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Abstract

:

Within the context of an aging global population, the demographic structure of emerging economies is undergoing a dramatic transformation. Emerging economies have a large population base and rapid economic development, but they are ill-prepared to deal with population aging. Limited resources force many older adults to face health issues such as chronic diseases and loss of physical independence, exacerbating the burden of traditional family and societal elderly care. Uncontrollable events such as the COVID-19 pandemic and regional conflicts have exacerbated the plight of older adults. Improving the quality of life and health of older adults has become a development priority in emerging economies in the face of a rapidly aging population. The development of smart cities has brought with it many available digital technologies, and the consequent development of smart aging offers endless possibilities for improving the quality of life and health of older people, making cities more inclusive of older people. Researchers from developed economies have attempted to address the health issues of older adults through a technology that combines physical exercise and digital technology called Exergame. However, existing projects are not suitable for older adults in emerging economies due to differences in national conditions. The aim of this project is therefore to propose a universal approach to designing a health-promoting Exergame system in the format of a virtual urban community to help emerging economies cope with aging populations, making cities more inclusive. To verify the feasibility of this approach, the authors designed an expandable Exergame called “Fit Islands”, using China as a case study. Based on the initial demonstration, the authors conducted functional tests. The result is that Fit Islands can meet the development objective of motivating Chinese older people to increase their physical activity, providing initial evidence of the feasibility of an Exergame system to promote healthy aging in emerging economies. The application of Fit Islands demonstrates the feasibility of the universal Exergame development method, which can, in principle, provide comprehensive and practical guidance for other countries.






Keywords:


smart aging; inclusive smart cities; aging in China; health; COVID-19 pandemic; digital technology; Exergame; population aging












1. Introduction


Population aging is one of the most significant trends of the 21st century [1]. Compared to developed countries, the growth rate and magnitude of the elderly population in developing regions are much higher [2]. By 2050, the proportion of the global population aged 60 and above living in developing countries is expected to increase from the current 62% to 80% [3]. This trend is particularly evident in emerging economies, such as China and India [4]. Improvements in healthcare conditions and economic growth have allowed more people to live longer in emerging economies. The large population base, strong economic growth, abundant resources, and enormous market, present both opportunities and challenges [5]. With the rapid aging of the population, problems have arisen such as a huge gap between the rich and the poor in urban and rural areas, an unfriendly society for older adults, empty nesters, a rapid increase in the number of chronically ill patients, and an underprepared healthcare system [6,7,8]. Emerging economies have less time and face greater difficulties in preparing for aging compared to developed economies.



The COVID-19 pandemic and regional conflicts have undoubtedly exacerbated the physical and mental ill health of older adults. With weaker immune systems and a higher likelihood of developing chronic diseases such as heart disease, diabetes, lung disease and cancer, older adults are the most susceptible population in the COVID-19 epidemic [9,10]. Lockdowns and other restrictions on travel have been widely adopted by countries to combat the spread of COVID-19 [11]. Spatial isolation makes older adults, who are already socially isolated due to family relationships, social connections, marital status, digital gap, etc., more likely to develop a sense of loneliness, which in turn triggers psychological problems such as depression and anxiety. These psychological problems can easily lead to a decline in the quality of sleep, increased incidence of cardiovascular and cerebrovascular diseases, and can lead to cognitive decline in older adults, which directly and negatively affects their quality of life [12,13,14].



With the development of technologies such as the Internet of Things (IoT), big data, and artificial intelligence (AI), smart aging, as an important part of smart cities, offers new possibilities to deal with the problem of an aging population. By utilizing advanced Internet, cloud computing, wearable and other new-generation information technology tools, it is possible to build urban IoT systems and urban information platforms for home-based elderly care, community-based elderly care, and institutional elderly care, to maximize the satisfaction of the needs of older adults in terms of social participation, social inclusion, medical care, communication, leisure, and culture [15]. Smart aging makes smart urban environments more age-friendly. The experience of older persons is fundamentally enhanced by addressing the risks of old age, improving the efficiency of aging, and empowering older persons with equal rights and capabilities [16]. Uncontrollable events such as the COVID-19 pandemic have even advanced the development of the digital world, and smart aging is gradually becoming an inevitable trend. In order to cope with the problems brought about by the rapid aging of the population mentioned above, emerging economies can make rational use of existing digital technologies to enrich city support for older adults and improve their quality of life.



Video games are one of the most popular digital interactive entertainment products nowadays, capable of carrying core values such as education, health, culture, and art. In smart cities, digital entertainment interactive applications such as age-friendly games have great potential to enhance the quality of life and the physical and mental health of older adults. In recent years, a new digital technology has been introduced to motivate people to engage in physical exercise. This technology combines technology, playfulness, and physical activity, requiring physical exertion to play the games, and is known as Exergame [17]. Exercise has potential benefits for improving the physical health, cognitive abilities, mood, personality and overall well-being of older adults [18,19,20]. In the context of aging societies, Exergame is no longer just for teenagers or game enthusiasts, but offers new ways of coping with the problems of aging as a tool for disease prevention and health education for older people. Many attempts have been made in countries with developed economies. However, older adults in emerging economies have complex and challenging requirements for smart products or services because of their specificities, and existing research projects are not entirely appropriate.



The aim of this study is therefore to try to incorporate Exergame’s game format in the design of a virtual community that encourages physical activity, breaks down spatial isolation in urban areas, crosses the digital gap for older adults, and reduces the impact of uncontrollable events on the city in emerging economies. By proposing a design methodology for the health-promoting Exergame system, new solution ideas are proposed to help different emerging economies cope with the problem of population aging. An Exergame system called Fit Islands has been developed using China as an example. To adapt to different scenarios in the city and meet the needs of more Chinese older adults, the system integrates sports, social, educational and entertainment functions and is universal, affordable, adaptable, and age-friendly. Fit Islands provides a platform for older adults who are in nursing homes, hospitals, community centers and residences, and even older adults in senior colleges and in employee lounges at companies, creating a virtual urban community to link them together (see Figure 1). Functional testing of Fit Islands has confirmed the positive effects of the health-promoting Exergame system in addressing the issue of aging in China, and provides guidance for other emerging economies.




