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Smart Nation is a key initiative of Singapore to move toward digitalization of its industries including healthcare. The complex negotiations of aging amid Smart Nation are addressed in this paper, where we study the challenges faced to adapt the elderly for the digital revolution while ensuring dignified aging. While the healthcare industry accelerates its study and use of health technologies to improve diagnostics, treatment, and the quality of life of those in the aging category, the elderly socially construct these technological insertions that challenge the dominant understandings of what these technologies can do for their health outcomes. The study reveals re-constructions of these technological insertions through the voice of the elderly in their negotiations with health technologies in their everyday lives. Here, narratives reveal key themes that proliferate technology negotiation as barriers to everyday lived experiences.
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INTRODUCTION

The digital divide enhances health disparities for specific populations that face gaps in achieving technological literacy (1). The digital divide can be understood from the point of view of access as well as use. With metropolis cities like Singapore where the Smart Nation discourse centers the imaginaries of mobility and economic growth, certain segments of the population are left behind in negotiating technology use (2).

The Smart Nation initiative was launched by Singapore's Prime Minister in 2014. He visualized a Smart Nation to be one where “people live meaningful and fulfilled lives, enabled seamlessly by technology, offering exciting opportunities for all” (3). Digitalisation is seen as transformative, and essential to create a health ecosystem systematically embedded in technology (4–7).

Innovative technology to provide effective care to the elderly has been developed locally in recent years (8). Examples include assistive robotics by CHART, and Project SHINESeniors by the SMU-TCS iCity Lab, which enables elderly residents to age-in-place (9, 10). With a fast-rising aging population expected to reach 900,000 by 2030, it is pertinent to adapt to the elderly's growing needs, to ensure good quality of life and dignified aging (11).


Digital Social Inequality

According to Tsatsou, creating opportunities for digital inclusion is critical especially with digital technologies potentially amplifying complex inequalities (12). These complexities include how different communities access technologies, use them, and benefit from them. Thus, with the acceleration toward digital societies, these gaps require greater interrogation. Studies reflect that for digital inclusion to be successful, a myriad of impediments must be addressed. This includes issues with costs and access to technologies (13). Furthermore, asset inequalities create further divides that limit technological adoption. Digital literacy relating to skills remains another challenge for various segments of the population to move toward digital inclusion (14). These structurally-centered barriers that exacerbate technological inequalities are studied using the frame of digital social inequality. Digital social inequality moves beyond the theoretical considerations of the digital divide. According to Halford et al. digital social inequality studies the divide beyond just access related issues, but also considers the “differential use of technology” as perpetuating inequalities (15). They elucidate this difference to specifically discuss various inhibitors of use, and argue that,

the critical distinction lies in possession of the appropriate resources to enable informed, effective, and secure use of ICTs including, for example, the skills to navigate the quality and quantity of information available effectively, to make enterprising use of information, to protect oneself from fraud and other potential harms and to use the knowledge and information accessed via the internet as a marker of social status (p. 939–940).

Factoring into account intersectional differentiation of use and how technology is socially constructed by different segments of the population (16). Therefore, there is a need to investigate the digital divide through an interpretive lens of differentiated use.



The Elderly in Smart Nation

There is a significant need to alleviate issues of digital inequality and exclusion if we are to aim toward achieving a fully digital society, where each individual is expected to learn and use new technologies (5). Older adults face several barriers to technology adoption, more so if they are socioeconomically strained. For example, they report low technology usability, particularly if their age-related needs have not been sufficiently accommodated (17). This disproportionately impacts those with limited mobility, dexterity, and declining visual abilities. These users also reported data management and privacy concerns (17). Other barriers included high cost and low perceived ease of use of technology (18–20). Users were more likely to use technology if it enabled them to meet their needs. Despite initial receptiveness, certain users perceived activity monitoring technologies as inaccurate so they did not wish to continue using it (21). Technology acceptance by older adults is also affected by their perceptions of the uses of the technology and their proficiency in using it (19). Social networks also influenced attitudes toward technology, and could enable sustained technology use (19, 22).

