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Abstract

:

This paper describes a serious game based on a knowledge transfer model using deep reinforcement learning, with an aim to improve the caretakers’ knowledge and abilities in post-stroke care. The iTrain game was designed to improve caregiver knowledge and abilities by providing non-traditional training to formal and informal caregivers who deal with stroke survivors. The methodologies utilized professional medical experiences and real-life evidence data gathered during the duration of the iTrain project to create the scenarios for the game’s deep reinforcement caregiver behavior improvement model, as well as the design of game mechanics, game images and game characters, and gameplay implementation. Furthermore, the results of the game’s direct impact on caregivers (n = 25) and stroke survivors (n = 21) in Lithuania using the Geriatric Depression Scale (GDS) and user experience questionnaire (UEQ) are presented. Both surveys had favorable outcomes, showing the effectiveness of the approach. The GDS scale (score 10) revealed a low number of 28% of individuals depressed, and the UEQ received a very favorable grade of +0.8.
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1. Introduction


Stroke is considered among the principle causes of mortality worldwide. Every year, over 12.2 million new strokes occur [1]. One in every four people over the age of 25 will fall to a stroke in their lifetime [2]. Stroke is a burden not only because of its high mortality but also because of its severe morbidity, which leaves up to 50% of survivors chronically disabled. There are currently over 101 million people living in the world who have had a stroke [3]. Therefore, stroke is a major public health problem with grave social and economic consequences. The public health burden of stroke is expected to rise in the coming decades as populations age, particularly in developing countries. Survivors sometimes suffer from various types of impairments in terms of cognitive and physical capacities, rendering them unable to carry out their daily duties [4].



As the digital age evolves, interactive applications and games will play a bigger and increasingly significant role in physical therapy and psychotherapy [5]. While games are still in their early phases of being effectively used in the treatment of mental health issues, experiments with more recognizable media such as serious games is still ongoing [6,7,8]. A serious game is one with the goal of both education [9,10] and behavior change [11,12,13], as well as entertainment. Serious games and specialized applications have been found to be an effective technique for assisting with training and self-management of a variety of various health procedures and problems [14,15]. Serious games are among the appropriate methods for assessing changes in motor-cognitive performance, transferring training results from a therapeutic task to new untrained tasks, and maintaining training gains in individuals after stroke and their official and informal carers [16]. Younger caregivers and patients preferred visual and interactive support that offered a stimulating atmosphere and feedback on their performance [17]. Overall, serious games have great potential, but there are still many unanswered questions about how they should be created, structured, and delivered [18]. As a result, there is a need for pragmatic evaluations to support theory regarding the game’s purported mechanism of action and its impact on patient or professional training outcomes. Furthermore, most contemporary applications need the use of pricey VR equipment, which is frequently unavailable in the average home [19,20].



We created an interactive mobile serious game to teach caregivers how to manage a variety of real-world post-stroke care scenarios and how to adapt the problem-solving tasks they learned online to their regular routines, as part of the Innovative Mobile Digital Training for Direct Care Workers Dealing with Stroke Survivors (iTrain) initiative [21]. The game may be found on Android’s Google Playstore [22] and Apple’s App Store [23].



The fundamental goal of our research was to look into an interactive method of improving caregivers’ knowledge and abilities. The project seeks to improve caregiver knowledge and abilities by providing non-traditional training to official and informal caregivers who deal with stroke victims. The methodologies utilized to develop the iTrain caregiver behavior improvement model, as well as the design of game mechanics, visuals and characters, and gameplay implementation, are described in this article. Furthermore, we attempted to assess the game’s direct influence on caregivers (n = 46) in Lithuania using the Geriatric Depression Scale (GDS), tested the game’s attractiveness using the User Experience Questionnaire (UEQ), and compared the effectiveness of game-based knowledge transfer to that of a MOOC.




2. Related Concepts on Serious Games


Although stroke mainly affects elderly individuals, stroke in younger people is on the rise and is a significant challenge for those who are affected. They must go through rehabilitation in order to restore lost talents, which is a time-consuming and challenging procedure [24]. This must be done in conjunction with a therapist and includes a variety of exercises for various sections of the body [25]. Serious gaming has evolved in recent years to enhance this process by using game elements to boost patient motivation and compliance [26]. Games can make both caregivers and their patients more interested in care [27] and post-stroke training and rehabilitation methods [28].



