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Abstract: Population aging is a major concern worldwide. Active aging should be promoted by
increasing the social participation of older adults and enabling them to remain involved in the
community. Research has demonstrated the utility of digital resources for addressing the needs
of older adults, which include networking, entertaining, and seeking health-related information.
However, the digital divide among older adults (i.e., the “gray digital divide”) is increasingly being
recognized as a social problem that may be related to poor well-being. To obtain updated local data
on the prevalence of Internet access and usage and their relationship with perceived well-being, we
conducted telephone interviews with a random sample of 1018 older adults in Hong Kong from
January to July 2021 (This research has received funding support from the Interdisciplinary Research
Matching Scheme, Hong Kong Baptist University). We found that only 76.5% of the participants
had Internet access at home, a mobile phone data plan, or both, whereas 36.3% had never used
Internet services and 18.2% had no digital devices. A younger age, male gender, higher education
level, living with others, and higher self-perceived social class were associated with material access
to digital devices and everyday use of Internet services. Participants who accessed the Internet
every day had higher levels of life satisfaction and self-rated physical and mental health than those
who rarely or never used the Internet. Hierarchical multiple regression analysis revealed that
digital skills were significantly associated with self-rated mental health even when controlling for
demographic variables (including age, gender, education level, and self-perceived social class). This
study contributes to the limited body of literature on the relationship between Internet use, digital
skills, and perceived well-being. Our findings highlight the importance of addressing the digital
divide even in cities with high penetration of information and communication technology, such as
Hong Kong. We also discuss our insights into the use of timely interventions for older adults to
address the gray digital divide.
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1. Background

Population aging is a major concern worldwide. The proportion of the world’s popu-
lation older than 60 years is expected to nearly double from 2015 to 2050 [1]. This rapid
population aging has been reported to occur concurrently with reductions in birth rates and
increases in life expectancies [2]. Population aging is of concern because it lowers participa-
tion in the labor force and increases demand for medical and social care resources [3]. The
association between older age and a smaller social network [4] implies that older adults
may have less social capital than younger people, which could lead to poor well-being [5].
In particular, the social and physical environments of older adults changed considerably
during the COVID-19 pandemic, as limitations were imposed on their mobility and social
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connections. Older adults have been threatened by the loss of social engagement [6] because
of their vulnerability to infectious diseases and the harmful effects of social distancing re-
strictions during the pandemic [6]. The impacts of the COVID-19 pandemic on older adults
have also involved barriers to accessing health and social services and even to continuing
their daily and social activities [7]. The pandemic thus has magnified the significance of
population aging as a major social concern [6].

Numerous studies conducted in response to population aging and its social and indi-
vidual consequences have highlighted the significance of promoting active aging through,
for example, increasing the social participation of older adults and enabling them to re-
main involved in the community [8]. In particular, it is important to create supportive
environments for older adults to enable their active involvement in the community; thus, it
is important for sufficient infrastructure and services to be available to meet their needs [9].
Developments in information and communication technology (ICT) have facilitated the
belief that such tools can cater to the daily needs of older adults [10,11]. Currently, digi-
talized services cover various areas of life and help fulfill the needs of older adults such
as acquiring information, including health-related information; staying connected with
family and friends and participating in various types of e-shopping and e-banking [12].
The adoption and use of ICT can substantially counteract older adults’ increased risks
of becoming homebound and isolated because of physiological deterioration that con-
strains mobility and diminishes social networks [13]. However, digital accessibility has
excluded important social groups such as older adults [12]. Studies aiming to unravel this
phenomenon have coined the term “digital divide,” which generally refers to “a division
between people who have access to and use of digital media and those who do not” [14]
(p. 2). Despite continuous developments in ICT in past decades, the digital divide has
persisted and has been categorized into different levels [15,16]. The first-level digital divide
focuses on the challenges associated with, or even lack of access to, physical digital devices
and the Internet among certain social groups; the second-level digital divide refers to the
inadequate grasp of digital knowledge and skills, i.e., digital literacy, of social groups
that has constrained their access to ICT; additionally, the third-level digital divide refers
to the differences in real-life benefits derived from digital access between different social
groups [17,18]. Disadvantaged groups have been found to be prevalent among those suf-
fering from the digital divide at different levels [15,16,19]. The relationship between social
inequality and the digital divide at various levels has received increasing attention in recent
years [18,20]. In particular, the term “gray digital divide” is used to refer to the digital
divide that affects older adults [21]. In addition, older adults have been found to encounter
more challenges when using ICT because of their low level or even lack of knowledge and
digital skills or related disadvantages (i.e., the second-level digital divide) [22,23]. Because
of these challenges, older adults may find it more difficult to rely on ICT to meet their
individual needs (e.g., networking, looking for information) than younger people, even
though older adults may especially need these technologies. Thus, older adults’ well-being
might be affected by a lack of access to ICT and/or digital skills, which in turn affects
the quality of digital access. Studies focused on the real-life benefits of digital access (i.e.,
the third-level digital divide) have shown that ICT use may be associated with improve-
ments in various aspects of well-being among older adults [24,25]. In particular, one study
found that digital skills mediated the relationship between online information-seeking
and subjective well-being [26]. Another large-scale study revealed that higher levels of
Internet use were associated with lower levels of loneliness and higher levels of social
support, life satisfaction and mental well-being among older adults [27]. Despite these
substantial benefits for older adults, other studies have revealed that older adults received
relatively lower levels of benefits than the dominant social groups [19,28–30]. In addition,
differences in the benefits attained within populations of older adults are currently among
the most popular research topics [31,32]. Enabling older adults in general, and vulnerable
older adults in particular, to attain these already low levels of real-life benefits relative to
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those accrued by dominant groups has attracted attention among researchers studying the
third-level digital divide in recent years [33–36].

