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Abstract

:

Cognitive function declines with age, and when cognitive deterioration reaches a critical value and pathological changes occur, the brain neurons are irreversible. The aging of working memory even has profound adverse effects on older adults. This study aims to understand the psychological and physiological characteristics of older adults and to achieve mobile application design solutions that train working memory. According to the user study, the factors influencing the design of mobile applications for working memory training for older adults were mainly focused on six dimensions: training content, motivation, emotion, interaction, current state, and experience. Design opportunities were transformed, and seven new design strategies were obtained. Nine product functions with the highest priority were selected: daily practice, challenge mode, level-by-level difficulty selection, novice teaching, practice mode, sharing function, two-player mode, ranking, and desktop components. Finally, an interactive prototype was designed for usability testing, and the product solution was iterated based on expert evaluation and user feedback. The results indicate that the interface design provides a good user experience when applied daily. The process and results will be applied to make more solutions for training cognitive functions to be used in different situations.
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1. Introduction


Ensuring the cognitive health of older adults is critical to achieving active and healthy aging, improving the quality of life, and enhancing the well-being of this group. As China’s population ages, active aging is becoming more important [1]. Numerous studies have shown that cognitive ability declines with age, which in turn accelerates the aging of older individuals and affects their independence [2,3,4,5,6,7]. When cognitive decline reaches a certain level, pathological changes may even occur, leading to an increased prevalence of cognitive dysfunction and diseases such as Alzheimer’s disease. When cognitive dysfunction approaches a critical value, and Alzheimer’s disease is clinically diagnosed, irreversible damage to neurons in the brain has already occurred [8,9,10]. Due to the irreversible nature of the neuronal injury, the main goal of all treatment options for this condition is to slow down the rate of cognitive decline and thus improve the patient’s quality of life and ability to perform daily living activities, rather than completely cure the disease. In this context, detection and non-pharmacological cognitive interventions at an early stage of cognitive decline become a more optimal strategy. Several studies have shown that cognitive interventions and working memory interventions can be effective in improving several cognitive abilities in older adults [11,12] and have a positive effect on daily life [13]. Gamified training improves engagement in the context of cognitive training and does boost participant motivation [14,15].



The impact of working memory training, which enhances the working memory itself, benefits broader cognitive functions, and slightly improves working memory function, may have a significant practical impact on daily life, making working memory training of interest. Several researchers have explored and studied working memory training, with some preliminary explorations and conclusions regarding factors affecting the efficiency of working memory training, the selection of training content, and the application of training interventions [16,17,18,19,20].



The selection of training tasks mainly targets the refreshment function, inhibition function, and capacity of the subjects’ working memory. The commonly used paradigms are N-back, Stroop, Go/No-Go, and memory breadth. Traditional working memory training uses a single paradigm but is more focused, while gamification-based training uses a multi-modal approach to improve the overall cognitive ability of the user [21,22,23]. Although the Virtual ADL project [24] was designed for older adults and was gamified with their daily life scenarios, it was more of a cognitive test than a training program, with weak instructions and guidance on the rules. The program was not graded in terms of difficulty. Most of the training programs were based on graphics, pictures, and numbers, and some of the training topics were set in a gamified way. Still, they did not express the logic of the selected images, and most of them used common elements, such as animals and amusement parks. Regarding the training format of the training subject, most of them used a personal training mode with less application of social elements. At the same time, in Bonnechère’s study [25] on cheese ninjas, it was found that the immersion and motivation of training with social elements were significantly more robust.



Most of the current domestic working memory training is presented in laboratory settings on existing paradigms or refers to foreign training systems, making it difficult to generalize to everyday life. The combination of some working memory training and applications is mainly from a technical perspective, lacking theoretical support and exploration of user needs. The training content is complex and unattractive for older adults, making it difficult to persist in daily life [26,27]. Although foreign products try to combine training content with gamified themes and translate the content into Chinese, the game themes are more in line with foreign users’ habits, and most of the products have added game themes. However, the stimuli themselves are still abstract graphics, so the training form still lacks familiarity for domestic older adults. Combined with the current environment of the domestic aging society, we hope to design a scientific, theoretically based, and cognitively compatible working memory training program from the perspective of trained healthy older adults and motivate them to use it in their daily lives for a long time to achieve the purpose of intervention at the early stage of cognitive decline and reduce the occurrence of mental diseases.