With Singapore moving toward a Smart Nation and the surge of technological innovations for day-to-day use, some people are still left behind, resulting in a digital divide (23). Choi et al. found that in the United States, older individuals were less likely to use the Internet, and this was worsened by impairments to their activities of daily living (24). This particularly impacted elderly who were lower-income, of an ethnic minority and homebound; affordability of maintaining Internet subscriptions was also noted as a possible factor (24). This scene is reflected in Singapore. Lim et al. highlighted the presence of a socio-digital divide in multi-generational families with media-rich environments (1). The digital divide left behind vulnerable older adults who were ignorant of new technologies (1).

In this technological progression, it is critical that the aging population is not left behind. No studies have thus far explored factors influencing technology adoption among the aging population in Singapore. Therefore, our research question seeks to understand what the attitudes and technology adoption capacity of older adults are in order to bridge the digital divide?

In this project, we investigated the attitudes and perceptions of healthcare-related technology among older adults living in Singapore, in order to understand which technology insertions can translate to better outcomes for these individuals. The responses and findings were then used to develop personae to understand participants' receptiveness toward technology use and motivations to adopt technology. We then proposed practical recommendations for each persona, which could improve technology adoption rates and potentially bridge the digital divide.




METHODS

A qualitative exploratory research design was adopted to understand older adults' perceptions of healthcare-related technology. A qualitative approach was preferred over a quantitative one given the lack of research into the use of healthcare-related technology among older adults, especially in the Singapore context. Additionally, a qualitative approach would provide a more nuanced understanding, presenting the participants' perspectives, grounded in their specific social contexts (25).

In-depth semi-structured interviews were conducted with a total of 20 older adult participants. The inclusion criteria for participants were older adults aged 50 to 65 years living around Queenstown, in which Singapore's first public housing blocks were built in 1961, and hence has a sizeable elderly population. We specified the age range as such to get a sensing of the future elderly population, as part of the Alexandra Campus Masterplan 2030, as these individuals will then be aged 60 to 75 years. Seventeen participants were recruited through snowball sampling from senior centers. As theoretical saturation in the data had not been reached, convenience sampling was done to recruit three more participants in the Queenstown area.

Each interview lasted around 1 h. Interviews were based on an interview guide developed from our literature review (Appendix in Supplementary Material). Before the interview, the research objectives and rights of participation was explained to all participants. Permission to audio-record the interview was also sought. All participants (n = 20) gave written consent for their participation. Their identities have been protected using pseudonyms. Nineteen interviews were conducted in English, and one was conducted in Malay.

Thematic analysis was used to identify and analyse patterns within qualitative data (26, 27). Two levels of analysis were done: explicit and interpretive (28). Both levels are essential for a comprehensive analysis. The ten sub-themes were generated based on the six phases of thematic analysis according to Braun and Clarke, before being grouped into four broader, overarching themes (Table 1) (29).


Table 1. Phases of thematic analysis (29).
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After transcribing the interviews, open coding was done. This required the researchers to summarize the participants' responses into codes. Similar patterns of behavior or accounts were stored in “nodes,” which are developed within and across transcripts. These were then categorized and recorded as themes and sub-themes. This process was cyclical and ongoing since new themes developed alongside new understandings gained from the data.

This study was approved by the Departmental Ethics Review Committee from the National University of Singapore, Chua Thian Poh Community Leadership Center (ref: CLC-DERC-19-0008). Written inform consent was taken for every study participant. All records are retained at Chua Thian Poh Community Leadership Center after the conclusion of the study.



RESULTS


Participant Characteristics

Twenty older adults were interviewed. Their median age was 60.5 years (IQR: 56.5–62.0), with only 3 participants in their early 50's. Our participants were racially representative, with 13 Chinese (65.0%), 4 Malay (20.0%), 2 Indian (10.0%) and 1 Eurasian (5.0%). Less than half of our respondents were male (35%), and most participants either had a primary level or secondary level education. Seven of our participants were unemployed and among participants who worked, the median estimated income was $2,000 (IQR: $1,000-$5,000). Table 2 summarizes these demographic characteristics.


Table 2. Participants' demographic characteristics.
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Themes

Four key themes and 10 sub-themes were determined from the participants' responses.


Health-Seeking Behavior as Not Technology-Centered

Health-seeking behavior is defined as “any action or inaction undertaken by individuals who perceive themselves to have a health problem.for the purpose of finding an appropriate remedy” (30, 31). In this study, participants' health-seeking behavior entails seeking care from medical professionals, general health information seeking, and lifestyle choices to maintain one's health (32).

