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Smart technologies (e.g., smartphones, smart security technologies, digital home
assistants) have advanced over the years and will continue to do so. There are various
benefits to using these technologies in one’s life, such as an increase in productivity
through automation and self-monitoring one’s health. Older adults particularly may
benefit from smart technologies to support their everyday activities and compensate for
age related changes. In this study, we explored the experiences and attitudes of eighty
older adults including those who had prior experience and those who had never used (or
perhaps never heard of) smart technologies through an online survey. We assessed their
general opinions toward using smart technology and explored what facilitated or hindered
their use. Older adults rated the facilitators to use for each smart technology differently,
with few commonalities between the order of the most agreed upon facilitators. However,
older adults’ opinions were consistent across each technology about their ignorance
of technological features and cost of the smart technology, which could be potential
barriers to use. Among those who had never used one of the smart technologies, privacy
was the most commonly endorsed concern. The results from this study support the
understanding of key considerations when developing and deploying smart technologies
for older adults.

Keywords: older adults, smart technology, technology adoption, technology usage, technology non-use

INTRODUCTION

Technological advancements in recent decades across a variety of areas have led to widespread
increases in both the quantity and quality of support. From smartphones to digital home assistants
(e.g, Amazon Echo), these technologies have broadly contributed to increased efficiency in
completing daily tasks; improved awareness of health and wellness status; and provided additional
opportunities for social engagement, among many other benefits. Moreover, smart technologies—
which are internet-connected devices that can interact with other smart technologies to provide
additional capabilities—allow for support, automation, and environmental control within the
home. However, despite the potential advantages of integrating smart technologies into ones life,
there remains a digital divide between younger and older generations, with the latter generally
adopting current and emerging technologies at a slower pace (Faverio, 2022). This is problematic
as this population may have the most to gain from these technologies.

Age-related changes across a variety of domains (e.g., cognitive, emotional, physical, social) can
impact an older adults quality of life and ability to age as—and where—they desire (Park, 2002;
Charles and Carstensen, 2010; Rogers et al., 2020). As interindividual variability tends to increase
with age (e.g., Nelson and Dannefer, 1992), the amount of support necessary to counter these
changes varies from person to person, and access to quality care support may not be an option
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for many older adults who are socially isolated or unable to afford
these services. Additionally, a common sentiment among older
adults is their desire to age-in-place, or age within their personal
home and community instead of moving to an assisted living or
other such facility; nearly 80% of adults over the age of 50 desire
to do so (Binette and Vasold, 2018). Thus, current and emerging
technologies may play an important role in not only reducing the
impact of many of the daily challenges older adults face, but also
may be more accessible to address the individual needs of each
older adult as they age.

Despite the generational digital divide, older adults have
consistently been shown to not only use a variety of
contemporary technologies (e.g., computers, cell phones, email;
Anderson and Perrin, 2017), but also hold numerous positive
opinions about these products that counter existing stereotypes
(Czaja et al., 2006; Mitzner et al., 2010, 2019). Nevertheless, there
is a lack of understanding of what specific smart technologies
older adults are currently using, as well as the factors and
opinions that contribute to this use (or non-use).

Understanding the factors that influence technology
acceptance has been a primary focus of human-technology
interaction research in recent decades. The Technology
Acceptance Model (TAM; Davis et al., 1989) was one of the
more influential attempts to understand computer technology
acceptance specifically and was based upon previous work done
by Azjen (1980) regarding their Theory of Reasoned Action
(TRA). In brief, the TRA posits that one’s actual behavior is
strongly influenced by one’s behavioral intention to perform a
behavior, and that intention is in turn influenced by attitudes
toward the behavior as well as subjective norms, defined as
“the perceived social pressure to perform or not to perform
the behavior” (Ajzen, 1991, p. 188). Davis’s et al. (1989) TAM
adapted the idea of the importance of behavioral intentions and
applied it toward technology use, but differed from TRA in that
they presumed these intentions were influenced by one’s attitude
toward using the technology and the perceived usefulness of the
technology, dropping the subjective norm component of the
model due to it being the least understood component of TRA at
that time (e.g., Fishbein and Ajzen, 1975, p. 304). Additionally,
TAM introduced a contributing factor that would play a large
role in future technology acceptance models, namely, perceived
ease of use, defined as “the degree to which the prospective user
expects the target system to be free of effort” (Davis et al., 1989,
p. 985).

