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Abstract

:

Facing the increasingly serious ageing problem, IT technology is being applied more and more to alleviate the increasing health demands of the elderly. Virtual reality (VR) games, in particular, have been shown to benefit the physical and mental health of the elderly. However, almost all consumer-level VR games address the general user, not considering the characteristics of the elderly, such as their particular needs regarding cognitive aspects and safety. In addition, the existing VR rowing games’ research typically focuses on athlete training or is based on a rowing machine. Extending on previous research, this paper proposes a conceptual design of a VR rowing game, VRrowing to provide a home exercise game for the elderly which benefits both physical and mental health. This research first analysed the relevant literature and existing VR exercise games for the elderly to find characteristics and their particular needs. Then, following design principles (in exercise games, human–computer interaction, and user interfaces (UIs)) for the elderly, this study proposed a conceptual design of VRrowing through the MDA framework (standing for mechanics, dynamics, and aesthetics). The results cover the system architecture, activities and tasks, patterns and roles, mechanics and structures, and UI examples. Based on comprehensive consideration of the results from relevant research and fostering strengths and circumventing weaknesses, VRrowing was designed as a sports game, aimed at the elderly according to their characteristics and needs, which fills the void of home VR rowing games for seniors’ exercise. This research has reference value for scientific research or development personnel in VR game applications and evaluations, especially for such games targeting the elderly.
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1. Introduction


All countries face a more severe ageing problem, according to WHO’s projections of the future population in the ageing and health report, and by 2030, one-sixth of the world’s population will be over 60 [1]. The challenge of increasing demands in healthcare is one of the most extensive effects of the increased numbers of elderly persons. Additionally [2], the health of the elderly will directly affect the quality of life for their relatives. Accessible preventive approaches aimed at improving physical and mental health are critical. Among the many efforts to enhance the health of the elderly, extended reality (XR, including augmented reality (AR), augmented virtuality (AV), virtual reality (VR), and mixed reality (MR)), combined with game techniques have received increased focus in recent years, both in academic research and commercial products.



This study explored the conceptual design of a VR exercise game for the elderly. Relevant elderly XR games have focused on the treatment/rehabilitation/prevention of specific diseases by physical training (such as [3,4,5], which may exclude some users who are not at risk of such diseases. Moreover, XR exercise games (especially XR rowing games) usually do not target the elderly user (such as [6,7,8]), which might ignore the significant differences between the elderly and other age groups, such as motor, cognitive, and perceptual differences, thereby affecting the acceptance and satisfaction among the elderly users [9]. Unlike the above studies, our research paid attention to elderly general physical workouts by applying VR techniques and game technology and designing a targeted VR exercise game for this group in particular. It focuses on physical exercise and considers mental training and social communication. By providing various game activities and tasks, game modes and roles, it tries to meet the needs of the elderly users with different physical conditions, fitness goals, and player types.



1.1. Problem and Scope


To know the current status and developing trends of XR games in healthcare, we conducted four previous studies (including a systematic literature review of AR, VR, and MR game applications in healthcare (SLR) [10], a survey of possibilities and challenges with AR/VR/MR and gamification usage in healthcare (Healthcare Survey) [11], a survey on AR/VR games for mental and physical public health (Public Survey) [12], and a review of XR exercise games for elderly (Elderly SLR) [13]). The previous studies found that the applications and evaluations of XR (especially VR) techniques combined with game technology in health have received much attention and expectations. However, the lack of VR exercise games for elderly was evident.



Based on the papers from six databases, 2014 to the first half of 2020, the previous SLR results show that the number of included papers has increased year by year, whether it was the overall XR technologies or the applications of different XR technologies [10]. Publications in the first half of 2020 alone reached the full year of 2017 [10]. In particular, the related research based on VR technology had the highest proportion [10]. From the PERKINS COIE AND XR Association’s industry survey of XR techniques, there is also evidence of a growing trend in XR technologies [14]. The results show that, except for entertainment games, immersive games for healthcare are the most anticipated and high-profile [14]. The interviewees believed that immersive techniques were recognized and appeared to become a more critical part of daily lives for people worldwide [14].



Moreover, the SLR found that XR games focusing on elderly health have attracted attention in several works [10]. However, most of these studies focused on the disease treatment, prevention, or test for the mental and psychological health of the elderly, such as Alzheimer’s disease, dementia, and mild cognitive impairment [10]. Although the two primary health needs of the XR applications were (1) physical fitness or disease prevention by encouraging exercise and (2) adjuvant therapy or rehabilitation training through physical exercise, only a small number were aimed at elderly users [10]. These applications are mainly designed for certain diseases, achieving the prevention aim through exercise. So, they are targeting people at high risk for specific diseases, and not aiming at providing a fitness game for all elderly people.



