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Purpose: Older adults experience challenges employing technology in their health-care
management due to changes in cognitive and physical functions. This study aimed to
investigate the acceptance of technology among older Korean adults with multiple chronic
health conditions and examine factors associated with technology acceptance, adopting the
senior technology acceptance model (STAM).

Patients and Methods: In total, 226 community-dwelling older adults with more than two
chronic conditions participated in this study. We conducted a survey that covered demo-
graphics, gerontechnology self-efficacy, gerontechnology anxiety, facilitating conditions,
self-reported health conditions, cognitive ability, social relationships, attitude toward life
and satisfaction, physical functioning, and technology acceptance.

Results: Older Korean adults with multiple chronic health conditions scored moderately
high for technology acceptance (25.36+5.28). There were significant differences in technol-
ogy acceptance according to age (r=—0.241), cognitive ability (r=0.225), gerontechnology
self-efficacy (r=0.323), and facilitating conditions (r=0.288). Only age and education were
significant factors predicting technology acceptance (Adjusted R*=0.151, p<0.001).
Conclusion: Although older Korean adults with multiple chronic conditions displayed good
technology acceptance, their age and education level predicted the level of acceptance. Given that
some components of the STAM model have social and cultural relevance, it is necessary to conduct
research across various cultures to better understand technology acceptance by older adults.
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Introduction

Information and Communication Technology (ICT) refers to technologies that
provide access to information through telecommunications including the Internet,
wireless networks, cell phones, and other communication mediums.' ICT creates
virtual spaces that connect people without direct interaction, which enables real-
time communication without the limitation of distance. Information exchange and
communication are key components to health-care delivery and ICT allows health-
care providers to adopt innovative health-care delivery methods, such as telehealth

or real-time health monitoring using wearable devices.>
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The effectiveness of ICT use in health-care settings has
been widely studied. For example, real-time bedside pres-
sure mapping systems were used to assess and manage
pressure injuries among orthopedic patients.* This
increased knowledge and preventative action for patients
with pressure injuries by providing instant feedback.*
Another study demonstrated that the use of mobile appli-
cations improved communication and symptom reporting
among older adults.” As such, health-care providers and
researchers strive to adopt ICT in medical settings to
advance communication strategies and health-care
delivery.

Although there are benefits to utilizing ICT in health
care, older adults experience challenges employing tech-
nology due to low motivation to use technology, low
computer/Internet literacy, and changes in cognitive and
physical function.” Many chronic illnesses experienced
by older adults also result in chronic physical impairments.
Chronic physical impairments such as poor vision or
reduced motor control create barriers for older adults
when utilizing ICT in their health-care management.” In
addition, impairments in instrumental activities of daily
living (IADL) prevent older adults from using ICT.®
Psychological distress such as “technostress” or “techno-
phobia” also discourage older adults from learning and
experiencing technology and thus, from utilizing ICT in
daily life and health-care settings.’

While ICT may be challenging for older adults, some
studies indicate that it is advantageous to older adult
populations. Telehealth using ICT could eliminate limita-
tions due to physical location and enable older adults with
mobility issues to more easily access health care from their
home or a community setting.'® ICT contributes positively
to the mental health of older adults dwelling in rural areas
by providing mental stimulation through connections to
their family, friends, and society.'""'? In addition, applied
ICT in health-care delivery through wearable health mon-
itoring systems help health-care providers meet increasing
care needs.” Thus, successful use of ICT among older
adults benefits not only the older adults themselves, but
all of society.

Chronological age is negatively correlated to technol-
ogy acceptance; however, older adults’ digital literacy can
be developed through exposure and education. In fact,
older adults have a positive attitude towards using tech-
nology in their daily life and health care, despite some
barriers and challenges.'>'* Gerontechnology is a new
field that has emerged in response to the need to assist

older adults who are willing to employ technology in their
daily lives and health care. Technology has great potential
to effectively address the limitations that older adults
experience as a consequence of aging. Thus, to reduce
barriers and help older adults take advantage of technol-
ogy, evaluation of their acceptance of ICT and the factors
involved is necessary.