For our participants, availability of technology was not critical in determining their use of healthcare services. There were two main reasons for this - accessibility to health services was not dependent on technology, and there was no perceived need for health-related technology.


Accessibility of Healthcare and Health Information Is Technology-Independent

There were three reasons suggested why accessibility of health services was independent of technology. Firstly, face-to-face interaction with healthcare professionals was preferred. As Participant 4 noted, because of her age, it is “easier. to go to the hospital than using all this tech.” According to Participant 9, “I think [symptoms and progression of medical condition] can only be revealed through dialogue.” Secondly, medical professionals are seen as reliable sources of health information. Participants 1 and 4 both considered the doctor as the most reliable source, although they also seek general health information from the TV and newspapers. Thirdly, web searches were only used to supplement existing health knowledge or for general health information. Healthcare professionals were still the primary source for health information. For Participant 7, although most health information was obtained from online news websites, she felt that “if it is from the ministries, [she finds] it reliable.” Participant 9 also expressed that she usually refers to “SGH, the local websites, the hospital websites” for health information.



Lack of Perceived Need for Healthcare-Related Technology

Participants did not perceive a need for healthcare-related technology. These technologies might have been considered helpful, but they were not critical for daily life. According to Participant 3, she felt “like all [these health apps are] unnecessary” and said, “if I miss my appointment, I can just change another appointment at the doctor. Or hospital will message.” Participant 5 also shared that the “app [is] very troublesome.If [he is] sick, [he] will just go to the hospital.” Likewise, Participant 15 felt that it was easy to keep track of healthcare appointments because of SMS reminders, and did not need to use other apps.




Variable Influence of Social Network on Technology USE
 
Social Circle's Use of Technology as Possible Motivator for Own Technology Use and Vice Versa

Several participants mentioned that they know people who use health-tracking apps such as Healthy365 and SingTel StepUp. Participant 13, for example, relayed that her sister “recently started [to] use the SingTel one… for the free GB (gigabytes),” and she would occasionally go for walks with her sister and her friends. She also shared that her friends taught her how to use other functions of the Healthy365 app. Participant 16 shared that, being a Health Ambassador, she has been convincing her friends at church and her family to use the Healthy365 and HealthHub applications, and felt that her social circle regularly uses the applications.



Sharing of Health Information With Family and Friends

Most participants reported that they talked about their health within their social circles. Health was usually discussed with family members, except for those estranged from their family (Participants 3 and 15). Participant 8 expressed that she would regularly emphasize the importance of a healthy diet with her two sons. Participant 9 relayed that she would usually discuss her health information with her family, and Participant 11 discusses healthy lifestyle choices with his friends.

This informal sharing of health information among family and friends suggests a possible avenue for increasing social influence on health technology usage, and how it might reinforce familial ties and social roles.




Barriers to Health Technology Adoption

The participants also highlighted barriers faced in using mobile applications and wearable devices, and reservations regarding third-party health technologies.


Non-ubiquity of Smartphone Possession

Not all participants possessed smartphones, which suggests that there may be a population of older adults who will inevitably be unable to adopt health-related technology. For example, Participant 14 did not own a mobile phone. She keeps track of her polyclinic appointments using the appointment card. Sometimes her children remind her. However, she had no desire to obtain a mobile phone, citing cost as an issue, and not finding a need for it, as she could still contact her family using her house phone. Participant 12, who is disabled and unemployed, did not own a smartphone, citing “I can't get something that's smarter than me” and “I can't see small prints” as reasons. She could not use her current mobile phone due to technical issues and did not want to send it for servicing due to its cost.

Even among those who had a smartphone, most disclosed that mobile applications were not easy to use. For example, Participant 6 expressed difficulty in typing on a smartphone interface, which led to his disinterest in using mobile applications, saying that he takes “5–10 [min] to see one message on WhatsApp … Need to find the letter.cannot see the keyboard.” Similarly, Participant 7 also expressed frustration with the smartphone interface, sharing that it was “sometimes very irritating. connection no good, ask a lot of questions, issues when logging in. keep asking to key in [login details] …”, which made her find apps difficult to use.