In this small-scale overview, we shall try to familiarize the reader with two types of serious games linked to our topic in this overview: (a) games targeted at stroke rehabilitation and (b) games focused on training care for patients and survivors. As we will see, the majority of the games mentioned below were aimed at patients, with the majority aimed at applying different rehabilitation methods. In addition, according to the research based on the existing literature review, there are not that many interactive apps and games geared specifically towards caregiver training, so with a focus entirely on the training of care within the post-stroke sector, we hope the iTrain serious game will find its own niche.



2.1. Serious Games Aimed at Care Training


Serious gaming is an innovative instructional technique in the nursing and caregiving field, ranging from various specialized areas to general understanding [29] and awareness of sudden changes in working conditions, as for example, has happened with the COVID-19 pandemics [30]. Serious gaming and other educational technologies, such as virtual learning environments, digital learning objects, and instructional games, have no apparent distinction. In general, it refers to computer-based games used for training, simulation, or teaching [31] with varying degrees of educational accomplishment to improve learners’ knowledge and performance [32]. The results of the [33] study show that it is necessary to investigate nursing students’ impressions of adopting a mixed simulation strategy in preparation for their home healthcare clinical placements, which included hands-on simulation with simulated patients and a video-based serious game. The researchers discovered four major elements that impacted students’ impressions of integrating the two simulations. Personal involvement, contextual and environmental elements, a safe and organized learning environment, as well as organizational and technical aspects, must all be considered [34]. In Ref. [35], the TPACK framework was used to guide the creation of a serious game for nurses. The experimental group was instructed to teach the inhaler method to a standardized patient using the serious game as a teaching aid, whereas the control group was required to deliver their regular training to a standardized patient without the serious game. Teaching self-efficacy levels were shown to alter before and after the intervention. Gamified modeling of caregivers may employ strategies ranging from basic threshold-based parameter adjustment algorithms to complicated evolving user models that are constantly updated over time features [36]. Johensen et al. provided a method for combining knowledge and skill development with video game-playing elements to promote active, immersive, contextual, and problem-based learning [37]. Ganzeboom et al. [38] explored caregiver–child communication simulation for children with severe dysarthria, demonstrating that a simple interface of sound tone may improve co-adaptation and assist to better understanding each other. Similarly, a serious game aided in understanding the participation of children with unilateral cerebral palsy [39], minimizing caregiver involvement.



Serious games, on the other hand, may be used to assess acceptability and effectiveness in decision making [40], which is crucial in nursing services [41]. Games that foster creativity can be used to teach caregivers in creativity approaches so that they can provide better person-centered care [42]. A specialized serious game in nursing education [31] shows that it was possible to enhance a variety of fundamental abilities, including procedural, health assessment, communication, and clinical reasoning skills. In-game conversations and other kinds of simulation can also be used to illustrate transcultural issues [43]. The paper [44] described a serious game that was built on Rahim and Bonoma’s conflict management theory and contained five scenarios of everyday life events to improve nurses’ negotiating abilities. The findings revealed that nursing students favored an integrative negotiating strategy and improved their compromise style following the intervention.



Serious games may also be used to enhance virtual training, such as clinical virtual simulation [45], and can serve as a pedagogical method, a supplement to real-life alternatives, and an improvement in situational awareness [46], for example in dementia care [27]. A statistically significant difference in competence was discovered between those who played a simulation game and those that trained in traditional life support exercises [47]. Tresser [48] showed that it may also be used as an occupational therapy tool, successfully testing the idea on individuals with dyspraxia-impaired postural structure. According to Johnsen et al. [49], a serious game may be relevant, usable, and pleasurable while boosting nursing students’ thinking and decision-making abilities.




2.2. Serious Games Targeting Stroke Rehabilitation


There are numerous sorts of stroke rehabilitation exercises that focus on technological solutions, such as games-based therapies [50] and even when applying some commercial games [51]. In comparison to traditional techniques, the employment of stroke rehabilitation systems based on serious games is an appealing choice for dealing with challenges such as distant rehabilitation or limited access, therapeutics [52], multi-patient treatment, monotonous repetitive chores, motorics [53], motivation [54] and numerous cognitive issues [55,56]. A literature study by Doumas [57] showed that the difficulty level of stroke recovery games can be customized to each patient’s performance in this context, and this individualized adaptation was identified as the key issue of game creation. Cargnin et al. [58] used a quantitative self-report instrument to analyze in-game engagement, which revealed that the serious game is a feasible teaching technique rather than an amusing novelty, as well as demonstrating the future possibilities for dual action therapy-focused games. Ferreira et al. [59] developed an immersive tool to supplement standard motor rehabilitation therapies by both motivating and encouraging patients to conduct therapeutic activities by distracting them from their post-stroke handicaps. Quasi-experimental research was conducted with six hemiparetic patients in an exercise program designed by Noveleto et al. utilizing the serious game model twice per week for 10 weeks, and substantial effect sizes for dynamic balance and functional mobility were observed, demonstrating the efficacy of the technique [26]. Working on this topic Hossain et al. [60] introduced the SIERRA platform, which allows occupational therapists to evaluate patient performance and change treatment plans, such as the game to play, as the patients advance, Novoletto [26] presented an improved variant called STRONGER, and Baranyi et al. smartphone variant Reha@Stroke [61]. The purpose of Ref. [62] was to assess the therapeutic effects of a serious game and a scoring system created for lower limb motor rehabilitation of hemiparetic stroke patients, which were inspired by the Pong videogame, in which the aim is to manage a tennis racquet using muscular strength rather than hand strength. ROBiGAME [63] was a serious game designed to treat both physical and cognitive deficiencies following a stroke. Souza et al. [64] developed a camera tracking Handcopter Game that may be used as part of the patient’s treatment to aid in the recovery of motor function in patients who had recently experienced a stroke.