South Korea is a leading country in terms of ICT devel-
opment and wide-spread availability of equipment and
services.'” Older Korean adults display positive attitudes
(ie, desire to respond to the changes, convenience of up-to-
date information) and negative attitudes (ie, inconvenience
due to unfamiliarity with technology use, burden of
expenses) toward the use of smartphones.'® Older Korean
adults who have higher levels of empowerment are more
likely to perceive technology use as easier and therefore
more useful, resulting in positive attitudes toward using
mobile applications.!” Although there are some studies that
investigate older adults’ technology use in relation to health
care, there is a dearth of research targeting chronically ill
older adults who could benefit from technology use in their
health-care management. Thus, the purpose of this study is
to investigate the acceptance of technology among older
Korean adults with multiple chronic conditions and to deter-
mine the factors predicting technology acceptance, using the
senior technology acceptance model.

Theoretical Framework: A Senior
Technology Acceptance Model

Chen and Chan proposed the senior technology acceptance
model (STAM) using concepts from previous models such
as the Technology Acceptance Model (TAM) and the
Unified Theory of Acceptance and Use of Technology
(UTAUT)."® STAM suggests 8 factors predicting technol-
ogy acceptance (gerontechnology self-efficacy, gerontech-
nology anxiety, facilitating conditions, self-reported health
conditions, cognitive ability, social relationships, attitude
to life and satisfaction, and physical functioning) after
controlling for socio-demographic factors such as age,
level, and economic status.'®

gender, education

Gerontechnology is defined as

Electronic or digital products or services that can increase
independent living and social participation of older per-

sons in relatively good health, comfort, and safety.

and gerontechnology acceptance was operationally defined
as positive attitudes and usage of gerontechnology.'®
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Gerontechnology self-efficacy is a user’s assessment of
their own ability to perform a task successfully using
gerontechnology, while gerontechnology anxiety refers
to emotional reactions such as worry, nervousness, or
uneasiness, evoked by performing a task using
gerontechnology.'®'? Facilitating conditions are environ-
mental factors that assist older adults in using gerontech-
nology more easily. Chen and Chan tested STAM among
1,012 older adults in Hongkong and their results supported
the proposed model.'® Thus, we used STAM in our study

design and interpretation of the results.

Participants and Methods
Study Design and Subjects

This cross-sectional descriptive design was employed to
investigate the acceptance of technology and factors
related to technology acceptance among older Korean
adults with multiple chronic conditions. A convenience
sample of older adults was recruited over a 1-week period
in June 2019 from a community senior center in Daejeon,
South Korea that has 5,333 members and approximately
300 users per day. The study participants were people over
65 who lived in Daejeon with two or more chronic dis-
eases. The exclusion criterion was a diagnosis of dementia.
The G*power (version 3.1) program was used to calculate
the sample size for linear multiple regression analysis.?’
The calculated sample size for this study was 208 people
under the setting of a type-I error = 0.05, a power = 0.95,
an effect size = 0.15, and predictor variables = 17 based on
a similar prior study.”’ We recruited 229 people to reach
an appropriate sample size, considering a potential 10%
dropout rate.

Measurements

The survey questionnaire included demographics (age,
sex, education, economic status, marital status, religion,
co-residence, number of children, and number of chronic ill-
nesses), 8 independent variables (self-reported health, cogni-
tive ability, social relationships, attitude to aging and life
satisfaction, physical function, gerontechnology self-efficacy,
gerontechnology anxiety, and facilitating conditions) and 1
dependent variable (technology acceptance).

