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The continuing growth in the number of older adults 
and their desires to age in place raise significant health-
care and housing challenges. The majority of people 
prefer to stay in their homes as long as they can (AARP, 
2018), and policy makers support this option due to 
high costs of institutional care. Yet most residences 
lack the necessary design features to support indepen-
dent living in a safe, viable way. Beyond the need to 
modify and adapt homes of the growing senior popula-
tion for basic safety reasons, such as preventing falls, 
residential environments could also promote active and 
independent living among older populations. One 
approach that closely relates to promoting physical 
activity and less sedentary behavior at home is “active 
living,” defined as integrating any form of physical 
activity into daily routines, such as taking the stairs, 
and participating in household activities, including 
cooking, cleaning, or gardening (Sallis et  al., 2006). 
For older adults, even these household physical activi-
ties can be very beneficial, as they can constitute much 
of an older person’s total activity (Brookfield et  al., 
2015). Being able to actively participate in such 

activities would also support independence and allow 
the aging-in-place model to be realized.

Use of technology has been proposed and studied for 
its potential to support aging in place while maintaining 
active lifestyles at home in a safe and secure way  
(Berkowsky et al., 2018; Chen & Chan, 2014; Mitzner 
et  al., 2010; Peek et  al., 2014, 2016; van Hoof et  al., 
2011). In recent years, there is also an upsurge in interest 
in the applicability and acceptability of Internet of 
Things (IoT) or smart home technologies for safely and 
independently aging in place (Arthanat et  al., 2019; 
Carnemolla, 2018; Humphreys, 2018; Liu et al., 2016; 
Marikyan et  al., 2019; Turjamaa et  al., 2019). In line 
with Arthanat et  al. (2019) definition (p. 247), within  
the context of this study, our definition of smart home 
technologies that support safe and independent aging 
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comprise sensor-based technologies placed in the homes 
of older adults that (1) monitor or gather information 
about the home and its residents, (2) allow device com-
munication for automation and remote access, and (3) 
provide user interfaces, such as home displays, smart 
phones or computers to receive information and set 
preferences.

A recent survey by AARP on technology trends 
among older adults identified smart home technology 
as an emerging market for the 50+ age group, with 
many adults interested in buying smart home technol-
ogy products, but only about 10% currently using them 
(Kakulla, 2019). The low rates of technology accep-
tance and adoption were also highlighted in the litera-
ture (see reviews by Liu et al., 2016; Peek et al., 2014). 
Several models and theories have been proposed to 
examine technology acceptance and use behaviors 
among older adults. The technology acceptance model 
(TAM) (Davis et al., 1989), along with the unified the-
ory of acceptance and use of technology (UTAUT) 
(Venkatesh et al., 2003), is one of the most prevalent 
frameworks with maintained consistency and validity 
(Chen & Chan, 2014). The key variables of TAM mod-
els, perceived usefulness (PU) and perceived ease of 
use (PEOU) were shown to have significant predictive 
power, however, they rarely consider the unique char-
acteristics, capabilities, and limitations of the elderly 
(Chen & Chan, 2011, 2014).

A significant concept that is commonly discussed for 
about 30 years when examining technology acceptance 
and adoption in later life is the digital divide (Marston 
et al., 2019). The digital divide refers to the gap between 
those who do and those who do not have access to new 
forms of technology (van Dijk, 2006). Several frame-
works were proposed over the years to identify the fac-
tors related to the digital divide. These models primarily 
focused on issues of access, ability, and affordability 
(Marston et  al., 2019; Selwyn, 2004; van Dijk, 2006; 
Vihera & Nurmela, 2001). Others also point to the 
inequality of outcomes (e.g., Wei et al., 2011). In addi-
tion to being an indication and reason of social and eco-
nomic inequality, the digital divide can also be explained 
by individual differences, capabilities, and technology 
experiences (Vihera & Nurmela, 2001; Vehovar et  al., 
2006). Numerous empirical studies identified the factors 
that may play a role in the digital divide, such as gender, 
age, income, education, type of household, geographic 
location (DiMaggio et al., 2001; Loges & Jung, 2001; 
Marston et al., 2019; Wei et al., 2011).

Since the senior population is becoming more 
diverse with changing demographics and occupancy 
characteristics (Cisneros et al., 2015), it is significant 
to examine other factors that are comprised by the digi-
tal divide literature in relation to what can be explained 
by TAM variables. Additionally, previous research 
underscores that type of technology matters for older 
adults’ attitudes and behaviors to use them (Arthanat 
et al., 2019; Liu et al., 2016). This relates to assessing 

whether that specific technology “provides specific 
desired utility, and the perceived difficulty of learning” 
to use that product (Barnard et al., 2013). While tech-
nology adoption and use behaviors are commonly stud-
ied (Macedo, 2017), more research is needed regarding 
the aging-in-place supportive technology (Chen & 
Chan, 2014, p. 246). Smart home technologies and 
home automation is a rapidly evolving domain with 
potential to support actively aging in place (Arthanat 
et al., 2019; Chung et al., 2016). However, as pointed 
out by several researchers, the current evidence on 
their acceptability and the influential factors is rather 
limited and does not fully explain why older adults are 
less willing to adopt them (Berkowsky et  al., 2018; 
Humphreys, 2018; Macedo, 2017; Marikyan et  al., 
2019; Liu et al., 2016).

