Xiong et al. BMIC Geriatrics (2020) 20:176

https://doi.org/10.1186/s12877-020-01548-1 B M C G e ri atri CS

RESEARCH ARTICLE Open Access

Sex and gender differences in technology @
needs and preferences among informal
caregivers of persons with dementia

Chen Xiong1'2'3*, Bing Ye?* Alex Mihailidis"** Jill I. Cameron'*, Arlene Astell’, Emily Nalder'* and
Angela Colantonio'#**

updates

Abstract

Background: Dementia is a major public health concern associated with significant caregiver demands and there
are technologies available to assist with caregiving. However, there is a paucity of information on caregiver needs
and preferences for these technologies, particularly from a sex and gender perspective. To address this gap in
research, the objectives of this study are to examine (1) the knowledge of technology, (2) perceived usefulness of
technology, (3) feature preferences when installing and using technology and (4) sex and gender influences on
technology needs and preferences among family caregivers of persons with dementia (PWD) across North America.

Methods: A secondary analysis was conducted on an existing cross-sectional survey with family caregivers of
PWDs. Respondents were recruited through the Alzheimer Society of Canada, the Victorian Order of Nurses and
Adult Day Programs and other Canadian health care provision institutes. Descriptive statistics, bivariate and
multivariate analyses were used to describe the study sample, uncover differences between male and female
caregivers and examine sex and gender influences on caregivers' technology needs and preferences.

Results: A total of 381 eligible responses were received over a nine month data collection period. The majority of
respondents did not know much about and never used any technologies to assist with caregiving. “Being easy to
install”, “easy to learn how to use” and “cost” were identified as the most important features when purchasing and
setting up technology, while “reliability” was identified as the most important feature when using technology. Most
respondents were willing to pay up to $500 to acquire individual technologies. Controlling for other socio-
demographic variables, female respondents were more likely to have some or more knowledge about technology
for caregiving while male respondents were more willing to pay higher amounts for these technologies compared
to their female counterparts.

Conclusions: As one of the first studies of its kind, our findings represent a step towards the incorporation of sex
and gender considerations such as cost and reliability in technology design and promotion for caregivers. Future
efforts are warranted to establish an in-depth understanding of sex and gender influences in relation to other social
and environmental factors.

Keywords: Caregiving, Dementia, Sex and gender, Technology

* Correspondence: chenxiong@mail.utoronto.ca

'Rehabilitation Sciences Institute, Faculty of Medicine, University of Toronto,
500 University Avenue, Suite 160, Toronto, Ontario M5G 1V7, Canada
“Toronto Rehabilitation Institute-University Health Network, 550 University
Ave, Toronto M5G 2A2, Ontario, Canada

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-020-01548-1&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:chen.xiong@mail.utoronto.ca

Xiong et al. BMC Geriatrics (2020) 20:176

Background

Dementia is a major public health concern worldwide.
Across the globe, more than 50 million individuals are
currently living with dementia and that number is ex-
pected to more than triple to over 152 million by 2050
[1]. At present, the total estimated worldwide societal
cost of dementia is approximate US$1 trillion, a figure
that will rise to US$2 trillion by 2030. Dementia is an
overall term that describes a wide range of symptoms as-
sociated with a decline in mental ability, and results
from several conditions, the most common being Alzhei-
mer’s disease [2]. In addition to symptoms associated
with cognitive decline, persons with dementia (PWD)
also experience behavioural and psychological distur-
bances such as depressive mood, anxiety, restlessness,
and agitation among others [3].

Age is the biggest risk factor for dementia, and the
aging population means that an increasing number of
family members are providing care for a PWD. In 2018,
family caregivers provided more than 82 billion unpaid
hours of care, a number that is expected to continue ris-
ing [4]. Caring for a family member with dementia can
be a highly stressful experience for family caregivers and
may contribute to a decline in their own mental health
as well as increasing the risk of serious illness [5-8]. To
improve the health and psychosocial outcomes of PWD
and their caregivers, a range of technological interven-
tions have been developed [9, 10]. These technologies
include but are not limited to telehealth and web-based
support programs, fall alarms, Global Positioning System
(GPS) tracking devices, home monitoring cameras and
devices to switch off stoves and water [11]. While some
of these technologies can reduce caregiving burden and
diminish some of the physical and emotional effort
entailed in supporting family caregivers, there remain a
number of significant challenges and barriers with respect
to the use and adoption of these technologies. Specifically,
technologies have been perceived as being too complex
and lack explicit ethical values and considerations [12—
15]. Additionally, systemic shortcomings such as a lack of
awareness, accessibility and integration with current infra-
structure have limited the ability for these technologies to
adequately address the needs of caregivers [16]. Given
these barriers and importance of understanding the needs
of caregivers during the technology development process,
this study seeks to bridge this gap by understanding the
current use, awareness, needs and preferences of these
technologies among caregivers.