This study investigates working memory training strategies for older adults. The research team conducted a participatory design and in-depth interviews with older adults and combined the results of user studies in the hopes of finding interface designs and interaction methods that meet the psychological as well as physiological characteristics of older adults and motivate them to use them in their daily lives for a long time, in order to achieve the goal of intervening at the early stage of cognitive decline and reducing the occurrence of cognitive disorders. Based on the information and findings from the literature reviewed, key questions to be addressed in this paper are:




	
What are the needs and dilemmas of older adults in their daily lives and when performing working memory training?



	
What are the opportunities and solutions to help older adults perform working memory training on smart devices?



	
What is the target user’s experience in interacting with these solutions?









2. Related Work


In terms of training tasks, a richer training paradigm is used. The system proposed by Shloul (2020), which addresses the needs of physical education for young learners, focuses on the necessary implementation of student health exercise identification, using a modified quaternion-based filter for inertial data refinement and data fusion as a pre-processing step. This system could be implemented in several educational institutions, including intelligent training systems, virtual tutors, intelligent simulations, and interactive learning management methods [28]. Afsar (2022) proposed an efficient and cost-effective system that allows people to be entertained while sitting in a room playing outdoor games such as badminton and cricket, with the main goal that the person is enjoying while playing the game and engaging in physical activity [29]. Bonnechère (2016) performed eight mini-games for cognitive assessment such as word pairs, memory scanning, and size counting in older adults, young adults, and patients with cognitive impairment, respectively, and showed that the scores obtained in the games correlated with the presence of patients’ functioning, and that cognitive video games could be used to track the cognitive function of older adults with and without cognitive impairment evolution [30]. The system proposed by Tahir (2020) should be applied to human–machine interface domains such as health exercises, robotic learning, interactive games, and pattern-based monitoring to ensure their independent living and improve their comfort [31]. Zeng (2018) designed a computerized cognitive training called Virtual ADL+ House, which includes training tasks for cognitive functions such as memory [32]. The software combines cognitive training with daily activities, such as cooking, shopping, and using the telephone, and has received positive feedback from physicians and older adults about its usability and entertainment value.



In addition, some more mature working memory training programs are already available abroad. CogMed is one of the most widely used commercially available products. It comes in three different versions, corresponding to the different age groups of users. Tasks include digit breadth, location memory, tracking moving visual targets, etc. It has been widely used in clinical patients with cognitive deficits, such as attention deficit hyperactivity disorder and different forms of cognitive transfer. CogniFit has developed a set of tasks containing visual verbal working memory tasks, nonverbal auditory working memory, and visuospatial memory tasks in a personalized training program [33].



Most researchers have attempted to introduce gamification elements to enhance user engagement and natural extensions to real-world behaviors, both in educational applications and cognitive assessments for geriatric populations, and there are well-established commercial products. However, the introduction of gamification elements lacks a basis and has a moderate level of acceptance for young people familiar with video games, and further research is needed on how to make it more acceptable to older age groups and thus generate the transfer of abilities involved in daily life.




3. Materials and Methods


The first step was to understand the previous research in the field of working memory training through desktop research, and to analyze the existing methods and strategies for working memory training for older adults, and the status of products designed for them. Then, we developed an interview outline based on the research results, and through in-depth interviews, we understood the current situation of using smart devices by older adults. We further analyzed and explored the lifestyle, interaction characteristics, and memory content of those with declining cognitive ability by combining the participatory workshop to understand the daily living habits of older adults and found the opportunity points for them to train on mobile devices. The results of the participatory workshop were then analyzed and transformed into a design for a mobile application for working memory training. Finally, target users were invited to take a usability test, and the design solution was evaluated to verify its feasibility and iterate based on user feedback.



3.1. In-Depth Interviews with Older Adults


To understand the daily life, thoughts, and attitudes of older adults to better understand their needs for working memory training mobile applications, in-depth interviews were conducted with older adults in this phase (see Table 1). Firstly, the recruitment information was released using an online questionnaire, and a total of 343 copies were collected. Two subjects were randomly selected from those who met the requirements for the pre-interview, and the interview outline was iterated based on the interview results. Then, 20 subjects were screened for the formal interview.