Our study contributes to the body of literature in 
this field by examining older adults’ attitudes toward 
and intentions to use currently available smart home 
technologies across different domains that would  
support safely and actively aging at home. We also 
explored how technology access, skills, affordability, 
and demographic and health-related factors may influ-
ence these attitudes and intentions as these were iden-
tified in the literature as factors that may play a role in 
the digital divide. Utilizing the constructs from the 
TAM framework, we hypothesized that (1) perceived 
usability, perceived usefulness, and perceived afford-
ability will be associated with more positive attitudes 
toward smart home products, and (2) perceived usabil-
ity, perceived usefulness, perceived affordability, and 
more positive attitudes toward about the smart home 
products will be associated with higher intentions to 
use these products in future.

Findings from this study will add to the knowledge 
base in smart home technology adoption in older adults 
and are expected to assist design professionals who 
work with older adults by providing them evidence of 
the value of smart home technologies for their clients 
who prefer to age in place. The findings may also help 
industries that manufacture such products to improve 
their designs and develop efficient marketing strategies 
for targeting older adults.

Materials and Methods

Study Design

This sequential explanatory mixed-methods study 
employed a structured survey, followed by a focus group 
to help further explain the quantitative results with qual-
itative data (Creswell, 2015). In line with the character-
istics of such research designs as described by Creswell 
and Clark (2011), this study prioritized the quantitative 
aspect in addressing the research objectives and relied 
on the qualitative strand to provide the insight and addi-
tional explanation of the overall findings. The Institution 
Review Board approved the study (IRB # 17-751).
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Participants

In this study, community-dwelling adults aged 50 and over 
were sampled from the southwestern Virginia following 
three different approaches. (1) Online recruitment from 
the [masked for review] Center for Gerontology Older 
Adult Research (OAR) registry to complete the online sur-
vey (n = 77), (2) In-person recruitment from the local lunch 
program to complete the self-administered survey at com-
munity meal sites (n = 37), and (3) Online invitation sent to 
residents of an independent living community to complete 
the same self-administered survey, attend a hands-on edu-
cation session on the products, and participate in a focus 
group (n = 15). The purposeful sampling from these sites 
allowed us to recruit community-living older adults from 
diverse age groups and socioeconomic backgrounds. The 
qualitative sample had 15 participants from the indepen-
dent living community. We provided a financial incentive 
to the participants for their time and input.

Measures

Quantitative data collection.  As part of a larger project 
that assessed a range of assistive designs that may sup-
port aging in place, this study focused on three smart 
home design products and a more comprehensive smart 
home/home automation system. These smart home tech-
nologies were representative of varying cost and com-
plexity levels and target a range of products that may 
support integrating physical activity to daily routines. 
The selected products also included the safety and secu-
rity-related home technologies the older individuals are 
most interested in adopting—front door security, and 
products that automatically shut off appliances (AARP, 
2019). Brief descriptions of these products are provided 
in Table 1. The survey first provided participants with 
an overview of the selected smart home products. Uses, 
benefits and cost ranges of the smart home technologies 
that may support aging in place were explained with 

visuals (photographs and short videos) and brief textual 
information.

The cross-sectional survey design was based on a 
modified version of the TAM framework to predict user 
acceptance of any technology through perceived useful-
ness, perceived ease of use, and perceived affordability 
factors (Davis et al., 1989; Orillaza et al., 2014). Based 
on Davis (1989), in this study, perceived usefulness is 
defined as the degree to which an individual believes the 
product will enhance his/her life at home, and perceived 
ease of use is the degree an individual believes that a 
product will be free of effort. Modified versions of the 
model also include the cost or perceived affordability as 
a factor that influences attitude towards the adoption of 
the product, which then predicts the behavioral intention 
to use (Kuo & Yen, 2009; Wu & Wang, 2005).

The survey consisted of four major sections:

(1)	 Ratings of the select products with a five-point 
Likert scale for perceived usefulness, perceived 
ease of use, perceived affordability, attitude, and 
intention to use measured through previously 
validated questions from TAM questionnaires.

(2)	 Self-reported health and ability characteristics, 
and physical activity levels using adapted ques-
tions from national health surveys; and

(3)	 Socio-demographic and economic characteris-
tics, including age, gender, income, educational 
attainment, housing type and arrangements, 
existing home modifications.

(4)	 Technology knowledge and use, related to home 
internet and mobile phone use, smart phone 
ownership, and self-assessed smart phone and 
computer skills.

The survey was pilot tested on five adults and revised 
for question clarity, wording of product descriptions, 
and legibility of the visuals. The data collection from the 
online survey of the OAR registry and self-administered 

Table 1.  Representative Design Products Selected for the Assessment.

Product domain Design product Cost range

Housekeeping/safety: Products to that assist in cooking, 
cleaning, and other household activities as well as adapted 
appliances with sensors that monitor appliances

Smart stove fire 
prevention devices

$150–$500

Safety and security: Products to protect health and home, and 
to support safely leaving and returning home.