2. Background Research


Exergames typically utilize various types of sensors as input devices, allowing players to interact with the game through bodily movements in specific gameplay scenarios. The most widely used sensors in Exergame input devices include accelerometers, gyroscopes, infrared (IR) and RGB optical sensors/cameras, and pressure sensors. Optical sensors/cameras, along with corresponding algorithms, can enable motion capture functionality, allowing the possibility of playing Exergames without holding or wearing input devices [21,22,23,24,25,26]. As the gaming industry has evolved and expanded, the variety of Exergames has also grown, incorporating different game interfaces and devices. For example, in Dance Dance Revolution, players need to step on pressure-sensitive panels following arrow indicators on the screen in sync with different musical rhythms [27]. In Kick Ass Kung-Fu, real-time image capture through cameras is used to enable player interaction with the virtual world [28]. In Nautilus, floor sensors are employed to complete tasks such as rescuing trapped dolphins at the bottom of a lake [29].



As a tool for health improvement and education, a growing number of such games are beginning to be developed with older adults as their primary users. For example, Gerling et al. in 2010 explored design guidelines for sports game design for older adults with a game called SliverBalance [30]. Chartomatsidis et al. in 2019 developed an Exergame called Fruit Collector, based on the Kinect sensor and developed using Unity for 3D game world design, demonstrating the positive impact of Exergames on improving physical health in older adults [31]. In 2017, a virtual therapeutic gaming system called SilverFit 3D further demonstrated that treating older adults through Exergames is an accepted, effective, and potentially cost-efficient approach, through a system based on scientific research and clinical practice that can develop rehabilitation protocols and targeted exercise programs for older adults [32,33,34]. The REACH research project conducted by Hu et al. included an Exergame system called the ActivLife Gaming Platform, which senses and assists with a smart device called the iStander, designed to prevent falls in older adults through physical activity and cognitive training [35]. For example, SliverBalance takes into account the physical condition of older adults, both standing and sitting, and the cognitive limitations of older adults by presenting a simple user interface (UI) and gameplay that allows them to focus more on the game. Fruit Collector’s creators interviewed orthopedic therapists and physiotherapists to assess the game’s movements, and focused on building older adults’ confidence in the game. SilverFit 3D can create over 1.2 million exercises by combining over 30 different visual effects and hundreds of game variations with 40 unique movements based on scientific research and clinical practice. The flexibility and adaptability of the iStander smart device in REACH also ensure the safety of older adults during play. However, these games also have some drawbacks. For example, SliverBalance and Fruit Collector lack variety in content and do not take into account the long-term motivation of the players. The SilverFit 3D and REACH systems are expensive, require bulky medical or smart devices, and are not widely used in everyday life.



Older adults, as individuals, experience the psychological and physiological changes associated with aging to different degrees. For example, cognitive impairments may prevent older adults from engaging in complex game tasks for extended periods, while physical limitations can reduce their interaction with the surrounding environment. It is important to consider the changes that come with age, ability, language, culture, and gender when designing digital games and interaction modes for older adults, taking into account the principles of inclusive design [36].



In the 1980s and 1990s, scholars (e.g., Weisman and Whitcomb) began to make recommendations after studying the effects of age, suggesting that gameplay should include adjustable game speed and difficulty, and easy-to-use interface design [37,38]. Ijsselsteijn et al. also suggested in their study of digital games in the early 21st century that visually adjustable game interfaces should be considered. For example, fonts, colors, and contrast, providing a presentation that incorporates both dynamic resources and multimodal feedback in addition to text [39]. Flores et al. expanded on this by arguing that it makes sense to combine appropriate cognitive challenges, simple UIs, and motivational feedback in the design [40]. They also found that older players preferred to play simple puzzle and quiz games. Gerling et al. also suggest that older players should be given the possibility to adjust the difficulty of the game, the speed of the game, and the sensitivity of the input device [30]. A large proportion of today’s older adults have limited experience with digital games, therefore Exergames should be designed to minimize the number of steps required to complete tasks and reduce cognitive load, thus enhancing the user adaptability of the gaming system. The following design principles also need to be considered:




	
When designing specific types of movement control for older players in Exergames, the movement capabilities of individual body parts should be fully considered. The interaction mechanism of the game should allow the user to move through multiple pathways, whether sitting or standing.



	
Considering the age-related physical limitations that older adults may have, such as a lack of balance, the game’s movement design should not include too many dangerous movements, such as leaning backwards. The movements in the game should also be supported by some purpose and scientific theory.



	
The motivation of older users to play Exergames should be fully considered due to their unfamiliarity with digital technology. The game should simplify the processes and present the interfaces in a way that meets the psychological needs of older adults, and should also give reasonable hardware requirements to avoid the possibility of difficulty in getting started or frustration due to the operation of the game, thus fostering a positive player experience.



	
Consider the practicality and comprehensiveness of the game. Besides the game itself, attention should be paid to the extension and playability of the game, depending on the gender, culture, and preferences of older adults of different ages.









3. A universal Exergame Development Method


The process of Exergame development for emerging economies in particular is proposed as shown in Figure 2. This development method was applied in the development process of the Exergame in this study.



3.1. Assess the Current Status of Aging


Assessing the current status of aging in a country involves collecting relevant data and analyzing various aspects related to population aging. The specific activities include: collecting demographic data, examining the age structure of the population, studying life expectancy and mortality rates, assessing health indicators, exploring socio-economic factors, examining social support systems, analyzing education and employment opportunities, researching social integration and well-being, identifying policy implications, and exploring the process of smart aging development.




3.2. Determine the Main Idea, Objectives and Users of the Game


Based on the knowledge and assessment of the target market, the next step is to identify the type of sport to incorporate and the target users of the game. The specific activities include: considering whether the game will be created using an existing gaming platform (e.g., handheld game consoles, mobile devices) or develop a customized hardware setup, determining the target users (e.g., specifically for older people who cannot walk or can be adopted by all older people), and determining the goal of the game (e.g., to motivate older adults to exercise, to participate in a rehabilitation program, to improve balance, etc.).