It was proven by these two surveys that there is a gap in the design and development of XR games for the elderly, especially physically healthy ones. According to the Healthcare Survey, in the 15 papers mentioning XR software, VR technology was indeed more applied in the medical and health organizations, whether combined with or without game elements [11]. However, only one aimed at physical exercise targeting the public [11]. Although the need for XR games for the elderly has been repeatedly mentioned, there is no existing XR game software for the elderly applied in healthcare-related institutions [11]. In the public survey, one could see (1) although many participants mentioned Pokémon Go as a famous AR game, VR games still had an absolute advantage in number; (2) almost all the respondents who participated in the survey were young people and middle-aged people (<44 years old); and (3) interviewees believed AR/VR games had a positive effect on physical and mental health [12]. Through this research, it was possible to see the positive attitude of users toward VR games and their recognition of achieving physical and mental exercise through VR games. The age distribution characteristics of the respondents explain to a certain extent that existing VR games lack an elderly user group. It is therefore evident that there is a gap in the development of VR exercise games for the elderly.




1.2. Aim and Research Question


Based on the results of the previous studies, we find the gap between this paper and relevant previous work that motivates our aim and objectives. To discover the application and evaluation of VR exercise games for the elderly, this study proposes a conceptual design of an in-home VR exercise game for this user group, thereby aiming to improve their physical and mental health. As such, the primary research question is listed as follows:




	
RQ: How can one design an appropriate extended reality exercise game for the elderly?








To address the research question, we present a novel conceptual design for a VR-based rowing exercise game for the elderly, VRrowing, and its system architecture, game structure, and user interface.




1.3. Structure


The rest of this study is organized as follows. Section 2 describes the background and related work. The VRrowing design and prototype is presented in Section 3, covering the design principles and method, game content, system architecture, and user interface. Section 4 discusses VRrowing compared with related works. Finally, Section 5 presents the conclusions and future work.





2. Background and Related Work


This section introduces the concepts of game and gamification technologies, immersive techniques, and ageing problems, as well as state-of-art VR exercise games for the elderly, their involved game tasks and game elements, and existing VR rowing games.



2.1. Game and Gamification


A digital game is one of the manifestations of games. A game is a rule-based system in which outcomes could be quantifiable in different assigned values and affected by players’ efforts. Players have emotional attachments to outcomes [15]. Sports games are a game form of sports. Unlike other types of games, where users know little about the events and environments, in sports games, users tend to have experience about sporting events in their real life [16]. Many can have high expectations of the game when they play or watch it. Thus, the largest challenge is meeting the experiences that users have had before with the real-life sport [16]. Exergaming (refer to exertion game/exergames) is a combination of “exercise” and “gaming”. Yang and Oh’s definition describe it as an activity performed through video games [17]. Moreover, in [18], it is defined as a combination of recreation and exercise, thereby promoting physical activity.



Gamification is the technique used in this article in the proposed tasks and the design of the game environments. The principle is to apply game elements (such as avatars, points, performance graphs, and leaderboards) to a non-game content [19] with the rich psychological experience brought by the game, motivating usage [20,21], thereby improving use time and frequency.




2.2. Immersive Techniques


According to Milgram et al., to a certain extent [22], the transition from the real world to the virtual world is a process of a gradual zero-sum between natural elements and computers that can interact [13]. Specifically, natural objects are presented and directly interact within the real world without digital objects. In AR, some 3D objects are added to the actual environment; users can interact with them through a device (such as Pokémon Go) [23]. Meanwhile, in AV, the proportion of virtual objects is further increased, and only a portion of natural objects is added to the virtual environment for presentation and interaction (such as virtual try-on in online stores) [24]. In contrast, in VR, all perception and interaction are computer generated, and the perception of the natural world is cut off (in HMD or CAVE running VR) [25]. In addition, MR is the fusion of immersive technology and reality, where digital and physical objects can coexist and interact [17]. Moreover, XR is a super set of fully real to fully virtual, referring to the real world and all kinds of immersive technologies [26].




2.3. Ageing Problems and the Elderly Health


From the WHO report, Global recommendations on physical activity for health, there is a lot of evidence that there are health benefits of regular physical activity in people aged 65 and older [27], directly or indirectly improving physical and mental health [1]. Older adults over 65 years of age who lack physical activity should set goals to gradually increase their activity, starting with increasing the duration and frequency of moderate intensity physical activity [27]. Such physical activities include activities in daily life, leisure time activities at home and in the community, transportation (such as walking or cycling), occupational activities, housework, games, sports, etc. [27]. Moreover, it is indisputable that mental and physical health could affect each other [13]. Some studies have combined tasks for mental training with exercise games for seniors as double tasks or designed social games with multi-user teamwork and social interaction with each other [13].