Smart door lock $100–$300 + $50–$100 
professional installation, if needed

Environmental systems: Lighting (to provide safe, programmable, 
sensor-based, and customizable light levels and spectrums for 
getting around the house), control switches.

Smart lighting $50–$200 for a starter kit

Home automation system that would control a number of 
the above-mentioned products and others (thermostats, 
appliances, security cameras, etc.)

Home automation/
Smart Home

$500–$4,500 + installation

Note. Products were selected to represent the active living supportive domains through the Able Data database, maintained by the 
Department of Health & Human Services’ (HHS), National Institute on Disability, Independent Living, and Rehabilitation Research (NIDILRR), 
and its product categories. Five researchers from design and gerontology fields chose the representative products for the survey. While 
certain products may also represent other domains, such as lighting for safety and security, efforts were made to place them to the best 
representative category.
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questionnaire at the meal sites were completed in 
February and March 2018. The recruitment email and 
the online survey included an introduction describing 
the study and consent was inferred by submission of the 
survey. In the lunch program setting, the PI or a desig-
nated team member presented the study and informed 
consent forms were collected prior to participation.

Following an initial analysis of the quantitative data, 
the independent living community residents were 
recruited in June 2018 with the assistance of the com-
munity event coordinator. After consenting, the partici-
pants were asked to complete the same survey and to 
participate in the focus group.

Qualitative data collection.  A subset of participants 
(n = 15) were provided in-depth overviews through a 
presentation and hands-on testing opportunities in a 
community room of their facility. They later participated 
in a post-presentation/post-survey completion focus 
group, facilitated by two researchers. The focus group 
was recorded and transcribed verbatim. The aim of this 
second phase is (1) to provide insights and clarifications 
on the factors inquired in the survey; and (2) to capture 
other factors that may influence attitudes and intentions 
to use these stair mobility products but are not addressed 
in the questionnaire. The 48-minute focus group aimed 
to complement and further explain the findings of the 
survey. The semi-structured focus group guide inquired 
about the challenges the participants faced at home, 
whether they used any assistance, their views on tech-
nology at home, and followed up on the survey ques-
tions for each of the four smart home design products 
(smart fire prevention devices, smart lighting, smart 
door locks, and a comprehensive smart/home automa-
tion system), asking about the factors that would support 
or inhibit their use at home.

A copy of the survey and the focus group questions 
are provided in Appendices 1 and 2.

Data Analyses

Qualitative and quantitative data were analyzed sepa-
rately. Regarding the quantitative survey data, the 
impact of all investigated factors on the participants’ 
opinions toward the smart home products is evaluated 
using stepwise regression models. A further covariates 
screening for all the candidate predictors was con-
ducted using a stepwise selection approach to estab-
lish the optimal model. The optimal model is defined 
as the model that minimizes the corrected Akaike 
Information Criterion (AICc) value (Burnham & 
Anderson, 2002; Cavanaugh, 1997). The qualitative 
data were analyzed using systematic text condensation 
(STC) (Jellesmark et al., 2012; Malterud, 2012). The 
analysis included the following steps: (1) the tran-
scriptions were read to get an overall impression of the 
content—total impression; (2) all units of meaning 
were identified and clustered—coding; (3) all units of 

meaning were condensed to uncover overall themes 
and subthemes—condensation; and (4) development 
of descriptions and concepts with credible stories 
reflecting the validity and wholeness of their original 
context—synthesizing.

Quantitative Results

Descriptive Statistics

Characteristics of the participants (n = 129) are summa-
rized in Tables 2 and 3.

Table 2.  Characteristics of Survey Participants (n = 129).

Measure Number %

Age
  50–64 34 26.8
  65–74 44 34.6
  75–84 41 32.3
  85+ 8 6.3
Sex
  Female 96 75
  Male 32 25
Education
  High school or less 27 21.3
  Some college 14 11
  College graduate 33 26
  Graduate or Prof. degree 53 41.7
Monthly household income
  <$1,000 17 13.8
  $1,000–1,999 22 17.9
  $2,000–2,999 18 14.6
  $3,000–4,999 20 16.3
  $5,000+ 46 37.4
Home type
  House 98 76
  Apartment 14 10.9
  Townhouse/duplex 16 12.4
  Mobile home 1 .8
Home ownership
  Own 101 79.5
  Rent 26 20.5
Living arrangement
  Lives alone 48 37.2
  With 1 other person 68 52.7
  With 2 or more other people 13 10.1
Use of technology
  Internet at home 98 76
  Mobile phone ownership 121 93.8
    Smart phone 80 62
Self-assessed smartphone skills
  Poor/fair 44 35.2
  Good 22 17.6
  Very good/excellent 59 47.2
Self-assessed computer skills
  Poor/fair 27 21.6
  Good 24 19.2
  Very good/excellent 74 59.2
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The correlations between attitudes toward and inten-
tions to use smart home products and the demographic, 
health and TAM variables are shown in Table 4. 
Perceived ease of use, perceived usefulness, and per-
ceived affordability are the three factors that consis-
tently had the high and statistically significant positive 
correlations with attitudes and intentions to use the four 
products. Younger age was positively correlated with 
intentions to use smart door locks, smart lighting, and 
home automation systems.