3.3. Design the Gameplay Mechanics


In this step, the core game mechanics that encourage physical activity will be created. This may include activities such as running, jumping, dancing, or using specialized controllers. This can be designed according to the interests and characteristics of relevant countries. The rules, objectives, and challenges that players will encounter will also be defined. A balance between exercise and engaging gameplay also needs to be found to keep the users motivated.




3.4. Plan the UI and Visuals


In this step, the UI elements and visual style of the game will be designed. Consider using vibrant and colorful images to make the game more visually appealing. Based on the background research in Section 2, game design for older people needs to follow inclusive design principles. It is important to ensure that the UI is intuitive and easy to understand, providing clear instructions to players.




3.5. Consider the Gameplay Interaction


The game needs to use simple interaction mechanisms wherever possible. To make the game more effective, hardware and software components are implemented according to the current state of digital development in the country to accurately measure and track the player’s movement. This can be done using motion sensors, cameras, or specialized controllers. These data can then be used to influence the gameplay or provide feedback to players about their exercise performance. To add an extra layer of motivation, it is worth considering the incorporation of multiplayer and social features into the game. This could involve online leaderboards, cooperative or competitive gameplay modes, or the ability to connect with friends and challenge each other.




3.6. Develop Demonstration


In this step, the appropriate platform for the game development needs to be chosen. If the game is being developed for console or PC, programming languages such as C++, C# or Java may be required. For mobile platforms, languages such as Swift (for iOS) or Java/Kotlin (for Android) can be considered. There are also game development engines, such as Unity or Unreal Engine, that provide powerful tools and libraries to simplify the development process.




3.7. Test and Iterate


In this step, it is necessary to conduct extensive playtesting to identify any bugs, gameplay issues, or areas for improvement. Feedback from players will be gathered and necessary adjustments can be made to enhance the game’s experience. Then, we need to continuously iterate and refine the game based on user feedback to create a more engaging and enjoyable Exergame experience.




3.8. Release and Market


Once the game’s mechanics, visuals, and overall experience are satisfactory, the process of optimizing the final product and preparing for release begins. Depending on the platform, specific submission guidelines and requirements need to be followed. A marketing strategy needs to be developed to make the game known to the target audience. Social media, gaming communities, and other relevant channels can be used to promote the game. It is worth considering collaborating with fitness influencers or partnering with fitness-related organizations to increase exposure.





4. Fit Islands


The authors developed an Exergame using China as an example, following the proposed general system development approach described above. By analyzing the data of Chinese older adults, they explored in detail the current aging challenges faced by Chinese older adults and the causes of those challenges. After determining the purpose of the design, the project team designed an expandable virtual community called Fit Islands.



4.1. The Current Status of Aging in China


China, as a representative emerging economy, has a huge population base. The improvement in medical conditions and the one-child policy have directly contributed to population aging in China [41,42,43]. Generally, individuals aged 65 and above are considered older adults. However, in China, based on the retirement age of 60 for men (55 for women), individuals aged 60 and above are classified as older adults [44]. Data shows that even using the age of 65 as the threshold, China’s population aging exhibits significant scale, depth, and speed. In 2020, the elderly population aged 65 and above in China reached 191 million, accounting for 13.5% of the total population. Globally, one in four older adults is Chinese [45]. By the end of 2022, China’s population had decreased by 850,000 compared to the previous year, marking the first year of negative growth. The rapid decline in the number of women of childbearing age and the fertility rate suggests that China is entering a period of normalized population decline [46]. It is projected that by 2057, China’s elderly population aged 65 and above will peak at 425 million, accounting for 32.9–37.6% of the total population. The speed of population aging in China has surpassed that of any other country in modern history [47]. From 2001 to 2021, China transitioned into deep aging in just 20 years, which is shorter than the 126 years it took France, 46 years for the United Kingdom, and 40 years for Germany [48]. China has had much less time to prepare for aging compared to other countries, resulting in increasingly prominent issues such as empty nest syndrome, a significant increase in the old-age dependency ratio, increased burden of elderly care, premature aging, and a decline in the willingness of young people to have children [47,49,50,51,52,53].



4.1.1. Age Structure and Information Technology Proficiency


Since the early 2000s, the level of information technology in China has developed rapidly. Nationwide, Internet penetration has increased from 16% in 2007 to 70% by 2020. During the same period, the number of Internet users increased from 210 million to 989 million. In 2007, the Internet penetration rate was 26% in urban areas and only 7% in rural areas. By 2020, Internet penetration in urban areas reached 80%, while in rural areas it reached 56% during the same period, which is eight times higher than in 2007 [54]. In terms of age structure, the elderly population in China has a relatively young age structure [55,56]. The cohort of individuals born in the 1960s and later, who are now entering old age in China, are referred to as the “new older adults” [57]. These “new” older adults embrace fashion, technology, and life, and are more adaptable to various changes in life. Social, entertainment, and information-based applications are commonly used by older adults [58]. An increasing number of older adults are participating in the production of content such as text, audio, and video [59]. In terms of education, the education level of older adults in China has greatly improved [56]. Older adults with higher levels of education exhibit higher adoption rates of smart home technologies and have higher expectations for smart furniture designed for older adults [60]. However, consistent with research in other countries, the adaptation of Chinese older adults to digital technology shows a polarization phenomenon [61]. For a considerable portion of the elderly population, rapid changes in lifestyle can lead to confusion, decreased sense of security and belonging, and even exclusion from the digital world, known as the digital divide [62]. With the widespread outbreak of the COVID-19 pandemic in 2019, digital transformation has further swept across the globe. During the COVID-19 epidemic prevention and control period, the widespread promotion of “health codes” and contactless payment has further highlighted the issue of the digital divide.




4.1.2. Health Status


Self-rated health assessments among older adults show overall improvement but still remain at a relatively low level, with significant disparities between urban and rural areas [56]. The elderly population is highly susceptible to chronic diseases, and the number of older adults with chronic diseases is rapidly increasing due to population aging. According to statistics from 2022, over 180 million older adults in China suffer from chronic (non-communicable) diseases such as ischemic heart disease, cancer, stroke, arthritis, and dementia, with a prevalence rate of at least one chronic disease reaching 75% [63]. The number of disabled and partially disabled older adults exceeds 40 million. Furthermore, the prevalence of hypertension among people aged 60 and above is as high as 58.3%, and the prevalence of diabetes is 19.4% [64]. The health status of the elderly population is not optimistic.