2.4. Elderly Physical Health and VR Exercise Games


Within XR exercise games for the elderly, the previous work, Elderly SLR [13], narrowed the scope of the study and reviewed relevant work over the past 10 years. Across the 14 included articles, similar results were found for the other 3 previously mentioned studies (the SLR [10], Healthcare Survey [11], and Public Survey [12]) that VR games have the largest share. Moreover, in line with the WHO recommendation, most tasks were transportation (cycling) and sports (ball games). In addition, from the previous study [13], we could see seniors’ positive attitudes toward XR techniques and XR exercise games for physical health, and evidence of the positive health effects of using such XR games.



Unlike applications for other user age groups (included papers in the SLR [10], and mentioned XR applications in the Healthcare Survey [11] and Public Survey [12]) ), the 14 included papers (in the Elderly SLR [13]) considered attributes and characteristics when designing XR exercise games for the elderly and reflected in the use of posture, enhancing motivation, and interaction methods. The details are shown as follows. Teamwork and allowing multi-users affected not only mental health, but also increased socialization and thus became factors that facilitated user usage. The interviewees’ comments on interaction and control methods were as simple and straightforward as possible, with high requirements on ease and confidence in use, acceptability, and learnability. Fewer devices and simplified interfaces were mentioned as well. Moreover, the interaction of physical and mental health was a factor to consider. Sitting and lower body activities were the preferred posture and activity body parts for such software [13]. However, Biddiss and Irwin pointed out even if lower-body-movement games are more effective than upper-body movement, whole-body movement is the most effective [28].



Based on the above results, the specific design requirement keywords of a VR exercise game for the elderly can be summarized: whole-body activity, transportation or sports activity, simple device and operation, double tasks for physical and mental health, and including social interaction.



About game techniques in such included papers, the previous SLR [10] obtained the following results: gamification in XR healthcare games was mainly used to increase the motivation to use the game for the fun and entertainment of playing, thereby prolonging the use duration and expanding the use frequency. The most used game elements of the included papers were points (the rewards players receive for completing specific tasks [29], and the digitally measuring player behaviour in the game [29]), meaningful stories, and avatars. The first two could help encourage usage by reflecting the user’s performance in the game in real time and reducing boredom. These results could support the feasibility and necessity of gamification in XR healthcare applications and have a reference value for selecting game elements and types (such as shooting, action, adventure, and role playing).



Using the included papers in the SLR (only papers targeting the elderly physical health) [10] and SLR for the elderly [13], we tried to analyse the exercise activities, game tasks, and supporting theories of VR physical training applications for the elderly. From Table 1, the analysis results show that physical training commonly uses existing sports as the exercise activities (such as cycling and ball games). Except for physical training, many studies have double tasks (including mental training). Daily life activities (shopping/searching/cooking), orientation, interaction with objects or animals, and travelling were the main game tasks.



The included papers have evidence to support applying VR and game techniques for exercise for seniors. They found that seniors tend to prefer the virtual gamification of existing sports (such as bowling) because it is similar to real games, users are familiar with the gameplay, and have relevant memories with family and friends [30]. Repeatedly moving the limbs and using the muscles can help slow down the deterioration of physical skills [31]. Fixed-cycle training is a non-burdening activity for frail older people, with little impact on their joints [32,33]. However, more than half of elderly users cannot often sustain periodic exercise for more than six months and lose interest because of repeated simple training [34].



Interest and pleasure are essential factors in reinforcing any exercise [35]. Multi-modal VR game exercises can meet the needs of exercise while being happy, thereby enhancing exercise motivation [36]. In addition, studies have shown that physical activities in the case of fierce competition will lead to higher levels of energy consumption [37,38,39]. Moreover, studies with dual tasks also provide reasons to support multi-modal VR exercise games. Sakhare et al. pointed out that physical activity could have a positive effect on cognitive performance [40]. Exercise and cognitive training, either simultaneously or sequentially, were more effective in promoting cognitive function than a single modality of physical or cognitive training [41]. Rather than separate physical and cognitive training, the combination of the two may have a more significant impact on cognition [40].
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Table 1. Activities and game tasks in VR exercise games for the elderly.






Table 1. Activities and game tasks in VR exercise games for the elderly.





	
Ref.