Ratings of the Smart Home Design Products

Figure 1 shows the distribution of responses regarding 
intention to use and attitude regarding the three smart 
home products and the home automation system. 
Smart fire prevention device was the highest rated 
product for attitude and intention to use while the few-
est number of participants agreed or strongly agreed 
that smart door locks were a good idea in general. 
Participants’ attitudes scores toward the products were 
higher compared to their behavioral intentions to use 
them in their homes.

Ordinal Regression Models

Table 5 shows the variables selected for each of the atti-
tude and intention to use models fit for each of the four 
smart home technologies. While the survey contained 
over 20 predictors for each response, the final models 
based on stepwise regression with AIC have between 
five and eight predictors, except the model predicting 
intention to use the comprehensive home automation 
system, which had 14 predictors. These models have an 
R-squared ranging from .257 to .426.

Smart door locks.  The regression models predict 32.2% 
of the variance in attitude, and 39.5% of the variance 
in intention to use smart door locks at home. Among 
the TAM factors, controlling for other predictors, an 
individual’s higher perceived usefulness of smart door 
locks is associated with increased odds of having a 
positive attitude toward the product and a higher inten-
tion to use it (odds ratios of 8.61 and 7.52, respec-
tively; p < .01).

Increased need for ADL assistance is also positively 
associated with the odds of a higher intention to use 
smart door locks (OR = 7.03, p < .01). However, inter-
estingly, having a widened doorframe (an accessible 
design feature) at home was negatively associated with 
intention to use the smart locks. A possible explanation 
to this could be that widened door frames may indicate 
an existing mobility challenge that may limit the time 
spent outside, thus, making the smart door locks unde-
sirable/ unnecessary. Since this result may be indirectly 
influenced by other factors, further research is needed to 
verify whether living with certain physical disabilities 
predicts attitudes and intentions to use this specific type 
of smart technology.

Smart lighting.  The models used to predict a person’s 
attitude towards smart lighting, and their behavioral 
intention to use the product capture 34% and 40% of the 
variance in data, respectively. Among the TAM factors, 
perceived usefulness is associated with increased odds 
of having a favorable view of the product (OR = 8.67, 
p < .01). Having internet service at home also increases 
one’s odds of holding a positive attitude toward smart 
lighting (OR = .52, p < .05).

While perceived usefulness stays as a significant pre-
dictor of behavioral intention (OR = 4.81), an overall 
positive attitude toward the product appears as a factor 
that increases one’s odds of having a higher intention to 
use it (OR = 3.97, p < .01). People who own their homes 
have significantly higher intentions to use smart lighting 
in future (OR = 2.70, p < .01). Interestingly, people with 
higher incomes, and better self-reported health, and 
higher smart phone skills had lower intentions to adopt 
smart lighting in their homes.

Smart fire prevention.  The ordinal logistic regression 
model for predicting a person’s attitude about the 
smart stove fire prevention products captures 37.2% 
of the variance in the data. When all the other predic-
tors are controlled, perceived ease of use and per-
ceived usefulness are statistically significant predictors 
of a better attitude toward the smart fire prevention 
products (OR values of 2.63 and 7.84, respectively). 
Unlike smart door locks, having an accessibility prod-
uct (a raised toilet) already installed at home is posi-
tively associated with the attitude toward the product 
(OR = 1.99, p < .01). These findings may be explained 
by the understanding of the usefulness of the active 
living-supportive product due to having other 

Table 3.  Self-Reported Health Measures (n = 129).

Measure Number %

General health status
  Poor/fair 19 15
  Good 37 29.1
  Very good/excellent 71 55.9
Health interference w. activities
  A great deal 8 6.3
  Not much/somewhat 80 62.6
  Not at all 38 29.7
Assistance from others
  ADL/personal care assistance 3 2.3
  IADL assistance 16 12.4

  M SD

Physical activity during last 7 days
  Vigorous activity for at least 10 minutes 2.8 2.45
  Walk for at least 10 minutes 3.8 2.44
  Moderate activity for at least 10 minutes 4.39 2.39
  Sedentary behavior (h/day) 5.38 4.47
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accessibility assistive products. As for health-related 
factors, people who reported having health issues 
interfere with their daily lives had a more negative 
attitude toward this product (OR = .58, p < .05).

The model for the intention to use a smart fire preven-
tion product accounts for 25.7% of the variation in the 
response. Perceived usefulness and perceived affordability 
are positively associated with intentions to use the product 
(OR = 7.56, p < .01; and OR = 1.51, p < .05, respectively). 
The only demographic predictor that is negatively associ-
ated with the intention to use the fire prevention product is 
the education level (OR = .94, p < .05).

Home automation/smart home systems.  The model used 
to predict a person’s attitude towards a home automa-
tion/smart home system captures 31% of the variance in 
data. As for the individual smart home products, per-
ceived usefulness is the strongest predictor of a better 
attitude toward a home automation/smart home system 
(OR = 10.20, p < .01).