Numerous on and off-body sensors often become part of serious games. Hou and his colleagues claimed that an EEG-enabled haptic-based serious game might aid in the rehabilitation of stroke patients with motor deficiencies [65]. The findings of a study [66] that combined EMG and depth data revealed that the virtual reality (VR) environment presented here can improve muscle activation in elbow flexion-extension motions. Alternatively, the EMG+FMG approach [67] demonstrated a significant interaction between sensor and algorithm configurations in both offline and real-time recognition accuracy, and the results demonstrated that all stroke patients reported that their daily task-related abilities could be restored by using a multifusion system.



Finally, we have a wide range of computer vision-based approaches. Hossein et al. [68] demonstrated AR-based post-stroke Interactive and Entertaining Rehabilitation using Reactive Objects (SIERRA), created to meet the rehabilitation needs and to offer patients feedback from overlaid virtual items using integrated vibrotactile actuators in physical objects used in rehabilitation activities. Such an approach is however less used in contrast to depth-based computer vision-based techniques [69]. In the VR field, AGaR was a serious game that uses virtual reality and natural interaction to help patients do repeated exercises and physiotherapists to monitor the rehabilitation process [70], with a similar variant exergame by Trombetta et al. [71]. Another framework for VR movement therapy, which comprises a variety of serious games aimed to boost patients’ physical activity and motivation, was presented in Ref. [72]. The technique enabled the adjustment of numerous elements such as size and gravity to adapt to individual patient skills and in-game performance, with the successful consequence that the provision of serious games-based therapies improved motor function after stroke.





3. Materials and Methods


3.1. Model of Knowledge Transfer


A commercial game may constantly focus on making the game more entertaining for the player, but a serious game must assure its didactic aim. The rigidity of traditional, linear script-driven serious games is one of the primary issues in this area. The script may ensure the game’s educational success, but owing to its inflexible plot and, as a result, its predetermined gameplay, the game may also be monotonous or exhausting. Adaptive gameplay attempts to address this issue by personalizing the plot, game complexity, and the amount of background information provided to the user [73]. Deep reinforcement learning has already demonstrated significant successes in automatically developing effective AI behavior and has the potential to improve serious games by utilizing subject experts’ expertise to steer the learning process interactively [74,75].



We have implemented a reinforcement learning-based model inspired by Boloka et al. [76], who suggested an environment-independent deep reinforcement learning (DRL) framework for transferring information from a model-based teacher to a task-specific model-free learner in order to avoid executing a randomly initialized policy in the early stages of learning. DRL is a subgenre of reinforcement learning that employs deep neural networks to allow DRL algorithms to function in continuous and high-dimensional settings [77] and is suitable to monitor the learner’s progress and adjust the training curve [78].



The iTrain reinforcement learning model is depicted in Figure 1. We wanted to increase model-based control performance in terms of performing the most efficient and suitable learning actions (scenarios demonstrated in our example) and actions that improve the previously collected reward, similar to Boloka’s original technique aimed toward robot behavior learning, in which robot abilities are learned and altered through a trial-and-error process using data created by the robot while interacting with its surroundings (effective actions replaced with QOL score reported by the Unreal engine in our case). Then, utilizing knowledge from the model-based DRL teacher, we employ a transfer learning approach to improve the learning of the model-free DRL learner. Our method replicates the sequences using the learned transition function and computes the total reward for each sequence. Then we choose the first action in the sequence that results in the greatest cumulative reward. If this condition is fulfilled, we perform the first action in the environment (and display the corresponding caregiving scenario), reset recursion to zero, and save the agent transition data in the model’s recurrent learning data. If the first action in the sequence does not enhance the previously collected reward (player performance (QOL score) decreases), and recursion is less than optimal, we increase the number of random sequences of caring acts. Finally, we use model predictive control to apply the first suitable action of the sequence that leads to the largest cumulative reward we experienced during re-planning.