We interviewed older adults about their daily life experiences, understood scenarios of their daily life, asked about small activities that may have been exposed to enhance cognitive abilities, and analyzed the influencing factors that may enhance the internal motivation of working memory training for older adults. We asked older adults about the problems they encounter in their daily lives and their current problem-solving strategies based on the different components of working memory, and we analyzed their needs for product features through their attitudes toward different working memory problems. They were asked about their existing experience in using smart devices, to understand the smart devices and applications commonly used in their daily lives, and to analyze their interaction habits and pain points in the process of using smart devices. Some of the questions are as follows.



The selection of subjects for the formal interview was based on the criteria of no errors in questionnaire completion, signs of memory decline, and being over 65 years old. Memory decline was assessed by scores on the subjective cognitive decline 9-item (SCD-Q 9) scale [34], with a scale score of ≥1 and agreement with at least one of the items on overall memory decline. A total of 20 subjects were screened, including 10 males and 10 females: 14 aged 65–70 years, 4 aged 70–75 years, and 2 aged 75 years and older.



After the in-depth interviews, the researcher transcribed the audio files of all interviews to obtain word-for-word scripts totaling more than 200,000 words. The researcher imported all verbatim transcripts into the NVivo software and coded the interview results for the analysis [35]. Based on the working memory training theoretical framework of Von Bastian, these characteristics include: (1) the intensity, duration, and adaptivity of the training activities and the number of changes throughout training; (2) individual differences in age, cognitive capacities, biological parameters, motivational and personality traits [36]. In total, the coding was divided into three stages of coding: open, spindle, and selection, resulting in a total of seven core categories: current state, personal characteristics, past experiences, emotions, interactions, training content, and motivational approach, and a structural map of the factors influencing the design of working memory training applications for older adults. Since they could rarely intentionally train their working memory after retirement, a simple and straightforward working memory training application that fit their experiential background and usage habits and brought them confidence and hope to provide them with a good user experience and satisfy their self-worth was used. In the next participatory workshop, we provided a design toolkit for seniors to help them think out of the box and choose among the materials provided to meet their needs and explain why. In the later design transformation, we combined the user needs and pain points obtained from the workshop with the dimensions of influencing factors to obtain the design opportunity points and the direction of product functions (see Figure 1).




3.2. Participatory Workshops


Participatory design is a designer-led design approach in which users are treated as collaborators and invited to participate in the design process on an equal footing [37]. It is an appropriate way to engage older adults in designing solutions that promote mutual learning and digital teaching [38]. A total of eight subjects were recruited for the workshop and divided into two groups of four subjects each: 50/50 male and female. In this study, the goal was to combine the preliminary findings from the primary user interviews with collaborative research on the design of a working memory training application for older adults and the researcher to work together to solve the problem, and for both parties to acquire the valuable output they needed as quickly as possible.



The workshop was divided into five phases: opening, warm-up, existing product experience, problem-solving, and conclusion. In the preliminary user interview stage, it was learned that most subjects had hardly heard of and used working memory training-related products, so in the existing product experience stage, the researcher selected four apps about working memory training for participants to experience. These include the N-back task, the Stroop task, the verbal breadth task, and the visuospatial breadth task. A brief discussion was held after the participants’ experience, with questions such as “How did you feel after the experience?”, “Which exercise did you like better? Why?”, and so on. The participants’ attitudes towards the available training products were easily understood (see Figure 2).



According to the structure chart of influencing factors obtained in the user interview phase, the environment in which the product was used significantly influenced the user’s experience. Therefore, in the problem-solving stage, the participants were first asked to brainstorm as many situations in which they used the working memory training app as possible. The most frequently mentioned situations were selected from them. Next, based on the experience of using the product in the experience phase, a flowchart of how to use the product in that situation was drawn up, and the possible needs and difficulties in each process node were written down. Finally, an attempt was made to solve these problems in the form of a design solution. Considering the lack of Internet experience of the participants and the relatively limited number of applications they usually use, it was challenging to design a product independently when designing a solution. Therefore, at this stage, the researcher provided the corresponding toolkit based on the interview results, let the participants choose from them and explained the reasons for their choice, and finally combined them into a design solution. Based on the findings of the two phases of user interviews and participatory workshops, the following design strategies were summarized by combining design influences and user needs to find opportunity points through an affinity approach.



