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Abstract

The number of patients with mobility constraints is increasing as a result of neurological
diseases. From the substantiation of the lost functions recoveries, it was possible to deter-
mine that the nervous system is able to reorganize itself expressing its property called neu-
roplasticity. Physical therapy is the well-known way to encourage and promote this ability.
However, repetitive traditional physical therapy exercises may become boring and patients
eventually abandon their physiotherapeutic programs. The development of new environ-
ments that motivate patients to continue with their treatments may be a suitable alternative
or complementary tool. Serious games seems to be the ideal tool to provide them. Thus,
the purpose of this paper is to present Physioland, a serious game already developed which
can be a motivational complement for the physical therapy of patients with neurological
diseases. Physioland is a non-invasive system that uses Image Processing Techniques and
Artificial Intelligence to monitor patients and adapts some exercises of traditional physi-
cal therapy to electronic game situations. To determine whether Physioland would be moti-
vating and challenging enough to increase a patient’s desire to perform the exercises and
continue/complete the rehabilitation process the game was tested in a clinical environment
using two samples: one with twelve health professionals in the area of physiotherapy and
the other with eleven patients with neurological diseases. The research team carried out a
questionnaire-based survey. This questionnaire is an adaptation of another one already vali-
dated in the literature—the Technology Acceptance Model (TAM). For the analysis of the
data obtained with the Likert scale, percentages were calculated. The answers to the open
questions were subject to a content analysis. The results showed that the developed game,
Physioland, proved to be highly motivating for patients at the physiotherapy clinic where it
was tested. If the results are similar in other clinics, Physioland, can be used as a good and
effective complement to traditional physical therapy for patients with neurological diseases.
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1 Introduction

Neurological diseases are a significant public health problem worldwide since more and
more people are being affected. According to the most recent estimates from the Global
Burden of Disease Study, which predicts, by November 2022, a world population of
eight billion people, where one in three people in the world suffers from a neurological
disorder, which can vary from the simplest to the most complex. According to the same
study, neurological disorders are currently the leading cause of disability, with stroke
the largest contributor, with a percentage of 42.2% [10].

For the majority the sequelae left by these diseases is observed by changes and kine-
sis functional disorders which require regular practice of physical therapy in order to
achieve the highest possible degree of physical autonomy. However, the repetitive nature
of the physiotherapeutic exercises that this kind of treatments involve makes them bor-
ing and patients can more easily become unmotivated and leave therapy. The solution
to the problem of discouragement and abandonment of treatments by patients is to find
new ways of practicing physical therapy that encourage and lead them to accept their
problems and fight for a better quality of life. Advances in technology have led to the
development of serious games that can be the desired alternative with the opportunity of
reducing the undesirable effects.

In the recent years there has been a significant increase in the number of serious
games developed for physical therapy. Some studies related to serious games show very
positive results regarding the recovery of motor functions while others have not yet been
sufficiently tested to lead to definitive conclusions [9, 24, 27]. However, according to
these studies they all managed to create pleasant environments where patients felt good
and found meaning for their treatments and hope for their lives. The environments cre-
ated helped the patients to gain the necessary motivation not to give up on their rehabili-
tation programs since they opened new avenues that empowered them, enabling them
to reduce the impact of their limitations. There is currently a diversity of serious games
aimed at physiotherapy, and many more will continue to be developed but the player
himself needs new narratives, new graphics, new mechanics to get motivated over time.
The idea of playing the same game every day will demotivate the patient, in the same
way that the same exercises also demotivates him. Following this line of thought, the
purpose of this paper is to present Physioland, a serious game which can be a motiva-
tional complement for the physical therapy of patients with neurological diseases.