Affordability of Applications, Devices, and Third-Party Healthcare Services

Participants who were open to using third-party healthcare services, such as home-based rehabilitation services, highlighted their concerns with service regulation and affordability. For instance, Participant 9, when asked about her thoughts on wearables such as Apple Watch and Fitbit, said, “Yeah I heard about it but it's expensive, and I'm not really that serious about counting my steps, so no I didn't think. I thought about buying Fitbit, but before I bought it, I knew of this free Step Tracker given to people who are 50 and above, I went to take it and therefore I won't buy it (FitBit).”



Privacy and Data Protection Concerns

When asked about her interest in sharing personal medical information with pharmacists, Participant 7 relayed, “No. regard health information as private.worried about leaking.” Participant 10 similarly felt that his “main concern…is how the information will be protected. Because…don't know will they go and misuse the information.”




Perceived Usefulness of Technology in Maintaining Health

Despite concerns, most respondents were receptive toward learning to adopt technology into their daily lives. This was discussed in relation to maintaining health goals, saving time, and sharing personal medical information with doctors.


Openness to Adopting Technology for Maintaining Health Goals

Participants highlighted that they were open to using technology to seek health information, citing Google searches and news articles as such channels. Participant 9 shared that, “when I research on the Internet it's more for the details of the particular [health problem] … So if I want more information I will go and search the web.” Likewise, Participant 10 said that he “[tends] to follow some health information in the news, media.”

Participants who used Healthy365 or similar applications (such as participants 8, 9, 10, 13, and 16) felt that the application was satisfactory in its purpose of tracking their number of steps. These individuals find these applications useful in maintaining their activity levels. Additionally, Participant 2 was open to using other kinds of technology in the future, “if it is simple to use.”

Technology was also perceived as useful for chronic disease management. Participant 13, who has high blood pressure, felt that the diet tracking option of Healthy365 was something she could use to track her cholesterol in the future. As for Participant 16, she uses a wrist blood pressure machine to self-monitor her blood pressure daily, to manage her hypertension.



Openness to Adopting Technology to Save Time

Participants 10, 13, and 16 highlighted their frustrations with polyclinic queue waiting times, and expressed a desire to see improved appointment-booking services that would save time, and that would be consistent across all polyclinics in Singapore. As Participant 10 relayed, “from the time you go [to make an appointment and see a doctor]. After you come out [it] is probably like 3 h. Very waste of time.”

Participants were generally receptive to the idea of teleconferencing. Participants 8 and 9 felt that it would be beneficial to patients who may not be able to travel to the hospital. Participant 4 indicated that this would be “convenient and fast.” However, some participants were concerned about the loss of personal touch.



Openness to Sharing Personal Medical Information With Doctors

Participants were also generally willing to disclose their personal medical information to their doctors. When Participant 6 was asked if she may have concerns with “sharing healthcare information through the app,” she replied that she was “okay with sharing with healthcare professionals only.” Participant 8 similarly responded that “if the doctor wants to know, of course I don't mind”.






DISCUSSIONS

Overall, our participants had a positive attitude toward technology in healthcare, but they did not perceive an immediate need to adopt healthcare-related technology. They did, however, express an openness to adopt these technologies to maintain their health goals and to use health services more efficiently, as long as affordability, personal data protection, and ease-of-use of the technologies were ensured.

Our findings on health-seeking and health information seeking behavior were supported by other studies. For health-seeking behavior, our participants seemed to only trust healthcare professionals, stressing the need for inter-personality in health-seeking but not in health-information-seeking behavior. Our participants highlighted that they preferred face-to-face interaction with healthcare professionals due to the presence of personal touch. Similarly, this is supported by previous study, which found that the elderly in the SHINESeniors project valued the human interaction that accompanied the technology more than the technology itself. Thus, other than changing the provision of healthcare, healthcare-related technology also changes terms of interpersonal communication (4). Instead of appreciating the functional benefits of healthcare-related technology, the elderly may be more concerned about losing the emotional benefits of human interaction (4).

Additionally, our participants found healthcare professionals to be the most preferred source for health information. This is reinforced by findings from another study on health information-seeking, which highlighted how doctors remained the “most highly trusted information source” despite new communication channels (33). Information-oriented sources, such as doctors, family and friends and newspapers, were also more trusted than entertainment-oriented sources, such as TV and radio (33). This illustrates how participants place different levels of trust in health information sought from diverse sources such as doctors, TV and radio.