The regression model predicts 42.6 % of the vari-
ance in intention to use home automation systems. 
Perceived usefulness, perceived ease of use and atti-
tude are significant TAM predictors for higher inten-
tions to use such systems. While younger people, 
females and smartphone owners are more likely to use 
the systems in future, higher levels of education and 
having more people living at home are negatively 
associated with higher odds of intention to use the 
products (see Table 5).

Qualitative Insights

The sociodemographic profile of our focus group par-
ticipants were relatively similar to the survey respon-
dents: All lived in attached or detached single-family 
housing, with 66% owning their homes. Among the 
three male and 12 female participants, the age distribu-
tion was as follows: three between 65 and 74 years old, 
11 of them between the ages of 74 to 84, and one person 
aged 85 or older. The sample was highly educated, all 
but one with a college degree or higher, and 11 of them 
having a $5,000+ monthly income. Two-thirds reported 
having very good or excellent health, none requiring 
ADL or IADL assistance.

There was considerable variability in responses to the 
different products among the focus group participants. 
In line with the quantitative findings, the product that 
was viewed as the most favorable was the smart fire pre-
vention product, due to its potential to provide increased 
safety in participants’ daily lives. Smart lighting, for 
example, was viewed as a luxury product with no imme-
diate perceived benefits. Although some participants 
held favorable opinions toward smart door locks and 
home automation systems, the others felt uncomfortable 
using these products for personal, financial, or technol-
ogy-specific reasons.

Themes

The five themes emerged from the analysis of the focus 
group data regarding the factors that most influence 
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Figure 1.  Ratings of smart home products for attitudes and intentions to use.
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community-dwelling older adults’ attitudes and inten-
tion to use smart home features:

Technology skepticism.  Older adults worry about the 
problems technology may cause in their homes, such as 
not being able to complete the tasks due to technology 
failure, as exemplified by an older female participant’s 
question regarding the smart door lock: “What if the bat-
tery goes down?” This can partly be explained by lack of 
knowledge on how the technology works. For example, 
a male participant, P02 said, “I don’t believe [the smart 
fire prevention device] works with gas stoves at all.” 
Even after the researchers explained that the device 
works with both gas and electric stoves, he insisted on 
his belief.

Some of this technology distrust originated from the 
feedback from other adopters:

P03 (female, late 70s): How many times you talked to 
someone very knowledgeable about smart homes, etc., they 
said “oh, something happened to my computer, my smart 
phone, and I lost everything. I lost all my information. How 
helpful is that?

Several participants: Yeah.

Another issue is the rapid changes in technology and 
the fear that an investment made in smart technologies 
today that may be obsolete in just a few years: “If you 
have a smart house, the technology will change in just a 
few years. And what was the current thing now is going 
to be different” (P01).

Privacy concerns.  Smart home systems and individual 
smart home products are perceived as a threat to per-
sonal privacy and security. The participants’ concerns 
relate to informational privacy, that is, the right to con-
trol access to personal data (Demiris et al., 2006). Aware 
of the recent privacy breaches of major companies, 
some older adults are cynical about smart home devices:

P02: [Smart homes are] conceptually fabulous, but I have 
real concerns about privacy. Somebody getting a hold of, 
hacking your smart home .  .  . really really serious. They 
already had, Amazon already had some privacy issues. It’s 
not something I would run around and do right now.

Other participants echoed that concern, referring to 
the Samsung refrigerator hacks, and how smaller com-
panies, such as “the little lock companies” may not have 
even thought about such issues (P01). The discussion 
led to some participants stating that this was the reason 
they would not use such technologies. “Until they get 
industry standards for security systems, I will run the 
other way,” one male participant (P02), who was a 
retired engineer, said.

Financial concerns and return on investment (ROI).  Another 
factor influencing older adults’ decisions is financial 

barriers, which relate to the initial cost of products and 
whether they would get a return on investment at resale. 
“If I could afford it, I would. And cover all the bases. Put 
everything in place,” said a participant, appreciating the 
value of such smart home technologies for aging in 
place. However, the relatively high cost of these prod-
ucts remains as a concern, even for the older adults with 
higher incomes, such as the members of our focus group:

P10: So many seniors are living on a fixed income, and not 
sure how long we’re gonna live, so I think everyone is 
concerned with money. And a lot of it isn’t cheap. So I think a 
good portion of it is geared toward your upper-income seniors.

Older adults, including the ones who are not finan-
cially stretched, have financial worries for the future, 
and thus, are hesitant in investing in technologies that 
would not necessarily “pay off.” The question of “would 
it be a good resale?” was stated as a factor influencing 
the initial adoption decision (P08). As one female par-
ticipant in her late 60s who recently went through sell-
ing a property stated:

P06: “When you do things like this, there is a smaller and 
smaller market. People want you to have nifty things like 
this, and very high-end finishes, but are not willing to pay 
for it. So if you’re going to do it, you do it for yourself, and 
not necessarily expect to get a return on investment. 
Because it doesn’t matter, what special things you have in 
terms of appraisal—they compare to the house next door.”

