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Abstract—Parkinson's Disease (PD) is a well-known 

progressive and neurodegenerative disorder, resulting in motor 

and non-motor symptoms that significantly reduce the quality of 

life. Motivated by the increased adoption of serious games in 

health care interventions sector in the last years, an unobtrusive 

approach is explored here, realised via the i-PROGNOSIS 

interventions platform (www.i-prognosis.eu), consisting of a 

game-based suite. In this way, targeting intelligent early detection 

and intervention in PD area, the Personalised Game Suite (PGS) 

design approach is presented, integrating different serious games 

in a unified platform. Overall, this comprehensive review gives 

an overview of studies examining motor and non-motor 

symptoms for PD along with the PGS design approach, in order 

to inform researchers and game designers for its consideration in 

the self-management of PD. 

Keywords—Parkinson’s Disease; i-PROGNOSIS; Personalized 

Game Suite; Serious Games 

I.  INTRODUCTION  

ARKINSON’s Disease (PD) is considered a gradually 
progressing neurodegenerative disorder, characterized by 
a reduction of neurons in the substantia nigra, resulting in 

the range of debilitating motor and non-motor symptoms. 
Reflecting the opportunities of Serious Games (SGs) in the 
field of personal health, a systematic review of twenty-one 
serious games for health and education, described at scientific 
papers and 7th Framework Program Projects, is explored in [1]. 
In this way, motivated by the recent and increased adoption of 
SGs in health care interventions sector [2-5], an alternative 
approach is presented here, as part of the H2020 i-
PROGNOSIS project (www.i-prognosis.eu), consisting of a 
game-based suite, defined as Personalized Game Suite (PGS), 
in order to mitigate the PD symptoms in a personalized and 
gamified environment. Targeting intelligent early detection and 
intervention in PD area, the PGS design introduces the 
integration of different serious games in a unified platform, 
namely: ExerGames, DietaryGames, EmoGames, and 
Handwriting/Voice Games, targeting the PD symptoms. 
Moreover, in the i-PROGNOSIS intervention Platform, 
integrated technology modules will be developed to monitor 
and support older adult’s physical and emotional status 
enhancement, towards the decrease of the PD-related risks and 
increase of their quality-adjusted life-years (QALYs). 

The rest of the paper is structured as follows: first, a 
literature review related with interventions for PD, along with 
the evidence-based on SGs is presented, followed by the 
description of the proposed PGS design. Next, a discussion 
related with the evaluation of the games is provided. Finally, 
conclusions and future work conclude the paper. 

II. THE PGS BACKGROUND 

A. Interventions for PD 

Multiple interventions related with specific PD symptoms 
have been explored in the last years to improve the quality of 
life of PD patients, categorized below: 

Gait mechanisms: aerobic exercise has showed immediate 

beneficial effects in improving motor action, balance, and gait 

in patients with PD [6]; treadmill training associated with 

auditory and visual cues might give better results to PD 

patients than more conventional treatments [7]; altering 

distribution of body weight from leg to leg overcoming virtual 

obstacles changing direction while walking [8]; possibility of 

counting loudly or silently and taking steps with the rhythm 

progressive resistance exercise can improve gait speed and 

muscle strength [9]; music cuing for improving the 

performance of PD patients in a game-like environment [10]. 

Tremor, bradykinesia and limited range of motion (ROM): 

analyzing kinetic tremor using circle movements’ Wacom 

tablet, so to produce a useful marker in evaluation of impact of 

Deep Brain Stimulation in PD patients [11]; integrating of 

“BIG” training to improve speed and amplitude [12].  

Balance, coordination and abnormal posture: combining 

multi-mode exercise and adaptive programs to improve balance 

and mobility in the patients with PD [13]; provision of external 

focus instructions by carer to reduce postural instability in PD 

patients [14]; having twice weekly Tai Chi lessons for 

improvements in gait, balance and functional mobility [15]; 

combining power training and high-speed yoga programs to 

significantly improve physical performance (e.g., postural 

balance, muscle strength) in older persons with PD [16]. 

