flow model.

Noveletto et a [29] presented aconceptual model for the design
or development of serious games to rehabilitate people with
stroke. Theframework establishes arel ationship between experts
and patients to aobtain the requirements, considering that the
biomedical device and the video game score are used to design
serious games.

Afyouni et a [30] proposed a framework consisting of a
therapy-driven 3D environment augmented with a natural user
interface based on movement. The framework incorporated
different adaptation techniquesto adjust patient’s needs. Patient
preferences and limitations were considered key parametersfor
changing the game, thereby creating personalized games for
each patient.

Maggiorini et al [31] presented a framework for serious game
development that allows the therapist to remotely control the
video game home activities. The objective wasto create amore
attractive gamefor the elderly with easily adjustable parameters
for therapy adaptability. The framework includes 3 phases of
serious game development: requirements definition, empirical
validation of requirements list, and design and prototyping.

RQ2: What AretheGeneric Structural ActivitiesUsed
in Frameworks?

The objective of this research question was to identify generic
structural activities in primary studies (see the “Background”
section). Table 5 summarizes the structural activities and
Multimedia Appendix 3 shows the frequency of occurrence of
each structural activity in primary studies.

https://games.jmir.org/2021/4/e25831
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Every study established a communication activity to obtain the
requirements. Baranyi et a [24] brainstormed with a
physiotherapist to identify relevant problems and needs for
patients undergoing rehabilitation. Pirovano et a [25] defined
exercises addressing the primary and secondary objectives of
rehabilitation. To achieve maximum effectiveness, the exercises
are defined in collaboration with therapists. In Amengual
Alcover et a [26], the communication began by identifying the
context, operational objectives, restrictions, and requirements.
Baranyi et al [27] established communication with the therapist
to obtain the requirements. Zain et a [28] identified the user
abilities, limitations, and behavior, which become requirements
for the serious game. Noveletto et al [29] considered expertsin
thefield (health personndl, therapists, etc.) and patientsto obtain
the requirements. Afyouni et a [30] established the type of
game through patient needs, preferences, and limitations,
allowing custom game features. Finally, Maggiorini et a [31]
analyzed the most diffused issues present in elders’ homes (eg,
size of rooms, habits) to explore requirements and limitations
through an immersive approach.

The planning activity was implemented in Amengual Alcover
et al [26]. The goal of this activity was to determine the tasks
to perform during the development by identifying the end
products and the people who will do the work. The activity
includes 3 tasks: planning, scheduling, and tracking.

The modeling activity was performed in several papers. For
example, Baranyi et a [24] caled it design, elaborating basic
models discussed with a therapist. Pirovano et al [25]
transformed the exercise requirementsinto a true exergame by
adding all the elements and characteristics of agame and agood
game design for the patients. Amengual Alcover et al [26]
created model sthat hel ped the devel opment team to understand
the requirements obtained and the game design. By contrast,
Baranyi et a [27] contemplated the use of prototypesto refine
user requirements. Finally, Maggiorini et al [31] established a
list of technical characteristics (desired) for the prototype
creation.

The construction activity was implemented in every study.
Developments produce executable software units that will be
used by users, through the creation of prototypes to improve
the software [24-27,30,31], or the final product [28,29].

Finally, the user evaluates and provides feedback on the serious
gamein the deployment stage. In the primary papers, Pirovano
et a [25] and Baranyi et al [27], patients were asked to give
their opinion to improve the game design and change some
aspects of the application.
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Tableb. Structura activitiesin primary studies.

Ambros-Antemate et al

Study Communication

Planning

Modeling Construction

Deploy

Baranyi et al [24]

Pirovano et al [25]
Amengua Alcover et a [26] X
Baranyi et al [27]
Zainet al [28]
Noveletto et al [29]
Afyouni et a [30]
Maggiorini et al [31]

X X X X X X X X

a

X

X
X
X

X X X X X X X X

3ot available.

RQ3: How the Framework Contributesto the
Rehabilitation Process?

Baranyi et al [24,27] applied a user-centered design approach
to establish constant communication with the physiotherapist
who has the experience to identify the needs and limitations of
the final user. Serious games are devel oped with entertainment
elements such as levels, rewards, challenges, and adaptability
to the patient need, considering special conditions.