Health and Ability Characteristics

Health characteristics were measured via self-reported
health, cognitive ability, social relationships, attitude to
life and satisfaction, and physical function based on
Chen and Chan’s previous research.'® Self-reported health

conditions consisted of 5 items inquiring about general
health status, health status compared to others, hearing,
vision, and movement. Cognitive ability was measured by
4 items inquiring about memory, learning, concentration,
and thinking skills. Social relationships were measured by
3 items inquiring about satisfaction with personal relation-
ships, satisfaction with social support, and engagement in
social activities. Attitude to aging and life satisfaction
were measured by a single question (ie, “Do you feel
that as you get older you are less useful?”).'®* All
items were assessed on a 5-point Likert scale with answers
ranging from 1 (very poor) to 5 (very good) and a higher
score indicating better health and ability characteristics.
function was measured by the Korean-
of Daily

(K-IADL).? Ten items included questions regarding

Physical

Instrumental  Activities Living scale
grooming abilities, preparing meals, laundry, and mana-
ging money, and answers were scored as 1 (independent),
2 (needs help), and 3 (dependent). Higher scores indicate

greater dependence for activities.*

Gerontechnology Self-Efficacy, Anxiety, and
Facilitating Conditions

Gerontechnology self-efficacy was measured using 2 items
asking whether older adults believe they are capable of
completing a task using technology if they receive appro-
priate demonstration or instruction.'"® Gerontechnology
anxiety was measured using 2 items asking about appre-
hensive or hesitative feelings when using technology.'®
Facilitating conditions were measured using 5 items ask-
ing about knowledge, assistance, financial status, accessi-
bility, and support for technology use.'® All answers were
measured on 5-point Likert scales ranging from 1 (strongly
disagree) to 5 (strongly agree). Higher scores indicate
better gerontechnology self-efficacy, more gerontechnol-
ogy anxiety, and better facilitating conditions.

Technology Acceptance

This study employed Chen and Chan’s operational defini-
tion of technology acceptance, which measured technol-
ogy acceptance according to attitude towards use,
perceived usefulness, and perceived ease of use.'®
Attitude towards use (AT) contained 2 items (ie, You like
the idea of using technology), perceived usefulness (PU)
contained 3 items (ie, Using technology would make your
life more convenient), and perceived ease of use (PEOU)
contained 2 items (ie, You could be skillful at using

technology).'® All answers were measured on 5-point
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Likert scales ranging from 1 (strongly disagree) to
5 (strongly agree). Higher total scores indicate better tech-
nology acceptance.

Procedure

The study protocol to recruit and collect data were
approved by the director of the community senior center
in Daejeon. Flyers and banners were displayed at the
entrance of the senior center to recruit potential study
participants. Those who were interested in participating
received a detailed explanation of the procedure and con-
tents of the study from the research assistant.

Research assistants with knowledge of the characteris-
tics and health issues of older adults were trained to assist
participants with the completion of written consent forms
and questionnaires. Data were collected face-to-face to
eliminate difficulties for older adults with reduced visual
and auditory functions. Each survey took approximately
3040 minutes to complete. After the questionnaire was
completed, each participant received a pain relief patch as
reimbursement for their time and effort. Data collection
was conducted for one week in June 2019. A total of 229
people responded to the questionnaire; 226 questionnaires
were used for statistical analysis, and 3 were excluded due
to incomplete responses.

Statistical Analysis

Statistical analyses were conducted using SAS 9.3 soft-
ware (SAS, Cary, NC). Results for descriptive analyses
are presented as means and standard deviations for con-
tinuous variables (age, number of children, number of
chronic disease, self-reported health conditions, cogni-
tive ability, social relationships, attitude to aging and
life satisfaction, physical function, gerontechnology self-
efficacy, gerontechnology anxiety, facilitating condi-
tions) and frequencies and percentages for categorical
variables (sex, education, economic status, marital sta-
tus, religion, residence). The acceptance of technology
was described using mean and standard deviations as
well as frequency and percentage for the data from the
5-point Likert scales.

A Kolmogorov—Smirnov test was conducted to test the
normality of the dependent variable (technology accep-
tance) and indicated that it was not normally distributed
(p<0.01); so non-parametric tests such as Spearman corre-
lation, Cramer-von Mises Statistics, or Kolmogorov—
Smirnov test were used to analyze the associations
between independent variables and the dependent variable

(technology acceptance). The significance level was set as
p<0.05. A multiple linear regression model was created to
determine the predictors of gerontechnology acceptance,
and a stepwise technique was used to select the predictors
and variables left in the model, which were significant at
the p<0.15 level. For nominal level independent variables,
dummy coding was used in the regression analysis. To test
the mediation effects between independent variables and
dependent variable(technology acceptance), the Sobel test
was conducted.**

Ethics

This study was conducted in accordance with the
Declaration of Helsinki and was approved by the
Institutional Review Board of Konyang University in
Daejeon, South Korea (No. KYU-2019-265-01). Data
were collected only for those who understood the purpose
and content of the study and who signed the informed
consent form voluntarily. Participants in this study were
informed that they could cease participation at any time
during the research period and there would be no disad-
vantages in any way in relation to their withdrawal from
the study.