Physioland, with a simple narrative, framed in a medieval period, joins the existing
games, as an alternative to promote the motivation of the practice of traditional physical
therapy to patients with neurological diseases. Through Image Processing Techniques
and Artificial Intelligence, it is possible to understand if the patient is correctly per-
forming a conventional physiotherapy exercise and adapts these movements to elec-
tronic game situations as a source of motivation. It differs from any game for XBox or
Kinect, because it was designed specifically for physical therapy purposes, not being
an adaptation of existing games. In addition, it has a different narrative and different
mechanics and player experience. It is non-invasive game and does not require any kind
of pre-calibration, which ends up giving the player a better experience. The good usabil-
ity and experience combined with the smooth functioning of the entire system are also
an added value. So, the research question considered in this study is: “Will Physioland
be a serious game that effectively motivates the practice of physiotherapy for patients
with neurological diseases?”.
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2 Neuroplasticity and physical therapy, serious games and motivation

The occurrence of injuries in neurons is revealed through neurological disease since
such injuries are reflected in the neural networks of which the damaged neurons are
part compromising the information transport [30]. In patients with neurological diseases
such as stroke, Friedrich’s ataxia, Parkinson’s disease or multiple sclerosis, the injured
regions of the Nervous System are related to motor circuits, so their mobility is affected.

Although in most cases recovery is almost impossible, frequent recoveries of lost func-
tions after injury in neurons have been observed. This results from neuronal reorganization
which is a consequence of a characteristic of the Nervous System known as neuroplasticity.
In response to repeated stimuli, neuroplasticity facilitates the recovery of a lost function,
helping patients to develop, maintain or restore maximum movement and functional capac-
ity throughout life. It is up to physical therapy to select combinations of therapeutic proce-
dures to trigger sensory stimuli capable of stimulating neuroplasticity [16, 31, 32, 34].

However, patients with motor dysfunctions are faced with repetitive exercises, which
end up bothering them, discouraging them and, sometimes, making them give up on
their physiotherapeutic programmes and treatments. Motivation is the keyword for them
to persist in their programmes for as long as they need to, without getting discouraged
[18, 19, 21]. The solution to triggering the motivation of neurological patients is prob-
ably to provide them with a playful environment that manages to involve them in a
meaningful experience. This can be achieved through the use of serious games which
integrate motivating factors for patients, such as feedback, stimulus control, stimulus
and response modification [6, 15, 17, 24].

3 State of the art - serious games used in physical therapy
and rehabilitation

Currently, serious games have become a tool with great potential to optimize the quality of
life of people with mobility problems. Proof of this is the proliferation of serious games used
in the areas of physiotherapy and rehabilitation, some of which are shown in the Table 1.

Although there are already a considerable number of serious games for physical ther-
apy and rehabilitation, the works that have been reported in Table 1 show how important
these games are when used to optimize and to improve the quality of life for patients
with mobility problems. But in general, the serious games used are generic games that
have been adapted to different situations. The solution we present in this paper consists
of a game specifically based on exercises that traditional physiotherapy uses and which
is exclusively intended for the treatment of patients with neurological diseases. It has a
different narrative and different mechanics and player experience.

4 The Physioland game

4.1 Monitoring of physical therapy exercises

In order to promote the motivation and the monitoring of physiotherapeutic exercises of
patients with mobility problems due to neurological disease, the research team proposed

to develop a simple and non-invasive serious game exclusively based on Image Process-
ing Techniques and Artificial Intelligence.

@ Springer



Multimedia Tools and Applications (2024) 83:12035-12057

12038

[eel 10T

BIOWED) J0SUAS Ido(q [ ARy [BMIIA SuUdWUONAUg (¢ WIopR[{ ‘siodg v SIOATAINS 9)0NS —

(€] 120t

Io[[onuo)) uonojy dea] Ajesy remarA JuowuonAug g uroped UQIP[IYD  SIOPIOSIP [EOISO[OINSU (IIM UIP[IYD —

(stsared quurp roddn [82] 1202

SIOSUQS SNOLIBA BISWEY) {ISISSYUWIY QuowuonAug g wioped v [e1ore[Iun) sjuaned ayons ouoIyD) NITIFIN
SIOSU9s [92] 120T

SNOLIBA 1M OUINPIY (JOSUDS 9[qRIBOA\  AJI[BY [BMUIA SJUSWUOIIAUY (€ uLope[d nv SIOATAINS 9)0NS —
[scl ozoz

SIOSUSS SNOLIBA 1M OUINPIY JuswuoNAUg g s1iodg 210w 10 plo SIRAA QT SIOATAINS 9ons onared oy Suodquuru