Pirovano et a [25] proposed the creation of safe exergames,
identifying the needs of real exercise besides therapy goals.
These needs areincorporated into avideo game considering the
primary objectives (what a user should do) and secondary
objectives (how user actions should be carried out). Theformer
is easily integrated into the gameplay, while the latter aids the
patient with corrections or prevention of compensatory
movement through analysis of the flow of movement data and
wrong movements in real time, thereby providing immediate
feedback to patients to correct themselves during the exercise.

Amengual Alcover et a [26] proposed an iterdtive,
prototype-oriented, systematized serious game development
process. The proposed process guarantees that products based
on this framework are developed and validated by following a
coherent and systematic method that leads to high-quality
serious games.

https://games.jmir.org/2021/4/e25831

For users with motor impairment, Zain et a [28] used flow
theory [32] to propose user interface design factors that make
their experience enjoyable when playing serious games. This
framework includes user interface design factors and aims to
establish a conceptual model that can be used by a game
designer for efficient game development or an educational
practitioner when designing enjoyable serious games for users
with motor impairment.

Noveletto et al [29] established a relationship among key
stakeholders (experts and patient) and elements (biomedical
device and game score) for serious game design. The framework
states that a correlation between the game score and clinical
tests can aid treatment and evaluation through the biomedical
system.

Afyouni et al [30] proposed a framework for video game
development with an adaptive and user-centered approach. The
framework embeds different adaptation techniques to tailor to
patients needs. The video game adapts to the difficulty level
based on the patient’s profile and performance in rea time.
Other aspects such as patient preferences and constraints are
considered as key game-changing parameters.

Finally, in Maggiorini et al [31], the framework allowed serious
game devel opment with tel erehabilitation all owing the therapist
to remotely control the video game home activities. It supports
parameter adjustments for therapy adaptability. Table 6
summarizes framework contributions.
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Table 6. Framework contributionsin primary studies.

Ambros-Antemate et al

Framework contribution to rehabilitation  Utility

Primary studies

Communication with health expert

Exercise definition

A physiotherapist establishes communications with patients
undergoing rehabilitation to identify the problems and needs.

Exercise can be defined as a sequence of different actions

Baranyi et al [24], Pirovano et a [25],
Baranyi et a [27], Noveletto et a [29]

Pirovano et al [25]

needed to complete it to achieve maximum effectiveness.

Analyzes the stream of motion data and

identifiesin real time wrong movements  ercising.

Iterative and prototyping

modify them.

User interface design factors Motivation and immersion

The correlation between game score and
clinical tests

Adaptive approach
performancein rea time

Telerehabilitation

Provides immediate feedback to the patients for correct ex-

Visualize prototypes of serious gamesfrom early stages. The
therapist or patients identify additional requirements or

Aidsin patient treatment and evaluation

Adapts difficulty level according to the patient’s profile and

Therapists can remotely control the video game for home

Pirovano et al [25]

Baranyi et al [24], Pirovano et a [25],
Baranyi et a [27], Noveletto et al [29],
Afyouni et a [30], Maggiorini et a [31]

Baranyi et a [24], Pirovano et a [25],
Amengua Alcover et a [26], Baranyi et al
[27], Zain et &l [28], Noveletto et a [29]

Noveletto et a [29]

Baranyi et a [24], Pirovano et a [25], Zain
et al [28]
Afyouni et a [30], Maggiorini et al [31]

Maggiorini et al [31]

activities and provide adjustable parameters to improve

therapy

RQ4: What Gamification Elements Doesthe
Framework Use?

Overview

Gamification allowsthe transformation of obstaclesinto positive
and fun reinforcement, encouraging users to make the right
decisions for their health and well-being [33]. It is essentid to
keep the patient motivated in physical rehabilitation. For this
reason, the software engineering framework is required to use

Table 7. Gamification elementsin primary studies.

gamification elements. The papers identified the following
elements: feedback, motivational factor, adaptability, challenge,
levels, immersion, rewards, concentration, and avatar. Table 7
shows the gamification elements in primary studies, and
Multimedia Appendix 4 shows the frequency of occurrence of
each gamification element.

The gamification elements of primary studies are described
below.