Meal mechanisms and daily meal distribution: following 

motor swallowing exercises to reduce prevalence of 

swallowing disorders and to improve self-reported quality of 

life among PD patients [17]; having a brief session of gum 

chewing to improve swallow frequency and latency acutely (at 
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least 5 minutes after the chewing session), among PD patients 

[18]. Avoiding irregular meal patterns as they are pointed out 

as negative for cardiometabolic health [19], therefore, health 

benefits might be gained from adopting a more regular meal 

pattern with a meal frequency that fits the individuals’ lifestyle. 

Preferred food characteristics: the relevant interventions 

should consider that there are two main eating patterns of 

normal-weight individuals: decelerated and linear eating [20], 

with the former referring to a decreased eating rate as the meal 

reaches its end, and the later referring to meals when the 

individual retains a steady eating rhythm throughout the course 

of the meal; yet, clinical populations with obesity or eating 

disorders are characterized by linear eating [21]. For 

decelerated eaters (α < 0), the initial Food Intake (FI) rate β 

was typically higher than that of linear eaters (α close to 0), 

however, the total meal FI does not differ significantly between 

normal-weight linear and decelerated eaters [20]. These 

findings combined, provide evidence for the relation of the 

linear eating style to the risk of developing disordered eating. 

Interestingly, the use of the Mandometer can train away the 

suspect behavior [20]. In this vein, new algorithms were 

proposed that automatically compute the FI curve solely based 

on Mandometer recordings, enabling the use of the 

Mandometer method/treatment in non-laboratory conditions, 

without the need for supervision [22], allowing for designing 

more accurate nutrition interventions 

Dietary Quality: adopting higher adherence to a 

Mediterranean diet to achieve reduced risk of cognitive decline 

and essential tremor [23] as conditions related with 

neurodegeneration; meta-analysis of prospective cohort studies 

that involved 1 574 299 participants showed a significant 

reduction in overall mortality (9%), mortality from 

cardiovascular diseases (9%), incidence of or mortality cancer 

(6%), and incidence of PD and Alzheimer’s disease (13%) 

when greater adherence to the Mediterranean diet was observed 

[24]; after 16 years of follow up, in the work of [25] it was 

found 508 new cases of PD, showing an association between 

adherence to the Mediterranean diet and risk of this disease. In 

fact, the subjects who were in the highest quintile of adherence 

to the Mediterranean diet score, showed a 25% reduction in the 

risk of PD in comparison to those who had a lower score of 

adherence; hence, adherence to a Mediterranean diet may be 

associated with a reduced risk of PD, whereas low adherence is 

associated with an earlier age of onset [26]. 

Non-motor symptoms, psychological issues, depression: 

interventions based on the recent advances in natural language 

processing, text analysis and computational linguistics that 

facilitate sentiment extraction from different text sources (e.g., 

social media, blogs, SMS); in the work of [27], a supervised 

machine learning approach was adopted, in order to recognize 

six basic emotions (i.e., anger, disgust, fear, happiness, sadness 

and surprise) using a heterogeneous emotion-annotated dataset 

which combines news headlines, fairy tales and blogs. 

Hypomimia: automatically detecting and assessing the 

severity of hypomimia, using machine learning tools and a 3D 

sensor that allows for fairly accurate facial movements tracking 

[28]; using of ultrasonic markers placed on participants faces to 

investigate the hypomimia condition in patients suffering from 

depression [29]. 