To consolidate the numerous other technology models with
the iterations of TAM (e.g., TAM2, TAM3; Venkatesh and
Davis, 2000; Venkatesh et al., 2003; Venkatesh and Bala, 2008),
proposed the aptly named Unified Theory of the Acceptance and
Use of Technology (UTAUT). Currently in its second iteration
(UTAUT2; Venkatesh et al., 2012), the unified model makes
the case that seven primary factors influence an individual’s
behavioral intention to use a technology: (1) performance
expectancy; (2) effort expectancy; (3) social influence; (4)
facilitating conditions; (5) hedonic motivation; (6) price value;
and (7) habit. Actual use behavior is then said to be influenced by
behavioral intention, as well as facilitating conditions and habit.

Additionally, age, gender, and experience were found to moderate
some of these relationships.

Building upon the work of the previous general technology
acceptance models, initial steps have been taken to understand
older adults’ technology acceptance specifically. Two such
models include the Senior Technology Acceptance and Adoption
Model (STAAM; Renaud and van Biljon, 2008) and the Senior
Technology Acceptance Model (STAM; Chen and Chan, 2014).
STAAM postulated three key phases of acceptance and adoption:
objectification in which behavioral intention is molded by social
influence and perceived usefulness, incorporation in which an
older adult gradually incorporates the technology into their life
to better understand how useful it is, and acceptance (or lack
thereof) due to the attitudes they have gained during this process.
In the STAM, which was influenced by the original TAM, the use
of gerontechnology was influenced by personal characteristics
(e.g., age, gender, socio-economic status), self-efficacy, anxiety,
facilitating conditions, as well as health and cognitive status. Of
note, in comparison to previous models, STAM found less of an
importance of perceived usefulness and perceived ease of use,
with most technology use being explained by the prior-listed
variables. However, these results are constrained by the types of
technology being evaluated and a limited participant sample.

As evident by the numerous factors that comprise these
technology acceptance models, both generally and within those
specifically relevant to older adults, technology acceptance
is a complex and continuously evolving process. It involves
understanding not only what facilitates the use of technologies,
but also what barriers may impede people from wholly accepting
a technology and integrating it firmly within their lives and
routines to maximize the potential benefits. As the technologies
themselves evolve—both in form-factor and capability—it is
crucial that these acceptance factors and the models they
comprise are revisited and updated to reflect contemporary
acceptance contributors. Moreover, now that smart technologies
are becoming more commonplace and may be used by older
adults to improve or maintain their ability to perform important
everyday activities, there needs to be more focus on the
determinants of acceptance for these devices. This has especially
been evident during the social isolation many older adults
experienced during the COVID-19 global pandemic, in which
social communication technologies had the potential to provide
social support while maintaining safety from the virus. Thus,
improving this overall understanding will only contribute to
a more effective and accessible technology usage environment
among this population, but also to more successful delivery of
the potential benefits.

To explore the uptake of smart technologies by older adults,
we developed a survey to assess the smart technologies older
adults are using; the facilitators and barriers that impact their
use of these technologies; and their opinions and preferences
regarding the integration of these technologies into their daily
lives (e.g., initial learning, overall usability). Our sample includes
both current users of these technologies as well as current
non-users to identify differences in their perspectives. By using
a survey to explore use and non-use of smart technologies,
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TABLE 1 | Participant demographics.

Variables n %
Sex

Male 22 27.5
Female 58 72.5
Race

White 65 81.3
Black 8 10.0
Multi-racial 3 3.8
Asian 1 1.3
Do not wish to answer 3 3.8
Education

Less than high school graduate 3 3.75
High school graduate/GED 4 5.0
Some or in-progress college/Associate’s degree 6 7.5
Bachelor’s degree (BA, BS) 23 28.8
Master’s degree (or other post-graduate training) 33 41.3
Doctoral degree (Ph.D., MD., EdD., DDS., JD., etc.) 10 10.0
Do not wish to answer 1 1.25
Income

<$25,000 11 13.8
$25,000-$49,999 14 17.5
$50,000-$74,999 15 18.75
$75,000 or more 27 33.8
Do not wish to answer 13 16.3
Housing type

Apartment or condominium 20 25.0
Independent living residence for seniors 5 6.25
Single family home 33 41.3
Do not wish to answer 2 25

we are gaining in-depth information on a personal and
technological level.