Gamification element

Study

Feedback
et al [30], Maggiorini et al [31]

Motivational factor

Pirovano et a [25], Amengual Alcover et a [26], Baranyi et a [27], Zain et a [28], Noveletto et a [29], Afyouni

Baranyi et al [24], Pirovano et a [25], Amengual Alcover et a [26], Baranyi et al [27], Noveletto et a [29]
Baranyi et a [24], Pirovano et a [25], Zain et a [28], Afyouni et a [30], Maggiorini et al [31]

Adaptability
Challenge Baranyi et al [24], Zain et a [28], Afyouni et al [30]

Levels Baranyi et al [24], Amengual Alcover et a [26], Baranyi et a [27], Afyouni et a [30]
Immersion Zainet al [28]

Rewards Pirovano et al [25]

Concentration Zainet al [28]

Avatar Pirovano et al [25]

Feedback

In Pirovano et al [25], the feedback mechanismswere designed
to show the outcome of actionsto patients. For instance, whether
atarget ismet or amovement has been successfully performed.
Amengual Alcover et al [26] used “mirror feedback,” which
consists of projecting the user onto the screen and simulating a
mirror in such away that the users can see themselves on the

https://games.jmir.org/2021/4/e25831

screen at al times. In Baranyi et al [27], the feedback provided
was either visual, aural, or haptic. In Zain et a [28], userswith
motor impairment received feedback on their progress, and
when they lose the game, feedback is provided to continue in
theright direction. Noveletto et al [29] established that serious
same should reward playerswith feedback on progress. Afyouni
et al [30] used ascoring system that was designed to keep track
of the number of times the patient successfully passed through

JMIR Serious Games 2021 | vol. 9| iss. 4| €25831 | p. 11
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

the targets. Finally, in Maggiorini et a [31], a skeleton
wireframeisdrawninred to provideimmediate visual feedback,
and an alarm is raised on the screen.

Motivational Factor

Baranyi et al [24] used “goals” The gameplay was based on
achieving goals that should act as motivation factors. Pirovano
et a [25] established that extrinsic motivational effects can be
achieved through careful use of verbal praise, scoring
mechanisms, and virtual reward systems. In Amengual Alcover
et al [26], the development of new serious games allowed the
inclusion of motivational elements to increase engagement.
Baranyi et al [27] used rewards in serious games for the user.
Finally, Noveletto et a [29] used the “motivational score” to
improve attention during rehabilitation sessions.
Adaptability

Baranyi et al [24] proposed an adaptive system with the
opportunity to adapt the game difficulty. Pirovano et a [25]
established that virtual exercises should use dynamic difficulty
adaptation, thus further increasing the flexibility of serious
games. For Zain et al [28], an adaptive factor was important to
design and develop serious games for users with motor
impairment because the application, aware of the users’ current
cognitiveload and physical limitations, can changeitsresponse,
presentation, and interaction flow to improve users' experience
and their task performance. In Afyouni et a [30], the framework
embeds different adaptation techniquesto adapt to the patients
needs. Key game-changing parameters such as patient
preferences and constraints are considered. This alows the
creation of personalized game features for every patient.
Maggiorini et a [31] proposed that remotely controlled serious
games may also provide easily tunable parameters to better
adapt the game therapy to the actual patient recovery.

Challenge

Baranyi et al [24] proposed the challenge asa“key fact.” They
considered that the game should not be too easy nor too hard
to manage. The game should be sufficiently challenging and
match the player's skill level. Zain et al [28] proposed that
serious games should also vary the level of difficulty and keep
an appropriate pace. Afyouni et al [30] generated therapy-aware
navigational movements with multiple levels of difficulty.

Levels

Baranyi et al [24] stated that the purpose of the serious game
devel oped isto have arehabilitation system containing different
levelsthat were adapted and created for the individual needs of
the patients and to fit their impairments. Amengual Alcover et
al [26] considered that serious games must have a definition of
different levels in the game. In Baranyi et a [28], when the
game is started for the first time, a diagnostic routine is
performed; using these data, a baseline for the exercises can be
defined by the therapist to get an initial idea about how easy or
complex a level might be for a patient. Afyouni et al [30]
presented different levels of difficulty based on therapeutic
gestures and patient performance.

https://games.jmir.org/2021/4/e25831
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I mmersion

Zain et al [28] considered that immersive games draw players
into the game and affect their senses through elements such as
audio and narrative.