	
Classify

	
Activities

	
Tasks

	
Targeting Parts






	
[34]

	
Physical

	
Cycling

	
Cycling

	
Lower body




	
[42]

	
Physical

	
Cycling

	
Cycling

	
Lower body




	
Mental

	
Daily life activities

	
Orientation

	
Reality orientation




	

	

	
Finding a bus stop

	
Visuospatial function

and attention




	

	

	
Reporting lost items

	
Problem-solving and

visuospatial function




	

	

	
Finding a supermarket

	
Visuospatial function

and attention




	

	

	
Grocery shopping

	
Memory and attention




	

	

	
Finding a travel hotspot

	
Visuospatial function

and attention




	

	

	
Bird watching

	
Attention and memory




	
[31]

	
Physical

	
Ball sports

	
Handball

	
Upper body




	

	

	
Football

	
Lower body




	

	

	
Gatekeeping

	
Whole body




	
Mental

	
Cognitive training

(local amusement park games)

	
Elephant Feeding/Feather

Duster Throwing/Coin Tossing

	
Classification skills




	

	
Cognitive training

(‘Home Items Locating’)

	
Identify the appropriate items

in the corresponding rooms

	
Classification skills




	

	
Cognitive training

(‘Seven Must-Dos Before

Leaving Home’)

	
Awareness safety training

	
Community- living skills




	

	
Cognitive training

(‘Hong Kong Footprint’)

	
Travelling

	
Reality orientation




	

	
Cognitive training

(‘MTR GO GO GO’)

	
Taking public transport and

going to different places

	
Community- living skills




	

	
Relaxing scenery experiences

	
Interacting with objects

and relaxing scenes

	
Mind and body




	
[43]

	
Physical

	
Dumbbell stretching exercise

	
Lifting the VR dumbbells

	
Upper body




	
[30]

	
Physical

	
Bowling

	
Bowling

	
Whole body




	
[44]

	
Physical

	
Balance training

	
Identify shape and

colour in billboards

and change orientations

Actions to feed animals

	
Whole body




	
Mental

	

	

	
Attention/working

memory/reasoning




	
[45]

	
Physical

	
Resistance exercise/

aerobic exercise/

flexibility exercise

	
Following actions

	
Whole body




	
[40]

	
Physical

	
Cycling

	
Cycling

	
Lower body




	
Mental

	
Spatial navigation training

	
Spatial navigation by landmarks

	
Spatial navigation




	
[46]

	
Physical

	
Cycling

	
Cycling

	
Lower body




	
Mental

	
Cognitive training

	
Recognizing objects or animals

	
Cognitive




	

	
Social communication

	
Collaborating/competing

with other players

	
Reducing the risk

of social isolation




	
[47]

	
Physical

	
Cycling

	
Cycling

	
Lower body




	
Mental

	
Cognitive training

	
Recognizing objects or animals

	
Attention/working memory




	
[36]

	
Physical

	
Cycling

	
Cycling

	
Lower body




	
[48]

	
Physical

	
Cycling

	
Cycling

	
Lower body




	
[49]

	
Physical

	
Arm activity

	
Using arm movement to control

an unmanned aircraft

	
Upper body




	
[5]

	
Physical

	
Cycling (recumbent tricycle)

	
Cycling

	
Lower body




	
Mental

	
Cognitive training

	
Planning route/finding

landmarks/guessing

city name

	
Cognitive




	

	

	
Travelling

	
Memory




	
[50]

	
Physical

	
Balance training

	
Following objects/dodging

objects

	
Lower body




	
[3]

	
Physical

	
Falling risk assess

	
Following actions

	
Lower body










2.5. Existing VR Rowing Games


Many existing commercial VR games serve younger users, and there are few products for the elderly. These games cover many topics, with virtual sports accounting for a large proportion, such as boxing, cycling, and ball sports. Although commercial VR rowing exercise games for the elderly were not found, a few studies have designed VR rowing training games for professional athletes. A VR game for the elderly with Alzheimer’s and cognitive impairment involves rowing scenes [51]. The VR rowing games aimed at professional training have a few things in common: (1) a rowing machine is used as an external device to simulate the real rowing movement; (2) the use of posture and movement parts are relatively fixed, for full-body movement in a seated position (except the study by Shim et al., for stance [52]); (3) the real-time monitoring of biofeedback data to analyse and adjust training, such as breathing [53] and heart rate [7,54]; (4) no definite presentation device preference, immersive VR (HMD or CAVE) [6,55] and non-immersive VR (large screen) are mentioned [7]; (5) the cooperative and competitive relationships in real rowing games are designed in VR rowing games [52].





3. VRrowing Conceptual Design


The following sections illustrate the VRrowing conceptual design with views on the system architecture, workout activities, game tasks, story setting, roles and modes, mechanics, game structure, and a UI example. The design principles and methods to guide our design are introduced first at the beginning of Section 3.1.