MATERIALS AND METHODS

Participants

We recruited participants via email through local and
community organizations in both Champaign and Cook County,
Mlinois. These included the Illinois Health and Engagement
through the Lifespan Project (I-HELP) participant registry
and the TechSAge Rehabilitation Engineering Research Center
(TechSAge RERC) participant registry. To participate in the
study, individuals must have been 65 years or older as well
as residing in the state of Illinois. We received 80 completed
surveys; the mean age of our participants was 71.5 (SD = 11.77;
range 65-90). For details of the participant demographics, see
Table 1.

Materials
To effectively understand older adults’ current usage,
experiences, opinions, and preferences regarding smart

technology, we developed the Smart Technology Survey,

which is available from the authors. Before participants rated
their usage, they completed the Attitudes toward Computers
questionnaire (Jay and Willis, 1992) to understand their
opinions toward technology. Next, the survey consisted
of two related sections for the eight technologies assessed:
smartphones; digital home assistants; smart health tracking;
smart thermostats; smart security; smart lighting and dimmer
controls; smart plugs; and environmental sensors. The goal was
to include categories that captured the broad space of available
smart technologies.

The first section assessed frequency of technology use and
contained an adapted version of the Technology Experience
Profile (TEP; Barg-Walkow et al,, 2014; see Figurel for an
example question).

Follow up questions were dependent on how participants
answered the use question for each technology. If they reported
they had experience using the smart technology they were
asked to respond to 24 follow-up statements relevant to their
experiences, opinions, and preferences regarding their adoption
and learning of each endorsed technology (see Figure 2).
These statements were developed by adapting the Attitudes
Toward Computers questionnaire (Jay and Willis, 1992) to
be relevant to each presented smart technology rather than
just computers, as well as adapted questions from the Self-
Report Behavioral Automaticity Index to understand their smart
technology habits (Gardner et al.,, 2012) and those relevant to
components of the Unified Theory of Acceptance and Use of
Technology 2 (e.g., price value, perceived ease of use; UTAUT2;
Venkatesh et al., 2012). Additionally, statements were included
regarding participants’ learning environment and the support
the utilized in gaining competency with the technology. If
participants stated they never used the smart technology they
were asked to respond to 10 follow-up statements that generally
matched the statements the users responded to (see Figure 3).
Lastly, if participants stated they never heard of the smart
technology, they did not receive any follow-up statements,
but rather just progressed to the next smart technology in
the survey.

Procedure
We sent potential participants an email containing a link
to the survey, which was hosted on the Research Electronic
Data Capture (REDCap) online data collection platform
(Patridge and Bardyn, 2018). Once they consented to participate
digitally, they rated their frequency of use for each technology
category. Depending on their answer, they then received follow-
up questions.

Following completion of the survey, we provided participants
a debriefing form that explained the purpose of the research.
Participants who provided their email were then entered into
a raffle in which 10% were compensated with a $25 Amazon
gift card.

Data Collection and Analysis

Data were collected over a 6-month period, from September
2020 to February 2021. The survey was administered via
REDCap, necessary because due to the global COVID-19
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Within the last year, how much have you used this device?
At least A few Once or Never
Daily once a times a twice a Never heard of
week month year this
a. Smart Phones
(e.g., Apple iPhone, Samsung Galaxy)
1 2 3 4 5 6
FIGURE 1 | Exemplary question from the survey to illustrate assessment of smart technology use.
Strongly Disagree aNreelteh:;r Agree Sronely
disagree g g ¢ agree
disagree
1. 1find my smartphone in my daily life 1 2 3 4 5
2. 1 enjoy using my smartphone 1 2 3 4 5
FIGURE 2 | Exemplary follow-up questions for smart technology users.
Strongly Disagree aN:teh:;r ree Stronely
disagroe isag g Ag agree
disagree
1. I would find a smartphone easy to use 1 ’ 3 4 5
2. I would find a smartphone useful in my daily 5
life 1 2 3 4

FIGURE 3 | Exemplary follow-up questions for smart technology non-users.

pandemic and subsequent in-person data collection restrictions.
To understand the samples technology use, opinions, and
preferences extracted in the survey, we used descriptive
statistics (e.g., frequencies, means, standard deviations). Older
adults who used their smart technology daily or sometimes
(i.e., at least once a week, a few times a month, or once
or twice a year) were considered “users” of that specific
smart technology. Older adults who either never used or
never heard of that smart technology were considered “non-
users.”

One sample independent t-tests were used to assess
significance. Ratings that were significantly greater than the
neutral value (three) were considered to indicate interest in the
statement. Ratings that were <3 were indicative of disagreement.

The values that were not statistically different from three
suggested a neutral stance.