A DRL problem   RL = { A , M , D }   is defined by a set of activities A, a set of measurements M, and conditional probability tables   D (  o ′  , r |   ( a , m , r )  *  )   where    ( a , m , r )  *   is any history of previous activities, measurements, and rewards. Here   r ∈ [ 0 , 1 ]   is some reward.



The goal of DRL is defined as follows. Given some horizon T, find a policy   π :   ( m , a )  *  → a  , optimizing the expected sum of rewards:


   max π   E    ( a , m , r )  T  ∼ π , D    ∑  t = 1  T   r t   








where   r t   is the tth reward.



Naturally, such a model has the downside of being potentially limiting. Even if it can offer much-welcomed dynamics to the game, an AI (reinforcement learning) driven engine is not always totally efficient. The rationale for this is that too much reinforcement learning might result in an overflow of states, which can dilute the findings, and RL requires a large amount of data and processing. Because it is data-hungry, the effect may not be apparent during the first few gaming sessions. It improves when the user plays the game again and again, thus collecting a large amount of data becomes achievable. Furthermore, RL technically presupposes that the world is Markovian, which it is not. The Markovian model provides a series of probable occurrences in which the probability of each event is determined only by the state of the previous case.




3.2. Implementation of the iTrain Game


The gameplay of the serious game was inspired by the Sims game, developed by Maxis and published by Electronic Arts [79]. In the game, players take care of virtual humans by building their environment—designing the layout of the house, placing furniture—and taking care of their needs. The model in the iTrain serious game is more streamlined and uncomplicated with a bias toward caregiving processes.



The game was developed with Unreal Engine 4 [80]. It mostly follows the architecture provided by the engine’s Gameplay Framework, which typically requires inheriting the game mode, pawn, and controller classes and adding custom behavior to them. The game mode class sets the rules of the game, the controller classes act as “the mind” of in-game actors and “possess” the pawn classes, which act as “the bodies”. The external AI-driven learning module was implemented to track player performance and accordingly manage knowledge transfer.



The gaming setting is fixed and focused on meeting the requirements of a stroke victim through scenarios that may occur in real life. The purpose of the game is to preserve the stroke survivor’s quality of life as high as possible for as long as feasible, maintaining the patient’s needs. A score is assigned to each player at the end of the game to evaluate their performance. experts from Ancona Hospital and Cyprus University of Technology created a pool of scenarios reflecting care circumstances, probable outcomes, and situations that a post-stroke patient can find themselves in. The reinforcement learning model described above was used to control game flow according to the player’s performance. The idea of tying proper care actions to the perceived increase or decrease of quality of life score was proposed by related studies in post-stroke care [81]. The QOL change was valid for family (informal) caregivers [82,83], for professional caregivers [84], as well as for patients themselves [85]), giving a good merit to our approach, that if a real (or virtual in our case) caregiver fails to supplement patients needs and provide proper care, the overall quality of life changes. Table 1 illustrates some of the scenarios.



The game has four main elements:




	
Stroke survivor’s needs;



	
Scenarios;



	
Interactive objects;



	
Characters.








Stroke survivors’ need for fulfillment is a resource in the game. There are two groups of needs: basic needs and quality of life (Figure 2).



Basic needs include:




	
Hunger;



	
Mood;



	
Rest;



	
Hygiene;



	
Clinical stability.








Figure 2 highlights the markers of quality of life and fundamental needs in our game The first bar represents the total QOL value, which is determined from the patient’s fundamental requirements (hunger, mood, tiredness, hygiene, medical condition). Keeping the fundamental necessities in top shape implies that the caregiver is at his most efficient, offering the best level of care at any given time. The value of quality of life is used to define how well the player is caring for the stroke victim. Keeping a higher quality of life earns the gamer additional points. When the value of quality of life hits zero, the game is over and the participants are assessed based on their scores. The fulfillment of all fundamental needs is measured on a scale of 0 to 100, with 0 representing a completely ignored need and 100 representing a completely met need. Each fundamental requirement is lowered at a constant rate of one point every two seconds. Each essential requirement contributes 20% to the worth of one’s life. As a result, it is critical for the player to please them. The only way to meet the demands of the stroke victim is to solve scenarios in the game.