	
Shorten the process path so the path is clear and easy to understand. When performing basic operations such as installation or registration and login, older adults often cannot complete the preliminary process smoothly due to inexperience or unskilled operation, resulting in older adults losing confidence and patience and thus giving up using it. When entering the software, due to the characteristics of the Android system, it is not easy to find the entrance, so it is also necessary to consider the convenience of entering the software when designing.



	
Choose visual themes that are close to life and add fun. Regarding memory content, most older adults prefer training with a storyline rather than basic geometric figures and numbers. Visual elements with themes add interest, reduce the boringness of training, and reduce the stress of learning and training in a gamified way. In selecting visual elements, seniors are more suitable for parts that are close to life and easy to understand to reduce their cognitive burden and let them focus on the training itself.



	
Provide detailed and precise rule descriptions to increase the error tolerance rate of novices. In working memory training, understanding training rules is the most important because the training rules are not clearly described, resulting in confusion, frustration, and even irritation because they do not understand the training results, which is not conducive to the training effect. The communication of clear training rules is the basis for gradually developing training habits. At the same time, increasing the error tolerance rate of novices is also an essential factor in avoiding the decline of confidence in older adults.



	
Reduce interaction learning costs. As older adults have limited experience in using innovative products, they are not familiar with symbolic and abstract information, and they cannot control complex gestures well. Therefore, in the design process, the use of symbols should be minimized, and simple gesture interaction should be used to expand the clicking area to avoid mistouching appropriately.



	
Distinguish the functional operation area to reduce interference. In working memory training, the information display area, observation area, and operation area should be distinguished. Similar information should be put together to avoid frequent location changes, in line with the operating habits developed by older adults in the product. Furthermore, button color, font, font size, etc., are distinguished from other information areas and kept uniform to reduce the interference brought by color changes.



	
Show a clear training plan and practical tips to provide a reasonable difficulty level. Present the training plan to older adults in advance to make them expect the training content, provide operational guidance, and enhance targeting. Add hints in the links where older adults may have doubts and provide help anytime. The difficulty level can be adjusted according to the ability and preference of older adults.



	
Add inspirational design and set an appropriate incentive mechanism. Add a vibrant design to the product to relieve the irritation of older adults in training so that they have an emotional resonance with the product. Set an appropriate incentive mechanism: many have a strong sense of social responsibility, and they would undertake some unpaid social work, such as volunteer activities, public welfare activities, etc. By linking older adults with society through the product, the social participation of the older adult group is increased, thus inducing the internal motivation for working memory training and achieving the effect of long-term training.







3.3. Product Design


We combined the above opportunity points to disperse the function points (2, 4, and 5 are visual design strategies, which are not considered at the stage of functional and interaction design) and evaluated the obtained function points according to two dimensions: (1) importance refers to the function that solve the basic needs and pain points of the target group and brings value to users; (2) innovation refers to the function that distinguishes from other products on the market. Innovativeness is the function that distinguishes the product from other products on the market. We finally obtained nine function points through sorting and screening, including daily practice, challenge mode, and level-by-level difficulty selection (see Table 2).




3.4. High-Fidelity Prototyping


In the visual design of this product, the green color was used as the theme color of the product, symbolizing health and hope, and many older adults in the workshop had a clear preference for green-themed products (see Figure 3 and Figure 4). The prototype was developed on Figma (figma.com, accessed on 20 October 2022). The high-fidelity prototype was obtained after sorting out the preliminary research results. The design goal of this product was to allow the older adults’ group to clearly understand the training content and develop the habit of adhering to the training. Specifically, this included helping seniors find the training portal quickly, providing seniors with a defined daily training plan, giving seniors the flexibility to control their training progress, helping novice seniors understand the training rules and develop confidence, and encouraging a training atmosphere among seniors.





4. Results


4.1. Evaluations


Product usability testing was divided into the expert evaluation and user testing. A total of 3 experts as well as 15 older adults were invited to test the product’s high-fidelity prototype. We conducted a cognitive walk-through for experts and asked them to think aloud [39]. We proposed usability metrics to take down the successful rate as the measurement of user performance in each usability task [40]. All experts and subjects tried the prototype in a simulated training scenario to complete the test tasks, and the test task list is shown in Table 3. After completing the operational tasks, structured interviews were conducted with experts and subjects to understand their real feelings about the product. All users filled in the user experience questionnaire (UEQ) scale [41] after completing the task to record this product’s strengths and weaknesses and further optimize and iterate on it.