In light of the literature on this topic, digital inequality should be given greater
consideration from the standpoint of public health, as it may be linked to a low level of
well-being among older adults [37,38]. To assist future studies in this area and inform the
creation of interventions to target the requirements of older adults, increased knowledge of
the prevalence of digital access, the digital skills acquired and their relationships with ICT
usage among older adults is essential. The current study examined these difficulties in a
representative sample of older adults in Hong Kong while keeping these issues in mind.
We were especially interested in comprehending and addressing the digital divide among
Hong Kong’s older adults.

In Hong Kong, a large city with a distinctive culture, the gray digital divide is in-
creasingly becoming a societal problem [2]. More importantly, Hong Kong is one of the
most rapidly aging cities in the world. Its aging population increased from 13% of the
total population in 2011 to 20% in 2021 [39]. Even though Hong Kong has excelled in
the development of its digital infrastructure and has reported high rates of smartphone
and Internet accessibility in recent years, the issue of digital exclusion among older adults
remains critical.

According to the Thematic Household Survey Report No. 69, published by the
Census and Statistics Department of the Hong Kong Special Administrative Region [40],
Internet usage rates ranged from 97.5% to 99.9% among Hong Kong residents aged 10 to 64,
compared with only 62.2% among residents aged 65 or older. Similarly, although the rate of
Internet usage during the past 12 months more than doubled (from 24% to 62.2%) among
Hong Kong residents aged 65 or older from 2015 to 2019, the rate of Internet penetration
among older adults remains far behind that among young people (i.e., those aged 15 to
24) [40]. These figures clearly show that older adults in Hong Kong remain disadvantaged
and marginalized in this international city with a high level of ICT penetration.

Additional research is needed to obtain information about ICT usage and digital skills
among local older adults. The government data are not sufficiently comprehensive, and
earlier research on the digital divide among older adults in Hong Kong [41] was based on
secondary data and requires updating. More importantly, ICT usage may have changed
over time, especially in the post-COVID-19 pandemic era, because of the unprecedented
emphasis on ICT use. Some studies have suggested that a lack of sufficient knowledge
and experience regarding the use of digital devices may explain the digital divide [2,41].
Besides the limitations in digital literacy and lack of friendly hardware designs (e.g., small
screen sizes) faced by older adults [42], few studies have addressed the issues of ICT access
and the digital divide among older adults in Hong Kong. Thus, a better understanding
of this phenomenon is needed to inform the development of interventions to address the
needs of these older adults.

The Current Study

Against this background, the primary aim of this study was to investigate the preva-
lence of Internet access and use, digital skills and the perceived challenges associated with
ICT use among older adults in Hong Kong.