The scenarios are AI-driven gaming events in which the player must analyze a given circumstance and pick the appropriate actions to take. The experts prepare for all eventualities, which include circumstances that may arise during the treatment of a stroke survivor. Each AI-driven scenario has four features that characterize it: a description, available actions, stroke survivor need cost and need fulfillment reward. The scenario description is used to explain the circumstance that has occurred in the game. The player must assess the situation and then select the best action. For each scenario, the player can select up to two of three actions. Following the resolution of the scenario, the satisfaction of the demands alters based on whether the players made the proper option. The player does not earn the need fulfillment reward if the option is incorrect. If the option was just partially correct, the need fulfillment award is cut in half. Finally, the player receives the entire need fulfillment reward if they choose the proper decision. In any instance, the need cost of the scenario is deducted from the fulfillment. For example, suppose a training situation, where a stroke patient is in need of assistance in preparing a meal. The scenario costs 15 rest points and 15 hygiene points. The prize is 50 points for hunger satisfaction and 15 points for mood. If the player selects the incorrect decision, the cost will be deleted, but the 50 points for hunger and mood needs will not be awarded. If, on the other hand, the player chooses a proper or partially correct action, they will earn the entire or half of the prize. Scenarios can occur at any time in the game given the player’s performance (our learning model follows and tries to offer the best strategy), or they can be also triggered by the player via interactive items in the game. Player performance checks take place inside a cycle that is ticked every 5 s. The game attempts to launch an event during this tick. For every tick in the cycle, the event has a 25% chance of occurring. Interactive objects are a more easy approach to start a scenario and help trigger exploration and maintain user involvement. These things are put in the game area and appear like common domestic furnishings such as chairs, tables, beds, and bathtubs (shown in Figure 3). Interactive items are highlighted to draw the player’s attention to them and keep the learning curve low. When an interactive item is interacted with, several scenarios are produced and assigned to it. Based on the player’s performance and knowledge level, a scenario is chosen from the set for each interaction. The game keeps track of the total number of distinct situations that the user has engaged with so that they may see how much game material remains for them to encounter.



The game has two characters: a caregiver and a stroke survivor (Figure 4). The caregiver serves as the player’s avatar in the game environment and is directly controlled by the user. To engage with an interactive object, the player can move the caregiver or provide commands. If such a command is sent, the caregiver character will travel to the item and start a scenario. The user can modify the look of their avatar at the start of the game. The character of the stroke survivor is included in the game for immersion so that the player can see what they’re dealing with.





4. Evaluation and Results


The data pool comprised 14 general medical care workers (ages 24–71, 6 of whom already participated in our related study on dementia care [27] and were familiar with the serious game format) and 11 non-professional caregivers (caring for family members) (ages 21–62). While the game was primarily oriented at caregivers, during our testing we also had people who recovered from the stroke, who were interested in proper care procedures, setup of the care environment, and other situations depicted in the game, therefore, we also included the results with 21 stroke survivors (ages 51–66) in Lithuania’s Kaunas area. All data were collected during the period of June (pre-survey (before playing the game))–August 2022 (post-survey (around one month after playing the game)). Following the recommendations by Yu et al. [86], Smith et al. [87], Mcclurg et al. [88], Fitzgibbons [89], and Yagsi et al. [90], all proving efficiency in caregiver training scenarios, a pre/post survey design was used (the post-game survey was conducted about 3 months after the pre-game survey), and the perceived anxiety of seniors and their caregivers (family members and care workers who interact frequently with the elders) was assessed using the 30-item Geriatric Depression Scale (GDS) [91], proven to be effective in such scenarios [92]. We have also measured the pedagogical effectiveness using a proven Icura User Study design [93], as well as general software usability factors, using System Usability Scale [94]. Caregivers and post-stroke patients were evaluated independently. The survey findings are given below.



Anxiety and depression are widespread among stroke caregivers and are directly associated to care burdens [95,96]. One of the primary aims of any informative or instructive tool should be to improve and understand caregiver depression [84,97]. We used the geriatric depression scale (GDS) which has 30 items, each of which can be answered “yes” or “no”. Each response is given a score of 0 or 1, and the total points are added up to produce the GDS total score, which ranges from 0 to 30. To gauge the level of depression among research participants, a dichotomous scale of having depression (total GDS score 12–30) and not having depression (total GDS score 0–10) was developed. The GDS-30 response’s validity was examined by looking at how it connected to demographic parameters such age, gender, current employment, education level, income, and marital status. If the p-values were 0.05, the results were deemed statistically significant. The frequencies of categorical variables and the mean and standard deviation (SD) of continuous variables were described using descriptive statistics. The connection between depression and variables associated with depression was evaluated using the chi-squared test using odds ratios (OR) and 95% confidence intervals (CIs). There was a significant difference in the rates of depression between employment, economic status, education level, gender, and depression according to GDS. The ratio of subjects having depression based on the GDS scale (score   ≥ 10  ) was 28.3% (compared to 25.7% pre-game) (Table 2).