Experts were invited to complete a cognitive walk-through, simulate each operation step in the process of using the product, experience all testing tasks, review the product based on their professional knowledge and understanding during the experience [42], and make suggestions as well as modification comments.



Different options were provided for some core interactions for users to compare and choose from, and users were asked about their interaction preferences and attitudes towards features. Structured interviews were conducted after subjects completed each task, asking them about their difficulties and feelings during the task completion process. The UEQ scale was designed as a semantic differential scale with 26 items and six dimensions, each consisting of a pair of words with opposite meanings. A 7-point scale was used to allow users to rate the items, with scores ranging from −3 (totally disagree) to +3 (totally agree), with half of the items starting with a positive rating and the rest with a negative rating, in a randomized order.




4.2. User Performance


User performance is measured in terms of task success levels. Since the completion of some tasks was related to the difficulty of the working memory training itself, the success level of the tasks was graded by considering the differences in the cognitive abilities. Success levels were rated according to the user’s experience.



1 = No problems. Subjects had no difficulty or only due to memory errors but eventually completed the task successfully.



2 = Minor problems. The subject completed the task successfully but made one or two small errors during the completion process, but quickly corrected them and succeeded.



3 = Big problems. The subject completed the task, but there were more errors in the completion process, and they completed the task with a prompt from the main test.



4 = Failed/abandoned. The subject stalled for a longer time or gave up in the process of completing.



The main subject did not help the subject to solve the task while the subject was completing it. However, the main trial could give hints to the subject, and all hints to the subject were recorded, and the success level was adjusted according to the content of the hints.




4.3. Main Usability Findings and User Comments


Based on user comments, and testing results, we identified four main usability findings and provided an iterated plan.



4.3.1. Solving the Problem of Information Display on the Homepage


As Figure 5 shows, we iterated the homepage, including: (1) replace “Daily Training” with “Today’s Training Plan”, using more concrete text to facilitate users’ understanding; (2) add information and explanation of training progress and training hours so that users have a clearer understanding of the training schedule. The visual chart information was moved from the secondary page to the homepage, giving users more visual stimulation and bringing it closer to the training plan information, making it easier for users to link the two types of information together. The training progress was changed from a progress bar to a textual description, which is more intuitive and reduces understanding bias. The entrance to start training has been changed from showing different training contents to combining them into the same button, reducing the information that users need to remember and understand on the first page, and keeping the same level as the challenge mode so that users can only choose the training form on the first page, and then choose the training contents on the next level. The page of difficulty selection was changed to a lighter selection mode to reduce the user’s psychological burden of difficulty selection, and the difficulty information was altered from mainly graphical information to primarily textual information, which is more intuitive and easier to understand for older adults.




4.3.2. Text Message Communication


The rule description was modified from a direct user participation explanation to a combination of textual explanation and examples. Before the training started, the training rules were presented to the users in their entirety. For the textual content that cannot be understood, specific examples were shown to the users in the following illustration stage. Finally, the users’ understanding of the rules was strengthened through the practice mode. When conducting usability tests on the iterated solution, it was found that many subjects would omit the rule reading step after learning that there was an example session, resulting in a lack of understanding of the training content and then returning to the very first step to re-experience it [43]. To avoid such a situation, a 30 s reading time was added to the text description stage, and the case could be viewed by clicking the next step only after a certain period. Note: Since it was a usability test, to ensure understanding of the rules, a mandatory reading time was set. This time limit has been removed in the actual study and can be skipped at any time.




4.3.3. Comprehensible Incentives


In the test, it was found that almost all subjects could not understand the map-based breakout format. As Figure 6 shows, they thought this page showed a new game, and only one subject quickly understood the page meaning and gameplay based on their experience of playing the game before. They could not complete the task even after the main trial guided and explained the interface elements. Therefore, in the iteration stage, the previous breakthrough format was abandoned, and the leaderboard was replaced with a front-loaded one so that after the user chose to do a single-player rush, he immediately entered the leaderboard page to stimulate the user to complete the challenge in the form of ranking. In addition, the challenge button was placed in the center so that users could directly enter the familiar training page and reduce the difficulty of understanding.