We found that health-seeking behavior is largely technology-independent, and this behavior can be explained by several theories. Firstly, one reason why face-to-face interaction with healthcare professionals is still preferred among older adults may be due to “Continuity Theory.” As individuals age, they maintain a consistent pattern of behaviors and adapt in ways consistent with past behaviors (34). With the introduction of technology, there is a discontinuity in their environments, and they may experience a loss of control over their surroundings (34). This may be exacerbated with the onset of medical conditions, disabilities, or memory impairment, which are relatively common among older adults.

Secondly, our participants also perceived healthcare-related technology as unnecessary. One possible reason may be due to the paternalistic stance underlying Singapore's policies, whereby citizens accept a trade-off of some things, such as freedom of choice, if the government can meet their needs, particularly in the four areas of healthcare, education, housing, and employment, and provide a decent quality of life. This might explain our participants' general satisfaction with the current healthcare system. With their needs currently being met by the healthcare system, they might feel that adopting new healthcare-related technology is unnecessary. Perhaps, moving forward, we need to think of how to get individuals to take more ownership of their health, instead of relying on the state.

Additionally, older adults' ethnic and religious beliefs could also influence their attitudes toward healthcare-related technology. An Indian female participant restated multiple times that there was no need for all this technology and that she just left her health decisions to God. Her response is aligned with “Disengagement Theory,” which states how society and individuals prepare for death by mutually satisfying withdrawal from involvement with each other (35). This results in older adults decreasing their activity levels, seeking a more passive role, and interacting less frequently with others (35). For this participant, her choice to disengage was influenced by her ethnicity and religion (Indian Hindu). In Hinduism, as one ages, one disengages from early pressures, including pleasure-seeking or economically productive activities, and “meditates” till death. Thus, the enduring paternalistic stance of healthcare policies and the influence of religion and ethnicity leads to a disconnect between the macro level, in which there is a shift toward adopting technology to improve older adult's quality of life, and the micro level, in which individuals tend to rely on others instead of empowering themselves when it comes to health-seeking behaviors. Moving forward, as Singapore increasingly adopts sophisticated healthcare-related technology, a key policy consideration is understanding the role of culture and developing culturally-centered health infrastructures rather than uncritically imitating infrastructures driven by Euro-centric concepts of individualism, patient autonomy and privacy (2).

We found that our participants faced similar barriers to technology adoption as reported in the literature, especially privacy concerns (4, 17–19). The mixed feelings of older adults toward healthcare technology, such as apathy, fear, and disdain, raise questions about the underlying assumptions of health-care related technology (4). On one hand, technology such as activity sensors requires older adults to participate actively and be compliant with expected activity levels. On the other hand, failure to participate can lead to further exclusion. These two standpoints need to be reconciled to ensure the optimal and equitable use of such technologies (4). Our findings on the under-utilization of sophisticated healthcare-related technology are similarly reported by Peek et al. (19) Our participants who were open to using healthcare-related technology use simpler types of technology, such as smartphone applications, instead of complex and novel types of technology, like wearable devices and artificial intelligence (AI). This can be explained as older adults find it stressful to use new and unfamiliar types of technology (19). Furthermore, older adults are more likely to use intuitive decision-making, which can be characterized as automatic, associative and experiential; this requires limited processing resources, as older adults can rely on their internal schemas regarding products (19). As such, this type of decision making seems congruent with buying familiar products and not adopting new healthcare-related technology. While Singapore is moving toward the idea of a smart nation, we need to take deliberate measures to actively remove barriers to accessing technology, and include excluded groups, like the elderly, to avoid creating new forms of social division and inequality (4).

Our findings differed from the literature in one aspect–though we had expected participants' use of healthcare-related technology to be influenced by family, friends, and neighbors, we found that the influence of social networks on older adults' technology use was variable (2). Only some participants mentioned discussing healthcare-related technology with their family and friends and either influencing or being influenced by them. A few participants had grown distant from their children. Possibly, although older adults are willing to use technology if they have constant support while learning to use it, this support figure may be absent from their immediate social network. Our findings also did not clearly show that patterns of health information sharing followed collectivist values, such as filial piety and familialism, in contrast to Dutta et al. (2) Perhaps this difference in findings could be attributed to how most participants were recruited from social service agencies and were unemployed. Some were also receiving social assistance. Thus, other factors such as class, may have impacted the influence of one's social network on their use of healthcare-related technology. This would need to be examined in further research.