Results

The mean age of the 226 participants was 79.44 years,
with ages ranging from 66 to 96 years. More than half of
the participants were female (66.37%) and currently mar-
ried (54.42%). Most of the participants were either living
with their spouse (41.15%) or lived by themselves
(34.51%). On average, they were diagnosed with 2.5
chronic diseases including hypertension, diabetes, heart
disease, thyroid disease, and cancer (Table 1).

Older Korean adults in this study reported fair health
condition scores (16.2443.83; 6-25) and the average
scores for cognitive ability and social relationship were
13.28 and 11.13, respectively. On average, participants
displayed fairly independent IADL scores (11.14+2.29;
10-22) and had fair psychological function (6.47+1.51;
2-10). Their gerontechnology self-efficacy (6.23+2.03;
2-10) was slightly higher than their gerontechnology anxi-
ety (5.39+2.10; 2—-10). The average score for facilitating
conditions was 16.89 (Table 2).

Overall, participants demonstrated good technology
acceptance (25.36+5.28; 7-35). They were in favor of
the idea of using technology and believed that technol-
ogy would benefit them. However, they found using
technology was not easy or considered themselves
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Table 1 Correlations Between Participants’ Demographics and Technology Acceptance (n=226)
Mean N (%) P value (r) CM value KS value
(SD) (CMa) (KSa)
Age 79.44 (6.14) 0.000 (—0.241)
ook
Sex Female 150 0.663
(66.37) (—0.440)
Male 76 (33.63)
Education Primary school 69 (34.33) 0.005 (0.941)**
Middle school 35 (17.41)
High school 52 (25.87)
College 39 (19.40)
Graduate school 6 (2.99)
Economic status Poor 38 (16.81) 0.083 (1.241)
Fair 178
(78.76)
Good 10 (4.42)
Marital status Married 123 0.058 (0.872)
(54.42)
Widowed 97 (42.92)
Divorced | (0.44)
Separated 5(2.21)
Religion Protestant 78 (34.51) 0.098 (1.467)
Buddhist 71 31.42)
Catholic 29 (12.83)
None 47 (20.80)
Others 1 (0.44)
Residence Alone 78 (34.51) 0.112 (1.682)
With a spouse 93 (41.15)
With unmarried 20 (8.85)
children
With married son 27 (11.95)
With married daughter 6 (2.65)
Others 2 (0.88)
Number of children 3.36 (1.14) 0.273
(-0.073)
Number of chronic 2.5 (0.79) 0.352 (0.062)
disease

Notes: *p<0.01; ***p<.001.

lacking in the skills to use it (Table 3). Among the
demographic characteristics, only age (r=—0.241) and
education (r=0.941) were significantly associated with
technology acceptance. Among independent variables,
cognitive ability (r=0.225), gerontechnology self-
efficacy (r=0.323), and facilitating condition (r=0.288)
were significantly associated with the older adults’
acceptance of technology (Table 1,2).

A multiple regression model was proposed using vari-
ables that were significantly associated with technology
acceptance, which included only age and education
(Adjusted R?=0.151, p<0.001, Table 4). Additionally, ger-
ontechnology self-efficacy was a mediator between age and
technology acceptance (p<0.01). Gerontechnology self-ef-
ficacy was also a mediator between education and technol-
ogy acceptance (p<.000), and facilitating condition was

Clinical Interventions in Aging 2020:15
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Table 2 Independent Variables