4.1.3. Psychological Condition


As China’s social and economic development has brought significant improvements to the lives of older adults in both urban and rural areas, the quality of life demanded by older adults in China has increased, and the abundance of leisure time after retirement has further strengthened their need for spiritual communication and care. In China, family relationships and support are the most important part of social support, with Chinese cultural traditions emphasizing the institution of the family and collectivism. Family support is the most important factor influencing older adults’ social isolation and loneliness [65]. For most older adults, children are the most important social relationship, and reduced communication with them can exacerbate loneliness [66]. In the context of the one-child policy, more than two million older adults have lost their only child [67]. The proportion of older Chinese adults living with their children is decreasing as the size of the family decreases. The proportion of older adults living independently (alone or with a partner) is 65.4%, with only 26.8% of older adults currently living with their children [68,69]. The proportion of empty nesters among China’s elderly population is now more than half [70]. Rural areas, which have 70% of the elderly population, are aging far more rapidly than urban areas, and the empty nest phenomenon is even more serious [71]. In a survey by Qiang Li et al., most older adults do not have close ties with their relatives [68]. Meanwhile, in a survey of older adults aged 60 and over living alone in Chongming District, Shanghai, 44.68% of older adults said they sometimes felt lonely and 15.56% said they often felt lonely [72]. In response to the sudden global outbreak of the COVID-19 epidemic, many countries, including China, have introduced lockdowns and home confinement measures to limit the spread of infection. Older adults, a vulnerable population, are the main target of isolation [11]. This uncontrollable adverse event makes older adults, who are already socially isolated due to family ties, social connections, and marital status, more susceptible to induced psychological problems such as depression and anxiety.




4.1.4. Leisure and Residence


Overall, leisure activities of older adults are mostly sedentary [73]. In terms of physical activity, square dance is the first choice of middle-aged and older adults in China [74]. But in recent years, conflicts around music noise and music venues have been common in the city. China is promoting a three-tiered elderly care system, with plans for 90% of older people to stay at home, 7% in community centers, and 3% in institutional care centers. Most older Chinese now own their own private living space. The average rural older person has 1.93 rooms, while the average urban older person has 2.79 rooms [75]. However, most of the existing living environments for Chinese seniors do not meet the needs of seniors in terms of usage. There is also a lack of community facilities for different functions, such as activity centers for older adults, physical exercise centers, barrier-free facilities, and other appropriate community facilities, which limits the space available to older adults and reduces their quality of life. China’s traditional “family pension” is facing increasingly serious challenges. At the same time, China’s elderly care products and aging services such as “institutional pension” and “community nursing service” [76] have not yet developed to the extent that they can meet the needs of the aging population, and are not yet an alternative to “family pension” [69].




4.1.5. Economic Status and Social Welfare


China’s older adults are growing old before they get rich, and their ability to pay is insufficient. GDP per capita in 2022 will be only USD 12,741, while the standard GDP per capita in developed countries reaches over USD 20,000 [77]. Despite China’s rapid development over the past few decades, the gap with developed countries is still huge, and the disparity between rich and poor in various regions is very large. China’s pension insurance system started late and relies mainly on the first pillar, basic pension insurance [78]. 58% of older adults do not have a pension, and older adults are not yet well protected financially. There is a marked difference between the guaranteed income of older adults in urban and rural areas [56]. In 2020, the average per capita receipt of rural old-age pension insurance was less than USD 28 per month, which is about twenty times less than the average per capita receipt of basic old-age pension insurance for urban workers [48]. In 2014 data, the per capita annual income of urban older adults was USD 3348, while the per capita annual income of rural older adults was USD 1066 [55]. Older adults rely mainly on savings, children, continued work, and property for their old age. Although a significant portion of Chinese seniors have insufficient ability to pay, China’s smart retirement is still a very promising market as aging increases. The market consumption demand of China’s senior recreation industry was above USD 700 billion in 2016, and is expected to reach USD 2.8 trillion in 2030 [79,80].




4.1.6. Smart Aging


In China, research on smart aging can be traced back to 2007 [81]. Since then, it has developed rapidly from its nascent stage, and various cities have gradually implemented smart aging practices. However, studies have shown that China still lags behind other developed countries in terms of research capabilities in the field of elderly welfare technology [82]. Currently, there is no unified and standardized national system or set of standards for smart aging in China, resulting in fragmented and disordered development. As a result, regional disparities, variations in service content, and technological differences are observed in smart aging across the country [83]. Furthermore, the lack of industry standards and management regulations has led to variations in the quality and technological level of smart aging products produced by different companies. The interfaces, data formats, and interoperability between different products and systems are not standardized, resulting in issues such as compromised quality and safety, low utilization of related resources, and difficulties in data sharing [84]. These factors hinder the widespread adoption and promotion of smart aging. The number of categories of smart aging products and services, as well as their user-friendliness for older adults, are insufficient to meet the rapidly growing demands of the elderly population in China. Currently, most smart aging products and services in the Chinese market focus on meeting the basic living needs of older adults. There is a scarcity of products and services that cater to the social, emotional, cultural, entertainment, and lifelong learning needs of older adults. Furthermore, products and services that address more advanced aspects of smart aging are lacking. Existing smart aging products and services have not adequately considered the capabilities and physiological characteristics of older adults. Issues such as small fonts on the UI, complex operations, and excessive use of technical jargon impact the user experience for older adults, making it challenging to promote and popularize smart aging effectively.