RESULTS

General Technology Opinions

Figure 4 shows the participants’ agreement with statements
about technology in general. All of the mean scores were
significantly different from the neutral point (see Figure 4),
indicating the participants had clear opinions and they were
primarily positive. The positive statements that received the
most agreement were related to their perceived ability to use
technology with training [t(;9) = 36.91, p < 0.001] and their
capability to learn how to use the technology [t(79) = 36.91, p <
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Older Adults' Technology Opinions

Could learn use tech with time, training
Could learnto use tech
Learning techis worthwhile, necessary
Could learn tech with enough effort
Tech is fun to use
Tech is simple to understand
Comfortable with tech
Confused by tech
Tech makes me feel dumb I —————
Not confident about tech ability I  ————
Tech makes me nervous IEEEEEEEEEE——
Reading/hearing about tech is boring I ———
I do not care to know more about tech  IEE———————
Learning tech is a waste of time  ————

1 15 2 2.5 3 35 4 45

w

FIGURE 4 | Older adults’ technology opinions. Ratings ranged from 1 (strongly disagree) to 5 (strongly agree). The error bars represent standard error of the mean.
The term “Tech” was spelled out as “Technology” in the survey.

Smart Technology Usage Pattern

Smartphone

Environmental Sensor

Digital Home Assistant

Smart Health Tracker

Smart Security

Smart Thermostat

Smart Lighting and Dimmer Control
Smart Plug

0%

FIGURE 5 | Smart technologies usage patterns.

20%

40% 60% 80% 100%

m Daily mSometimes m Never

0.001], with similarly high agreement for the idea that learnings
technology is worthwhile. The negatively worded statement that
received the most agreement focused on learning how to use the
technology being a waste of time [£(;9) = 28.98, p < 0.001]. Thus,
overall, the respondents had generally positive attitudes toward
technology.

Overall Use Patterns

To understand the overall use patterns for the eight smart
technologies, we identified three groups: (1) Daily users; (2)
Sometimes users (reportedly used the technology at least once
a week, a few times a month, or once or twice a year); and (3)
Never users (i.e., non-users). Figure 5 presents the distribution

across technologies. The top three most frequently used were
smartphones, environmental sensors, and smart health trackers.
The least frequently used were smart plugs, smart security,
and smart lighting and dimmer controls. Lastly, the smart
technologies the older adults used sometimes were digital home
assistants and smart thermostats.

These data illustrate the diversity of use patterns, across
people and across technology types. To explore the individual
perceptions of these different groups, the detailed data for three
technologies were analyzed in more depth and presented herein:
one used by the majority of participants (i.e., smartphone, used at
least sometimes 94%); one used by only a minority of participants
(i.e., smart security, used at least sometimes by 23%); and one
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Useful in Daily Life

Social Expectation of Use

Enjoy Using

Enjoy Experienced Benefits
Others Would Benefit From Use
Reliability

Understandable Display/Interface
Acceptable Size

Use Out of Habit

Easy to Use

Can Use Without Thinking

Facilitators

Entertaining

Can Do What | Want to Do
Received Support
Ignorance of Some Features
Too Expensive

Difficult Setup

Confusing Instructions

Barriers

Privacy Concerns

Unmet Expectations

1 15

Smartphone: Users' Opinions

Need Help with Use
[E— 1
Frustrating
Confusing G
[ ]
Product Appearance |EEEEEGEG—_————

(Strongly Disagree [1] to Strongly Agree [5])

FIGURE 6 | Users’ opinions toward smartphones. Error bars represents standard error of the mean.

25 3 35 4 45 5
Mean Ratings

with a mixed pattern of use (i.e., digital home assistant, used at
least sometimes by 40%). For each technology, we provide the
perceptions from both the users and the non-users to explore

the factors that might be influencing technology acceptance (or
lack thereof).

Smartphone

Of the 80 older adults in this study, 75 self-reported using
a smartphone at least sometimes and only 5 were considered
non-users. The examples provided when responding to the
smartphone experience question were Apple iPhone and
Samsung Galaxy. Figure 6 presents the users’ perceptions of
statements that could be considered either facilitators or barriers
to use. We discuss each category in turn.

Smartphone: Facilitators of Use

The highest rated significant facilitator among older adult
users was useful in daily life [i.e., perceived usefulness;
tz4y = 2.32, p < 0.01]. Additional significant facilitators,
in descending order from most agreed upon to less agreed
upon were social expectation of use [i.e., social influence;
t74y = 3.43, p < 0.001], general enjoyment [i.e., hedonic
motivation; fzy = 3.97, p < 0.001], beneficial for others
[tza) = 391, p < 0.001], understandable display/interface
[t7ay = 1.82, p < 0.04], and acceptable size [tz = 1.98,
p < 0.03].