4.3.4. Differentiating Visual Information


When completing the Star Trek training (as Figure 7 shows), many subjects could not distinguish the rocket colors, and after pursuing the problem, they learned that the decorative paints of the rocket produced interference. During the iteration, the visual of the rocket was modified to keep the primary colors of the rocket and delete the parts that might cause interference. In the design of the dual-task button, all subjects chose the interaction method of dividing the operation area according to the judgment content. Still, in the actual test, some subjects quickly ignored the information that needed to be judged and expressed doubts about the arrangement of the button; therefore, in the iteration, the button shape was unified. The knowledge that needed to be evaluated was displayed in the middle of the controller for both single and dual tasks, and the judgment options were placed on both sides. The placement order was adjusted, with the left wrong and right to enhance consistency.





4.4. Quantitative Results


After the product iteration, user testing was conducted again and seven subjects who met the same criteria were asked for user testing (1 could not be present due to epidemic restrictions). Unlike the task list in Table 3, since the design of the single-player challenge was adjusted and merged with the leaderboard feature, task 4 and task 6 were combined in the second user test, and the total number of tasks was reduced to 6 (see Figure 8). All subjects tried the prototype in a simulated training scenario to complete the test task. After completing the operational tasks, the subjects were interviewed in a structured manner to find out their true feelings about the product. After completing the task, all subjects completed the UEQ scale based on their real experience and compared it with the data before the iteration.



After the iteration, the subjects’ success rates in completing the tasks increased significantly. Subjects could complete all tasks independently. Some problems existed only in the two more complex and most difficult levels of the Fish Catching task and the Star Trek task. The latter two difficulty levels of the Fish Catching training corresponded to the case of N = 2 in the N-back training, and the subjects often forgot what they needed to judge in the Star Trek task. The reasons might be: (1) individual subjects have a limited cognitive ability and need more familiarization time and a lot of practice in understanding the rules, and they cannot remember and understand all the rules of the training in a short test, which is a considerable challenge for them; (2) subjects skip the reading of the rules after they find that there is an example session, which leads to bias in understanding and requires hints from the preliminary test to complete the task. At the end of this test, a time limit was set for the reading rules session, and users had to take the next session after the specified time. After the second user test, the product was also graded against the evaluation benchmark, and the scores of the two scales were compared. The iterated solutions were all improved compared to the original solution, and the direction of the solution iteration was correct and effective.



Table 4 shows that after the iterations, the product achieved an excellent rating except for clarity, and met users’ expectations. The research team of the UEQ scale established an evaluation benchmark based on data from many contributors assessing 246 products using the UEQ scale, with an average number of 40.26 responses per study. The benchmark included five quality levels: excellent (ranked in the top 10%), good (ranked in the 10–25%), above average (ranked in the 25–50%), below average (ranked in the 50–75%), and poor (ranked in the bottom 25%) [44].



In terms of mean values, the iterated prototypes showed improvements in all dimensions compared to the original prototypes (see Table 5). The product was consistently scored as excellent on both the attractiveness and novelty latitudes. Subjects reported that they had not been trained in such gamification before, indicating that the content was exciting and engaging. After the program iteration, users would complete their tasks without effort and feel secure and predictable. The iterative program improved the incentives, and facilitation increased as users understood and accepted the new incentive approach. The subjects thought the product design was apparent immediately, but it was not easy to understand, challenging to learn, and somewhat complicated. This might be because the subjects did not have corresponding training experience in the past and needed some practice and adaptation time. The training difficulty was too significant for the subjects. The design could be improved in subsequent studies by increasing the subdivision level of difficulty or trying other training paradigms with more straightforward rules.





5. Discussion


Overall, the lack of knowledge on intelligent device use may reduce older adults’ willingness to use mobile apps in their daily lives. The sense of confidence that older adults experience when using technology-type products could affect their perceptions of the usefulness of technology [45], and if mishandled, leave them with a loss of confidence in using technology. This may affect any technology interventions that may support them in later life. This study focuses on reducing the cost of learning the product for older adults by proposing a design strategy of shortening the process path and designing simple and direct interactions that incorporate desktop widget functionality and provide more obvious entry points to make it easier for them to begin training. Product functional areas and elements were kept as simple and differentiated as possible to reduce distractions, which are findings that are consistent with previous research [46]. Some studies have shown that after a relatively short introductory text, they could operate mobile devices with relative ease without further assistance [47], but this is only for tool-based or entertainment products; for the training products in this study, more detailed rule descriptions and help tips needed to be provided to users to increase novice error tolerance.