4.2. Determine the Main Idea, Objectives, and Users of the Game


“Fit” represents health, symbolizing that this game will promote physical and mental well-being for older adults. Fit Islands will primarily focus on Exergaming and will create a 3D gaming world for older adults in China. In Fit Islands, players will assume the role of lively animated characters living on their own floating village. These villages are like individual islands, which also represent lonely older adults in the city. There are different scenarios on the island, allowing players to freely explore and wander the map through simple operations. On the islands, players can visit shops, cultivate crops, interact with friends on their contact lists at the post office, and play games at the game center. Elderly players will fully immerse themselves in their own gaming world, enjoying different music and game experiences. The game will be targeted at all Chinese older people, to give fairness and accessibility to older people with different abilities. Therefore, the game is designed to include two forms of exercise, full-body standing exercise and upper-body exercise. Considering the cost and accessibility of the game, Fit Islands will be available for public download and installation in the form of an online game (see Figure 3).



To achieve the desired impact on the target users, the game design will need to meet the following objectives:




	
Adaptable: The game will fully consider the physical condition of the target users, ensuring adaptability and fairness for different players. Membership will be set up to provide extended games for various numbers of players, ensuring that the games can be adapted to different scenarios, such as homes, community centers, offices, nursing homes.



	
Affordable: The game will be played without external wearable devices. It will only require a computer with a camera to play. The aim is to minimize the cost of the game and make it accessible to more older adults.



	
Elderly-friendly: The game design will strictly adhere to the principles of inclusive design. Preferences and characteristics of elderly users will be considered, ensuring friendly interface colors, fonts, usability, and interactions that cater to older adults. The design will be inclusive of different levels of cultural, linguistic, visual, and auditory abilities, creating a user-friendly interface and game experience for the older adults.



	
Practicality: The focus should not only be on the game itself but also on providing practical assistance to the target users. For example, valuable health knowledge may be incorporated into the game. The game’s adaptability to different scenarios allows older adults’ physical activities, such as square dance, to no longer be limited by urban facilities.



	
Enjoyability: The game will draw inspiration from popular games, creating an enjoyable gaming world that integrates socializing, physical activity, cognitive training, and other functionalities for older adults.



	
Promote initiative: The game will simplify the process of playing games and allow older adults to actively engage in physical activity, making friends and learning through games and sports, rather than being passively assisted by a number of assistive devices.









4.3. Design the Gameplay Mechanics


The process of Fit Islands will fully consider the needs of older adults and strive to simplify the game as much as possible. The specific process can be summarized as follows: Initial game installation—Game instructions—Account creation—Main interface—Game map—Gameplay—Points and health knowledge (see Figure 4).



Elderly players who may be less familiar with information technology can receive assistance from family members or caregivers during the initial game installation. After running the game, they will enter the initial interface where they can click on a “Start” button, and the game will provide instructions and gameplay explanations. Once players have a general understanding of the game content and gameplay, they can proceed to create an account. For first-time players, a series of questions and options will be used to gather basic user information. After successfully creating a new game account, players can choose an avatar representing different genders to enter the main interface. The main interface will contain all the information about the individual user’s gameplay, including game duration, news, friends list, as well as features such as starting the game, membership, shopping cart, wardrobe, and settings. Upon starting the game, players will enter the game map, which consists of a floating island with various scenes, including a game center, shops, a post office, and a farm. The game center will not only feature physical activity games but also include two games specifically designed for cognitive training and knowledge learning for older adults. The game will utilize a points-based incentive system, allowing players to use points to redeem various items in the game store. Additionally, at the end of each gaming session, players will receive different health knowledge, further motivating older adults to complete the game successfully. It is worth noting that to simplify the preference settings for older adults, the game will employ individual user profiles and automatically match game content. The game can accommodate two users in total, and after each game session, the progress and user data will be automatically saved. The content of physical activity games will be determined based on the user’s initial basic information and settings. For example, if an older adult has difficulty standing due to conditions like arthritis, they can choose to play seated games during the initial information setup, and the game will automatically match them with appropriate seated physical activity games. In the settings, older adults can freely adjust game language, color brightness and contrast, font size, and more. If they wish to change the timing of physical activities, they can access the personal information section in the settings interface for adjustments. Furthermore, Fit Islands is expandable, allowing different membership levels to enjoy larger game maps, more game varieties, and accommodate additional independent user profiles and services.



4.3.1. Exergame Design


In Section 4.1, based on a survey and study of the interests and hobbies of older adults, square dance emerged as the most popular form of physical activity among Chinese senior citizens. However, conflicts have arisen in recent years due to issues related to music noise and venue availability. The root cause of these problems lies in the incomplete public infrastructure catering to the needs of older adults in China. Furthermore, the outbreak of the COVID-19 pandemic in recent years has further restricted the gathering of large crowds, imposing additional limitations on square dance. Therefore, Fit Islands aims to provide older adults with the opportunity to engage in rhythmic exercise at home through the medium of gaming and digital technology. The game is therefore designed to include two forms of exercise, namely full body standing and upper body exercise (see Figure 4). The Exergame in Fit Islands draws inspiration from the VR game OhShape [85]. However, in Fit Islands, a different approach is taken to visually demonstrate exercise movements in a more intuitive manner for elderly players. Shadows representing the movements are used to directly display the poses, providing visual cues for the actions. These shadows will appear in a semi-transparent form, allowing players to see through the previous shadow and anticipate what comes next. Through motion capture, the game character located in the center-bottom of the screen will mirror the actions performed by the player. The shadow representing the action will gradually move closer to the game character from behind. The degree of overlap between the shadow and the game character will determine the player’s score (see Figure 5).




4.3.2. Exercise Content and Exercise Programs


The movements in Fit Islands will primarily focus on preventing cardiovascular diseases [86,87], enhancing muscle strength [88,89,90], and improving flexibility and balance among older adults [91,92,93,94]. It will provide suitable exercise plans for older adults through a simple interactive interface. High-intensity exercise modes may not always yield significant results and can pose risks to older adults. Therefore, when designing exercise plans, it is important to start with low-intensity and short-duration exercises and allow the older adults to control the difficulty of the game themselves. Fit Islands will categorize and assess the difficulty of all expert-evaluated movements, and these movements will be combined in a default sequence to form a set of progressively more-challenging game levels. Each level will last approximately 10–15 min by default, and follow the sequence of warm-up, exercise, and stretching for the movements [95]. After completing each level, the game will automatically save the progress, ensuring that the individual exercise plans of each user are not disrupted. Furthermore, the exercise content will be adjustable. In Fit Islands, apart from setting limitations on the exercise time and specific movements based on initial basic questions, an option to adjust the difficulty level will be added at the end of each game. This design allows the game to maintain a basic level of challenge while providing inclusivity, ensuring the autonomy and safety of older adults.