Reward

Pirovano et al [25] used a scoring system, and at the end of each
exergame, avirtual reward is presented to the patients.

Concentration

Zain et a [28] considered that the more concentration a task
requiresin termsof attention and workload, the more absorbing
it will be. The games should grab the player’s attention quickly
and maintain it throughout the game.

Avatar

Pirovano et a [25] used an avatar for feedback on wrong
movements, changing the color of the associated avatar
segments. When wrong movements persist for along time, the
gameis paused, and avirtual therapist avatar pops up to advise
patients.

RQ5: What Isthe Targeted Disability Contemplated
in the Frameworks?

This specifieswhether astudy focuses on aparticular pathol ogy
with loss or decrease in movement. The papers established the
following target pathology: 4 defined strokes [24,25,27,29], 2
defined neuromotor disorder [26,30], 1 defined userswith motor
impairment [28], and 1 defined rehabilitation of the elderly [31].
Stroke is mainly targeted in studies because it is the second
cause of death and the third cause of disability worldwide [34].
Multimedia Appendix 5 shows the target disability percentage.

RQG6: If theFramework Includesa Case Study, Which
Part of the Body | s Rehabilitated? What Isthe

M odality of the Serious Game? Which Interaction
Technology IsUsed?

AsTable8reports, Baranyi et al [24] presented a prototype that
rehabilitates patients with lower limb disabilities with balance
and strength exercises using the Wii Fit Balance Board. Pirovano
et a [25] developed serious games for upper limb motor
rehabilitation therapy using Microsoft Kinect and lower limb
with the Wii Fit Balance Board. Amengual Alcover et al [26]
also rehabilitated the lower limb by allowing patientsto perform
repetitions in a video game controlled with Microsoft Kinect,
with each repetition varied according to the participant’s
tolerance and the physiotherapist’s recommendations. Baranyi
et al [27] performed hand rehabilitation using gesture exercises,
touch, and patient movement level s using mobile phone sensors.
Zain et al [28] and Noveletto et al [29] did not report any case
studies. Afyouni et al [30] developed a serious game for hand
rehabilitation using leap motion. Gameinstructions can be visua
(shown on the screen) or voice, depending on the perception
capacity of the patient. Finally, Maggiorini et al [31] devel oped
a prototype for rehabilitation using Microsoft Kinect. It only
presentsthe skeleton tracking by a sensor and does not mention
whether the video game implements another form of
communication with the patient.
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Themodality isaway inwhich information istransmitted from
the computer to the participants [35]. Baranyi et a [24,27],
Pirovano et al [25], Amengual Alcover et al [26], Afyouni et a
[30], and Maggiorini et al [31] used avisual modality, presenting
a graphical interface for user interaction. Pirovano et al [25],

Ambros-Antemate et al

Amengual Alcover et a [26], Baranyi et al [27], and Afyouni
et al [30] used audio effects such asmusic or voiceinstructions.
Baranyi et a [27] used haptic modality to control the video
game through a touch screen. Zain et al [28] and Noveletto et
al [29] did not report modalities.

Table 8. Rehabilitated limb, serious game modality, and data-acquisition device in primary studies.

Study Rehabilitation/extremity Modality Interaction technology

Baranyi et a [24] Lower limbs Visual Wii Fit Balance Board

Pirovano et al [25] Lower and upper limbs Visual, auditory Wii Fit Balance Board and Microsoft Kinect
Amengual Alcover et a [26] Lower limbs Visual, auditory Microsoft Kinect

Baranyi et al [27] Hand Visual, auditory, haptic iOS platform sensors

Zainet a [28] Not reported Not reported Open

Noveletto et al [29] Not reported Not reported Open

Afyouni et al [30] Hand Visual, auditory Leap motion

Maggiorini et al [31] Full body Visual Microsoft Kinect

RQ7: What Type of Evaluation and Number of
Patients Are Involved in the Clinical Trials?