To date, several models and frameworks have been de-
veloped to conceptualize the factors that influence tech-
nology acceptance and adoption, most notably the
Technology Acceptance Model (TAM) [17-19]. Adapted
from the theory of reasoned action [20], the TAM was
developed to address why users accept or reject
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particular technologies [21]. As part of the model, exter-
nal variables influence the technology’s perceived useful-
ness and ease of use, which in turn will affect the
attitudes towards and behavioural intention to use the
technology [21]. Given the widespread acceptance of the
TAM in conceptualizing technology use, it was adopted
in this study as the theoretical framework that shaped
the analyses.

Within the context of the current study, sex refers to
“... the biological and physiological characteristics that
distinguish males from females” [22]. Gender refers to
“... socially constructed roles, relationships, behaviours,
relative power, and other traits that societies ascribe to
women and men” [22]. While these constructs are dis-
tinct, we recognize that they are interrelated and, on a
continuum. As such, it is important to take into account
both constructs in the analyses and we will be referring
to them collectively as ‘sex and gender’ for the remain-
der of this paper. Among the general population, sex
and gender have played a significant role in determining
the intention of accepting new technology. Additionally,
men were more adept at using technology, specifically
devices such as computers, email services and electronic
data managements [23]. While there has been much
study with respect to the sex and gender gap in general
technologies, there remains a lack of research on tech-
nology perceptions among informal caregivers despite
considerable sex and gender differences with respect to
well-being, psychosocial and overall health [24—27]. Spe-
cifically, female caregivers report higher levels of depres-
sive symptomatology and are at a higher risk for clinical
depression compared to their male counterparts [26]. In
line with this, female caregivers are found to report
poorer physical health and more emotional distress due
to caregiving compared to their male counterparts [28—
30]. More recently, a systematic search of the literature
on caregiving technology revealed few studies [31, 32]
that have assessed informal caregiver needs with respect
to technology from a sex and gender lens. Specifically,
there was a lack of overall awareness of caregiving tech-
nology among family caregivers of PWD, with female
Chinese caregivers of PWD significantly more receptive
towards technology compared to their male counterparts
[31]. Similarly, female caregivers of PWD were more ap-
preciative of the use of tracking devices to monitor care
recipient whereabouts compared to males [32]. While
both studies highlighted important differences in the
preferences and reception of technology among male
and female caregivers of PWD, the studies were either
based on a small sample size [31] or outside of North
America [32]. Given the lack of attention to sex and gen-
der within this field of caregiving and technology as well
as across research, a number of governmental organiza-
tions including the European Commission and Canadian
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government have identified sex and gender as priority
areas of research as well as policy initiatives [33, 34].

To address this gap in research and priority area, the
objectives of this study are to examine

1. The knowledge and use of technology to support
caregiving

2. Perceived usefulness of technology

3. Feature preferences when installing and using
technology

4. Sex and gender influences on technology needs and
preferences among family caregivers of PWD.

Based on the findings from the limited existing litera-
ture, we hypothesized that few caregivers of PWD cur-
rently use any technologies for caregiving and most have
little to no knowledge of these technologies. Given the
paucity of literature in this area, we conducted an ex-
ploratory analysis to identify specific areas of caregiving
where technology would greatly assist in and the specific
features of technology valued by caregivers from a sex
and gender perspective. Finally, in line with the results
from a pilot study conducted by our team previously
[31], we predicted that female caregivers will be more re-
ceptive towards technology for caregiving compared to
their male counterparts.