3.1. Design Principles


As an exercise game for the elderly, we considered design principles both in relation to exercise games and human–computer interaction for seniors in our design process. Based on the work by Koster [56], Salen and Zimmerman [57], and Juul [58], Taj et al. [59] distilled a list of design principles in daily fitness games, which includes the core mechanics, representation, micro goals, marginal challenge, free play, social play, and fair play. These design principles are as follows. The core mechanism is a set of fundamental interactions, which are frequently repeated activities by users during use, and are also the key to influencing the formation of physical habits. In our VR game, the core mechanism is rowing. A suitable representation could provide context for the game, which balances the aesthetic and narrative, being concise without losing meaning, driving player interaction and immersion in the game. Micro goals are designed to push players and help them measure their game progress; the short-term micro goals satisfy and attract players to continue use through quantified results and rewards. Moreover, the marginal challenge is to challenge the edge of the player’s ability to enrich the game experience and stimulate fun and satisfaction. Free play means reducing the interaction limitation and giving space for players to play at their own pace. Finally, social play and fair play are principles relevant to multi-user and teamwork. In an exercise game design, social relations should be considered both internally (roles from the game, such as seeker and the hiders in a hide and seek game) and externally (roles from outside, such as rivalries and friendships). The internal roles could help create new external relationships and maintain such relationships through communication tools in the game. Fair play, as the name suggests, allows all players to have an equal chance of winning. This first requires that the core mechanics and game rules are fair, second that players of similar skill levels are matched, and third that it provides a temporary advantage to backward players to regain competitiveness.



Leonardi et al. thought the main reason for the potential “technophobia” of the elderly was that hardware and software design (particular interface design) neglected their particular needs and did not suit them [9]. Their work tried to design the right interaction method for machines and seniors’ communication to let them access the techniques. They summarised the factors that hinder the elderly accessibility and acceptance of new techniques, centred on them, and pointed out the human–computer interaction principles for elderly requirements, which include the consideration of changes related to ageing that cover motor, cognitive, and perceptual perspectives, acceptance issues, and emotional experience. Usability and acceptability can be affected by changes in perception, movement, and cognition. Ignoring the changes in these aspects of the elderly could lead to dissatisfaction with the product and refusal to use it [9]. Problems could be hard-to-read text, puzzling icons, etc. [60]. Leonardi et al. agreed that one of the main design tasks was to make the technology “familiar” to the user, thus removing the main two barriers in the process of accepting the technology (lack of perception of technological superiority, negative expected for return on investment when using products) [9]. Besides usability and acceptability, aesthetics, emotion, pleasure, and affection should be considered in the design as well. Especially in designing a product used at home, one needs to consider the user, objects, and the usage context integrated into a network of interactions and actions. Except for efficiency-oriented principles, the design should be grounded on aesthetics and the artefact, as well as concerning the emotional needs of the home.



According to the Hunicke et al. MDA framework as the design method, this paper analysed and created the conceptual design for the VRrowing prototype. Their MDA is a formal approach that could help the design from different angles (developer, researcher, and scholar) to understand, describe, decompose, and study games [61]. As mentioned earlier, a game is a system based on rules [15]. Players consume it as a product to obtain ‘fun’. According to the “rules, system, fun” framework, the MDA created the design counterparts, “mechanics, dynamics, aesthetics” in which mechanics is the fundamental part that describes the game rules (including basic actions users are allowed to do, data structure, algorithms, etc.), dynamics explains the mechanics’ behaviours, which act by inputs and outputs in playtime, and aesthetics illustrates the evoked desirable emotional responses by the interaction between user and system in the game’s run time.




3.2. System Design


This study aimed to design an in-home exercise game for the elderly, which could enable users to achieve the purpose of workouts and positive effects on their mental health. Based on previous studies and design principles, we created the VRrowing prototype, as described in the following sections.



3.2.1. System Architecture


To simplify the equipment and operations, provide a rich gaming experience, ensure low game investment, and be suitable for home use, the VRrowing’s client will adopt the mode of “Play Device” plus “User Station” and use the Internet to link with the system server, as shown in Figure 1. We propose a large screen/HMD for the game presentation to provide better immersion effects, potentially improving the game experience and increasing continuous use and frequency. However, the display device is not limited to a large screen or HMD. VRrowing could also support other display devices, such as TVs or laptops.



The hand controller is used for the upper body movement monitoring and the interaction between the player and the system, while the motion sensors (such as SlimeVR, Tundra, AprilTag, Vive, HaritoraX, and KinectToVR) are used to track and record the lower body movement (including legs and waist). The sensors are based on inertial measurement unit (IMU) sensors and connected to VRrowing by the Internet. To track all of the lower body movement, both thighs, both ankles, and the waist all have a wearable sensor. Each sensor tracks its own rotation in space. Then SlimeVR, for example, calculates the joint angles and estimates limb positions by players’ headset location and proportions, thereby obtaining the lower body movement.