4.3.3. Health Knowledge


In addition to exercising cognitive levels and increasing physical activity through the game, health knowledge appears on the interface after each round of the game. Research studies have shown that older adults are generally at a low level of interest in exercise, but are very active in collecting health knowledge, so health knowledge can also be used as a means to increase older adults’ motivation to exercise in Fit Islands.



The Fit Islands system contains a rich health knowledge base. We have collected knowledge on diet, exercise, living habits, self-monitoring, disease prevention, and psychology, such as: knowledge of nutrients and proper dietary combinations [96,97], different types of exercise and exercise precautions [98], how to maintain good sleep [99], how to prevent cardiovascular and cerebral vascular diseases [100,101], and how to maintain a good state of mind and self-psychological guidance [102].



The presentation of this health knowledge needs to be tailored to the target audience of older adults. When designing applications specifically for older adults, it is important to use clear, objective, and educational language. Using a condescending tone or complex language will only hinder the efficiency of game interaction and increase older adults’ fear of digital technology. Therefore, when presenting health knowledge to older adults, it is important not to excessively emphasize the authority of the knowledge but to consider ways to make it easier and quicker for them to comprehend the information. For example, if the health knowledge aims to convey information related to diet, as shown in Figure 6, the image on the left may appear too authoritative and monotonous. The image on the right uses a friendly tone and presents the health knowledge through visuals and audio.




4.3.4. Business Strategy


Fit Islands has added a product point exchange and membership system, where points can be earned through farm cultivation, sports games, cognitive games, and interaction with friends. These points can be exchanged in the shop for virtual game character skins as well as some real elderly goods, such as electronic blood pressure monitors, etc. As a free digital product targeting older adults, appropriate adverts or videos are played at the end of the game. This will attract brands, communities, nursing homes, etc. with the same target audience to place commercial ads or offer real products. Using this advertising revenue wisely, the system could be further improved and upgraded to attract more older adults to play Fit Islands. Fit Islands will also strictly control the quality of these commercial products and the correct orientation of the advertising content. The products will be delivered to the seniors by post, and Fit Islands will have an agreement with the brand to keep the address of the user private to ensure the security of the seniors’ information. To adapt to different scenarios in smart cities, Fit Islands offers three levels of membership for different tiers of players (see Figure 7).





4.4. Plan the UI and Visuals


The design of UI for older adults needs to take into account their habits and preferences in terms of style and aesthetics, to compensate for actual physical and cognitive changes. Fit Islands has been designed to meet the design principles of Section 2. For example, ensuring that the UI has both large and easily viewable key elements, using bold and age-friendly colors [103], having an adaptable interface and settings, incorporating dynamic resources such as images and voice and multimodal feedback, and using blank areas to emphasize key points (see Figure 8). After entering the game map, the game not only gives players full freedom, but also creates a natural scene through ambient sounds and dynamic effects, so players will have an immersive experience of running freely and exploring everywhere on the island.




4.5. Consider the Gameplay Interaction


In order to cater for older people who are illiterate and slow to process information, Fit Islands employs an audio-visual sensory experience to simplify data and information feedback, making it easier for older people to take in different information through voice-reading and pictures. Voice recognition powered by existing voice input methods has been added so that in the Post Office players can use speech to draft and send “letters” to their friends. The automatic matching of game content based on questionnaire information mentioned in Section 4.3 is also an optimization of age-appropriate game interaction. In terms of operation, Fit Islands fully avoids complex operations and gestures. The interface switching throughout the game mainly relies on direct mouse clicks, while the motion game is performed through motion capture. Motion capture in Fit Islands avoids any wearable devices, and the game can be played simply by standing in front of a computer with a camera. Therefore, it can avoid the possibility that older people may resist or even be afraid of the game because of poor interaction experiences. Fit Islands also adds online interaction, with the aim of creating a platform for older people to connect with each other, breaking down the isolation caused by geography, beliefs, and perceptions of older people. Once players are online, they will be able to see each other’s images on their respective islands. By clicking on each other’s characters, they can engage in dialogue and perform actions such as shaking hands. Players can play against each other in cognitive games or complete challenges in two-player mode in Exergame.




4.6. Develop Demonstration


The development of the Fit Islands demonstration consisted of interface design, a motion capture program, motion pose image recognition, and the creation of a 3D game world. For the motion capture part, the demonstration uses the ThreeD Pose Tracker algorithm [104]. This algorithm has several advantages: it does not require any wearable device, it can capture the upper body alone, it does not require much hardware, and it is very fast to process real-time data. However, it also has some disadvantages, such as the need for the player to stand completely within camera range to be recognized, and the lack of accuracy in motion capture. Motion pose recognition uses a skeleton recognition algorithm to identify imported motion pose images and display these skeletons in the image of the game character [105]. The 3D game world for the Fit Islands demonstration was created using an open-source resource called ‘Top down island’ from the Unity shop [106]. The game is played from a bird’s eye view and the character is controlled by running around with a right click of the mouse.




4.7. Test and Iterate


The initial testing of the demonstration for Fit Islands was split into two phases. In the first phase, a 62-year-old German woman (test subject A) was invited to test the functionality and operation of the game after the initial demonstration was completed. After receiving feedback, the initial game demonstration was refined. The second stage was to invite nine Chinese older adults (test subjects B–J) to test the functionality and usability of the game after the completion of the refined game demonstration. The nine seniors, aged 51–77, included three women and six men. These older adults were asked to operate and use the game and to provide feedback on the corresponding issues (see Figure 9).



Once individuals’ data is involved, protecting their data privacy becomes critical. Best practice for protecting individual privacy in the test was applied as follows. First and foremost, the test was conducted in a fully anonymous manner, meaning that information such as names, birth dates, addresses, and resident identity card numbers, were not recorded. This approach excludes any possibility of identifying any individual test participant. Furthermore, in order to participate in the test, all the participants were informed of the transparent purpose of the study and needed to give consent to provide their basic demographic information such as age, gender, province of residence, and level of education. These measures also go in line with the Guide on Good Data Protection Practice in Research [107].