[L] 0z0T

1o[jonuo)) uonojy dea7  Aesy [emIip QuowuonAug ¢ uope[d v sjuaned s1soro[os oidnngy —

[62] 0202

109UTy] JJOSOIONA ‘€ AU ANTey [BNMIA JUSWUONAUT (¢ uroped v sjuaned saseasIp [BOISO[0INAN —

[8] 610

syonskof JuQWUONAUY ¢ wioped v SIOAIAINS 9Y0NS swenAdreyq

[e1l 610

190UTy] JJOSOIDIA] JuowuoNAUg ¢ sjrodg nv sjuoned 9seasIp s .uosuryred —

JJ[[0TUOD UOoToW SWIIIA [¥] 6102

deorT ©100ury] 1JOSOIOIIA SN snoQ  ANBIY [BNUIIA JUSWUOIIAUT (¢ wIoped [V SOSBISIp 9ATRISUAZI(] (SILIAZINS 1504 —
[111610C

1ATY snnoQ  Ajeay [emIIA JuawuonAug (¢ uLope[d v SIOATAINS 9)0NS —

[z1l 6102

JosuaS DINA JuouIUONAUg g uroped v SIOATAINS 901§ —

AR | [Sl 6102

SN[NOQ £J99UTY] 1JOSOIJIIA] (SI0SUas-0Ig  AN[BY [BNUIA JUAWUONAUT (¢ wioped v syuaned aseasIp s .uosuryeq —
190UTy] JJOSOIDIA] JuowuoNAUg ¢ uLope[d nv S9sBASIp d130[0Imau PIM siuaned ANV IOISAHd

Teax

ArempIeH JUSWUOIIAUY adAy, sady QoudIpne Ja31e], ElEN )

AdexaporsAyd ur pasn sowres snorres swos | djqel

pringer

A s



12039

siuoned ured r1lzzoe

J00UTY] }JOSOIDTIA] poseq Surddejy oopIA woped v [€IQ[OSO[NISNA] ‘SIOATAINS Y0NS —
[1]zzoe

109UT3] }JOSOIDTIA] paseq Ajeay poyuowSny uoped v syuaned stsoxd[os Sdnny Avdas

[cel 120t

eIoWE)) Josuas Ydoq ANy [ENMIA JUSWUONIAUY (§ woped v SIOATAINS 901§ Kor dwoyg
Teax

ArempIeH JUSWIUOIIAUF adAy, sa3y QouaIpne Ja31e], QUIBN owen)

Multimedia Tools and Applications (2024) 83:12035-12057

(ponunuod) | sjqer

pringer

As



12040 Multimedia Tools and Applications (2024) 83:12035-12057

The research team worked together with several specialists in the field of physiother-
apy (physiatrists, physiotherapists and physiotherapy technicians), who gave relevant
instructions that were combined with the system development and allowing a broader
support in order to assure a proper research methodology. Firstly, there was a need to
know the traditional physiotherapy exercises that patients perform in their treatment pro-
grams, that is, those exercises which are technically designed for a professional to reha-
bilitate a patient. Six exercises where defined whose dynamics differ from one to the
other:upper limbs, lower limbs, free movement exercises and controlled movement exer-
cises. In all cases, they can be performed standing (with or without support) or sitting.

The exercises performed by the patients are monitored only by a camera with a low-
cost depth sensor (Miscrosoft Kinect). The system does not require pre-calibration or any
other sensors, making it completely non-invasive. Through image acquisition, using vari-
ous techniques (artificial intelligence, computer vision, trigonometry principles) it is pos-
sible to detect the different segments and joints of the human body and check whether the
movements performed by the patients are being performed correctly.

The participation of the research team members in several physical therapy sessions
conducted by physical rehabilitation professionals allowed to perceive that the detection
of the correct performance of each exercise is made according to four main characteristics:
angles defined by different body segments, alignment, compensation and speed [20].

Through artificial intelligence techniques—in this case deep learning—it was possible
to train the system (different people, with different shapes, standing, sitting or supported
positions) to detect if a certain physiotherapeutic exercise was being correctly executed or
not. One of the big challenges was not to compromise the performance of the system, since
the game had to be played in real time.