Handwriting mechanisms: spiral drawing has been used for 

the assessment of the impact of therapy on motor performance 

in various movement disorders (including in PD), and words 

containing one or multiple repetitions of cursive letter “I” are 

often used to evaluate handwriting samples [30]. In this 

context, a two-week self-administrated handwriting therapeutic 

exercise protocol, called Amplified Air Writing (AAW), has 

been conducted by six PD subjects who have demonstrated 

micrographia symptoms, to investigate its influence on their 

writing samples. In addition, to study handwriting changes, 

several computerized metrics to quantify micrographia were 

implemented. Metric results demonstrated significant 

temporary improvement for post-AAW handwriting 

performance; cursive samples especially show clear benefits 

for the subjects [31]; simple parallel horizontal lines improved 

handwriting in people with PD who have a problem with 

micrographia [32]; the authors also demonstrated that the use 

of both parallel lines and grid lines improved the letter size of 

PD patients compared to free writing; in addition, the use of 

visual (dots indicating size) and verbal cues (‘big’) improved 

the writing of PD patients with a more normal amplitude [33]. 

Voice mechanisms: adopting traditional methods of speech 

therapy for dysarthric patients with PD, typically administered 

once or twice a week and emphasizing articulation, rate, and 

prosody intervention, has been largely ineffective. By contrast, 

implementing intensive voice therapy methods, administered 

almost daily and emphasizing simple phonatory effort tasks, 

have been found to produce favorable results [34], such as the 

Lee Silverman voice treatment program (LSVT®), which 

focuses on a simple set of tasks designed to maximize 

phonatory and respiratory functions [34].  

Considering the aforementioned relevant literature review, 

there is still a gap in the understanding on how these types of 

interventions are used for the self-management of the PD 

patients, in a holistic and unobtrusive way. From this 

perspective, motivated by the increased adoption of SGs in 

health care interventions sector in the last years, an extensive 

literature review contextualized with the corresponding motor 

and non-motor symptoms for PD along with the evidence 

based on SGs is presented in the succeeding subsection. 

B. Serious-Games Interventions for PD 

As mentioned in previous sections, recent SG-based 
approaches targeting the main PD symptoms have been 
investigated in different fields, namely: a) evidence for 
exercise-based serious games (ExerGames): gait mechanics, 
presence of tremor, bradykinesia and limited range of motion, 
balance and coordination issues, abnormal posture and physical 
status; b) evidence for dietary habits-based serious games 
(DietaryGames): meal mechanics, daily meal distribution, 
preferred food characteristics, and dietary quality; c) evidence 
for emotional aspects-based SGs (EmoGames): non-motor 
symptoms, psychological issues, depression, and hypomimia; 
and d) evidence for handwriting-voice aspects-based serious 
games (Handwriting-Voice (H/V) Games): handwriting and 
voice mechanics (see Table I).  



TABLE I. RELATED STATE-OF-THE-ART OF EXERGAMES, DIETARYGAMES, EMOGAMES, AND H/V GAMES BASED ON PD 

SYMPTOMS 

PD target Symptoms EXERGAMES-related evidence based on SGs 

Gait mechanics [8], 

[35]  

External auditory, visual or tactile cues are established as non-pharmaceutical methods to overcome gait difficulties [36]; A collection 

of five motion-based games for PD patients, aimed at supporting some types of exercises and routines in a playful environment is 
described in [37]; however, in order to determine if the mechanics adopted can help PD patients to reduce physical symptoms, some 

long-term evaluation studies are recommended. Aerobic exercise should be included to improve gait in PD patients [38]. 

Tremor [35] 

 

Some games are designed too complex and needed to be made easier for PD patients, in order to avoid difficulties with the hand-held 

controllers [37]. Hand-held devices or remotes are not recommended [38]. 