Although VRrowing has several exercise activities and gamified tasks with standing or sitting postures, the necessary space required is suitable for home use. Users need a space with the arms out as the diameter in the sitting posture. Even in a standing posture, the extra required space compared to sitting is acceptable for home use. Considering the feasibility and safety of using VRrowing in small rooms, the required area of body movement is one step for each side.




3.2.2. Activities and Tasks


The rowing postures and main active parts are different according to the various boats that canoeing, pedal boat, and stand-up paddle boards use. To match the different needs of users with different health conditions and target exercise body parts, VRrowing is proposed with Stand Up Paddle Board (A1.1), Canoeing (A1.2), and Pedal boat (A1.3). These three rowing exercises are for upper-, lower-, and whole-body training. To enrich the game experiences and expand the form of exercise, besides the above rowing exercises, VRrowing also provides three physical activities that could be conducted in the boating surroundings (marked by *): Shooting (A2), Water surfing (A3), and Caching fish (A4). The three physical activities and different body parts which are trained by these activities are shown in Table 2.



In the above physical activities, players would complete the game tasks listed in Table 3. The first five items (T1–T5) are based on these physical activities and designed to help the body’s health. The last five game tasks (T6–T10) benefit cognition and memory training, while physical activities aim to enrich the gaming experience, strengthen the body, and help mental and spiritual health.




3.2.3. Story Setting, Roles, and Modes


VRrowing is a fitness game relying on VR technology. Still, it is also an in-home virtual journey, a virtual experience of a sports experience without fear of wind and rain, and an opportunity to challenge oneself, as well as being a new way of social communication. Players could be immersed in the boating experience in the simulated natural environment from the first-person perspective, without the limitation of time, space, weather, or sports equipment. At the same time, users could perform the workout by adapting to the exercise intensity of their physical fitness, thereby reducing the cost and risk of the exercise. The VR world creates an environment that is not only suitable for sports, but also for virtual tours. The users can relax in nature or cities while exercising as the boat moves forward.



Encouragement, companionship and cooperation between peers and competition between opponents could enrich the game experience and encourage players to continue their use [16], thereby improving the exercise’s effectiveness and benefiting psychological and mental health. Therefore, based on the physical activities and tasks, VRrowing is designed with different options in the game modes and player roles to meet the needs of different types of players (achievers, explorers, socializers, and killers [62]). Figure 2 shows the type of players that VRrowing can attract under different modes and character arrangements. For example, when users choose the single-player game, they can select different levels under three modes (relaxation, training, and competition). Levels in relaxation mode are using different maps for travelling. Without requirements for rowing speed, speed and accuracy in completing tasks, as well as cooperative and competitive strategies, the relaxation mode focuses more on enjoying the riverside scenery. There is a difference in complexity between the various maps, which differentiates the intensity of the movement. Thus, the relaxation mode is suitable for explorers. For socializers, the multi-user game could provide an online communication environment with other players (team members, opponents, or accompany). For achievers, the training mode and competition mode are appropriate for them. They could challenge their own records (rowing speed/ speed and accuracy of tasks), new maps (complexity difference), or other players. Last but not least, players in the killers’ type will find a sense of achievement of beating others in the competitive mode. Different levels/maps are included in the same mode, and the exercise intensity progressively increases. In other words, the different modes are created based on different purposes, and the exercise intensity is different; in the same mode, due to the different levels, the exercise intensity is increased. However, the exercise intensity is not fixed in any mode or level. Players can exercise according to their conditions and achieve their own goals.



VRrowing integrates a variety of game genres (simulation, sports, exploration, travel, shooting, and puzzles) that were previously commonly used for VR games for the elderly physical and mental health. The main genres (simulation, and sports) prioritise the subsequent development, fulfilling the design thrust of VRrowing and meeting the needs of the main user types (achievers and explorers). Additionally, at the top of the list are features for socialisers, such as multi-user, online chat, team tasks, races, etc.




3.2.4. Mechanics


Based on the above description of physical activities and game tasks, modes and roles, user types, rewards and punishments, resource management, time management, and disadvantage compensation, are the main game mechanics of VRrowing. In the gameplay, points, props, or badges are rewarded for completing tasks or achieving stage physical activity goals. These game elements could quantify players’ effort and progression, increasing a sense of achievement. They are tied to new maps/higher difficulty unlocks and leaderboard rankings, further motivating players to keep playing. Furthermore, they could be collected, replaced, processed, and redistributed as resources to strengthen their advantages in VRrowing.



As a sports game, time constraints are fundamental game mechanics of VRrowing, especially in the training and co-op modes. In addition, social interaction, mentioned above, is also a core part of the game mechanics that has a role in enhancing players’ effort and mental and psychological well-being. Compensation for disadvantage is related to fairness in game design principles. It requires the game to give the losing player a degree of temporary advantage to complete the task and suspend the obstacle to winning the task. In VRrowing, points and props can fulfil this need. In addition to these above mechanics for all game tasks, there are obstacles and racing for T1–T5, and quick reflexes and puzzle-solving for T6–T10.