4.2 Integrated solution

Physioland is based on an integrated solution of five main pillars: the game, the main com-
ponent of the system (standalone application), which itself has its own database; the remote
database, the central component that supports all the information storage of the system; the
backoffice, a centralised application for the management of the game, web-based; the API
(application programming interface), which is the bridge between the game and the data-
base and between the backoffice and the database; the solution users (patients—players,
physiotherapists, physiatrists and administrators) who have different roles and privileges
throughout the system architecture.

The use case diagram shown in Fig. 1 describes the functionality proposed for the inte-
grated solution and where the interactions between the actors and the system can be observed.

One of the main cores of the integrated solution is the remote database that supports the
storage of all inherent information, namely information about health units, staff, patients
and other relevant information. The Entity-Relatioship (E-R) diagram is shown in Fig. 2. In
the free mode, the patient caretaker can adjust all settings to perform at a specific level. In
this case the results are not sent to the remote database, they are only stored locally.

The normalization of the class diagram database presented in Fig. 2 was performed in
order to organize the data to reduce redundancy and improve data integrity. This process
considered to identify the functional dependencies between the attributes in each table, to
define the primary key for each table, to eliminate partial dependencies by creating new
tables that have a one-to-many relationship with the original table, to eliminate transitive
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dependencies by creating new tables that have a one-to-many relationship with the origi-

nal table, to check for insertion, deletion, and update anomalies in order to ensure that the
tables are normalized.

4.3 Physioland - the game

Physioland game is based on a medieval concept being this concept one of the points that
differentiates it from other games. Since the style is the same for all ages, it is always dif-
ficult to please everyone. However, this style had already been successfully used for the
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Fig.2 E-R Diagram of the Remote Database [22]
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same purpose in a prototype called PhysioVinci, having revealed to be generically interest-
ing for different age groups [2]. Physioland game recreates a 3D environment developed
with the Unity 3D game engine using the programming languages C# and Javascript. It
was tried to endow the game with a narrative that neurological patients could easily under-
stand. Characters and other 3D elements were obtained from available banks of images, in
order to develop the graphic component of the game. The research team also made use of
easy implementation software that facilitated the design of 3D elements and the animation
of characters.

The game is generally made up of game modes, configurations and levels. It should
be remembered, first of all, that the player should always be accompanied by a physical
rehabilitation professional who is responsible for providing him/her with the challenges
provided by the game.

After the Physioland loading screen (Fig. 3 (a)), the main menu (Fig. 3 (b)) appears
with the options: normal mode, free mode and settings. In the settings, the user can set the
sound volumes, both for music and effects, the language to be used in the game, deactivate
or activate the alerts, when the exercises are being badly executed, as well as check the
existence of new updates (Fig. 3 (c)). The login is compulsory to play in normal mode. In
practice, the function of this login is to authenticate the clinic and not a user itself. Any
health professional of a given clinic can use his/her credentials to login, being automati-
cally assumed the clinic of that professional.

The game can be run in normal mode or free mode, the former being the most versatile
and complete. When a health professional chooses this mode (clinic login is required in the
settings and internet connection), the list of health professionals of the clinic that is logged
in appears to him/her. After selecting the health professional, the list of patients of the cho-
sen professional is displayed to him/her, and when one of these is selected, he/she can see

¥ ,\ ¥

NE

bystiolan
e 2o~

A :
-

g~
-

\ 75

Fig. 3 Physioland screenshots: (a) Physioland loading screen; (b) Main menu; (c) Settings
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the summary table of the same. Next, the levels are loaded, with the respective settings of
that patient. At the beginning of each level, a screen is displayed with information about it,
together with an animation showing how the exercise should be carried out. At the end of
each level, a summary is shown with the score obtained. After the sequential execution of
all the levels aimed at the player, he/she is redirected to a screen at the end of the game and
then the option is shown to return to the main menu or to exit the game. In this game mode,
all information about the player’s results is sent to the remote database.

Free mode is best suited for patients who are not yet registered in the database, or when
there is no internet connection. In this mode, it is possible to customise the levels to be
played and their settings. The levels are loaded and the process is similar to normal mode.
In this case, the best score of each level is the maximum score obtained by all players
together. This data is stored in the local database.