In addition, we hypothesized that digital skills and digital use would be associated
with better physical and mental well-being in our sample when we controlled for demo-
graphic variables. We based this hypothesis on the rationale that, as discussed above [27],
Internet use may generate real-life benefits for older adults in terms of improved well-being.
Although it is reasonable to assume that Internet use may promote well-being among
older adults by satisfying various needs [43,44], a recent review of the limited literature on
this topic did not find an association between Internet use and well-being [45]. Given the
paucity of data on this topic and previous studies’ lack of consideration of digital skills,
the current study also examined whether Internet use and digital skills are associated with
physical and mental well-being.
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2. Methods
2.1. Participants

Ethical approval for this study was obtained from the institutional review board at the
Hong Kong Baptist University in Hong Kong. From January to July 2022, we conducted a
telephone survey to investigate material access to ICT, the frequency of digital use, digital
skills, and the self-rated well-being of older adults. Based on the total population of older
adults aged 60 or above in Hong Kong (1,655,814), 1018 participants were randomly selected
to achieve a confidence level of 95% with a margin of error of 3.1%. The dialed landline
telephone numbers were randomly selected from a list of 8-digit Hong Kong household
telephone numbers. The list consisted of known prefixes assigned to telecommunication
service providers provided by the Office of the Communications Authority. Consent
to participate in the study was attained from participants who were willing to disclose
their age as 60 or older. The participants were divided by age into four cohorts, namely
60–69, 70–79, 80–89, and 90 and older which, respectively, included 404, 383, 187, and
44 participants. The telephone interviews were recorded and had an approximate duration
of 15 min.

2.2. Measures

Each telephone interview included 45 questions to address the participant’s demo-
graphic background and apply the following measures.

Access to the Internet and digital devices. We asked the participants several questions
about their access to digital devices and the Internet, including desktop, laptop, and tablet
computers and smartphones [46]. The participants were asked to respond “yes” or “no”
to indicate their access to these devices. We also asked the participants about where they
accessed the Internet, e.g., at home or via mobile data outside the home. These items have
been widely used in digital inclusion studies, and their validity has been established in the
global context [46]. These items have also been used in the Chinese context [47,48].

Internet use frequency. We asked the participants about the extent to which they used
the Internet for various activities, and responses were given on a 6-point scale (1 = Never,
6 = Every day). These Internet frequency items have been used in digital inclusion studies,
and their validity has been established [49]. Again, these items have also been used in
Chinese studies [47].

Mobile Device Proficiency Questionnaire (MDPQ-28). This is a 28-item self-report measure
of the respondents’ levels of different types of digital skills (e.g., data and file storage,
communication, calendar use, and software management) [50]. The MDPQ-28 has been
used in previous studies on digital inclusion issues [51]. The participants were asked to rate
their grasp of skills using a 5-point scale (1 = Never; 2 = Very difficult; 3 = Difficult; 4 = Easy;
5 = Very easy). The psychometric properties of the MDPQ-28 have been established
previously [51,52], and it has been used in the Chinese context too [53]. The Chinese
version of the MDPQ-28 had excellent reliability (α = 0.951) in the present study; its
psychometric properties will be reported elsewhere.

Self-rated physical and mental well-being. The interview included single-item measures
of self-rated health (SRH) and self-rated mental health (SRMH); both measures have been
widely used in population health studies, and their validity has been established [54,55]. The
two items asked the participants to rate their physical and mental well-being, respectively,
on a 5-point scale (1 = Very poor, 5 = Very good). Both measures have been used in previous
studies in the Chinese context [56,57]. We also included a few study-specific items to better
understand the participants’ perceived well-being (e.g., satisfaction with life, feeling empty,
sense of happiness).

2.3. Data Analysis

SPSS 22.0 was used for the analysis. We conducted a descriptive analysis of the
frequency of Internet access and use and examined the reliability of the MDPQ (digital skills)
and the self-rated physical and mental well-being scales. We also examined the differences
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between the participants with respect to gender or the presence or absence of frequent
ICT use via the independent sample t-test, one-way analysis of variance (ANOVA), and
chi-squared test. We also conducted hierarchical multiple regression analyses to examine
the relationships between Internet usage and digital skills with self-rated well-being while
controlling for demographic background variables. Specifically, we controlled for the effects
of variables such as age, gender, education level, and self-perceived social class.

3. Results
3.1. Sample Characteristics

A total of 1018 older adults provided informed consent and responded to the tele-
phone survey. As 411 respondents refused to participate in the survey, the acceptance
rate was 71.24%. Of the participants, 196 did not disclose their age; the ages of the other
822 participants ranged from 60 to 99 (mean [M] = 72.86; standard deviation [SD] = 8.74).
The sample was skewed toward the younger cohorts (i.e., 60–69, 70–79). More than half
of the participants were female (n = 660, 64.8%). Approximately 16.6% of the participants
had a bachelor’s degree. A majority of the participants perceived themselves as grassroots
(34.4%) or middle class (26.9%). Regarding their demographic backgrounds, gender-based
differences were observed in education level (p < 0.001) and self-perceived class status
(p = 0.032). The sample characteristics and gender differences are summarized in Table S1.