Usability and perception of need.  Whether a product fits 
older adults’ current lifestyles, needs and norms was one 
of the most cited reasons for intentions to use the prod-
uct. For smart door locks and smart lighting, multiple 
participants mentioned they were not products they cur-
rently need, and not having them is not a problem. They 
were referred to “things nice to have,” rather than “need 
to have.” When one female participant (P11) highlighted 
a potential use for smart door locks, “Look at Amazon, 
they are allowing you to give codes to people and people 
who deliver your packages are allowed to get into your 
house,” numerous participants approved the suitability 
of the product for their daily lives.

For home automation systems and smart fire preven-
tion devices, participants discerned between technolo-
gies that they would use themselves versus technologies 
that would be helpful to others. In response to the idea of 
operating homes from far through home automation sys-
tems, while two participants indicated that they were 
retirees who spend most of their time at home, and do 
not need to or want to operate anything from far, another 
participant mentioned a potential benefit of the systems 
for others:

P06: I have some friends who have two homes. He watches 
from his smart phone if his home watch person goes in, 
have they been there, have they actually done anything, 
before he pays them.
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As for the fire prevention device, when a younger 
participant mentioned the usability of the product for “a 
parent who is starting to have dementia” as a remedy to 
“one of the big fears for children who’re starting to take 
care of parents” (P09), several others chimed in on the 
usefulness of the device for their own lives:

P04 (female, early 70s): As important as smoke detectors. 
Something that should be at least in all of the townhouses.

P05 (female, late 70s): I bought a gas detector, because we 
have gas and my husband cannot smell it. So this would be 
wonderful.

P11 (female, early 80s): With stoves, besides dementia, as 
we get older, we all get problems with multitasking, we are 
doing something, then a phone call with someone dying, 
and this and that, so it’s a little hard to try to keep all the 
ducks in a row [laugher]. If you get engaged in some 
conversation, and it’s not like you’re demented and the 
stove has some problems, but you know, the whole thing,.  .  . 
as we get older, the multitasking.  .  .”

Ease of use.  Lastly, confidence in learning and being 
able to use the smart technology easily is a factor that 
influences older adults’ willingness to use the products. 
The participants who shared their unease stated that not 
understanding the technology and not knowing how to 
operate it “could be concern” for some people. “I may 
have trouble with it,” mentioned a female participant. 
“How many passwords do I have to remember?” asked 
another (P03). One participant highlighted the difficul-
ties of learning new technologies as people age: “Five 
years matter. When computers came about, all my brain 
was sealed [chuckles]” (P08).

Discussion and Conclusions

This study is one of the few mixed-methods studies that 
examined the relationships between a range of demo-
graphic, self-reported health and physical activity, and 
TAM variables and older adults’ attitudes toward and 
intentions to use smart home technology products. 
While factors associated with attitudes and intentions to 
use smart home technologies are to some extent depen-
dent on the type of the product, certain factors are sig-
nificant predictors regardless of the technology. In line 
with previous research, perceived usefulness, perceived 
ease of use and perceived affordability exhibited strong 
and significant correlations with attitudes and intentions 
to use smart home products.

Our regression analyses confirm the relevance of the 
key TAM factor, perceived usefulness, in predicting 
older adults’ attitudes among all examined smart home 
technologies, and their intentions to use them in their 
homes. The “usability and perception of need” theme 
from our focus groups support this finding and offer 
additional insights. The focus group participants were 
very clear in differentiating whether a product would be 

something useful in their daily lives, something that 
may be helpful for others, or a vanity, that is, perception 
of no need. The perception of usefulness as a key deter-
minant is consistent with previous research on adoption 
of smart home technologies and aging-in-place tech-
nologies (Balta-Ozkan et  al., 2013; Marikyan et  al., 
2019; Peek et al., 2014). Stating the usefulness of the 
technology for others or a hypothetical other older per-
son was observed in other research as well (Demiris 
et al., 2008). An important finding of our study is the 
difference in perceptions of usefulness, and conse-
quently, willingness to use the technologies according 
product types. Both the survey respondents and focus 
group participants held views that are more favorable 
toward safety/security products, represented by the 
smart fire prevention device, more easily grasping the 
benefits of that product in their household activities.

Costliness of aging-in-place products was identified 
as a barrier to technology adoption in several studies 
(Balta-Ozkan et  al., 2013; Carnemolla, 2018; Peek 
et al., 2014; Yusif et  al., 2016). As confirmed by our 
quantitative results, perceived affordability was a sig-
nificant predictor in intentions to adopt home automa-
tion systems and smart fire prevention products. Our 
focus group findings supported the initial cost of the 
smart home products as an important factor, highlight-
ing that even adults who have higher incomes may not 
prioritize smart home technology investment in their 
expenditures. A relevant contribution of our study is 
the “return-on-investment” aspect among the financial 
concerns. Since many older adults downsize or sell 
their homes to move into institutional residential set-
tings, whether they can get a return on investment dur-
ing property resale was found to be a reason for 
investing in smart home technologies.