In terms of motivating older adults to use training products for a long time, the researchers proposed first choosing visual themes that are close to life to enhance familiarity and fun, and second, increasing the emotional design and setting appropriate incentives. Studies have shown that games are a meaningful way for them to train their cognitive and physical abilities, improve their self-esteem, and reduce social isolation to enhance their quality of life through entertainment and socialization [48]. Choosing familiar themes would help them understand complex training rules while enabling them to have more fun and self-satisfaction, which is the exact purpose of the reminiscence therapy proposed [49], as evidenced in our study: attractiveness and novelty of the product were the two highest-scoring dimensions in both scale scores. The participants enjoyed interacting with their peers, especially for activities of interest, as found in other studies [50,51,52,53,54,55,56]. It was found in the user feedback on the design solution that motivational approaches such as leaderboards and buddy contests were the fastest understood and first features noticed by older adults, who preferred to gain confidence and satisfaction from the comparison.



Although subjects reported no cognitive function-like disorders, there may be cases of pre-existing memory-related disorders without clinical diagnoses that should be screened for and differentiated in subsequent studies. In the training task, the 2-back paradigm was difficult for older adults, while the 1-back task tended to train more on short-term memory. In the follow-up work, we plan to add a dynamic memory paradigm to better train on a refreshing feature. Due to the limited research time, this study only tested the usability of the product solution and did not investigate its effectiveness. In future work, more detailed strategies and training programs should be developed, and the product’s effectiveness should be analyzed through the recovered data by tracking older adults for a long time after the product development. There are only three trainings in the current product. To attract older adults for long-term use, more exciting and fresh training needs to be provided, and more training paradigms could be combined in future product design to design more training modes to keep the training fresh. In terms of social significance, this product would increase society’s concern for older adults, alleviate young people’s concerns about their parent’s health, and promote the stability of society.



There are also obvious limitations to the study. As learned from the interviews, most of the older adults’ lives were closely related to their grandchildren, and the emotional communication with their grandchildren was also the direction they were always concerned about. In the subsequent research, we would consider combining the working memory training system with the children’s working memory training system to promote each other and increase the training motivation of both groups at the same time.



In addition to the function of the product itself, the activity of exchanging points for public welfare products could be added to the subsequent design. In the study, it was found that most older adults undertook unpaid voluntary and public welfare activities, but most of them were not aware of the ways to participate in public welfare online and expressed a positive attitude of interest and expectation to participate. A virtual public service activity could be set up in a subsequent study to explore the effect of the presence or absence of public service activities on the frequency of product use by older adults after a long-term follow-up.



Older adults can train anytime and anywhere in their daily lives with the training product and synchronize the training results’ data to healthcare professionals while improving their abilities, helping them to conduct long-term tracking and provide longitudinal data to supplement clinical assessments. In future product planning, we will carry out a multi-terminal design from the perspective of relevant practitioners to improve the training ecology and promote the development of the aging-appropriate industry.




6. Conclusions


Through user interviews and co-design workshops, this study explored the needs of this group for mobile applications of working memory training. The influencing factors’ structure of working memory training products was obtained through interviews, and the design of working memory training applications was studied in the workshop with older adults and researchers in combination with the interview results. By formulating visual design criteria, product interface design, widget design, daily training plans, novice teaching and practice modes, interactive functions, incentive mechanisms, and reducing the difficulties and discomfort of the elderly in using applications, the feedback from users and experts showed that the training subject was interesting and easy to understand, and the training program also provided enough guidance and practice modes, making it easier to master the rules. In addition, the training program provided the function of training with others and ranking, which made it easier to motivate them to keep training. To attract older users to use it for a long time, more interesting and fresh training needs to be provided. In future product design, more training paradigms will be combined to design training models further.
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Figure 1. The structure of factors influencing working memory training applications for older adults. 
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Figure 2. The participatory design workshops. 
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Figure 3. The interaction flow and visual specification. 
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Figure 4. The high-fidelity prototype drawings. 
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Figure 5. Iteration of the homepage. 
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Figure 6. Iteration of the incentive system. 
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Figure 7. Iteration of the visual information display. 
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Figure 8. The success levels. (Left): before the iteration; (right): after the iteration. 
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Table 1. Dimensions of interview outline development.
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	Dimension
	Purpose