3.2. Access to ICT and Frequency of Use

Statistics on the participants’ material access to ICT and frequency of access are
summarized in Table S2 (also see Table S3 in the Table ary File). The mean number of digital
devices was 1.54 (SD = 1.20). A gender difference was observed, with men having more
digital devices than women (M = 1.85, SD = 1.30 vs. M = 1.38, SD = 1.11), t(639.2) = 5.82,
p < 0.001. In our sample, 18.2% of the participants reported that they had none of the digital
devices mentioned in the interview (desktop, laptop, mobile phone, and tablet), and 70.5%
of this subset was female. Among the participants who did not use digital devices, 31 were
aged 60–69, 65 were aged 70–79, 65 were aged 80–89, and 22 were aged 90 or older; this
latter group comprised half of all of the participants aged 90 or older.

In the study sample, 76.5% of the participants had Internet access at home, through
a mobile phone data plan, or both. Female participants were more likely than male
participants to report having none of these Internet access options (25.9% vs. 19.0%),
p < 0.001. In the overall sample, as female participants were less likely to have Internet
access than male participants, they were more likely to respond “never” to the question
regarding the frequency of Internet access (40.8% vs. 28.2%) (p < 0.001). Interestingly,
however, in the subsample of participants with Internet access (n = 648), female participants
had a higher level of Internet use (p < 0.001), whereas male participants had a higher level
of digital skills (p < 0.001).

In addition, participants who had a higher education level and lived with others were
more likely than others to use the Internet every day, while participants who perceived
themselves as grassroots were less likely than others to use the Internet every day (Table S4).

3.3. Relationship between Internet Usage, Digital Skills and Well-Being

We compared the participants who never used the Internet with those who used the
Internet rarely or every day via the chi-square test and one-way ANOVA (see Table S4).
Participants who used Internet services every day were more likely to be satisfied with
their life (76.6% vs. 58.4% to 70.7%) and less likely to report a sense of emptiness (14.8%
vs. 17.3% to 20.5%) than were those in the other two groups. In addition, participants who
used Internet services had significantly higher SRH scores than those who never used the
Internet, and those who used the Internet every day had significantly higher SRMH scores
than those who rarely or never used the Internet (see Table S4).

A hierarchical multiple regression analysis of the subsample of participants who
had used the Internet and did not refuse to answer any demographic questions (n = 452)
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revealed that digital skills were a significant predictor (β = 0.159, p = 0.044) of SRH even
when demographic variables were controlled (e.g., gender, education level, perceived
social class, and age), but this variable did not result in a statistically significant increase
in the prediction model (∆F = 2.160, p = 0.117). Nevertheless, digital skills significantly
predicted SRMH (β = 0.232, p = 0.003) even when demographic variables (including age)
were controlled, and this variable led to a significant increase in R2 of 0.021, F = 8.231,
p < 0.001, ∆F = 5.075, p = 0.007 (see Table S5).

4. Discussion

This study contributes to the limited body of knowledge regarding the digital divide
and its implications for the health of older adults in Hong Kong, an international city
renowned for its high penetration of ICT. Specifically, we provide updated data on the
prevalence of Internet access and use and digital skills collected from a random sample
of older adults in Hong Kong; more importantly, we contribute to the growing literature
on the complex relationship between Internet use and perceived well-being. This study
has several major findings. (1) Relating to the prevalence of Internet access and usage,
76.5% of the participants had Internet access at home, via a mobile phone data plan,
or both. (2) However, 18.2% of the participants had no access to digital devices, and a
significant gender difference was observed in this subgroup. (3) A younger age, male
gender, higher education level, living with others, and a higher self-perceived social class
were associated with a higher frequency of daily Internet use (see Table S4). (4) Digital skills
were a significant predictor of SRMH even when demographic variables (including self-
perceived social class and age) were controlled. These findings can considerably inform our
understanding of the use of digital devices and related needs among older adults in urban
societies with high levels of ICT penetration. The results may also inform the development
of interventions to resolve the digital divide among older adults.