The objective of this research question was to identify clinical
validation of the studies and the number of patients involved.
In clinical trials, participants receive specific interventions
according to the research plan or protocol created by the
researchers to determine the safety and efficacy of the
interventions through the measurements of the outcomes [36].
Table 9 shows these data. Amengual Alcover et a [26]
conducted aclinical trial and observed a significant difference
between before and after scores. They used the Berg Balance
Scale and their results showed a significant functional
improvement (P=.002) in comparison with assessments before

Table 9. Type of evaluation and number of patientsin the primary studies.

(mean 29.5 [SD 3.9] and after (mean 34.1 [SD 2.2]) the
intervention. The Functional Reach Test revealed significant
differences in functional balance before and &fter the
intervention: right upper limb, before (mean 8.6 [SD 1.4]) and
after intervention (mean 10.1 [SD 2.0]; P=.007); and left upper
limb, before (mean 8.3 [SD 2.0]) and after intervention (mean
10.1[SD 3.7]; P=.052). Finaly, asignificant difference between
the pre- and post-assessment scoresfor the Tinetti Balance Test
was observed at the end of the 24-week intervention period.
The average score rose from 16 to 21 points on a scale of 28
points. Afyouni et a [30] reported that patients showed
improved hand movement using a range of motion. They were
able to document 66% of the elements in the video game. No
other study reported aclinical trial.

Study Evaluation Number of patients
Baranyi et a [24] No clinical validation N/A2

Pirovano et al [25] No clinical validation N/A

Amengua Alcover et al [26] Clinical tria 9

Baranyi et a [27] No clinical validation N/A

Zainet a [28] No clinical validation N/A

Noveletto et a [29] No clinical validation N/A

Afyouni et a [30] Clinical tria 5

Maggiorini et al [31] No clinical validation N/A

3NA: not applicable.

RQ8: Doesthe Framework Contemplate a
Standardized Scale to Evaluate the Patient’s
Rehabilitation Progress?

An assessment instrument allows to objectively quantify the
disability degree of the patient and measure the progress of
rehabilitation [37,38]. The evaluation scales in the framework
are used to quantify theimprovement in rehabilitation depending

https://games.jmir.org/2021/4/e25831

on the type of exercise applied. During the analysis of primary
papers, we identified 3 studies with assessment instruments:
Pirovano et al [25], Amengual Alcover et a [26], and Afyouni
et a [30].

RQ9: Doesthe Framework Contemplate Adaptability?

Adaptability is the ability to dynamically adapt difficulty in a
video game according to the patient’'s performance [39]. Five
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primary studies usethis characteristic. In Baranyi et al [24], the
physiotherapist designed the level of difficulty of the video
game. Pirovano et al [25] established that for every exercise,
quality parameters are necessary to define movement properties.
This will allow one to determine the challenge degree of the
exercises and adapt the difficulty to the patient’s needs. Zain et
al [28] mentioned that adaptability must consider the following
elements: (1) user motivation, (2) experience and abilities, and
(3) detection, which identifies necessary changes. Afyouni et
al [30] adapted the difficulty level based on the patient’s profile
and performance in real time. In Maggiorini et a [31] the
therapist can remotely adapt the game therapy to the patient’s
actual recovery. Amengual Alcover et al [26], Baranyi et al
[27], and Noveletto et a [29] did not specify how adaptability
isincorporated into their game. Multimedia Appendix 6 shows
the percentage of frameworks contemplating adaptability.

Threatsto Validity of Primary Studies Selected

Although we used search strategies and techniques to
systematically find papers by using keywords in the selected
databases, these words may vary within papers, so some relevant
studies may have been omitted.

Discussion

Preliminary Findings
We found only few studies that used a systematic process for

serious game development. Each framework analyzed in the
primary papers highlighted a different feature.

Planning was the structural activity least implemented. This
activity isessential becauseit allowsgoal definition, objectives,
and path to follow in the software development [9,10,40,41].

Regarding applicability, most studies focused on the treatment
of stroke sequelae using various modalities such as visual and
auditory. The latter should also be implemented to provide
feedback on patient performance. Lastly, test casesdirectly use
playable commercial platforms such as Microsoft Kinect and
Leap motion as interaction technol ogy.

There were afew clinical trials, and the type of improvement
reported varies from one study to another. Amengual Alcover
et al [26] used the Berg Balance Scale and Tinetti Balance Test
measurements and reported significant functional improvement
from previous results. Afyouni et al [30] aso reported
improvements using range of motion evaluation in hand
movement. No other studies used clinical trials to evaluate the
framework. Clinical evaluation is essential to objectively
validate the patient’s rehabilitation progress [36].