Bradykinesia [35], [39]  Drawing continuous circles can help to detect symptoms as a sign of bradykinesia [40]; concepts of accuracy and timing can help and 

reduce symptoms related to bradykinesia [41]. For example, in a rowing game, participants rowed faster in the game when the audio 
tempo was increased as the game progressed, since audio with beat tempo was simultaneously provided [42]  

Limited Range of 

Motion (ROM) [43] 

In the ROM-related SGs, an automatic or semi-automatic calibration system should be incorporated to match the ROM of the patient 

with the ROM required by the virtual game player [42]; a calibration algorithm has to be employed by registering the maximum ROM 

and matching it with the desirable ROM in the virtual environment [42]. In the latter, the individuals display extended movement 
following initial phases of “warm up” or in accordance to the game level and excitement [42]. Moreover, dynamically calculated ROM 

and the mapping of the movement to the virtual environment dynamically adjusted should be considered [42]. A calibration based on 

three predefined poses can be performed to determine a suitable amplitude setting for the first game and to constrain dynamic 

amplitude adaptation to a reasonable maximum [44]. As pointed out, required ROM steadily increases during the first game rounds 

until the calibrated constraints are reached. On the one hand, the participants needed to fully stretch their arms and their back at the 

high-level settings; on the other hand, the system needs to be flexible and allow for fine-grained control to encompass individual 
strengths and weaknesses. 

Balance and 

coordination issues [45] 

Based on several structured clinical discussions, among others, multi-directional stepping exercises for PD patients are described as 

important recommendations [46]. An 8-week exercise training class by using the Wii Fit balance board improved selective measures of 

balance and gait in adults with PD [47]. In the work of [48], SGs were divided into three groups, namely: 1) static balance (Single Leg 
Extension and Torso Twist); 2) dynamic balance (Table Tilt, Tilt City, Soccer Heading and Penguin Slide); and 3) stationary gait 

(Rhythm Parade, Obstacle Course, Basic Step and Basic Run). The authors concluded that after 14 sessions of balance training, the PD 

patients showed improved performance in activities of daily living [48]. 

Abnormal posture [35], 

[49]  

Training based on self-correcting one’s posture with visual feedback and maintaining the posture while focusing attention on 

proprioceptive and somatosensory feedback might correct misperceptions of the vertical position and improve standing posture in PD 
patients [50]. Stretching can reduce the shortening of flexor muscles that contributes to the abnormally flexed posture and balance 

exercise (alone or combined with other training modalities) can improve postural control [51]. In [52], a Kinect-based Unity3D 
Exergame supports a collection of gestures drawn from existing PD-specific training programs which advocate big and purposeful 

movements, in order to improve postural stability and the overall mobility of upper and lower limbs [52]. 

PD target Symptoms DIETARYGAMES-related evidence based on SGs 

Meal mechanics: 

dysphagia [53] 

A game-based assistive tool for rehabilitation of dysphonic patients was developed in [54], where the voice exercises embed in the 

developed game can not only improve the pronunciation, but also enhance the swallowing muscle of the patient, in case the patient 

accidentally eats the food into lung. 

Daily meal distribution: 
compulsive eating 

behavior [55] 

Efforts has been made to increase impulse control related to eating behavior, such as in [56], where an iOS app was developed to 
instruct users to tap images of “healthy” food as fast and accurate as possible, while refraining from tapping on images related to 

“unhealthy” food. However, further research is needed to assess if the observed changes transfer to longer-term real-life contexts (e.g., 

weight loss). 

Preferred food 
characteristics: 

preference to semi-solid 

diets [55], [57] 

The preliminary study of [56] investigated the efficacy of training to improve inhibitory control (IC), known as a process connected 
with the overeating, so to affect users’ food preferences and impulsive eating behavior, by using a multisession mobile phone-based 

intervention to train IC in an overweight and obese population. The results revealed that the IC training using the purpose-designed 

mobile phone app is easy to complete, convenient, and can increase cognitive restraint and reduce unhealthy food consumption. 

Dietary Quality: 
constipation [58], 

decrease of water intake 

[59] 

MyBehavior, a mobile phone app, was designed to process tracked eating behavior and physical activity data, in order to provide 
personalized, actionable, low-effort suggestions that are contextualized to the user’s environment and previous behavior from a self-

tracked information (i.e., manual food logging) [60]. In order to foster healthy eating, a technology-enhanced approach, game-based 

team learning (GBTL), was proposed in [61], providing feedback on the nutritional intake of learners through a meal analysis 
algorithm, allowing teams to compete against each other on the basis of each group's dietary habits.  