Methods

Study population and design

This study was a secondary analysis of a previously ad-
ministered cross-sectional survey that aimed to identify
(1) the social factors that best explain the technology
needs of PWD, (2) the needs that family caregivers of
PWD have for technology that support cognition and ac-
tivities of daily living (ADL), (3) the features and func-
tions that would increase the likelihood of technology
use, and (4) the criteria for creating a preliminary design
framework [35]. Respondents were family caregivers of
PWDs residing in North America. Respondents were re-
cruited through the Alzheimer Society of Canada, in-
cluding 52 of its chapters across Canada, as well as the
Victorian Order of Nurses and Adult Day Programs and
other Canadian health care provision institutes (subse-
quently referred to as ‘partner organizations’). Eligible
respondents included those that met the following inclu-
sion criteria (1) currently the primary informal caregiver
(defined as any person providing care without financial
compensation) of a PWD and (2) can speak, read and/or
write in English. Respondents who were not the primary
informal caregiver, had missing socio-demographic char-
acteristics and those that were unable to complete the
questionnaire due to language and/or communication
barriers were excluded from the retrospective analysis.
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Over a nine-month period of data collection, a total of
433 informal caregivers participated in the study. Of
these 52 had missing socio-demographic information
and were excluded, leaving 381 that were included in the
data analyses. Comparisons between included and ex-
cluded respondents did not yield any significant differ-
ences in the socio-demographic characteristics of either
the caregivers or the care recipients.

Sampling procedures

Recruitment of respondents and data collection involved
advertisements through newsletters, social media and
flyers distributed by partner organizations between
March 2013 and December 2013. Potential participants
were given the option of completing the questionnaire
electronically (i.e., respondents were provided with a link
to an online survey hosted by LimeSurvey); by paper
(i.e., hard copies mailed to the potential respondent with
a return envelope and postage or distributed in person
at information sessions at our partner organizations); in
person (i.e., sit down sessions with a respondent) or over
the phone where respondents were provided with a toll-
free number to call and complete the questionnaire.
Regardless of the method of participation, informed con-
sent was collected from respondents. Specifically, in-
formed consent was required for online respondents in
order to continue with the survey, returned by mail to-
gether with the completed questionnaire, or collected in
person or over the phone before completion of the ques-
tionnaire. Research Ethics Board (REB) approval was ob-
tained from the University Health Network, Toronto,
Ontario, Canada (REB #12-044).

Measure

A questionnaire was designed to collect data on: (1) the
social factors relating to caregiver’s technology needs
and preferences, (2) technology needs of family care-
givers of PWD, (3) features and functions that increase
the likelihood of technology usage. Specifically, items in
the questionnaire included in the analyses are caregiver
and care recipient demographic information, scales to
measure the abilities of PWD in completing ADL, family
finances, caregiver knowledge and attitudes towards
technology as well as features and functions of technol-
ogy. Within the context of the questionnaire, technology
is termed as ‘intelligent assistive technology’ and de-
fined as any computer-based technologies designed to
help individuals carry out their ADL and support in-
dividuals with cognitive impairment. Prior to adminis-
tering the questionnaire, it was pilot tested among
academics, professionals and experts in the field to
ensure its validity and reliability and to determine the
time needed to complete the questionnaire (approxi-
mately 30 min).
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Independent variables

Caregiver socio-demographic variables were collected to
describe the study population. These included age, sex
and gender, marital status, race/ethnicity, rurality, edu-
cation level, employment status, income level, housing
arrangement, length of care and caregiving relationship.
In addition, care recipient demographic variables such as
care recipient age and ADL were also collected. As the
main independent variable, information on respondents’
sex and gender was gathered through a multiple-choice
item, with the question being ‘What is your gender?”
and responses being ‘male’ or ‘female’.

Dependent variables

To assess objective (1), technology knowledge and
current level of use, respondents were asked if they ever
used technology to help with caregiving and rate their
level of knowledge about the technologies available to
support care of PWD. In line with the TAM, Objective
(2), perceived usefulness and benefits of technology,
were examined by gathering the perceived ability of
technology to assist in care and allow the care recipient
to remain at home. Specifically, respondents were pro-
vided with a list of ADL [36] and asked the extent tech-
nology would assist the care recipient with each of the
activities. Objective (3), feature preferences of technol-
ogy, were assessed by asking respondents to rank the
features when installing and using technology from the
most to least important. In addition, respondents were
asked to indicate the amount that they were willing to
pay to acquire technologies for caregiving. A full list of
the questionnaire items used in the analyses is available
in Supplementary Table 1.