The initial demonstration design for the first phase involved an older adult (test subject A) living alone in a retirement flat in Munich, Germany. After being introducing to the characters and the game, she showed great interest. The test showed that the initial demonstration still contained many problems. Because the motion recognition needed to recognize the distance from head to toe, A had to stand far away, and was not able to see the action on the screen. Scoring was also difficult, as performance was only scored if done to an exceptional standard. However, A said she liked the colors of the interface in Fit Islands and the health knowledge provided after the game.



After debugging and refining the demonstration based on A’s feedback, nine older Chinese adults were invited to test Fit Islands further. Five of them, B–F, were tested in the computer room of a community center in Yancheng, Jiangsu Province, China; G and H were tested in the activity room of a community center in Yancheng, Jiangsu Province, China; and the other two, I and J, were tested in their homes. The results of the tests are shown in Table 1.



From the results of these tests, it can be concluded that the expandable Fit Islands is an adaptable, affordable, age-friendly, practical, and enjoyable Exergame system that contains a wide range of functions (see Figure 10). Specifically, the following conclusions can be drawn:




	
This system can effectively motivate older Chinese people to exercise and increase their amount of physical activity, thus becoming more energetic. The initial test participants were able to complete the exercises relatively easily, and the music and scoring format allowed them to concentrate on the exercises.



	
This system provides a free platform for Chinese seniors to communicate and play multiplayer games. The affordability of gaming device requirements for this system lowers the barrier for older adults to use it. This anonymous and fun way can be used as a complement to family pensions, allowing older adults to socialize more with people of their age, mentally reducing over-dependence on their children and alleviating feelings of social isolation and loneliness. Several older adults in the test expressed their enjoyment of the post office function and their expectations of the online multiplayer function.



	
The age-friendly and inclusive design of this system can attract older adults to actively use the technology. Most of the older adults responded positively to the game’s functions and interface, found the game relatively easy to operate and use, and expressed acceptance of the game’s format. They all expressed a desire to use the game in the future.



	
The system is very adaptable to different devices and different building environments. The adaptability of Fit Islands was demonstrated using different equipment in different test locations; for example, desktop computers were used in the computer room, while laptops were used in the activity room and the testers’ homes. The system’s Exergame is not too strict in terms of site requirements and older adults can play the game in different building scenarios using existing equipment.










5. Limitations and Future Work


Fit Islands’ demonstration has implemented most of the game’s design and functionality. Further development of the demonstration will allow for more accurate motion capture, refinement of the entire game’s library of motion levels, and the implementation of online connectivity. Further testing and evaluation will require larger numbers of participants and long-term follow-up observations to ensure the long-term sustainability and effectiveness of Fit Islands. Given the unique nature of older adults, it is necessary to further refine and evaluate the efficacy and safety of Exergame’s specific movements to meet the specific needs and preferences of older adults in different countries and regions.



After further refinement of the game demonstration, several older adults with experience of digital technology will be invited for further testing (n ≥ 30). A uniform site will be chosen and the test subjects will be brought together at that site for testing. The future test will be divided into four main phases. The first phase of the test will be the distribution of information about Fit Islands’ research objectives and planned tasks to the test participants, who will be introduced to the Exergames equipment and procedures. The second phase will divide the test subjects into a control group (n ≥ 10) and an intervention group (n ≥ 20). The physical and psychological conditions of the two groups will be assessed separately to ensure that the subjects are not statistically significantly different. There are many methods of testing specifically for older adults. For example, a research team from Tianjin Medical University used data from the China Health and Retirement Longitudinal Study (CHARLS) to assess the functional status of older adults using the Activities of Daily Living Scale (ADL) and the Instrumental Activities of Daily Living Scale (IADL) [108]. A condensed version of the Social Network Scale developed by Lubben et al. (Lubben Social Network Scale 6, LSNS-6) can be used to assess the social isolation of older adults [109]. Mental health status can be tested using the UCLA Loneliness Scale or subjective questions [110,111]. The third phase will have the intervention group (n ≥ 20) play the game three times a week for five weeks, either at home or at this uniform venue of their choice. Various parameters will be recorded during the game, including the time of entry into the game, the time of user creation, the time of exercise, the score of the game and whether the participant completed the game in its entirety or exited early, etc. The control group (n ≥ 10) will not receive any interventions and will live their lives according to their usual habits. In the fourth phase, the physical and psychological well-being of the two groups will be assessed again after five weeks in the same way as in the second phase. A comparison of the data from the control group (n ≥ 10) and the intervention group (n ≥ 20) in Phase 4 will provide evidence to address the hypothesis (see Figure 11). As mentioned in Section 4.1.1, Chinese older adults’ adaptation to digital technology shows polarization. In order to verify Fit Islands’ elderly-friendly and adaptable characteristics, some older adults with no experience in digital technology will also be invited to conduct the above test (n ≥ 30), thus providing data from control group 2 (n ≥ 10) and intervention 2 (n ≥ 20). By comparing the four groups of data, evidence can be provided to support a better promotion of Fit Islands.



After the validation, the project team plans to initiate an internet-based start-up to further promote the project and its products to as many people as possible through multiple channels in order to make a real impact. Furthermore, the start-up (i.e., online store) can potentially create an economy around elderly-focused educational and health games, where profits can in turn support future product iterations and new product development, and potentially create new jobs around the business (e.g., customer service, manufacturing, etc.).




6. Conclusions


Aging will inevitably become an important feature of the population in the coming decades. Compared with developed countries, which have already entered into aging societies, emerging economies need to address their own unique challenges due to cultural, economic and demographic differences. Based on the experiences of developed economies, emerging economies need to consider their own realities and implement innovative solutions within a limited time to ensure the well-being and inclusiveness of their aging populations. Smart city development cannot ignore older adults as a group. Exergame is a technology that allows older people to engage in regular physical activity while having fun in their daily lives. It improves the quality of life and health of older adults by actively increasing physical activity, exercising cognition, and improving cardiovascular health, muscle strength, flexibility, coordination, and balance.