PD target Symptoms EMOGAMES-related evidence based on SGs 

Psychological issues: 

depression, loss of self-

confidence, 
embarrassment, stress 

[62], [63]  

The possibility to exercise from the comfort and privacy of home seems to help PD patients to build self-confidence [46]. In this work, 

the PD patients emphasized the physiological importance of practicing exercise in a regular way, allowing to self-manage the PD 

symptoms (e.g., stiffness, pain), as well as the importance of the inclusion of in-game notifications (e.g., score, progress, difficulty 
levels). Sound effects should be included in SGs, in order to encourage PD patients (e.g., clapping, whistle) [40], [46], as well as 

rewards when accomplishing a task (e.g., smiley faces, winning points, piece of exciting music) [40], [64]. For instance, when the 

player completes a task, a piece of exciting music should be used to start as an encouragement [40]; moreover, the players should also 
be rewarded during their effort and be encouraged to keep trying [37]. Understanding fields of interests/preferences and avoiding 

negative and violent contents are key aspects for the creation of appealing game-scenarios for elderly [37]. The design of the games 

should avoid an adventure or complex narrative-based game, especially science fiction [65], and adopt the idea of solo play over play 
with others (promoting self-conscious over performance). Some players enjoy trying to improve their personal-best ratings, while 

others are more interested in competing against each other [42]. Appealing graphics, attractive scenes, charming animations and 

amusing sounds are essential elements of fun and directly related to the engagement of a player [42]. 

Hypomimia [35] Several games challenge the player to [66]: observe gaze directions in facial images; match faces; reconstruct face sequence; memorize 
social details regarding sequentially presented faces; identify smiling faces; find faces whose expression matches the target; identify 

emotions implicitly expressed by facial expressions; match pairs of similar facial expressions; match sentences with tags that identify 

emotional prosodies with which they are expressed; identify social scenarios that best explain emotions expressed in video clips; 
choose expressions that best describe how a person would sound in given social scenarios, in order to understand/interpret, in a 

progressive way, more complex social environments [66]. 

 

 



TABLE I (CONT’) 

PD target Symptoms H/V GAMES-related evidence based on SGs 

Micrographia [30], 

[67] 

SGs have focused on predictive PD analytics through pad games (e.g., a virtual farming theme game where the user is asked to perform 

some tasks like cleaning the weeds following the trails shown on the screen by using two fingers) based on the data collected regarding 

the trails of the player's fingers sliding on the screen [40]. Moreover, through this game, real-time data analysis is performed and alerts 
can be sent to the doctors in case of detection of high risk of having PD. 

Dysarthria [35], 
Dysphonia [68] 

A digital game to support voice treatment for PD was developed in [69], where the users had to break enough items, by their voice, to 
reach a high score. Study results indicated an increased peak voice loudness of the players’ voice when playing the game. Digital games 

can be one way to enhance patient’s motivation for repetitive exercises both in therapy sessions and in prolonged use at home [69]. In 

the work of [54], the design and implementation of a rehabilitation software (SG) for dysphonic patients was proposed, exploring the 
extraction of pitch (Mel) feature from patients’ voice for evaluating the long-time rehabilitation progress. 

 

 

Figure 1. The i-PROGNOSIS Personalized Game Suite (PGS) design targeting the PD related symptoms. 

III. THE PROPOSED PGS DESIGN 

A. PGS: General Framework 

As a first step, the i-PROGNOSIS PGS concept was 

defined, reflecting a common framework to be followed for 

each game design, based on five key transversal aspects (Fig. 