Variables Mean (SD) Range P value
Self-reported health condition 16.24 (3.83) 6-25 0.090 (0.113)
Cognitive ability 13.28 (2.90) 6-20 0.001 (0.225) ***
Social relationship I1.13 (2.41) 3-15 0.218 (0.082)
Attitude to aging and life satisfaction 6.47 (1.51) 2-10 0.194 (0.087)
Physical Function (IADL) I1.14 (2.29) 10-22 0.053 (—0.129)
Gerontechnology self-efficacy 6.23 (2.03) 2-10 <0.000 (0.323) *#*
Gerontechnology anxiety 5.39 (2.10) 2-10 0.186 (—0.088)
Facilitating conditions 16.89 (4.19) 5-25 <0.000 (0.288) ***

Note: ***p<0.001.

a mediator between education and technology acceptance
(p=0.014).

Discussion

This study aimed to investigate the acceptance of technol-
ogy among older Korean adults with multiple chronic
health conditions and the factors predicting this technol-
ogy acceptance, using the senior technology acceptance
model. Our results indicate that participants have good
technology acceptance despite the assumption that older
adults are reluctant to adapt and use new ICT.>
Participants recognized that the use of ICT was helpful
in their lives and felt favorable toward the adoption of new
technology. In addition, our findings suggest that technol-
ogy use is well accepted by older adults with multiple
chronic diseases and who often have difficulties in their
daily lives due to poor physical function and frequent
hospital use.

Age and education level were significant factors pre-
dicting the acceptance of technology in a multivariate
regression model. This is similar to the results of previous
studies that demonstrate that age directly affects technol-
ogy use, and the higher the level of education, the greater
the use of technology.'® A recent study in South Africa
also reported that age and education had a significant
the of
technology.”® There are many obstacles associated with

influence on acceptance communication
technology acceptance by older adults; one of these is
the physical barrier, which is an aging-related factor and
includes cognitive, motor, and sensory deficits that accom-
pany the aging progress.”> In other words, as people age,
they become more likely to experience these restrictions.
Health-care providers should evaluate older adults for
these barriers, consider how it may affect their acceptance
of ICTs, and provide proper technical support for improv-

ing mobile health accessibility. In addition, compared to

younger individuals, who have had compulsory education,
older adults in Korea have various levels of educational
background. Hence, it is necessary to recognize that lower
education levels affect the digital and information gap,*®*’
and to consider diversification of education and technical
support according to education level.

Our further analyses indicate that gerontechnology
self-efficacy (GSE) and facilitating conditions (FC) med-
iate the influence of education on technology acceptance
among older adults. While the effects of GSE and FC on
technology acceptance are still controversial with regard to

direct or indirect effects,'®*¢

our study findings are con-
sistent with previous results that GSE and FC have
a positive effect on technology acceptance.

Our results also revealed that perceived ease of use
(PEU) was relatively lower than attitude towards using or
perceived usefulness. Conci and colleagues reported that the
relationship between PEU and behavioral intention is highly
significant and PEU is an important factor in the early stage
of technology adoption.”® A variety of technology education
and training programs would improve self-efficacy and moti-
vate elderly users.”’ In addition, PEU was strongly nega-
tively correlated with support; in other words, when PEU
was low, the demand for support was high.*° This indicates
that older people are more likely to adopt gerontechnology if
there is enough environmental support to make it easier to
use.”” Therefore, providing the environmental support that
the elderly need at the right time is an important way to
reduce the obstacles to acceptance of gerontechnology.

As physical and socio-psychological conditions change
with the aging process, the needs and requirements for the
use of technology among the elderly may differ from younger
generations.'® McLeod reported that the obstacles to mobile
phone use were complexity, small device size, cost of use, lack
of usefulness, and privacy infringement.*! Most ICT technol-
ogy seems to be targeted at young adults. The development
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Table 3 Acceptance of Technology

Construct Items N (%) Mean Score
. (SD)
Strongly | Disagree | Not Agree Strongly
Disagree Sure Agree

Attitude Using technology is a good idea 6(2.7) 11 (4.9) 21 (9.3) 121 (53.5) | 67 (29.7) 4 (0.9)
towards using You like the idea of using technology 5(22) 14 (6.2) 21 (9.3) 116 (51.3) | 70 (31.0) 4 (0.9)
Perceived Using technology would enhance your 3(1.3) 17 (7.5) 40 (17.7) | 101 (44.7) | 65 (28.8) 3.9 (0.9)
usefulness effectiveness in life