We also adopted a user experience questionnaire (UEQ) [98] that uses a 7-point semantic difference scale. UEQ is a quick and accurate questionnaire used to assess interactive product user experience. It assesses 6 UX factors and consists of 26 opposite adjective pairs. Perspicuity (PERSP) refers to the ability to perform tasks with efficiency and effectiveness; Effectiveness (EFF) refers to the ability to do so; Dependability (DEP) assesses whether the user is in control of the product; Stimulation (STIM) assesses the user’s desire to continue using the product; Novelty (NOV) assesses the degree to which the product captures the attention of users; and Attractiveness (ATT) assesses the user’s impression. Figure 5 and Figure 6 depicts the UEQ answers. In the illustration, the blue bars show a generic player profile for understanding the UX prior to playing the game. According to Ref. [99], player profiling helps aid in the creation of a pre-test baseline and provides a plausible explanation as to how a potential user may be drawn to such a product, such as through screenshots in the Play Store/App Store or other hosting media. Intriguingly, the pre-game comprehension of UX is very flat and linear, which changes quite dramatically after completing the game, raising the concern that an explanation is required before introducing a serious game as a teaching tool, otherwise the usability and attractiveness of it may potentially be treated as a regular game. Overall the results were extremely favorable (greater than +0.8) for every area of the UX assessed. Shrepp [100] states that it is highly improbable to find numbers above or below a certain threshold. According to the scale’s usual interpretation, values between −0.8 and 0.8 denote a neutral assessment of the relevant scale, while values > 0.8 denote a positive assessment, and values lower than −0.8 denote a negative assessment. The UEQ questionnaire produced pleasing findings for attractiveness and dependability. Even if perspicuity, stimulation, and novelty are all above average, there is room for improvement in the hedonic aspects (below average) related to aesthetics and entertainment. Again, these results must be taken in light of the lack of prior experience with dealing with such games. We therefore consider the view on the game as favorable.



Four months after playing the game (responses received from 17 formal and informal caregivers of 46 original participants) and 3 months after finishing the iTrain Udemy MOOC course [101], a knowledge assessment survey was conducted (responses were received from 12 formal caregivers of 31 original participants). As recommended by Refs. [102,103], we used a clinical application style multiple choice question (MCQ) quiz [104]. Table 3 shows that there was a substantial improvement in both the game and MOOC scores (from t = −3.11, p = 0.02 in the game group and t = −3.78, p = 0.04 in the MOOC group) showing that both methods were effective. There was no significant statistical difference between the scores (t = −1.81, p = 0.19 and t = −1.41, p = 0.11).




5. Discussion and Conclusions


This study was primarily aimed at general care workers and informal caregivers (non-professionals who do not specialize in stroke care), but we chose not to exclude former patients because some of them are extremely capable when recovered and are interested in correct care methods. The game’s primary learning objectives are non-technical skills of care. Our findings cannot be extrapolated to other subgroups and may differ as a result, especially in the comparison to different approaches used in numerous health oriented serious games [105]. Nonetheless, we opted to evaluate the game’s efficacy against that of a more standard MOOC first, because it is frequently difficult to encourage people to invest extra study time on potentially new subjects. Further, there is the danger of confusion, because the content and learning time of the iTrain project’s two schemes (MOOC and game) are plainly not the same. This may help to explain the disparities in potential participation between the game and the MOOC. Games are forms with frequently unique and interconnected elements for which a comparison to another media is difficult to produce. This is a prevalent problem in computer-based learning studies [106,107,108] as well as those aimed at health related education [109]. We attempted to address the potential confounding impact by explicitly identifying the individual components of the stroke treatments as well as their learning objectives. Because there was little overlap between the scenario components and their learning objectives, we were able to make purposeful assumptions about which component contributed to which learning impact (e.g., the video lectures or solving the game scenarios have contributed to more stroke specific knowledge). We do, however, urge that future research use a more rigorous controlled intervention approach. Finally, it is important to stress that we had no control over the test group’s prior knowledge of stroke care instruction. The human-factor approach was employed in patient stroke care education; during data collecting for the focus group materials during the course of the project, as it was more focused on effective and open communication in general to gather the essential background. This may have also resulted in increased stroke care knowledge among the groups recruited, meaning that the higher ’baseline’ may have reduced the difference in patient stroke care awareness relative to the possible other future players of the game.