We had expected most participants to be averse to technology use, given their age. However, our findings showed that most participants generally perceived technology as useful in maintaining health, specifically in some areas. Some of them mentioned how they viewed online sources to seek health information, both for their own health conditions and general health. This supports Dutta et al. findings, whereby the Internet was viewed as a tool of empowerment for those able to use it–allowing participants to search for topics not commonly addressed by physicians such as alternative medicine (2).

Participants were also open to sharing personal medical information with doctors through technology, and adopt technology to save time and maintain their health goals. Interestingly, many participants used wearable activity trackers, such as the Step Tracker, to record one's physical activity. This was supported by a study, which reported that older adults perceive wrist-based wearable activity trackers as acceptable and useful, but need support in setting up the device and interpreting the data (36). The trackers are also attractive due to their ability to provide real-time feedback and enable easy monitoring and documentation (37, 38). Additionally, providing financial incentives to accompany such trackers can promote habit formation in terms of encouraging exercise (39). However, further research is needed to determine how desirable changes in health status can be sustainably maintained, and how devices can be effectively customized to older adults' needs (37, 39).

Furthermore, most participants tended to have limited understanding and knowledge about healthcare-related technology, specifically medication delivery, teleconferencing, and wearable devices. However, once the researchers explained what each technology entailed and how older adults would benefit from their use, they were more willing to try these technologies. This highlights a need for strong communication infrastructures between healthcare professionals and patients, to correct misconceptions and to promote the benefits of healthcare-related technologies.

As a whole, this study provides findings in these areas in the context of healthcare in Singapore, which has not been done before, although previous studies had explored the digital divide in the Singaporean context (1, 2, 11). Thus, this study affirms that the barriers to healthcare technology adoption observed in Western countries are similar contributing factors to the digital divide in Singapore (4, 17–19). This suggests that this may be a similar issue in other Southeast Asian countries. Our results and comparisons with other studies also suggest that social support, education on the use of healthcare technology, and ensuring new healthcare technologies are tailored to meet the varying needs of older adults, are critical to bridging this digital divide, and ensuring equitable adoption and use of healthcare technology among older adults in Singapore.


Personae

Four personae were designed based on our findings, with regards to older adults' receptiveness and motivations for using healthcare technology. The personae were developed based on the interviews conducted and filtering how participants expressed technology through shared cultural behaviors and attitudes. Participants' responses on expectations and challenges, attitudes and behaviors to technology were coded for alignment and difference (40). Personae were developed by capturing their expressions and understandings of access and use from the interviews.


Persona 1

Fit and uses healthcare-related technology, is interested in learning about new mobile applications or health-tracking wearable devices.



Persona 2

Open to using healthcare-related technology but will only be interested in new health-related technologies if it is affordable and relevant to their daily needs. Currently uses technology they are familiar with.



Persona 3

Open to using healthcare-related technology but are only willing to use if someone is able to teach them how, and affirm they are using it right. Currently uses technology they are familiar with.



Persona 4

Does not use any healthcare-related technology, and does not see its value. Is resistant to learning about new technologies and prefers to continue using what is familiar to them.



Practical Recommendations

Campaigns such as the Active Ageing Programmes promoting the use of the Healthy365 application would target Persona 1 well. Additionally, to empower Persona 1 to manage their own healthcare, an integrated hospital record-keeping system would allow them to view their case files and make an informed choice on their treatment options. However, since Persona 1 is most receptive and willing to use technology, more attention should be directed to Persona 2 to 4 to bridge the digital divide.

For Persona 2, the concern of cost may be alleviated by setting up free-of-charge self-service booths in common neighbourhood areas, for managing health appointments and arranging medication delivery. These booths could be placed in Community Centres, Senior Activity Centres, void decks, and the like. Staff in these locations could educate older adults on how to use them.

In addition, key “community leaders,” such as regulars at community areas, or residents who interact frequently with neighbours, could be trained in technology use, so that they can educate their peer circles. These “community leaders” could act as supporting figures for Persona 3-type individuals. This could be done through existing digital clinics, or by establishing more of such clinics in new areas. Hospital staff could also take on the role of such “community leaders”; they could be stationed near common areas for gerontological patients. This will help in resolving any misconceptions older users may have regarding technology.