The remaining facilitators were not highly rated, but they were
still above the neutral point. Those facilitators were easy to use
[t(73) = 2.96, p < 0.001] and the smartphone having the ability to
do what they want it to do [¢(74) = 2.47, p < 0.008].
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Would affect my privacy
Other effective options exist
Would find easy to use
Would like the size

Would be beneficial for me
Would enjoy using

Would find useful in my daily life

Statements

Will use if recommended by S.O.
Currently use better method

Cost would not be problematic

[y

Smartphone: Nonusers' Opinions

M

=
n
N

(Strongly Disagree [1] to Strongly Agree [5])

FIGURE 7 | Non-users’ opinions toward smartphones. Error bars represents standard error of the mean (S.O. is significant other).

XL

25 3 35 4 45 5
Mean Ratings

Smartphone: Barriers to Use

Repondents highly agreed with two perceived barriers in
comparison to other presented options, which was related to
their ignorance of the features [t(74) = 3.54, p < 0.001] and
smartphones being too expensive [¢(73) = 2.22, p < 0.01].

The remaining significant barriers for smartphone in
descending order were difficult setup [t(;3) = 2.34, p < 0.01],
confusing instructions [t(74y = 1.9, p < 0.02], needing help from
others [i.e., facilitating conditions; ¢(73)y = 2.00, p < 0.02], privacy
concerns [t(73) = 1.82, p < 0.04], being frustrated [t73) = 1.91,
p < 0.03], not meeting expectations [t(74) = 2.34, p < 0.01], and
the appearance [t(74) = 2.37, p < 0.02].

Smartphone: Opinions of Nonusers
The opinions of nonusers of smartphone devices were also
collected (see Figure?7). Of the five older adults who did not
use a smartphone, the top-rated opinion was the belief that
smartphones would affect their privacy [t(4) = 8.85, p < 0.001].
Opinions that were most disagreed with included the belief
that the cost would not be problematic [t4) = 6.23, p < 0.002].
Other disagreed with statements, leading to the neutral point,
were they currently use a better method [t(4) = 5.82, p < 0.002]
and would use if a significant other recommended a smartphone
[ty = 2.94, p < 0.02], and would find it easy to use [t(4) = 3.32,
p <0.01].

Smart Security Technology

Of the 80 older adults in the study, 18 older adults responded that
they owned and used a smart security device at least sometimes,
5 stated they never used such technology, and 3 did not wish to
answer. Examples provided were smart doorbells and entrance

monitors (e.g., Ring Video Doorbell), smart door locks (e.g.,
August Smart Lock), and smart interior and exterior Cameras
(e.g., Nest Hello Doorbell Camera). For an overview of responses
to these statements, see Figure 8.

Smart Security Technology: Facilitators of

Use

The highest rated facilitator was that older adults using their
smart technology found it to be useful in their daily life [£(7)
= 8.01, p < 0.002]. Following this perceived usefulness, the
factors that were rated highly, in descending order of rating, were
enjoyment of the experienced benefits [t(;7) = 10.76, p < 0.001],
acceptable size of device [£(;7) = 8.75, p < 0.001], understandable
display/interface [t(j7y = 7.43, p < 0.001], other would benefit
from use of this technology [t;7y = 7.47, p < 0.001], habit
forming [tn7) = 5.72, p < 0.001], and general enjoyment of
using the technology [t(;7) = 3.83, p < 0.001]. Other facilitative
statements that the older adult users agreed with, although less
so than the aforementioned factors, included that they found the
device to be reliable [¢(;7) = 3.12, p < 0.003], the device does what
is desired of it [£(;7y = 3.33, p < 0.002], the device can be used
without thinking [t(;7) = 3.01, p < 0.004], and it is easy to use
[t(17) =22,p< 0.02].