Privacy and security of personal information seem 
to be a core issue for willingness to use smart home 
products as also highlighted by others (Chung et al., 
2016; Marikyan et  al., 2019; Peek et  al., 2016). The 
distrust among older adults in technology and manu-
facturers’ intent and ability to protect their private data 
along with the lack for legal conduct was a common 
theme in the focus group discussions for each smart 
home product.

The study findings also acknowledge the ease of use 
as a factor for attitude and intention to use. While this 
finding is in line with previous studies (Peek et  al., 
2014; Yusif et al., 2016), a difference worth mention-
ing is the variable’s lack of predictive power in our 
ordinal regression analyses for any of the product. 
However, the frequent mentioning of ease of use and 
learning may point to the relevance of how the prod-
ucts and information regarding the technologies are 
presented to older adults. We predict that the discrep-
ancy between the survey and focus group findings 
relate to older adults’ opportunity to see and test the 
products in real life before the discussions versus get-
ting the information through text and video clips when 
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taking the survey. An implication of this would be the 
importance of providing opportunities to older clients 
to try out the technologies to make decisions that are 
more informed.

As for demographic factors, our findings indicated 
that being male and increasing age decreased the 
intentions to use home automation systems. 
Homeownership increased the intentions to use smart 
home systems as well. These findings confirm previ-
ous research on smart home technology adoption 
(Arthanat et al., 2019). When the number of people 
living at home increased, the willingness to use such 
technologies lessened. This outcome also aligns with 
previous research (Peek et  al., 2014) and suggests 
that possibility of assistance by other household 
members can negatively influence the attitude toward 
aging-in-place technologies. Regarding the tech-
savviness factors, our sample had a higher rate of 
smartphone ownership (62%) in comparison to the 
42% national ownership rates (Pew Research Center, 
2017). Smartphone ownership was identified as a 
factor related to higher intentions to use smart home 
systems. This is in sync with previous research that 
confirmed the increased likelihood of smart home 
technology adoption among older adults with expo-
sure and access to advanced ICT, including smart-
phones (Arthanat et al., 2019).

The digital divide construct is significant for exam-
ining the opportunities for aging in place through 
smart home technologies as those older adults who 
adopt such technologies will be advantaged. As under-
scored by Elliott (2019), the barrier to the digital 
divide is not only access as once thought and it is more 
of a usability issue due to reasons including prior 
knowledge, motivation, social support, and techno-
logical skill. Along with the other theoretical frame-
works, the TAM constructs we utilized in this study 
were useful in examining the factors that influence 
attitudes and behavioral intentions of technology-
enabled side of the digital divide. On the other hand, 
the qualitative part of the study provided some empiri-
cal evidence on reasons for non-adoption even among 
technology-enabled side of the digital divide. As our 
sample had high rates of technology access and self-
reported technology skills, coupled with their higher 
education and income levels compared to the overall 
older adult population, our research also confirms the 
complexities of the digital divide, and other factors 
that may play a role in attitudes and behavioral inten-
tions to use. In that sense, it demonstrates that the digi-
tal divide is not static, but influenced by individual 
factors as well as the type of smart technology.

While our study provides insights into smart home 
technology acceptance among older adults, the follow-
ing limitations should be addressed in future studies. 
First, we acknowledge the geographical limitation of 
the study, and self-selection bias. Our sampling for the 
online portion of the survey through the university’s 

older adult registry led to overrepresentation of older 
adults with higher educational attainment and income 
levels, compared to the general US population. Our 
sampling strategy also led to a rather homogenous 
focus group participants who lived in the same com-
munity, had similar demographic characteristics, and 
might have previously known or interacted with each 
other. That could have limited the provision of differ-
ent perspectives during the discussions. The number of 
products they evaluated also limited the time reserved 
specifically for smart home technologies. In future, a 
more heterogenous group reflecting on a smaller num-
ber of products may provide richer information with 
multiple points of view and help identify variables 
related to such differences. Secondly, the smart home 
technologies selected for this study represented a range 
of products that may support safe and active living at 
home with varying cost ranges but did not capture all 
product domains. Particularly, the inquiry into the 
smart home/home automation system that could be 
customized in multiple ways at varying cost ranges as 
presented in the survey would not have provided a 
comprehensive picture older adults’ attitudes and 
behavioral intentions. Future studies should confirm 
our findings with different smart home products, and 
with more detailed system configurations. Lastly, the 
research project and the data collection instruments 
involved a range of aging-in-place technologies in 
addition to the smart home technology products due to 
the exploratory nature of the study. This limited the 
number of measures of each factor for feasibility pur-
poses, relying on previously validated questions. 
Further research will need to confirm these preliminary 
findings, utilizing multiple items for each measure. 
The number of smart home technology products are 
growing and hold vast potential for supporting active 
lifestyles at home. In light of older adults’ increasing 
interest in, coupled by low adoption rates of such tech-
nologies, further research in this area will remain rele-
vant for design and marketing of smart home 
technologies among older adults.