3.2.5. Game Structure


According to the above VRrowing description in various views, this section gives VRrowing’s game flow to explain the structure and functions. As shown in Figure 3, from ‘START’, the first primary interface is the entrance interface. In this interface, users can modify the hardware (such as the Internet connection, controllers, and motion sensors) and software (such as the volume, font size and colour, and image quality) settings and manage their accounts (creating accounts and retrieving passwords) before the game. Entering VRrowing could be done in two ways, as a registered user or as a guest. The former uses an ID and password to log into the game, and the playing history could be loaded. The latter could try VRrowing in the demo without the login, but the playing history cannot be recorded and loaded the next time. The registered user allows to select or change different roles, modes, boats, maps, and levels in the beginning and during the play, according to their fitness and purpose. Based on the chosen options, VRrowing loads the different game environments and objects with the player’s last game recording. To ensure a complete game experience, device connecting and sensors positioning and orientation checking are conducted before playing. “Check” is used for wearable sensors linking and debugging. Users can follow the tips and check their motion tracking devices. In addition, there is a paper guideline for training the elderly to attach all the sensors, controllers, and HMD through simple and intuitive pictures.



The second primary interface is the main interface. Besides the first-person view of rowing, the main interface includes labels and buttons, illustrating the game information and hotkey. The labels cover the character information, exercise progress information, tasks, map and environmental information, and team information (in training or competition mode with other players). The first three pieces of information (character information/exercise progress information/tasks) are fixed, and others are possible to hide, which could be called out by a corresponding icon.



Moreover, the hotkeys consist of two functionally and four generally shown in both the entrance interface and main interface. Users can use them in the whole game (such as quitting this game or calling the help page whenever they want). The functional hotkeys include chatting and analysis. Chatting with other players could be a one-way (broadcast, only listening or speaking, for a coach and commander) or a two-way (telephone, listening and speaking simultaneously). The analysis is the function that uses the in-game data as the input to show the extent to which the player completes exercises and tasks. Users can know their training results and progress over time. In addition, similar to common sense in features and icons, the general hotkeys are composed of help, play/pause, menu, and quit, as shown in Figure 4.




3.2.6. User Interface


There is evidence of a strong relationship between age and software preference [63]. As one of the most critical aspects of software development, UI design needs to consider the special needs of the user’s age group and their understanding of the software environment [63]. The elderly, as the target users of VRrowing, could potentially lack a computer background and computer work experience [63]. This limitation may cause learning difficulties for them in understanding the computer software. Therefore, the capabilities of elderly users should be considered in the software design process. Otherwise, the software will confuse them and not be fully usable [64]. Based on Darejeh and Singh’s research, in terms of the key points to pay attention to in designing UIs for the elderly [63], we focused on the following aspects in the UI design of VRrowing: (1) use of a simple layout; (2) customisation of font, colour, and size; (3) use of appropriate graphic objects, such as avatars or icons [65]; (4) use of simple terminology, avoiding computer jargon [65]; (5) reduction of on-screen clutter, using clear and straightforward navigation paths and type-specific help [66]; (6) incorporating user guides and help for the software; (7) use of similar functions to do different jobs and; (8) the addition of descriptive guidelines and texts for tools.



Corresponding to the content of Figure 4 (a concept design of UI), the main interface of VRrowing presents functions and information in the form of translucent label suspension. This minimises the split screen to make the layout simple and easy to learn and memorise. The hidable part of the information (team information, map and environment information) could further simplify the main interface, and reduce the distraction of players and the burden on cognition and memory. The first-view boating interface allows users to immerse themselves in the game environment and tasks with the necessary information and functional presentation. At the same time, simple text descriptions, information labels and hotkeys are designed with easy-to-understand icons further to reduce users’ workload of cognition and memory. To reduce screen clutter, all functions have separate tabs or hotkeys, and the navigation path is simplified to get straight to the point without making more than one jump. Moreover, the user guide and help pages are pinned to a hotkey (Help) on both the entrance and main interfaces to ensure that players can consult them at all times. Although not shown in Figure 4, VRrowing’s interface design includes adjustable text and icons (font, colour, and size) and handedness (left-handed or right-handed).






4. Discussion


As a multi-mode, multi-task, multi-user, VR home exercise game for the elderly, VRrowing has advantages compared with real sports/other themed VR exercise games/related VR rowing games. Of course, it is undeniable that there are also weakness that need refinement and improvement. Compared to real rowing sports, VRrowing could simulate similar or richer scenes in the home, without the constraints of limiting environmental factors, such as time, space, weather, etc. It does not require the investment of sports equipment and reduces the risks encountered during sports.