Smart Security Technology: Barriers to Use
The barrier that was agreed with most highly was that
the older adults knew of features or capabilities that their
smart technology had but were ignorant of how to use
or access them [t;7y = 4.49, p < 0.001). Following this
perceived barrier, other barrier-related factors that older adult
smart security technology users rated as agreeing to were
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Useful in Daily Life

Enjoy Experienced Benefits
Acceptable Size
Understandable Display/Interface
Others Would Benefit From Use
Use Out of Habit

Enjoy Using

Reliability

Can Do What | Want to Do
Can Use Without Thinking
Easyto Use

Social Expectation of Use
Entertaining

Received Support
Ignorance of Some Features
Difficult Setup

Too Expensive

Need Help with Use
Confusing Instructions
Privacy Concerns
Frustrating

Confusing

Unmet Expectations
Product Appearance

Facilitators

Barriers

Smart Security: Users' Opinions

1

(Strongly Disagree [1] to Strongly Agree [5])

FIGURE 8 | Users’ opinions toward smart security technologies. Error bars represents standard error of the mean.

15 2 25 3 35 4 45 5

Mean Ratings

that setting up the technology was difficult [t,7 = 3.69,
p < 0.001] and the technology is too expensive [t(7) =
2.2,p < 0.02].

Smart Security Technology: Opinions of

Nonusers

Of the 59 older adults who did not use smart security technology,
the top-rated opinion was the belief that smartphones would
affect their privacy [tss5) = 17.8, p < 0.001; see Figure 9]. This
was followed by knowing there are other effective options that
exist in the space [t(55) = 29.34, p < 0.001].

Opinions that were most disagreed upon was the belief that
the cost would not be problematic [t55y = 30.35, p < 0.001].
Other disagreed upon opinions in ascending order were that they
currently use a better method [£(s5) = 23.41, p < 0.001], would
enjoy using smart security technology [#(s5) = 23.25, p < 0.001],
would find it beneficial for them [t(s5) = 24.93, p < 0.001], would
like the size of the smart security technology [£(s5) = 36.36, p <
0.001], would find it useful in their daily life [t(s5) = 22.41, p <
0.001], would find smart security technologies easy to use [t(s5)
= 26.43, p < 0.001], and they would use it if a significant other
recommended it for them [#(55) = 20.1, p < 0.001].

Digital Home Assistants

The technology that showed a pattern of mixed use by older
adults was digital home assistant. The examples provided were
Amazon Echo and Google Home. Of the 80 respondents, 30
reportedly used a digital home assistant at least sometimes and 46
responded that they have never used a digital home assistant. For
an overview of responses to the facilitator and barrier statements,
see Figure 10.

Digital Home Assistant: Facilitators of Use
Across the 32 digital home assistant users, the highest rated
perceived facilitator was that older adults enjoyed the benefits
experienced through use of the devices [t = 545, p <
0.001]. Other perceived barriers in descending order were the
digital home assistant was an acceptable size [t(9) = 4.06,
p < 0.001], reliable [t(;5y = 4.43, p < 0.001], beneficial for
others [t;9) = 4.17, p < 0.001], enjoyable [t9) = 3.81, p <
0.001], useful in daily life [t,9) = 4.13, p < 0.001], include
a understandable display/interface [t9) = 4.55, p < 0.001],
easy to use [f(y9) = 4.01, p < 0.001], involve social expectation
of use [tng) = 4.41, p < 0.001], entertaining [t9) = 3.45,
p < 0.001], encompass receiving support [tn9) = 3.78, p <
0.001], can do the desired task [t9) = 3.53, p < 0.001], habit
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FIGURE 9 | Non-users’ opinions toward smart security technologies. Error bars represents standard error of the mean.

Mean Ratings

forming [t9) = 4.01, p < 0.001], and contain the ability to
use a digital home assistant without thinking [t9) = 3.4, p
< 0.001].

Digital Home Assistant: Barriers to Use

The perceived barrier that participants agreed with the most was
knowing the digital home assistant had capabilities and features,
but being ignorant of how to use them [t(39) = 4.53, p < 0.001].
Other barriers agreed upon by older adults were that the digital
home assistants are too expensive [tng9) = 3.34, p < 0.001],
include confusing instructions [t9) = 3.58, p < 0.001], consist
of a difficult setup [t(;9) = 4.03, p < 0.001), and lead to privacy
concerns [t(;9) = 3.27, p < 0.001].

There were five potential barriers that the older adults did not
perceive as having a negative impact on use. The barrier that was
most disagreed with as having impacted use was the appearance
of digital home assistants [t(,9) = 4.97, p < 0.001]. Continuing in
an ascending order to the neutral point, other such barriers were
digital home assistants not meeting expectations [t(,9) = 4.53, p
< 0.001], being frustrating [¢(,9) = 3.72, p < 0.001], needing help
to use [¢(,9) = 4.08, p < 0.001], and being confusing [t(,9) = 3.66,
p < 0.001]. Thus, older adults consistently expressed that these
potential barriers had little to no impact on use.