1-top), namely: 1) Data types and acquisition devices (e.g., 

Kinect will be the main device for the ExerGames, while touch 

screens and tablets will be used by the PGS in a common way); 

2) Data exchange, storing and analysis (e.g., in-game metrics 

will be analyzed in a common  way, for instance: deviation, 

how many times a game was played); 3) Safety and feasibility 

issues (e.g., the PGS will constantly provide instructions, in 

order to avoid injuries); 4) Personalization and socialization 

issues (e.g., the games will be adjusted to the patients’ 

performance and at the same time, the patient will participate in 

groups, for promoting collaboration/competition among the 

patients); and 5) Reward system and output parameters (e.g., 

the reward system will be applied to increase the engagement 

of the users in the game, by including motivational messages). 

More details are described in work of [70], as well as the 

specification of 14 game-scenarios/storyboards that were 

constructed based on the PGS general framework (Fig. 1-top). 

Overall, taking into account the early stage PD patients’ 

needs and requirements, the PGS aims to integrate different 

SGs in a unified platform [71], [72]. As seen in Fig.1-bottom, 

the target PD motor and non-motor symptoms are connected 

with the corresponding game (i.e., ExerGames, DietaryGames, 

EmoGames, and Handwriting/Voice Games), reflecting a 

common perspective and interdependence of the different SGs 

based on PGS main characteristics that are considered to all 

games. The provisional PGS design approach for each game is 

presented in detail in the next subsections. 

B. PGS: ExerGames Approach 

Regarding the PGS ExerGames approach: Gait features will 
be extracted by relevant ExerGames that request the user to 
move a couple of steps (within the Kinect range) towards 
different directions. The gait analysis from the games will be 
combined with the continuous balance assessment of the games 
based on the application of the Statically Equivalent Serial 
Chain (SESC) modeling [73] to the Kinect model, in order to 



utilize the center of mass component during walking. Body and 
hand motion analysis will evaluate whether Kinect (mainly 
used in the ExerGames) can detect tremor or not. The games 
will make the patients reaching large amplitude movements 
progressively, tracking the patients’ performance (e.g., 
maximum angle) and setting an intermediate goal just above 
the patients’ average performance. The ExerGames will 
continuously calculate the user’s range of motion by 
introducing as in-game metrics the maximum body angles. The 
latter, will give more insights regarding the range of motion 
when the game instructions ask the user to take specific 
postures and gestures. Moreover, gait, balance and 
coordination features will arise from in-game metrics and 
mechanisms of the relevant ExerGames.  

C. PGS: DietaryGames Approach 

Concerning the PGS DietaryGames approach: a 
Mandometer will be used to measure the meal mechanics, 
representing a weighting scale that counts the progressive 
weight changes from a plate with food during a meal. The 
cumulative FI w(t) of the subject can be modelled using a 
quadratic curve w(t) = αt2 + βt, where α is the FI acceleration 
and β is the initial FI rate. A way of defining meals is by 
nutritionally distinguishing meals from eating events: ‘‘meals 
refers to either breakfast, lunch or dinner, and snacks refer to 
all other eating/drinking events’’ [74]. Although the frequency 
and distribution of intake vary greatly across countries, meal 
categorization into breakfast, lunch and dinner are usually 
based on what time eating events are reported to be eaten. In 
general, the meal time distribution will be based on the 
following six distinct meals: breakfast, mid-morning snack, 
lunch, mid-afternoon snack, dinner and bedtime snack. In 
addition, during the design/developing of the PGS, a valuable 
approach based on the improvement of users’ dietary habits 
will be considered to facilitate the choice of “healthy” foods 
instead of “unhealthy” foods. Moreover, a new way of 
modeling the food groups interconnection within the Eatwell 
Plate, combined with the water and emotional state, for the 
healthy ageing population was explored by [75]. From the 
methodological point of view, a Fuzzy-Logic (FL)-based 
approach was proposed as a means to provide a generalized 
measure of the Quality of Nutrition (QoN). The suggested 
FCM-QoN model has the potential to surface possibilities and 
scenarios from different perspectives, helping 
nutritionists/dietitians to promote a healthy lifestyle, assisting 
older adults to make better decisions regarding food choices as 
part of a healthy diet. The DietaryGames can easily follow this 
approach, since it has the potential to explore different dietary 
scenarios, helping health professionals to provide prognostic 
simulations for diseases effect (such as PD) on dietary habits. 