The Geriatric Depression Scale (GDS) questionnaire was used to test the direct effect of the suggested iTrain gaming paradigm of the caregiver burden related depression. The variations in findings between the pre-game and post-game surveys were statistically significant for caregivers, nonprofessional home caretakers, and stroke survivors. In the serious iTrain game, caregivers used their newly gained background information to respond to the person with dementia’s demands (e.g., food, rest, activity) and neuro-psychiatric symptoms in order to preserve or improve the person’s quality of life. The suggested iTrain game had a considerable favorable influence on the attitudes and anxieties of both caregivers (formal and informal) and stroke survivors from pre- to post-game surveys. Our serious game-based strategy enabled us to educate/familiarize caregivers, increasing their knowledge and, as a result, their confidence in being near persons who had experienced a stroke, similarly to what we have measured in our previous attempt at developing the serious game for caregivers working with people with dementia [27]. Our findings demonstrate that professional and informal carers of patients with dementia who educate themselves through a serious game experience less anxiety and discomfort when around people who have experienced a stroke. The caregivers felt more at ease and confident as a result of their newly acquired knowledge. This correlates with the findings of Theofanidis et al. [110], who discovered characteristics of successful knowledge translation in stroke-oriented nurse education. This iTrain serious game-based strategy can also help to reduce the stress on informal carers by limiting the increase of negative attitudes and deterioration of the caregiver’s psychological condition, which is consistent with the findings of other studies [111,112,113].



The UEQ questionnaire gave overall positive results for the game’s user interface and usability, with high marks for attractiveness and reliability. Even if perspicuity, stimulation, and novelty are all above average, there is opportunity for growth in the hedonic qualities of aesthetics and enjoyment (below average). Naturally, further research is required to determine whether the game is immersive enough to function as a motivational tool for both professional and informal caregivers. The system learnability property-related questions obtained the highest ratings. We may infer that the chosen game genre, rules, and mechanics allowed for immediate immersion and that additional testing is required.



Both serious games and MOOCs are two modern types of education platforms with complementary qualities that combine to improve knowledge transmission and drive creativity, yet with much different spread and user familiarity. Therefore, we have also examined the efficacy of knowledge transmission when the game was used as a learning platform vs. when the MOOC was used as a learning platform. Our study found that both the game and MOOC scores improved significantly, demonstrating that both strategies were beneficial. There was no statistically significant difference in the scores. Overall, both a serious game approach and a MOOC were identified as valuable by research participants, not only to improve their knowledge but also to potentially improve their caring abilities. Naturally, a larger, more in-depth study with a greater number of participants is needed in the future to acquire a more accurate picture of the effectiveness of pedagogical caregiving instruction. We want to provide a more extensive selection of learning materials, as well as gamification features and their applications, in future research, since we feel such factors are critical as confirmation of the efficacy of serious games in caregiver education.
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The following abbreviations are used in this manuscript:



	iTrain
	iTrain serious game and other training materials [21]



	QOL
	Quality of Life



	GDS
	Geriatric Depression Scale



	SUS
	Software Usability Survey



	AI
	Artificial Intelligence



	ML
	Machine learning



	RL
	Reinforcement Learning



	VR
	Virtual Reality



	AR
	Augmented Reality



	EEG
	Electroencephalogram



	EMG
	Electromyography



	FMG
	Forcemyography



	SIERRA
	Serious game framework by [60]



	TPACK
	Serious gaming framework by [35]



	AGAR
	Serious gaming framework by [70]



	STRONGER
	Serious gaming framework by [26]



	Reha@Stroke
	Mobile serious game framework by [61]



	ICD-10
	10th revision of the International Statistical Classification of Diseases and Related Health Problems



	UX
	User Experience



	UEQ
	User Experience Questionnaire



	PERSP
	Perspicuity in UEQ questionnaire



	EFF
	Perspicuity in UEQ questionnaire



	STIM
	Stimulation in UEQ questionnaire



	NOV
	Novelty in UEQ questionnaire



	ATT
	Attractiveness in UEQ questionnaire



	VWSX
	Nos paenitet Vincenzo pro paupere eligendo de plebe Id birota comparandi loco formosi Alfiste Romano Carracutum
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Figure 1. Reinforcement learning-based model for the iTrain game. 
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Figure 2. Quality of life and basic need indicators on the main user interface. 
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Figure 3. Interactive objects highlighted in the bathroom. 
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Figure 4. Care giver character (left) and the stroke survivor (right) in the game. 
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Figure 5. User Experience Questionnaire: responses from study participants. 
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Figure 6. Mean of each UX dimension from UEQ. 
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Table 1. Sample scenarios.
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	Action a Player Might Do
	Interactable Item
	Description
	Correct Choice
	Semi-Correct Choice
	Bad Choice
	Need