Digital Home Assistant: Opinions of

Nonusers
The most agreed with statement was the belief that digital home
assistants would affect their privacy [t3) = 7.34, p < 0.001]
followed by knowing that other effective options exist [t(,3) =
15.72, p < 0.001; see Figure 11].

The most disagreed with statement was they would enjoy
using the digital home assistant [f(,4) = 13.74, p < 0.001]. Other
opinions were finding the digital home assistant to be beneficial

for them [t(24) = 14.03, p < 0.001], using a digital home assistant
due to recommendation from a significant other [#(24) = 11.93,
p < 0.001], cost would not be problematic [t(;4y = 16.95, p <
0.001], finding it to be useful in daily life [¢(,4) = 14.69, p < 0.001],
liking the size [t(24) = 19.05, p < 0.001], finding it easy to use [#(54)
= 14.14, p < 0.001], and using a better method [t(;3) = 15.84, p
<0.001].

DISCUSSION

Positivity of Opinions Facilitators of Use
Our exploration of older adults’ opinions surrounding the use
and non-use of smart technologies portrays the current landscape
of adoption for a sample of older adults. A benefit of knowing
these opinions allow designers to understand the focused areas
that older adults take into consideration. This study explored the
experiences and opinions of older adults who use and do not use
smart technologies.

The opinions of the older adults in this sample were
predominately positive, contradicting the common stereotype
that older adults are unwilling to use technology. This coincides
with other findings (e.g., Mitzner et al., 2010), wherein older
adults reported more positive than negative sentiments toward
technology use. One reason for this could be that older adults are
increasingly using technology, such as smartphones PEW, and
the internet more (Anderson and Perrin, 2017), leading them to
see the benefits of us.

The generally positive attitudes we observed might be
reflective of a sample bias for our survey. The participants
were recruited via email and the survey was administered
online as the data were collected during the COVID-19 global
pandemic. This likely led to a sample of older adults who had
relatively high technology proficiency. Moreover, our sample
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consisted of mostly older adults who identified as female and
White with high levels of education (i.e., Bachelors degree or
higher). Future studies should incorporate diverse recruitment
strategies to include participants who may not be included in
registries associated with universities and those without access to
computers. For example, sending surveys to external registries;
placing flyers in the communities; and inputting responses in
the survey with participants present (e.g., in-person or via the
phone). Additionally, conducting interviews with the older adults
who completed the surveys would allow for a more detailed,
qualitative understanding of why they used or did not use smart
technologies. Thus, a mixed-method study would allow for a
more holistic perspective on the usage.

Although our sample was restricted in scope, we still had a
range of users and non-users for the specific smart technologies
we explored. As such, our findings provide insights, at the level
of the individual and at the level of specific technologies, about
the factors that contribute to adoption (or lack thereof) of smart
technologies for a sample of older adults.

Facilitators of Use

Numerous facilitators influence intentions and actual usage of
technology. However, the core facilitators found across models
of technology acceptance are perceived usefulness, perceived ease
of use, facilitating conditions, and some type of social aspect
(Venkatesh et al., 2012; Chen and Chan, 2014). For example,
perceived usefulness and perceived ease of use are influence
intentions to use (Venkatesh et al., 2012) and actual use (Chen
and Chan, 2014). Facilitating conditions (e.g., instructional
support) and some type of social aspect influences intentions
to use. Additionally, there are factors that influence the core
facilitators, intentions, and actual usage, such as anxiety (Chen
and Chan, 2014), attitudes (Chen and Chan, 2014), hedonic
motivation (Venkatesh et al.,, 2012), perceived benefit (Harris
and Rogers, 2021), price value (Venkatesh et al., 2012; Harris
and Rogers, 2021), and self-efficacy (Chen and Chan, 2014). In
this study, participants mostly agreed upon different facilitators
across three different smart technologies.

Those who had used a smartphone agreed upon perceived
usefulness, social influence, and hedonic motivation as
facilitators that supported usage. Social influence, the perception
that important others believe a technology should be used, was
found to be a strong predictor of smartphone usage in a study
by Busch et al. (2021). In fact, over half of their participants
had a strong social influence toward smartphone use. The
commonalities exemplify that social influence may impact actual
usage of smart phones by older adults. However, Busch and
colleagues also found another strong predictor of smartphone
usage, which was habit. In UTAUT2, habit was a facilitator added
to extend the original UTAUT and demonstrated that it can
predict continued use of technology. In both studies, they used
the definition of habit as automaticity due to learning (Limayem
et al., 2007). In the present study, the technology users did have
positive agreement with statments about the importance of habit.
Lastly, hedonic motivation was another facilitator incorporated
into UTAUT?2, which was found to also predict continued use.
With the option of adding different mobile apps, such as games

and social media, the focus on fun and pleasure from use is
not surprising.