First, the digital divide has been categorized into three levels as discussedin the
Introduction, andthe findings of the current study are particularly relevant to the first
and third levels. Regarding the first-level digital divide, the current study reveals that the
situation in Hong Kong resembles those of other cities with high ICT penetration rates
where older adults face digital access challenges. Specifically, studies have unraveled the
existence of even the first-level digital divide in affluent societies that have a well-developed
Internet infrastructure and high Internet penetration rate [58,59]. In the case of Hong Kong,
the rate of Internet use among residents aged 10 and older increased from 30.3% to 90.5%
between 2000 and 2018 [40]. However, the findings of this study reveal that older adults
have remained a disadvantaged group. The results show that only three-quarters of the
participants reported having access to the Internet at home or elsewhere. Compared with
other age groups, which have already attained the level up to 90.5% by 2018, the digital
divide, in terms of access to digital devices and the Internet, was evident among older
adults. There exists a substantial group of older adults, which is more than 20%, failing
to obtain access to the Internet, even in recent years. In addition, this study revealed that
access to digital devices and the Internet are associated with demographic variables such
as age, gender, education level, and perceived social class status. Specifically, members of
vulnerable groups such as women, older people, and those with a lower education level
and a lower perceived social class status experienced lower levels of digital access. These
findings are consistent with those of recently published research on the digital access of
older adults in different parts of the world, although such research is limited [60]. According
to the resources and appropriation theory [14,61], the personal (e.g., age and gender)
and positional categorical inequalities (e.g., possession, education, economic status) that
produce uneven distributions of social resources can facilitate inequality in access to ICT,
with vulnerable groups experiencing challenges regarding digital access, thus sustaining
the first-level digital divide. In other words, social inequality within a society plays a
critical role. In addition, challenges in digital access can limit older adults’ attainment of
real-life benefits such as retrieving health information, sustaining or extending their social
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networks, and participating in social and recreational activities; thus, these challenges
can further reinforce their already vulnerable social positions or existing social inequality,
as identified in the literature [14,62]. In particular, the digital divide has led to further
inequality and social exclusion during the COVID-19 pandemic [38]. Therefore, it is
imperative to improve access to ICT among older adults, and social inequality must be
considered when addressing digital access in this population.

The findings of this study are also related to the third-level digital divide. We found
that participants who used Internet services every day had higher levels of life satisfac-
tion, SRH, and SRMH, which are health-related real-life benefits or concerns related to
the third-level digital divide, than those who rarely or never used the Internet. Further
analyses revealed that digital skills were significantly associated with SRMH even when
we controlled for demographic variables (including education level, age, and self-perceived
social class). In other words, participants who were frequent Internet users were more likely
than other participants to be satisfied with their current life and to perceive themselves
as healthy and less likely to feel empty. This finding implies that the mental well-being
of older people might be improved by helping them to access the Internet and improve
their digital skills, which would allow them to use the Internet to fulfill their psychosocial
needs. Community service providers should consider providing additional educational
programs to enable older people to learn how to use computers and smartphones. In the
future, such programs should be evaluated to assess whether improvements in digital skills
can improve the mental and social well-being of older people in a community. Furthermore,
as revealed in Table S3, digital usage and digital skills may vary by gender. This possibility
should be taken into account when providing educational interventions for older people.
For instance, women may require more support and time than men to master the skills
needed to use a computer and smartphone.

The current study’s findings are in line with those of studies suggesting that the digital
divide is a considerable problem associated with poor well-being among older adults [5,27].
This possibility is important, as older adults encounter many types of challenges, including
decreased mobility due to physiological deterioration, diminished social networks, and
consequent increases in social isolation. A recent systematic review showed that interven-
tions intended to change digital behavior may be effective in improving the well-being
of older adults [63]. Older adults who have no access to ICT or poor digital skills find it
difficult to use ICT to address needs such as maintaining connections with family members
and friends or seeking information related to health or other daily issues; therefore, they
may face an increased risk of psychological or social problems and may feel empty or
unsatisfied with their lives. Because of a lack of access to information and resources that
can be easily accessed online (e.g., government information, social and medical resources,
product or service options and prices, transport information, educational resources, and
entertainment resources), these marginalized older adults may have unaddressed needs,
leading to poor physical and mental well-being. Our findings, together with the litera-
ture, highlight the importance of improving older adults’ access to digital devices and
the Internet and providing them with timely interventions or support to overcome the
challenges of using online technology. For older adults, addressing the first-level digital
divide may improve their health-related impact related to the third-level digital divide.
Another important point is that, consistent with the recent literature [45], we found that
digital skills were a significant predictor of SRH and SRMH, but Internet use was not. This
finding implies that both improving older adults’ digital skills and providing them with
access to ICT are important for improving their well-being by addressing the digital divide.