	Overview of daily life experiences of older adults
	Analysis of influencing factors that may enhance internal motivation for working memory training in older adults



	Review of working memory problem scenarios in life
	Analyze the needs of older adults for product features and themes



	Existing experience with smart devices for older adults
	Understand the interaction habits and pain points of older adults in the process of using smart devices
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Table 2. Product feature point sorting.
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	Feature Point
	Design Strategy
	Purpose





	Daily practice
	6
	Gives the user a sense of purpose and expectation for the training content



	Challenge mode
	6
	More flexible training methods to enhance users’ sense of control



	Level-by-level difficulty selection
	3
	Increases difficulty level by level to improve user confidence



	Beginner instruction
	3
	Allows users to understand and remember the rules in a participatory manner



	Practice mode
	3
	Lowers the psychological threshold for novice users, making them more willing to try



	Share feature
	7
	Increases interaction with other users by using the WeChat platform, which users often use



	Two-player mode
	7
	Increases interactivity through competitions between friends



	Leaderboard
	7
	Enhances users’ competition psychology and motivation to train



	Desktop widget
	1
	Shortens the entry path and reminds users to train
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Table 3. The task test form.
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Tasks

	
Ending Status

	
Structured Interviews






	
1-1

	
Please complete the Fish Catching Training—easy difficulty exercise.

	
Successfully complete the practice mode with 4 levels of difficulty.

	
Did you find the rules easy to understand? Do you find it uncomfortable or confusing to use?

I just noticed that you clicked on XX (incorrect action), why is that?

Did you notice that you took a long time to complete step XX?




	
1-2

	
Please complete the Fish Catching Training—medium difficulty exercise.




	
1-3

	
Please complete the Fish Catching exercise—the harder exercise.




	
1-4

	
Please complete the Fish Catching Training—difficult difficulty exercise.




	
2

	
Please complete the exercises for the kitchen battle training.

	
Successfully complete the exercise.




	
3

	
Please complete the Star Trek training and share the results with your WeChat friends.

	
Complete the training and share it.




	
4

	
Now for the single player challenge.

	
Enter training from the single-player challenge screen.

	
Did you find this task easy? Were you uncomfortable or confused by the process?




	
5

	
Please invite your WeChat friends to train with you.

	
Invite your friends to the contest screen.




	
6

	
Please check the ranking.

	
Enter the leaderboard screen.




	
7

	
Please check your training records.

	
Go to the training log screen.
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Table 4. Benchmark intervals for the UEQ scale.
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	Attractiveness
	Perspicuity
	Efficiency
	Dependability
	Stimulation
	Novelty





	Excellent
	≥1.75
	≥1.78
	≥1.9
	≥1.65
	≥1.55
	≥1.4



	Good
	≥1.52

<1.75
	≥1.47

<1.78
	≥1.56

<1.9
	≥1.48

<1.65
	≥1.31

<1.55
	≥1.05

<1.4



	Above average
	≥1.17

<1.52
	≥0.98

<1.47
	≥1.08

<1.56
	≥1.14

<1.48
	≥0.99

<1.31
	≥0.71

<1.05



	Below average
	≥0.7

<1.17
	≥0.54

<0.98
	≥0.64

<1.08
	≥0.78

<1.14
	≥0.5

<0.99
	≥0.3

<0.71



	Bad
	<0.7
	<0.54
	<0.64
	<0.78
	<0.5
	<0.3
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Table 5. Comparison of the scores of the two test scales.






Table 5. Comparison of the scores of the two test scales.





	
Dimension

	
First User Test Scale Score

	
Second User Test Scale Score




	
Mean

	
Variance

	
Rating

	
Mean

	
Variance

	
Rating






	
Attractiveness

	
1.92

	
0.58

	
Excellent

	
2.48

	
0.44

	
Excellent




	
Perspicuity

	
1.50

	
1.04

	
Above average

	
1.57

	
2.43

	
Above average




	
Efficiency

	
1.28

	
0.88

	
Above average

	
2.29

	
0.84

	
Excellent




	
Dependability

	
1.34

	
0.71

	
Above average

	
1.93

	
1.31

	
Excellent




	
Stimulation

	
1.47

	
1.53

	
Good

	
2.54

	
0.38

	
Excellent




	
Novelty

	
1.78

	
1.22

	
Excellent

	
2.32

	
1.64

	
Excellent
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