Modifiers





	Emergency responses. (FAST) (F for FACE)
	Random action
	The person can feel or see a drop or weakness in one part of the face. The person is touching or showing his face
	Tell the person to smile and observe whether have symmetry in his face
	Put the person in front of a mirror and tell him to smile
	Not to take into account that the person might already have a facial weakness due to primary stroke
	Person smiles and mood improves



	Emergency responses. (FAST) (S for SPEECH)
	Random action
	The person has difficulty speaking or understanding speech. The person is asked to say his name and the current day
	Ask the person his name and what day is it and wait for the person to respond to your questions
	Say the first letter of his name and wait to see if he can complete the word
	Not to give time to the person to answer the questions
	Person can speak clearly and with correct words



	Lack of motivation
	Random action
	The person presents apathetic, not interested in carrying over any activity even among those that he/she liked before the stroke.
	When the carer proposes the person engage in a conversation, watch a movie, read a book, take a stroll, play cards, or meet friends, the answer is NO
	Ask the person what is his/her favorite hobby (or most loved friend). Wait for the reply and schedule with him/her a date to start practicing the hobby (meeting the friend)
	Make the person go for a walk OR invite a friend at home and push the person to have a chat. Stop offering the person to engage in any activity and leave him/her stay still
	The person starts a routine including physical/leisure activity or social interactions



	Sadness, depression random action
	The person complains of feeling miserable, anxious and cries from time to time.
	During an interaction with the carer, the person starts crying and says that he/she is hopeless.
	Explain to the person that it is normal to feel sad or worried after a stroke and that there are several treatment options that may be helpful
	Try to distract the person by engaging him/her in some activity
	Sit near the person and cry together with him/her
	The person stops crying and feels more relaxed



	Food preparation
	Thickening powder
	It might be difficult for stroke survivors to swallow different consistencies of food at the same time. To avoid choking and pneumonia, always make sure that they do not mix food consistencies (e.g., a soup with croutons) and if needed have their liquids thickened.
	To thicken liquid food and separate different food consistencies
	To thicken liquid food
	To mix different food consistencies and not thicken liquid food
	Removes hunger, avoids pneumonia



	Liquid Preparation
	Straw
	The stroke survivor has swallowing difficulties (dysphagia) and needs assistance with drinking. A straw can be used as an aid to facilitate drinking and avoid choking in stroke survivors who suffer from swallowing difficulties.
	To put a straw in a glass of thickened liquid
	To put a straw in a glass of unthickened liquid
	No use of straw
	Removes thirst, avoids dehydration and pneumonia
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Table 2. Study population characteristics (n = 46).
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Characteristic

	
Value

	
Frequency (n)

	
Percentage (%)






	
Age group

	
24–39 years old

	
18

	
39.1




	
40–59 years old

	
20

	
43.5




	
over 60 years old

	
8

	
17.4




	
Gender

	
Female

	
19

	
41.3




	
Males

	
27

	
58.7




	
Employment

	
Employed

	
41

	
89.1




	
Housewife

	
3

	
6.5




	
Unemployed

	
1

	
2.2




	
Other

	
1

	
2.2




	
Level of education

	
Secondary school

	
9

	
19.7




	
College

	
6

	
13.0




	
High school

	
29

	
63.0




	
>High school

	
2

	
4.3




	
Marital status

	
Married

	
27

	
58.7




	
Single

	
4

	
8.7




	
Divorced/separated/widowed

	
15

	
32.6




	
Economic status

	
Poor

	
5

	
10.9




	
Not poor

	
41

	
89.1




	
GDS score (Pre)

	
Depression

	
13

	
25.7




	
No depression

	
33

	
65.1




	
GDS score (Post)

	
Depression

	
13

	
28.3




	
No depression

	
33

	
71.7
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Table 3. Perceived knowledge evaluation in groups using iTrain game vs. iTrain MOOC.
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	Pre-Test
	
	
	





	N
	M (SD)
	   t a   
	p



	Game group = 17
	2.11 (0.42)
	−3.11
	0.02



	MOOC group = 12
	3.22 (0.67)
	−3.78
	0.04



	Pre-Test
	
	
	



	Game group = 17
	3.08 (0.63)
	−1.81
	0.19



	MOOC group = 12
	3.52 (0.77)
	−1.41
	0.11
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