Although Hong Kong is an affluent society with a well-developed digital infrastruc-
ture, many older adults remain excluded and marginalized. This is crucial because the
COVID-19 pandemic has rendered digital access a daily necessity rather than a luxury,
especially for vulnerable groups such as older adults [64]. Echoing calls from recent studies
related to the persistence of even the first-level digital divide in different parts of the world,
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this study indicates that it is particularly important to build supportive environments to
address the digital divide among older adults in Hong Kong [65].

This study highlights the importance of addressing the digital divide even in a city
with high ICT penetration, such as Hong Kong. Recently, the relationship between digital
access and its health-related impacts, a concern pertaining to the third-level digital divide,
has increased the significance of such an endeavor. This study further provides insights
into the need to target social inequality and its potential implications for the digital divide
among older adults when addressing the issue. Nevertheless, this study has several
limitations. First, the survey was conducted via telephone interviews, which were limited
to a duration of 15–20 min and therefore could not be sufficiently comprehensive. Second,
only those with access to telephones have been included in the study. There is the possibility
that the most vulnerable older adults who do not have access to landlines or smartphones
could be excluded. However, this study also has three major strengths. First, we used a
random sampling method to recruit a representative sample of local older adults. Second,
the telephone survey in this study, despite its limitations, collected some data that were not
self-reported. Third, by identifying health-related outcomes of the digital divide among
older adults, we have advanced inquiries regarding the terrain of the third-level digital
divide in Hong Kong and provided related evidence demonstrating that Internet access and
use are correlated with physical and especially psychological health when demographic
variables are controlled.

5. Conclusions

In this study, we conducted telephone interviews to investigate Internet access and
use and its relationship with well-being in a representative sample of older adults in Hong
Kong. We found that 36.3% of our participants had never used Internet services, and
18.2% had no digital devices. Despite the high level of ICT penetration in Hong Kong, this
study found that many older adults in Hong Kong experienced a lack of digital access
or had limited digital skills. The focus on first-level digital divide issues allowed some
variables associated with Internet access to be identified and explored. In addition, we
found that digital access and the level of digital skills were significantly associated with the
participants’ SRMH even when we controlled for demographic variables. These findings
related to the third-level digital divide highlight the importance of addressing the digital
divide even in cities with a high level of ICT penetration such as Hong Kong. Despite
the methodological limitations mentioned above, this study contributes to the limited
body of literature on the relationship between Internet use, digital skills, and well-being.
In view of the COVID-19 pandemic and the increasing significance of digital access for
vulnerable groups, including older adults, we argue that the digital divide among older
adults should be regarded as a significant social issue that warrants additional research and
timely interventions. Social inequality and its potential implications regarding the digital
divide among older adults are among the targets to be explored.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph20136208/s1, Table S1: Sample characteristics and gender
differences in major variables (N = 1018); Table S2: Material access to ICT, frequency of access and
gender differences; Table S3: Frequency of perceived easiness of digital usage (response = easy or very
easy) and gender differences; Table S4: Differences between participants who never or rarely used
Internet and those who used Internet every day; Table S5: Hierarchical multiple regression predicting
self-rated health (SRH) and self-rated mental health (SRMH) (N = 507).

Author Contributions: Conceptualization, K.-k.F.; Methodology, K.-k.F. and S.S.-l.H.; Formal analy-
sis, K.-k.F.; Resources, D.W.L.L.; Writing—original draft, H.-w.F., K.-k.F. and L.H.; Writing—review
and editing, K.-k.F. and M.H.Y.S.; Supervision, D.W.L.L. and S.S.-l.H. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Interdisciplinary Research Matching Scheme, Hong Kong
Baptist University (Ref: IRMS/20-21/04).

https://www.mdpi.com/article/10.3390/ijerph20136208/s1
https://www.mdpi.com/article/10.3390/ijerph20136208/s1


Int. J. Environ. Res. Public Health 2023, 20, 6208 9 of 11

Institutional Review Board Statement: The study was approved by the Research Ethics Committee
of The Hong Kong Baptist University.

Informed Consent Statement: Informed consent was obtained from all of the subjects involved in
the study.