D. PGS: EmoGames Approach 

Concerning the PGS EmoGames approach: the sentiment 
monitoring from texts (e.g., SMS messages, tweets) created by 
a user will be used as a means for detecting depression. An 
80% accuracy of this task has been reported [76]. From this 
perspective, new ways to detect motor impairments in facial 
muscles by analyzing selfies photos and/or videos that are 
captured by the user using his/her smartphone (e.g., while 
watching a short video/movie) will be considered in the 

design/development of the EmoGames approach. For instance, 
hypomimia detection methods, such as the ones explored in the 
work of [28], may be extended to use videos from standard 
cameras (e.g., mobile phone) instead of a 3-D camera sensor or 
other more obtrusive sensors. 

E. PGS: H/V Games Approach 

Regarding the PGS H/V Games approach, handwriting 
patterns could be acquired by either using of a graphical tablet 
or a stylus or by evaluating finger movement on a tablet 
computer or smartphone. The H/VGames will target on 
enhancing the handwriting patterns of early PD patients by 
prompting to write/draw specific letters and numbers with 
guidance lines and within specific space limits while providing 
real-time feedback of the performance. The H/VGames will be 
adaptable to the players’ own writing styles and profiles. The 
H/V Games will adopt and further enhance the existing 
approaches by incorporating the concept of handwriting patent 
correction and reestablishment. The captured data drawn by the 
user will be compared against the previous user’s handwriting 
datasets, in order to assess the PD evolution, as well as to guide 
the game to adapt to the new conditions by adapting the 
guidance shapes and letters, providing real-time feedback. 
Grids and lines will appear and adapt correspondingly to the 
user’s writing profile and micrographia level. Voice is captured 
by the tablet’s or smartphone’s microphone. Features like 
volume, loudness, pitch, formant frequencies will be extracted 
by signal processing algorithms from the patient’s voice. Voice 
and breathing training games prompting the player to 
pronounce specific vowels/words at constant or alternating 
voice intensity levels, use shorter sentences and train vocal 
cords will be developed towards hypophonia limitation. Voice 
training games, along with breathing exercises, will constitute 
the voice intervention games. The H/V Games will be 
combined with the EmoGames in the sense that the user will be 
requested to write the answer on the tablet or say it (when 
applicable), instead of just selecting an option by tapping on it. 
In this case, the user does not perceive this procedure as an 
intervention for her/his “problem”, but as part of the games 
(which will be less stressful). Finally, the H/V Games will 
enrich the data with their in-game metrics, in order to serve as a 
“software as a sensor”, towards early PD detection by 
multimodal monitoring. 

III. DISCUSSION 

The evaluation of the PGS relates with three pillars, i.e., the 
medical, technical and user acceptance evaluation. In 
particular, the most common rating scale used by medical 
professionals to assess a PD patients is the well-known Unified 
Parkinson’s Disease Rating Scale (UPDRS) [77], essentially 
based on four dimensions, namely: mentation, behavior and 
mood; activities of daily living; motor examination and 
complications of therapy. In UPDRS, overall, a total of 42 
features are examined, to assess the severity of the condition of 
each patient on a 0-4 scale (with the lower limit representing no 
physical or cognitive impairment, and the upper representing 
severe disability).  