Fit Islands strictly follows the generic development methodology presented in Section 3. In the context of China’s rapidly aging population, Fit Islands is an attempt to improve the well-being of older adults, and is a very promising virtual world for smart aging in smart cities. The main characteristics are summarized as follows:




	
Fit Islands is fun, practical, inclusive, and age-friendly. By providing a free digital platform for the older population, a special group, it allows older adults to be motivated to be physically active, make friends and learn through games and sports, rather than being passively assisted by some assistive devices.



	
Rather than a single game design, Fit Islands aims to create an expandable game world for older adults. Using a 3D virtual community format, Fit Islands combines socializing, exercise, and cognitive training. Different membership levels also allow for larger island maps and a wider variety of games. In addition to the lively game interface and immersive game interaction experience, it also allows players to learn various aspects of health knowledge. Fit Islands uses an individual player archive, where each player has his/her own virtual community and game progress, increasing the player’s sense of personal belonging. Fit Islands provides a place for geographically distant seniors and their friends to socialize. Especially during the COVID-19 epidemic, it allowed older adults to overcome spatial isolation by providing contact with their friends and loved ones, and to exercise and work on cognitive awareness in order to stay or become healthier.



	
Fit Islands takes full account of age-related design requirements and inclusive design principles. The interface, content, and format of the game are designed based on the characteristics and preferences of older persons. The game’s provision of text, pictures, and audio is intended to be inclusive of the literacy levels, language, and visual and auditory abilities of different older adults. Exergame also takes into account the physical condition of older people by providing both standing and sitting modes. In terms of operation, Fit Islands is played with no external devices to minimize the cost of the game, simplify the game, and make it less difficult for older people to use. The most basic computer equipment with a camera is sufficient to play the game.








Furthermore, due to its advantages (such as high flexibility, affordability, and ease of use), the proposed system can be easily integrated into larger smart city frameworks such as Dynamic Vertical Urbanism [112] to generate a comprehensive smart city experience for the aging population and beyond. With the problem of aging increasing in emerging economies, this study not only provides guidance for policy makers, developers, and researchers in emerging economies, but also suggests new possibilities for further promoting smart aging, and facilitating the development of smart cities.
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Figure 1. Fit Islands breaks spatial isolation and provides a health-promoting virtual platform for Chinese older adults. 
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Figure 2. A universal health-promoting Exergame system method for emerging economies. 
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Figure 3. Fit Islands poster. 
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Figure 4. Functional flowchart of Fit Islands. 
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Figure 5. Two game modes: (a) upper body movement; (b) full body standing movement. 
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Figure 6. Comparison of two presentations of health knowledge. 
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Figure 7. Fit Islands’ gaming membership interface. 
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Figure 8. The main interface in the demonstration. (a) Initial interface; (b) game description; (c) user registration; (d) interface for selecting gender; (e) main interface; (f) settings interface; (g) membership interface; (h) game map; (i) shop interface; (j) post office interface; (k) farm interface; (l) game center; (m) Exergame interface; (n) health knowledge interface; (o) multiplayer interface. 
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Figure 9. Field photos of nine older Chinese adult test subjects (test subjects B–J). 
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Figure 10. Analysis of test results. (a) Residency (b) Evaluation scores of the game. 
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Figure 11. Initial and planned future tests. 
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Table 1. Information and feedback for the initial test of the demonstration.
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	Age
	Gender
	Country of Residence
	Occupation
	Retired or Not
	Living Condition
	Evaluation of the Game Content and Features
	Evaluation of the Game Interface
	Whether the Game Will Improve Your Health
	Whether You Want to Play This Game in the Future





	A
	62
	Female
	Germany
	Housing Management
	Yes
	Living alone in nursing home
	In addition to the exercise function, I think the health knowledge function is very meaningful.
	I liked the overall style and color scheme of the game, which gave it a very warm and welcoming feel.
	Yes
	Yes



	B
	76
	Male
	China
	Freelance
	Yes
	Living with his partner
	I’ve never played a game like this before and I think the point system is great
	The words are big and the interface is easy to use
	Yes
	Yes



	C
	64
	Female
	China
	Junior school teacher
	Yes
	Living with her son
	I think some of the movements are a bit confusing, the way the shadows are maybe not as good as the colored form
	It’s a novel approach
	Yes
	Yes



	D
	53
	Female
	China
	Community staff
	No
	Living with her partner
	Very useful game, perfect for a job like mine that requires a lot of sitting. The news feature is very helpful to me.
	The game’s interface looks comfortable and the buttons are large.
	Yes
	Yes



	E
	68
	Male
	China
	Engineer
	No
	Living alone in a 60 sqm apartment
	Games that allow people to exercise make me feel healthy, and the movements are not too difficult.
	Very good
	Yes
	Very enjoyable



	F
	51
	Male
	China
	PE teacher
	No
	Living with his partner
	The game characters are rather monotonous, and it would be nice to have the freedom to decide the gender and image of the game characters.
	The map interface is very realistic and I like the feeling of exploration.
	Yes
	Yes



	G
	56
	Male
	China
	Community staff
	No
	Living with his partner
	The music and rhythm of the game is very good and I will try my best to complete each move to get a higher score.
	The game characters are cute
	Yes
	Yes



	H
	66
	Male
	China
	Freelance
	Yes
	Living alone
	I’m interested in being able to exchange real products, which will motivate me to complete the game more and better.
	Everything else is fine, except that the game character’s hair covers up the action a bit.
	Yes
	Yes



	I
	75
	Female
	China
	Housewife
	/
	Living with her partner in a 90 sqm apartment
	I can’t type, so writing letters is a bit difficult for me
	I would have been afraid that it would be difficult to play the game because I can’t read, but the game uses more pictures, audio and voice recognition, which has helped me a lot.
	Yes
	Yes



	J
	77
	Male
	China
	Civil Servant
	Yes
	Living with his partner in a 90 sqm apartment
	It’s good that my partner and I can take turns playing the game and we have our own progress
	I like the feeling of being able to control the game character and run around the island.
	Yes
	Yes, I think the health knowledge at the end of the game will be the motivation to keep using this game for me
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