Data Availability Statement: Data sharing is unavailable due to reasons of privacy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. World Report on Aging and Health. Available online: https://www.who.int/news-room/fact-

sheets/detail/ageing-and-health (accessed on 24 March 2023).
2. Ma, Q.; Chan, A.H.; Teh, P.-L. Bridging the digital divide for older adults via observational training: Effects of model identity

from a generational perspective. Sustainability 2020, 12, 4555. [CrossRef]
3. Ince Yenilmez, M. Economic and social consequences of population aging the dilemmas and opportunities in the twenty-first

century. Appl. Res. Qual. Life 2015, 10, 735–752. [CrossRef]
4. Bruine de Bruin, W.; Parker, A.M.; Strough, J. Age differences in reported social networks and well-being. Psychol. Aging 2020,

35, 159. [CrossRef] [PubMed]
5. An, S.; Jang, Y. The role of social capital in the relationship between physical constraint and mental distress in older adults: A

latent interaction model. Aging Ment. Health 2018, 22, 245–249. [CrossRef] [PubMed]
6. Hebblethwaite, S.; Young, L.; Martin Rubio, T. Pandemic precarity: Aging and social engagement. Leis. Sci. 2021, 43, 170–176.

[CrossRef]
7. Hoffman, G.J.; Webster, N.J.; Bynum, J.P. A framework for aging-friendly services and supports in the age of COVID-19. J. Aging

Soc. Policy 2020, 32, 450–459. [CrossRef] [PubMed]
8. Galenkamp, H.; Deeg, D.J. Increasing social participation of older people: Are there different barriers for those in poor health?

Introduction to the special section. Eur. J. Ageing 2016, 13, 87–90. [CrossRef] [PubMed]
9. Van Hoof, J.; Kazak, J.K.; Perek-Białas, J.M.; Peek, S.T. The challenges of urban ageing: Making cities age-friendly in Europe. Int. J.

Environ. Res. Public Health 2018, 15, 2473. [CrossRef]
10. Boz, H.; Karatas, S.E. A review on internet use and quality of life of the elderly. Cypriot J. Educ. Sci. 2015, 10, 182–191. [CrossRef]
11. Miskelly, F.G. Assistive technology in elderly care. Age Ageing 2001, 30, 455–458. [CrossRef]
12. Van Volkom, M.; Stapley, J.C.; Malter, J. Use and perception of technology: Sex and generational differences in a community

sample. Educ. Gerontol. 2013, 39, 729–740. [CrossRef]
13. Waycott, J.; Vetere, F.; Ozanne, E. Building social connections: A framework for enriching older adults’ social connectedness

through information and communication technologies. In Ageing and Digital Technology: Designing and Evaluating Emerging
Technologies for Older Adults; Neves, B.B., Vetere, F., Eds.; Springer: Singapore, 2019; pp. 65–82. [CrossRef]

14. Van Dijk, J.A. The Digital Divide, 1st ed.; Wiley: Newark, NJ, USA, 2020.
15. Marimuthu, R.; Gupta, S.; Stapleton, L.; Duncan, D.; Pasik-Duncan, B. Challenging the Digital Divide: Factors Affecting the

Availability, Adoption, and Acceptance of Future Technology in Elderly User Communities. Computer 2022, 55, 56–66. [CrossRef]
16. van Dijk, J. The Network Society; Sage Publication: Singapore, 2020.
17. Van Deursen, A.J.; Van Dijk, J.A. The first-level digital divide shifts from inequalities in physical access to inequalities in material

access. New Media Soc. 2019, 21, 354–375. [CrossRef] [PubMed]
18. Scheerder, A.; Van Deursen, A.; Van Dijk, J. Determinants of Internet skills, uses and outcomes. A systematic review of the

second-and third-level digital divide. Telemat. Inform. 2017, 8, 1607–1624. [CrossRef]
19. Goedhart, N.S.; Verdonk, P.; Dedding, C. “Never good enough”. A situated understanding of the impact of digitalization on

citizens living in a low socioeconomic position. Policy Internet 2022, 14, 824–844. [CrossRef]
20. Liao, S.C.; Chou, T.C.; Huang, C.H. Revisiting the development trajectory of the digital divide: A main path analysis approach.

Technol. Forecast. Soc. Chang. 2022, 179, 121607.
21. Morris, A.; Brading, H. E-literacy and the grey digital divide: A review with recommendations. J. Inf. Lit. 2007, 1, 13–28.

[CrossRef]
22. Garcia, K.R.; Rodrigues, L.; Pereira, L.; Busse, G.; Irbe, M.; Almada, M.; Christensen, C.; Midão, L.; Dias, I.; Heery, D.; et al.

Improving the digital skills of older adults in a COVID-19 pandemic environment. Educ. Gerontol. 2021, 47, 196–206. [CrossRef]
23. Hargittai, E.; Piper, A.M.; Morris, M.R. From internet access to internet skills: Digital inequality among older adults. Univers.