Figure 4 represents the flowchart of the Physioland game.

4.4 Physioland levels

As already mentioned, the Physioland is based on a simple narrative, which refers to a
story that takes place in a village, in medieval times. A man (main character) lives there
and has to win six challenges (levels of play) to ensure his livelihood, as well as for his
wife and son.

The center of a medieval village is the scene for the game’s first level, which motivated
the patients to give the name “village” to this challenge (Fig. 5). The exercise performed
here is composed of two opposing movements: the abduction, in the upward direction, and
the adduction in the downward direction. This exercise should be performed with the arm
extended, that is the arm-forearm angle should be equal to 180°. In turn, the angle formed
by the upper limb and the midline of the body should vary between 0° and 180°. The joints
must be aligned in the frontal plane which is the execution plan of this exercise. So that
there is no compensation, the joints must be aligned horizontally and vertically.

The scenario chosen for the second level shows a tower, at the top of which is the main
character. The name of this level is “sunset” (Fig. 6). Here it is performed the exercise of
the flexion/extension of the glenohumeral joint that must be performed by the patient in the
sagittal plane. The angles monitored are exactly the same as in the previous exercise. The
compensation check follows the same procedure of the previous exercise, but the alignment
must be checked in the frontal and sagittal planes.

“Boat” was the name that the patients had chosen for the third level of the game
(Fig. 7). At this exercice the patient performs the flexion/extension exercise of the radi-
oumeral joint. Throughout the exercise the angle obtained by the arm and the midline
of the body should remain equal to 90°. The arm-forearm angle should vary between
30° and 180°, decreasingly in flexion, and increasing in extension. The procedure for
monitoring angles, checking alignments, and compensations, is the same that is used in
the first level.

Patients assigned the name “cascade” to the fourth level of the game (Fig. 8). At this
level, the patient performs the physiotherapeutic exercise of the abduction/adduction of
the hip joint. It is the only challenge of the Physioland that allows to exercise the lower
limbs. The lower limb that is performing the exercise should remain stretched, that is the
thigh-leg angle should be equal to 180° during the whole execution of the movement. The
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Fig.4 Physioland flowchart

thigh-midline angle of the body should be approximately between 0° and 30°—alignment
and compensation monitoring follows the same procedures of the previous levels.

“Bridge” was the name given by patients to the fifth challenge (Fig. 9). It is an exer-
cise performed in oblique planes to the frontal and sagittal planes (there is no fixed plane
of execution), in which the patient has to reach a target that the physiotherapist places, in
a random way, either to the right or to the left, forcing him/her to move forward and up or
down the arm on the opposite side where the target appears. Due to the great flexibility
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INCORRECT POSTURE
Coins Disappear

Fig.5 Screenshot and storyboard of the first level of Physioland game [23]

of movements that this exercise allows only the compensation is monitored in a similar
way as in the other exercises. There are also no predefined values of the angles defined
by the involved joints.

Patients suggested the name “Fishing” for the sixth and last level of Physioland
(Fig. 10). In this level collecting coins is only possible by preventing them from falling
into the water. So, the patient has to perform the pulley exercise—so called because it
uses a system of these pieces. It is a combination of abduction/adduction of the gleno-
humeral joint and flexion/extension of the radioumeral joint, therefore performed in the
frontal plane.

The techniques used for their monitoring are a mixture of those that have been used
specifically for each of the components, with regard to the determination of angles, ver-
ification of alignments and compensations. The difficulty degrees of easy, medium, dif-
ficult, and very difficult were defined in this sixth level, based on the speed with which
the coins fall.

On the right side of the game screen there is a vertical scale, which varies in color,
between green, yellow, orange and red and gives information on the acceleration of the
patient’s movement through an arrow on the left of the graph which moves up or down,
depending on the direction of the movement. This information allows the player to see how
he/she is controlling the speed of the exercise.
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Fig.6 Screenshot and storyboard of the second level of Physioland game [23]
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Y T POSTURE
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Fig.7 Screenshot and storyboard of the third level of Physioland game [23]
5 Methodology

An experiment in clinical environment was prepared to test Physioland in an attempt to
understand if the developed game could solve the problem of patient motivation for the
practice of physical therapy. In this experiment, patients themselves and professionals from
different domains such as physiotherapy specialists and game designers worked together
with the authors/research team.