Pirovano et al [25], Amengual Alcover et a [26], and Afyouni
et al [30] used an evaluation scale to assess the patient’s
progress. It should a so be used as an aternative to adaptability,
which is essential for progress and motivation [42]. It isalso a
technique that can be used to advance game levels [5]. Game
levels help engage in the game and could increase treatment
compliance.

https://games.jmir.org/2021/4/e25831
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Conclusions

The objective of this study was to identify the software
engineering frameworks used in the development of serious
games through a literature review of 8 primary studies. The
conclusions of this study are as follows:

About 75% (6/8) of the primary papers proposed a framework
[25,26,28-31], whereas the rest were adaptations of the
user-centered design framework (RQ1). Regarding the structural
activities, 100% (8/8) of the papers applied the communication
and construction activity [24-31], 63% (5/8) used modeling
(known as a design in some developments) [24-27,31], 25%
(2/8) considered user feedback to improve the serious games
[25,27], and only 13% (1/8) included the planning phase [26]
(RQ2).

Each primary study contributes in one or more aspects to the
rehabilitation process. Baranyi et a [24,27] applied a
user-centered design using which the physiotherapist can
personalize individual needs in the serious game. Pirovano et
al [25] proposed ease of play and assisted help during the
rehabilitation exercise. Amengual Alcover et al [26] devel oped
a framework for motor rehabilitation therapies using a
systematized process. Zain et a [28] embraced immersion and
fun in the game to maintain flow interest. Noveletto et al [29]
used game scores for patient assessment. Afyouni et al [30]
developed games with dynamic adaptability that were patient
centered. Finally, Maggiorini et a [31] incorporated
telerehabilitation and adaptability for the elderly to perform
rehabilitation exercises at home (RQ3). Every study applies
gamification elements that alow patients to transform
rehabilitation obstacles into positive and fun reinforcements.
Feedback was the gamification el ement most applied (7/8, 88%)
[25-31]. Other elements frequently implemented were
adaptability [24,25,28,30,31] and motivational factor [24-27,29]
(5/8, 63%) for both; RQ4.

Stroke is the primary pathology on which serious games are
focused. This pathology is the third cause of disability
worldwide, and a characteristic symptom is the sudden,
generaly unilateral, loss of muscle strength in the arms, legs,
or face (RQ5). Regarding the case studies of limb rehabilitation,
2 studies[24,26] included thelower limb, 1 [25] included lower
and upper limbs, 2 [27,30] included hand, 1 [31] full body, and
2[28,29] did not report case studies. The most used video game
modality was visua (6/8, 75%) [24-27,30,31], followed by
auditory (4/8, 50%) [25-27,30]. Although each case study used
a different motion acquisition technology, every framework
allowed a wide variety of the interaction style to obtain the
patient’s movement and control the serious game (RQ6).

Of the primary papers, 25% (2/8) applied a clinical evaluation
to assess patient improvement when the serious game is used
[26,30] (RQ7). To objectively evaluate progress and identify
abilitiesand deficits, only 38% (3/8) of the primary studiesused
an assessment instrument [25,26,30] (RQ8). The assessment
used standardized procedures indicating how a patient of any
given age and intelligence level would perform. Adjusting the
video game difficulty to the patient’s rehabilitation needs is
essential to avoid frustration or boredom, and 63% (5/8) of the
primary studies used adaptability [24,25,28,30,31] (RQ9).
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Finally, we recommend that all serious games have to be We propose the following recommendations for future studies:

devel oped with aframework or methodology. If for somereason
thisisnot possible, they should at least involve the therapist to
define requirements. It is also important to include evaluation
scales to measure the patient’s progress and gamification
elements. Besides, the video game development must be an
iterative and incremental process based on generic structural
activities and the patient should be considered in the validation
and feedback phases.

- Carry out astudy of the papersthat propose a methodol ogy
for serious game devel opment.

- Study software engineering framework proposalsin serious
games from other fields, such as education.

- Develop a software engineering framework applying all
the structural activities and gamification elements for the
creation of serious games for physical rehabilitation.
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