Using technology would make your life 3(1.3) 16 (7.1) 29 (12.8) | 105 (46.5) | 73 (32.3) 4.0 (0.9)

more convenient

You would find technology useful in your | 6 (2.7) 13 (5.8) 27 (12.0) | 109 (48.2) | 71 (31.4) 4.0 (1.0

life
Perceived ease | You would find technology easy to use 40 (17.7) | 73 32.3) | 42 (18.6) | 52 (23.0) 19 (8.4) 2.7 (1.2)
of use You could be skillful at using technology | 45 (19.9) | 66 (29.2) | 58 (25.7) | 37 (16.4) 20 (8.9) 2.7 (1.2)
Total 25.36 (5.28)

Notes: Item score range | (Strongly Disagree) — 5 (Strongly Agree); Total score range 5-35.
Table 4 Stepwise Multiple Regression Model
Technology Acceptance
Unadjusted Adjusted

Predictor variable Beta S.E t Sig. Beta S.E. t Sig.
Age —0.1836 0.0561 -3.27 0.001* —0.1204 0.0544 —2.21 0.028*
Education 0.3003 0.0691 4.34 <0.000 0.1737 0.0717 242 0.016*
Gerontechnology self-efficacy 0.8533 0.1644 5.19 <0.000 0.3451 0.2313 1.49 0.137
Facilitating conditions 0.3870 0.0802 4.83 <0.000 0.1973 0.1074 1.84 0.067

Notes: All variables left in the model are significant at the 0.15 level; F(525)) = 11.02, p<0.001, adjusted R?=0.151; *p<0.05.

and application of various methods to reduce the difficulty of
adopting new technology for older people is urgently needed.

The results of this study suggest ways to reduce pre-
judice towards older people. Technological acceptance by
older adults will change with the times, and intention to
use technology is also influenced by sociocultural charac-
teristics, such as subjective norms, trust, and uncertainty
avoidance in each society.*> To better understand technol-
ogy acceptance among the older adults, similar research
should be repeated and expanded in various cultures.
These findings provide important clues to develop support
and technology that will be tailored to older adults’ needs.

The results of this study should be interpreted in light of
several limitations. First, study participants were recruited
using convenience sampling from a senior center in South
Korea; thus, our results may not be generalizable to older
adults in other regions or countries. It is necessary to conduct
large-scale studies that can reduce selection bias using

random sampling. Secondly, while this study identified
a wide range of general technology acceptance, the types
of gerontechnology vary according to their purpose. Further
research is needed to identify the acceptance of gerontech-
nology by specific type or purpose of use. Third, socioeco-
nomic status factors were investigated using self-reported
answers ranging from good, fair, and poor, which resulted
in skewed distributions. Economic status should be investi-
gated using more detailed scales to achieve a comprehensive
understanding of technology acceptance among older
Korean adults. Moreover, the measurements used in this
study originated from the STAM model; however, psycho-
metrics (such as validity or reliability) were not presented.
Further research including various settings and populations
is needed to confirm the reliability and validity of the mea-
surements implemented in this study. Lastly, the adjusted R?
of the regression model was low. Each component that forms
the STAM model has substantial social and cultural
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relevance. Future research will need to take those socio-
cultural influences into consideration and conduct qualitative
research or employ a mixed-methods design to verify other
relevant predictors and to better understand the phenomenon.

Conclusions

Older adults at high risk of poor physical function due to
multiple chronic diseases exhibited good acceptance of
new technology and recognized that the usage of ICT
was helpful. Old age and education level were significant
predictors of technology acceptance. Gerontechnology
self-efficacy and facilitating conditions were positively
associated with technology acceptance among older
Korean adults with multiple chronic conditions. Given
that some components of the STAM model have social
and cultural relevance, and because the intention to use
technology is influenced by sociocultural characteristics, it
is necessary to conduct research across various cultures to
better understand technology acceptance by older adults.
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