As already indicated in the Introduction section, the research question considered in this
study was: “Will Physioland be a serious game that effectively motivates the practice of
physiotherapy for patients with neurological diseases?”.

To gather information allowing to fulfill the research question, the data collection
instrument used was a questionnaire, as it was considered the most appropriated approach
for the target audience: patients with neurological diseases. It was applied to both health
professionals and patients.

5.1 Questionnaire description

The questionnaire used is an adaptation of another already validated in the literature — the
Technology Acceptance Model (TAM). Several reasons contributed for it to be the model

|
Il..2 IL”

POINTS: 0 POINTS: 30

O O
W
00® o°®
e X

Fig.8 Screenshot and storyboard of the fourth level of Physioland game [23]
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Fig.9 Screenshot and storyboard of the fifth level of Physioland game [23]

chosen among the existing ones: it is a specific model for information systems; it is consid-
ered one of the most influential and most widely used to describe the acceptance of a given
technology; it has a strong theoretical base, in addition to broad empirical support through
validations, applications and replications; having already been tested with different sam-
ples and in different situations, it proved to be valid and reliable.

It is divided into three parts. The first part allows to gather data for the characterization
of the health professionals/patients. The second part, regarding usability and satisfaction,
comprises a total of twenty-one items, distributed in three groups: A, B. C. In this part,
similar to TAM, the seven-point Likert scale was used, which sought to place the opin-
ion of each respondent on a bipolar scale (two opposite poles: “disagree” (D) and “agree”
(A), left and right, respectively), with the levels of affirmation “strongly” (Str), “quite” (Qt)
and “slightly” (Sly), from each pole, and having a “neutral” (Neut) level of affirmation
at the center. The participant was asked to indicate the option that best suited their level
of agreement. Group A consists of seven items to obtain information associated with the
ease of use of Physioland. Group B also has seven items related to the appearance and
performance of the game. Group C includes the remaining seven items related to use sat-
isfaction. The third part of the questionnaire regarding the appreciation of Physioland, has
seven open questions, used to allow respondents to freely express themselves about certain
aspects and functionalities of the developed game.

Fig. 10 Screenshot and storyboard of the sixth level of Physioland game [23]
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5.2 Samples characterization

The type of sampling used was non-probabilistic convenience sampling. In fact, most health
professionals from the physiotherapy clinic where the experiment took place, and patients
from the same clinic with mild or moderate neurological diseases, with compatible schedules,
made themselves available to participate in the tests. In this way, two samples were constituted
(the only possible ones), one for each type of participant, which are characterized below.

The health professionals sample consists of twelve participants, seven of them male. Six
of them are between the age of 25 and 34, five are between the age of 35 and 44, and there
is only one that by little is not in this last age group. Two of them are physical technicians,
five are physical therapists and the other five practice the profession of physiatrists.

The sample patients has a total of eleven participants, all victims of neurological dis-
eases, distributed as follows: two participants with an age from 15 to 24 years old, two par-
ticipants from 25 to 34 years old and two from 45 to 64 years old and other five aged no less
than 65 years. Seven are female. With regard to the diseases that affected them, six were vic-
tims of stroke, three were diagnosed with Strumphell-Lorrain disease, one had meningitis,
and the prematurity of another caused spastic diplegia. The sequelae left by these diseases
and which take them to the physical rehabilitation center are hemiparesis (six), paraparesis
(three), hemidystonia (one), cerebellar syndrome (one), diplegia (one) and hemi-hyposthesia
(one). It should be noted that some patients have more than one disability.

5.3 Experimental procedure

In the development of the serious game it was necessary to know the physiotherapeutic
plans prescribed for these type of patients. So, firstly, managers of some physical therapy
clinics were contacted in order to schedule meetings with health professionals in this area.
These meetings allowed the research team to understand better which physiotherapeutic
exercises are transversal to a greater number of neurological diseases After an in-depth
analysis of how the different physiotherapeutic exercises are performed, six of them were
chosen that are susceptible to be monitored through image processing techniques and
adapted to electronic game situations.