From the medical perspective, the effect of the PGS use on 
the PD patient’s condition will be evaluated via the following 



medical tests per game category, periodically realized in a 
hospital setting: 

 ExerGames 

Gait mechanics: UPDRS; 6-minute walking test (6MWT); 

Timed up and Go test; 50-foot speed walk test; Dynamic 

Gait Index (DGI); Tremor: UPDRS; Bradykinesia: 

UPDRS; Limited Range of Motion: UPDRS; Balance and 

Coordination issues: Berg Balance Scale; Activities-

specific Balance Confidence (ABC) Scale; Unipedal 

stance (eyes open-eyes close); Timed up and Go test; 

Dynamic Gait Index (DGI); Abnormal posture: UPDRS. 

 DietaryGames 

Meal mechanics: UPDRS, NMSS; Daily meal 

distributions: None - no test included till now, however, 

for ICD screening, the QUIP can be included, and for 

general daily meal distribution, a question in the part 

history taking can also be included. In addition, the NMSS 

can be used to identify general symptoms of swallowing 

problems and nausea and constipation issues. As an 

alternative, a new questionnaire regarding these aspects 

can also be constructed.; Preferred food characteristics 

and Dietary Quality: baseline characteristics – Habits 

(e.g., questioning regarding smoking, drinking alcohol, 

drinking caffeine containing beverages, chocolate 

consumption, red vegetables intakes), NMSS 20, 29, body 

weight and height.  

 EmoGames 

Depression: Parkinson’s Disease Questionnaire QoL 

questionnaire (PDQ-39), Geriatric Depression Scale 

(GDS); Beck Depression Inventory (BDI); Hypomimia: 

Sub-item 19 of the UPDRS-motor score (UPDRS-III), 

which accounts only for the motor facet of hypomimia and 

gives no attention to the emotional aspect of facial 

expression. 

 H/V Games 

Handwriting mechanics: writing sentences; Voice 

mechanics: UPDRS part II question 5, UPDRS part III 

question 18, Voice Handicap Index. 
From the technical evaluation point of view, the PGS will 

be validated via the dynamic testing approach [78]. The later 
involves a set of test cases that take place when the code is 
executed. Moreover, dynamic testing may begin before the 
completion of the entire code of the product, in order to test 
particular sections, discrete functions and components, 
enabling the opportunity to identify early defects in the 
development process. In addition, an alternative procedure will 
be adopted, i.e., evolutionary approach, realized stepwise: i) a 
small piece or component (unit) of the modular product is 
developed, ii) the unit is tested, iii) in case of defects, the unit is 
repaired, iv) a new unit that adds functionality is developed, 
and v) the units are tested as an integrated component. The 
major advantage of this approach is that constantly, a working 
and useful product is delivered. Additionally, the testing is less 
complex and the errors are more easily identified and isolated. 

Finally, the user acceptance evaluation will be based on a 
methodology grounded on the technology acceptance model 
(TAM) [79]. Data will be gathered via questionnaires and focus 
groups in order to monitor four main variables, i.e., facilitators, 

subjective norms, perceived usefulness and compatibility, that 
will enable the verification of the user friendliness of the 
system and the identification of potential users’ intention to 
adopt i-PROGNOSIS system.  

IV. CONCLUSIONS 

For each targeted PD symptom described in the previous 
sections, the i-PROGNOSIS PGS design approach intends not 
just to extend the UPDRS to all games, but also to monitor and 
support older adult’s physical and emotional status 
enhancement, towards the decrease of the PD-related risks and 
increase of their QALYs, in a holistic and unobtrusive way. 
Via the i-PROGNOSIS PGS design approach, the self-
management of the PD patient’s condition is placed within a 
serious games context, in order to improve, sustain or slowing 
down its progressive deterioration, considering safety, 
feasibility, personalization, socialization, and behavioural 
change issues. In the forthcoming period, a feedback collection 
period from the PD patients’ and medical experts’ will take 
place, in order to involve them as co-creators of the PGS game-
design. This could increase the efficiency of the outputted 
game platform and could establish a bed-set for continuous 
improvement and add-on features, based on the user 
requirements and needs. 
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