Compared to similar VR rowing games, VRrowing is developed for the elderly, considering their characteristics and needs, and more in line with their cognition and habits. No additional sports equipment (for example a rowing machine) is required, and no specific requirement for a display device, is also one of the differences between VRrowing and similar software. It could lower the players’ cost input, enhancing the game’s generalizability. However, at the same time, it leads to a lack of force feedback, which may affect the realism and immersion. Considering reducing the cost and simplifying the system, this original conceptual prototype version still adopts the limited external device configuration. Nevertheless, in the design and implementation of subsequent versions, the addition of external devices to provide interaction and feedback that is closer to the actual situation will not be ruled out.



Not limited to the boating theme, VRrowing integrates a variety of boat sports, multi-game modes, and multi-task functions to meet users with different physical fitness, exercise preferences, player types, and health needs. From the dimensions of exercise posture (sitting/standing), exercise body part (upper/lower/whole body), training aspect (physical/mental), and exercise intensity, VRrowing could potentially provide a controllable and adjustable personal customised experience. To a certain extent, it aims to enrich the game content, increase the fun, and motivate players to continue using it. The use of in-game data is implemented in the analysis function. Exercise situations over time are counted, calculated and presented through the time/correct rate of tasks completed by the user, the training time/gliding distance, etc. In subsequent releases, the real-time dynamic adjustment of difficulty based on in-game data will be considered.



Furthermore, reducing the risks of the elderly using VR exercise games should be highlighted in the prototype and implementation. This conceptual design mentioned the different levels in three modes (relaxation/training/competition), allowing users to begin with simpler and easier tasks and then level up. In this way, users could slowly adapt to exercising in a VR environment by gamified tasks and reducing the risks in exercises.




5. Conclusions


This study conducted a conceptual design of an exercise game, VRrowing, for the elderly. Based on previous studies and related work, we summarised and analysed the characteristics of elderly physical health and VR exercise games, as well as their game elements, activities and tasks, and gamification techniques. We also found evidence that physical activity could help improve the physical and mental health of the elderly. VR exercise games are a workout method with positive health effect, and the elderly have a positive attitude towards it.



According to the above reviews (on common fitness themes, using postures, game elements, and game tasks of such exercise VR games for the elderly), as well as the design principles (including exercise games, interaction, and the user interface), we designed an in-home VR rowing game, VRrowing, for elderly exercise, with several boat sports’ options and levels for users’ different needs to target workout parts and physical conditions. In addition, VRrowing considers the effect of body and mind on each other and designs a variety of game tasks (with benefits for both mental and physical health) to potentially match the mental training needs and enhance the fun and excitement. To adapt to different player types and modes’ preferences, VRrowing allows multi-mode, multi-users with multi-roles, which also helps mental health and social communication.



This work illustrates the related studies review and conceptual design of VR exercise games for the elderly. Although the details are limited in how to implement the application, it still could be a reference for researchers and developers who work in VR applications and evaluations in the healthcare area. In future work, the research will deepen to continue to study of the application of VR techniques to seniors’ health, their challenges and opportunities, and how to promote strengths and avoid weaknesses to provide better VR game software for elderly health. In addition, practically implementing and evaluating VRrowing based on this conceptual design would be the other main future user study, implementing the demo version of VRrowing to test its main features or as the object to measure the feasibility of evaluation methods for such a game.
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Figure 1. The system architecture of VRrowing. 






Figure 1. The system architecture of VRrowing.



[image: Applsci 12 06436 g001]







[image: Applsci 12 06436 g002 550] 





Figure 2. The mode and role in VRrowing. 
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Figure 3. Game flow of VRrowing. 
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Figure 4. A concept user interface design of VRrowing. 
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Table 2. Physical activities in VRrowing.
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Physical Activity

	
Active Parts






	
A1. Rowing

	
A1.1 Stand Up Paddle Board

	
Whole body




	

	
A1.2 Canoeing

	
Upper body




	

	
A1.3 Pedal boat

	
Lower body




	
A2. Shooting *

	
Upper body




	
A3. Water surfing *

	
Whole body




	
A4. Catching fish *

	
Whole/upper body
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Table 3. Game tasks in VRrowing.






Table 3. Game tasks in VRrowing.





	Task





	    T1. Boating for physical exercise



	    T2. Shooting balloon



	    T3. Avoid/collect obstacles for balance training



	    T4. Fishing for physical exercise



	    T5. Surfing for physical exercise



	    T6. Travelling in city or nature



	     T7. Identify and differentiate objects



	    T8. Orientation, and map recognition in a maze



	    T9. Guess city name by tips hiding in riverside surroundings



	    T10. Recalling words/colour/shape/numbers along the way
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