After the development of the serious game Physioland, tests were carried out in a clinical
environment, both by health professionals and patients, which allowed the game to be validated.

The tests with the health professionals took place during a week, taking into account
their availability. Individually, they were elucidated about the general concept and objec-
tives of Physioland. They were asked to put themselves in an initial position and saw a
video with one of the exercises that they should perform; then they were explained the pro-
cedure to follow to fulfill the goal of the level of the game that uses that exercise. We pro-
ceeded in the same way with the remaining levels. After the experimentation of the game,
they were presented the questionnaire used as a data collection instrument.

With respect to the patients, they were given the possibility of using the game in two
weekly sessions, with a unitary duration of approximately thirty minutes, ranging from
twelve to fifteen the total sessions attended by each one. When each patient performed
any level for the first time, he/she was instructed to understand the exercise and received
information about its dynamics. Since the game chronometer is setup, so that the dura-
tion of each exercise is five minutes or two and a half minutes, each patient had the pos-
sibility to perform several exercises of their physiotherapeutic plan in each session, which
were modified from session for session, as instructed by the health professional. When the

@ Springer



Multimedia Tools and Applications (2024) 83:12035-12057 12049

experiment came to an end it was sought to know their opinions about Physioland through
the questionnaire that was given to them.

As for the analysis of the results, regarding the first part of the questionnaire, only counts
were made for the characterization of the samples. Considering the second part (Likert
scale), the variables under study (ease of use, appearance and performance of Physio-
land, and use satisfaction) are not directly observable (latent variables), and each one of
them must be obtained through the items of the respective groups. Taking into account the
reduced size of the samples, the only possible analysis consisted in calculating, for each
item, the percentages of the respondents’ opinions recorded in each of the levels of affirma-
tion. Therefore, for each of the latent variables, the average of the percentages obtained in
each of the levels of affirmation of the items of the respective group was calculated. With
regard to the open-ended questions, a content analysis was carried out, marking the opin-
ions that were considered relevant, to constitute a categorization system, then inserting the
information collected in the respective category of the defined system, noting the number
of occurrences of each one of them.

6 Results - analysis and discussion

Before presenting the results, it should be noted that the following abbreviations and their
meanings will be used in the graphs below: Str D —strongly disagree; Qt D — quite disagree;
Sly D — slightly disagree; Neut — neutral; Sly A — slightly agree; Qt A — quite agree; Str A
—strongly agree.

6.1 Ease of use

For the ease of use of Physioland the results obtained can be seen in Fig. 11.

All participants, patients or health professionals, responded positively to the seven items
present in group A, regardless of the sample, age or gender: they found easy to imple-
ment the instructions given to use the system; everyone agreed the procedure for starting
the game is intuitive; everyone thought it was easy: take a stand; interpret the exercises;
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Fig. 11 Percentages related to Physioland ease of use
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execute them; interact with the game; learn to work with it. In the graph (Fig. 11) only the
bars of the latent variable “ease of use” appear, which are the averages of the percentages
obtained for the different items, in each of the affirmation levels. These percentage bars
appear only on the right part of the considered scale, which means that all participants
marked their opinions at the affirmation levels close to the positive pole. In short, for all
elements of both samples, Physioland’s ease of use is a reality.

6.2 Appearance and performance

The graph in Fig. 12 summarizes the results obtained for Physioland appearance and
performance.

In terms of appearance and performance, Physioland deserved the approval of the par-
ticipants of both samples, in the seven items that constitute the group B, except in one or
another less favorable point of view, with respect to the subjective aspects, as is the case
of audiovisual interface (colors and music), with very small percentages. However, for the
majority of participants, the developed game has an appealing appearance; fits the purpose
for which it was defined; the sound is pleasant and adequate; the operation is good; the ani-
mations are interesting; physiotherapeutic movements are well adapted to game situations;
does not lead the player to be distracted from the correct practice of the proposed exercises.
Similar to what was mentioned for the latent variable “ease of use”, in this graph (Fig. 12)
the bars also correspond to the mean percentages obtained for the various items, at differ-
ent levels of affirmation, that is, the percentages achieved for the latent variable “appear-
ance and performance”. Thus, it also confirms that the majority of participants, from one
sample or another, agree with the Physioland “appearance and performance”.