Since both Personae 2 and 3 are using technologies familiar to them, a systems-level intervention may be helpful in making their experience with current healthcare technology satisfactory. An integrated appointment-making system that allows patients to efficiently make, change or cancel appointments across any polyclinic or hospital in Singapore can be developed. This would reduce waiting times for patients as well.

For Persona 4, their health needs can be met by ensuring they have sufficient support from healthcare and community care workers. Since these individuals typically rely on healthcare infrastructure familiar to them, ensuring they receive the support they need in a new technology-based healthcare system would prevent them from being left behind in the digitisation of the healthcare industry.

One possible solution to encourage the use of wearable activity trackers among older adults, regardless of persona, is by providing a simple paper-based instruction manual, detailing set-up, use, and troubleshooting of the device (36). This would provide knowledge to older adults in a familiar medium, which may increase their likelihood of using that technology (36). Secondly, the design of wearable activity trackers can be catered to meet the needs of older adults. For easier viewing, displays could use large, high-contrast text with large light-on-dark letters and numbers (36). A waterproof design could be used to prevent damage in case the device is forgotten or accidentally damaged (36). Ideally, older adults themselves should participate in designing to achieve high acceptance rates (38). Thirdly, healthcare provision can be improved by documenting physical activity for healthcare professionals with these trackers, as older adults tend to highly value these professionals' advice (38). Lastly, these trackers could be made available in accessible locations like pharmacies, where older adults can learn more about them from pharmacists (41).

Although these personae characterize our participants, we should be mindful of not generalizing them to represent all older adults in Singapore. Older adults have diverse life experiences, values and knowledge and are situated in different contexts; all these factors can influence their attitude and current adoption of healthcare-related technology.





LIMITATIONS

Firstly, our findings only explored the views of English-speaking older adults, as our inclusion criteria was limited to English and Mandarin-speaking older adults. Secondly, there might be a possible loss of meaning in translation, specifically for the interview conducted in Malay. To simplify complicated ideas such as “wearable devices” and “teleconferencing,” there may have been a high possibility of double translation or incorrect translation. Researchers may have unintentionally altered the meaning to make it more palatable for the participants to understand. This may have reduced the validity and reliability of the questions and in the process compromised the data collected. Thirdly, there was a lack of standardization among researchers as the interviews were semi-structured. Different types of follow-up questions were asked based on the elderly's responses and different examples were brought up to explain the same concept (i.e., AI). This elicited different responses from the participants.

Our future work in this area would seek to investigate the differences in demographics, attitudes, and health-seeking behaviours between older adults who do not use healthcare technology, and those who use healthcare technology regularly. As this study was a pilot study on the attitudes of healthcare technology adoption among older adults in Queenstown, we hope to expand our sample size in subsequent studies, to incorporate data from older adults in other heartland areas of Singapore, and across different socio-economic statuses.



CONCLUSIONS

Our study findings show that technology is not a main driver of health-seeking behaviour among older adults in Singapore. Older adults in Singapore still prefer face-to-face interaction with healthcare professionals and may perceive technology as unnecessary, or do not have the means or know how to use it. Additionally, our findings stress the need to develop targeted solutions for elderly with different attitudes and usage levels of technology. The four personae give an insight into these targeted solutions. We can also tap on older adults' willingness to use technology in specific areas, such as seeking health information online, sharing personal medical information with doctors and maintaining health goals.

Older adults need to experience healthcare-related technology as easy to use and useful before they can accept it in their daily lives (42). To make healthcare-related applications and devices more enticing, we can also focus on their entertainment and aesthetic value (42). We also need to examine the influence of other factors, such as sociodemographic factors, on the use of healthcare-related technology. Sociodemographic factors, such as age, gender, and education, can influence one's experience of technology, ease of use and felt needs (43).

Within the smart nation discourse in Singapore, a challenge policymakers face is translating the “attractive but elusive imaginaries of smart city discourse” into “tangible interventions” (2). Until this challenge is addressed, the potential of healthcare-related technology in improving lived experiences of older adults will remain uncertain. To address ethical and practical challenges, a dialogue can be conducted among healthcare providers of long-term care homes and independent retirement communities, who work first-hand with older adults, and policy makers (44).
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