Access Inf. Soc. 2019, 18, 881–890. [CrossRef]
24. Ihm, J.; Hsieh, Y.P. The implications of information and communication technology use for the social well-being of older adults.

Inf. Commun. Soc. 2015, 18, 1123–1138. [CrossRef]
25. Millard, A.; Baldassar, L.; Wilding, R. The significance of digital citizenship in the well-being of older migrants. Public Health 2018,

158, 144–148. [CrossRef]
26. Hofer, M.; Hargittai, E.; Büchi, M.; Seifert, A. Older adults’ online information seeking and subjective well-being: The moderating

role of Internet skills. Int. J. Commun. 2019, 13, 18. [CrossRef]

https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://doi.org/10.3390/su12114555
https://doi.org/10.1007/s11482-014-9334-2
https://doi.org/10.1037/pag0000415
https://www.ncbi.nlm.nih.gov/pubmed/31697096
https://doi.org/10.1080/13607863.2016.1247431
https://www.ncbi.nlm.nih.gov/pubmed/27813418
https://doi.org/10.1080/01490400.2020.1773998
https://doi.org/10.1080/08959420.2020.1771239
https://www.ncbi.nlm.nih.gov/pubmed/32441572
https://doi.org/10.1007/s10433-016-0379-y
https://www.ncbi.nlm.nih.gov/pubmed/28804373
https://doi.org/10.3390/ijerph15112473
https://doi.org/10.18844/cjes.v1i1.64
https://doi.org/10.1093/ageing/30.6.455
https://doi.org/10.1080/03601277.2012.756322
https://doi.org/10.1007/978-981-13-3693-5_5
https://doi.org/10.1109/MC.2022.3172026
https://doi.org/10.1177/1461444818797082
https://www.ncbi.nlm.nih.gov/pubmed/30886536
https://doi.org/10.1016/j.tele.2017.07.007
https://doi.org/10.1002/poi3.315
https://doi.org/10.11645/1.3.14
https://doi.org/10.1080/03601277.2021.1905216
https://doi.org/10.1007/s10209-018-0617-5
https://doi.org/10.1080/1369118X.2015.1019912
https://doi.org/10.1016/j.puhe.2018.03.005
https://doi.org/10.5167/uzh-175837


Int. J. Environ. Res. Public Health 2023, 20, 6208 10 of 11

27. Heo, J.; Chun, S.; Lee, S.; Lee, K.H.; Kim, J. Internet use and well-being in older adults. Cyberpsychol. Behav. Soc. Netw. 2015,
18, 268–272. [CrossRef]

28. Jung, E.H.; Walden, J.; Johnson, A.C.; Sundar, S.S. Social networking in the aging context: Why older adults use or avoid Facebook.
Telemat. Inform. 2017, 34, 1071–1080. [CrossRef]

29. Czaja, J.D.; Charness, N.; Fisk, A.D. Factors predicting the use of technology: Findings from the center for research and education
on aging and technology enhancement (CREATE). Psychol. Aging 2006, 21, 333–352. [CrossRef] [PubMed]

30. Tirado-Morueta, R.; Aguaded-Gómez, J.I.; Hernando-Gómez, Á. The socio-demographic divide in Internet usage moderated by
digital literacy support. Technol. Soc. 2018, 55, 47–55. [CrossRef]

31. Hargittai, E.; Dobransky, K. Old dogs, new clicks: Digital inequality in skills and uses among older adults. Can. J. Commun. 2017,
42, 195–212. [CrossRef]

32. Oh, S.S.; Kim, K.A.; Kim, M.; Oh, J.; Chu, S.H.; Choi, J. Measurement of digital literacy among older adults: Systematic review. J.
Med. Internet Res. 2021, 23, e26145. [CrossRef]

33. Choudrie, J.; Pheeraphuttranghkoon, S.; Davari, S. The digital divide and older adult population adoption, use and diffusion of
mobile phones: A quantitative study. Inf. Syst. Front. 2020, 3, 673–695. [CrossRef]

34. Nguyen, M.H.; Hunsaker, A.; Hargittai, E. Older adults’ online social engagement and social capital: The moderating role of
Internet skills. Inf. Commun. Soc. 2022, 25, 942–958. [CrossRef]

35. Alexopoulou, S. The portrait of older people as (non) users of digital technologies: A scoping literature review and a typology of
digital older (non) users. Gerontechnology 2020, 19, 1–15. [CrossRef]
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