For smart security technologies, the most agreed upon
facilitators were perceived usefulness, enjoyable benefits,
and aesthetics. No analogous research examining these
facilitators in the smart security domain are available for
reference, in comparison to the other two technology categories
(smartphones, digital home assistants). Thus, our findings show
the generality of technology acceptance facilitators.

Lastly, the most agreed upon facilitators for digital home
assistants, were reliability, aesthetics, and enjoyable benefits. In
recent research conducted by Koon et al. (2020), perceptions that
current users, who were 55+, had toward digital home assistants
from initial use to continued use were investigated through semi-
structured interviews. For initial use, purchase, setup, and social
influence were mentioned an important; however, contributors
to continued use were perceived usefulness, perceived ease
of use, hedonic motivation, and facilitating conditions. The
differences between these findings and our data may be that
Koon et al. focused on the more limited factors in the original
UTAUT model. Our finding that reliability and aesthetics were
positively endorsed is an extension of the literature because
these two facilitators do not appear in modern technology
acceptance models.

Digital home assistants can support older adults in receiving
real-time information about their environment and society
through phrases that are activated through voice. These features
may be seen as beneficial but can also make older adults
feel technologically inadequate if the digital home assistant
does not pick up their phrase (Duque et al, 2021). After
learning how to use a digital home assistant, it can improve
one’s wellbeing and support everyday activities. Furthermore,
aesthetics may play a more significant role than perceived ease of
use regarding intentions to use a technology (Parra et al., 2012)
and its importance is understudied in the technology acceptance
literature (Parra et al., 2012; Malik et al., 2017).

Barriers to Use

With respect to barriers, the two statements that were most
agreed with across all three smart technologies were ignorance of
technological features (Vaportzis et al., 2017) and too expensive
(price value; Vaportzis et al., 2017). The statement that was
agreed with across at least two smart technologies was confusing
instructions (i.e., absence of facilitating conditions). Many
technologies that are designed to be multifunctional or have
additional features on top of the main purpose. Thus, it is
not surprising that some older adults did not know all their
smart technology’s features. The price of smart technology is
also important to older adults. In 2020, the median income for
older adults was $27,398 and $70,254 for families headed by
someone who was 65 or older (Administration on Aging, 2021).
Thus, in terms of consumer purchases, smart technologies may
not be as important as more dire needs. The third most agreed
upon barriers for smartphones and smart security technologies
was the setup of the technology. Although not third for digital
home assistants, difficult setup was fourth and followed confusing
instructions. Clear instructions can support older adults in
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setting up and using their smart technology. This is especially
important for new users who are first learning about their smart
technology (Koon et al., 2020).

Lastly, the most agreed upon barrier for non-users across the
three technologies was privacy concerns. With the ever-growing
possibility of personal data being accessed without permission
or awareness, privacy concerns are becoming an increasingly
common barrier among older adults (Technology Use Among
Seniors, 2017; Fox and Connolly, 2018; Harris and Rogers, 2021).
For widespread adoption of smart technologies to occur it will be
important to address these privacy concerns of older consumers.

CONCLUSION

The overarching goal of this survey was to explore smart
technology usage patterns for older adults. The survey approach
provided a general snapshot of the use and non-use of smart
technology on the individual and technology level, and a broad
understanding of the facilitators, barriers, and opinions related
to smart technology usage. Our findings depicted topics that
should be considered when developing smart technologies for
older adults based on their opinions and preferences. Specifically,
this could be done by investing more into illustrating for the
older adult population how smart technologies are useful, fun,
beneficial, and aesthetically pleasing. Additionally, providing
more comprehensive onboarding instructional support for the
device by older adults could be beneficial. Such facilitating
conditions can ensure they understand the various features of
the smart technology and ensure effective support for setting
it up and getting acclimated to using it for everyday activities.
Lastly, if possible, decreasing the cost of smart technologies to
ensure it is more affordable and accessible to a wider range of
older adults with varying socioeconomic status would allow these
potential benefits to be experienced by a larger percentage of
the older population. Incorporating these different facilitators
to use as a prime focus in the development of the technology
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