Appendix 1

Survey

Part 1
1.	� What type of home best describes where you 

live?
□  House
□  Mobile home
□  Apartment
□  Townhouse /Duplex

2.	 Do you own your current home or are you mak-
ing payments toward owning it?
□  Yes  □  No  □  I do not know

3.	 Which of the following home features are in 
your current home? (check all that apply)
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□  Grab bars in bathroom  □  Roll-in shower
□  Shower bench /chair    □  Raised toilet height
□  Ramp into home        □  Lever door handles
□ � Door frames wide     □  Other (please list):

 � enough for a 	                 ____________
wheelchair 

□ � I do not have any of these features in my home
4.	 Do you have internet service in your home?

□  Yes  □  No  □  I do not know
5.	 Do you have a cell phone (mobile phone)?

□  Yes  □  No
     If yes: Is your cell phone a smart phone?

□  Yes  □  No  □  I do not know
6.	 How would you rate your skills using a 

smartphone?
□  Excellent: I need no help
□ � Very good: I need occasional help learning 

to use an app or feature
□ � Good: Sometimes I need help, sometimes I 

don’t
□ � Fair: I need someone to remind me how to 

use it every time I try
□ � Poor: I do not have smartphone skills, or I 

have never used one and I do not know
7.	 How would you rate your skills using a laptop, 

tablet, or desk computer?
□  Excellent: I need no help
□ � Very Good: I need occasional help learning 

new programs or dealing with a virus
□ � Good: Sometimes I need help, sometimes I 

don’t
□ � Fair: I need someone to remind me how to 

use it every time I try
□ � Poor: I do not have computer skills, or I have 

never used one and I do not know
8.	 My age is:

□  50–64 years.  □  65–74 years. 
□  75–84 years.  □  85+ years.

9.	 I am:
□  Male  □  Female

10.	 I consider my health to be:
□  Excellent  □  Very Good  □  Good   
□  Fair  □  Poor

11.	 How much does you current health interfere with 
what you want to do?
□  Not at all  □  Not very much 
□  Somewhat  □  A great deal

12.	 Because of any impairments or health problems, 
do you need help from other persons with your:
a.	 Personal care needs (e.g., eating, bathing, 

dressing, or getting around the home)?
□  Yes  □  No  □  I do not know

b.	 Routine needs (e.g., everyday household 
chores, paying bills, shopping, or getting 
out in the community)?

□  Yes  □  No  □  I do not know
13.	� During the last 7 days, how many days did you. . .

a. � Engage in strenuous activity (e.g., heavy 
lifting, digging, aerobic exercise, heavy 
gardening) for at least 10 minutes at a 
time? (circle number of days) 0 1 2 3 4 5 
6 7

b. � Walk for at least 10 minutes at a time? (cir-
cle number of days) 0 1 2 3 4 5 6 7

c.  Engage in moderate activity (e.g., carrying 
light loads, moderate housework or garden-
ing, but NOT WALKING) for at least 
10 minutes at a time? (circle number of 
days) 0 1 2 3 4 5 6 7

14.	 During the last 7 days, how much time did you 
spend sitting (e.g., watching TV, reading, sitting 
at a table or desk, lying down to watch TV) each 
day?

          ______ hours per day

15.	 What is the highest grade or year in school that 
you have completed?

	 □  Up to 8th grade
	 □  Some high school
	 □  High school diploma or GED certificate
	 □  Some technical school
	 □  Some college
	 □  College graduate
	 □  Post graduate or professional degree
	 □  I do not know
16.	 How many people do you live with in your home?
	 □  0 (I live alone)
	 □  1 other person
	 □  2 or more other people
17.	� What is your monthly household income (from 

all sources AND people living with you)?
	 □  less than $1,000 / mo.
	 □  $1,000–1,999 / mo.
	 □  $2,000–2,999 / mo.
	 □  $3,000–4,999 / mo.
	 □  $5,000+/ mo.

In the following section, we will ask about your opin-
ions on some design features and technologies that may 
support health, safety and wellbeing of people who 
would like to age in their homes. There will be pictures, 
videos and/or diagrams to demonstrate each product, 
and we will ask you to rate them.

Part 2 (A page was included for each product).  PRODUCT 
NAME: Product description. [Product image and/or 
video link]

I currently have a [product name] in my home:
□  Yes  □  No  □  I do not know
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Appendix 2

Focus Group Questions

1.	 What are the biggest challenges you face in 
completing your daily activities in your home, 
such as cooking, cleaning, gardening, and such?
a.	 What types of assistance do you currently 

use to help you complete your tasks?
b.	 Have you used any of the products pre-

sented today?
c.	 In what ways can technology help with alle-

viate some of these challenges?
d.	 Describe for us a technology or a product 

re-design that would help make the activi-
ties that challenge you easier.

2.	 Next, we would like to quickly review the prod-
ucts displayed and get your feedback on them

          For each product –
a.	 What do you like about it?
b.	 What don’t you like about it?
c.	 How would you feel about using this at 

home now or in future?
d.	 What might be the biggest factor that would 

prohibit people from using it?
e.	 Any other comments you would like to 

share about this product, which you think 
we need to know?

3.	 Do you have anything else you would like to 
bring up now related to use of technology for 
aging at home?
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