6.3 Use satisfaction

The results obtained for Physioland use satisfaction can be observed in Fig. 13.

Regarding use satisfaction, both health professionals and patients, agreed unanimously
in considering Physioland as a fun, useful game with an attractive environment; a game
capable of motivating a patient to continue the physiotherapy treatment replacing the
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Fig. 12 Percentages related to Physioland appearance and performance
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Fig. 13 Percentages related to Physioland use satisfaction

annoyance that traditional physiotherapy provokes with the enthusiasm that the challenge
inspires.

6.4 Aspects and functionalities

The third part, with questions that require free and spontaneous answers about certain
aspects and functionalities of the developed game, includes a question whose answers
allow to know the negative aspects found by the participants, in Physioland.

All responses (health professionals and patient) were compiled and categorized. The
categories that emerged from the analysis are summarized in Figs. 14 and 15.

As one can see in Figs. 14 and 15, the majority of participants, both health professionals
and patients, did not find any negative aspects in Physioland. It is also believed that some
aspects, such as the audiovisual interface, were considered negative, as they depend on the
social environment and the personal preference of the participants who indicated them.
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Fig. 14 Negative aspects referred by health professionals
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Negative Aspects(Patients)
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Fig. 15 Negative aspects referred by patients

The third part of the questionnaire ends with the question with which is intended that
the participants make a general evaluation of Physioland. The categories found in the
answers to this question can be seen in Figs. 16 and 17.

The information obtained in this third part of the questionnaire confirms the results
already presented, revealing that Physioland is an innovative, interesting, challenging tool
and, above all, an effective tool to increase the motivation of patients with neurological
diseases to practice physiotherapy.

7 Conclusion and future work
First of all, it should be noted that, in most cases, the consequences left by neurological

diseases are irreversible. Affected patients are unlikely to get better. Therefore, they will
need physical therapy, perhaps, for the rest of their lives, just to maintain the quality of life
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Fig. 16 Global assessment of Physioland (health professionals)
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Fig. 17 Global assessment of Physioland (patients)

they still have, preventing the disease from getting worse. Therefore, the research team did
not tryed to develop a game to improve the physical condition of these patients, but rather
to motivate them to carry out their physiotherapeutic plans for as long as possible.

The game developed is Physioland, based on image processing techniques and artifi-
cial intelligence. The results obtained with the data collected by the questionnaire sug-
gest that this game can be a motivational complement for the physiotherapy of patients
with neurological diseases. The main aspect of Physioland taken from the results
obtained from the respondents’ opinions is its motivating role, which was the particular-
ity most pointed out by the elements of both samples. Opinions on other aspects such as
fun, challenge, pleasure, incentive, interest, already pointed in that direction.

Thus, the objective of developing a serious game capable of motivating neurological
patients to carry out their physiotherapeutic treatments is fulfilled. In the clinic where it
was tested, Physioland proved to be a serious game that was highly effective in motivating
patients with neurological diseases to undergo physiotherapy. It is an original and creative
game that offers challenges that replicate physiotherapeutic movements, aimed at patients
with neurological diseases, which makes it a good motivational complement for perform-
ing traditional physiotherapy exercises.

The main limitation of this study is found in the small sample sizes that do not give
them either significance or representativeness, but still a relevant case study. However, the
research team did not intend to generalize results, but only to know the opinion of groups
of participants, regarding a specific situation.

In response to the participants’ suggestions, it was proposed, as future work, the
integration of other exercises in the game, especially for the lower limbs, as well as
the improvement of some aspects of Physioland, such as the possibility of choosing
the avatar, soundtrack and appearance and, if possible, using larger samples. Fur-
ther approaches may also consider the study of the game elements that can be used
to motivate the physiotherapy commitment and adherence of the patients. Moreover,
additional experiments with other empirically-validated tests, apart from TAM, could
be considered, namely General Causality Orientations Scale (GCOS), Intrinsic Moti-
vation Inventory (IMI), Self-Determination Scale (SDS) and ARC Self-Determination
Scale (ARC SDCQ).
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