Data analysis

Statistical analyses were performed using SAS v. 9.3
(SAS Institute, Cary, NC). Descriptive statistics in the
form of frequency distributions, percentages, means,
standard deviations, and medians were used to examine
the knowledge, perceived usefulness and feature prefer-
ences when installing and using technology for caregiv-
ing. Additionally, bivariate analyses involving t-tests, chi-
square tests and Fisher exact tests were conducted to
examine differences in socio-demographic variables be-
tween male and female respondents. To examine sex
and gender influences on caregivers’ perceived useful-
ness, knowledge, use, and feature preferences of technol-
ogy, multivariate analyses were conducted. Specifically,
all caregiver and care recipient socio-demographic vari-
ables listed above were included in stepwise linear (to
examine perceived usefulness of technology, a continu-
ous variable), logistic (to examine technology use and
knowledge, both nominal variables) and multinomial (to
examine feature preferences of technology, an ordinal
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variable) regressions with an inclusion and retention
cut-off p-values of 0.3 and 0.05 respectively. The order
of variable insertion was determined using p-value selec-
tion, where the variable with the lowest p-value was
added to the model first. As the main independent vari-
able of interest, sex and gender was forced to be in-
cluded in each of the models. A significance level of 0.05
was used for each regression analysis. Assumptions for
each of the regression analyses were tested and satisfied.

Results

Table 1 contains the overall as well as the sex and gender
stratified socio-demographic characteristics for respon-
dents included in the study and their care recipients. Ap-
proximately 79.8% of respondents were female. The mean
age was 62.6years (standard deviation (SD)=12.7) and
the median age was 63 years. The youngest was 20 and
the oldest was 94 years of age. The majority of respon-
dents were married, and more than half were spousal
caregivers. With respect to the living location, 17.5% of
the respondents were living in rural areas as identified by
their postal codes. Almost all of the respondents identified
themselves as White (91.6%). Most had a high school dip-
loma or higher level of education (91.8%) and were either
unemployed or retired (66.3%). With respect to family fi-
nances, 55.9% indicated that they either had some money
left over or more than enough every month, while the
remaining respondents indicated that they did not have
enough or just had enough to make ends meet. More than
half of the respondents lived in a single detached house
(66.4%). On average, respondents spent 69.8 h (SD =59.6)
per week taking care of their care recipient, who had a
mean age of 78.6years (SD =10.2). With respect to the
length of care, a third of the respondents reported to hav-
ing taken care of their care recipient for six or more years,
39.5% had taken care of their care recipient for three to
five years and 28.7% have taken care of their care recipient
for less than two years. Bivariate analyses examining sex
and gender differences in sociodemographic variables
found male caregivers to be significantly older than their
female counterparts (p <0.0001). In addition, a signifi-
cantly greater proportion of female respondents were
employed compared to males (p <0.05). Significant rela-
tionships were also found between caregiver relationships
and sex and gender (p < 0.05). Specifically, a greater pro-
portion of male respondents were spousal caregivers com-
pared to female respondents. No significant differences in
the care recipient’s age and ADL score were found be-
tween male and female caregivers.

In line with the study’s objectives, most of the respon-
dents (83.7%) had none to little knowledge about these
technologies. In addition, most (94.6%) had never used any
technologies to help with their caregiving duties. Figure 1
presents the perceived usefulness of technology from a
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Table 1 Socio-demographic characteristics of respondents
Personal Characteristics Overall Male Female p-value
Age (mean years, SD) 626,127 69.5, 12.8 6038, 12.1 <0.0001
Care recipient’s age (mean years, SD) 786,102 76.7,99 79.2,103 0.0587
Care recipient’s activities of daily living score (mean, SD) 2.35,0.69 239,059 2.34,0.71 0.583
N (%) n (%) n (%)
Marital Status 0.266
Married 265 (69.6) 62 (80.5) 203 (66.8)
Race/Ethnicity 0.303
White 349 (91.6) 75 (97.4) 274 (90.1)
Rural 64 (17.5) 14 (184) 50 (17.3) 0.866
Highest Level of Education 0437
Less than a high school diploma 31@81) 10 (12.9) 21 (6.9)
High school diploma or equivalent 107 (28.1) 18 (234) 89 (29.3)
College diploma 119 (31.2) 25 (32.5) 94 (31)
University Degree 82 (21.5) 15 (19.5) 67 (22)
Post graduate degree 42 (11) 9(11.7) 33 (10.9)
Employment Status 0.0155
Employed 128 (33.7) 17 (22.1) 111 (36.6)
Unemployed 252 (66.3) 60 (77.9) 192 (634)
Household income before taxes 0.121
Less than 25,000 66 (17.3) 10 (13) 56 (184)
25,001-45,000 90 (23.6) 25 (32.5) 65 (21.4)
45,001-65,000 81 (21.3) 12 (15.6) 69 (22.7)
65,001-85,000 44 (11.6) 6 (7.8) 38 (12.5)
85,001-100,000 51(134) 10 (13) 41 (135)
Over 100,000 49 (12.9) 14 (18.2) 35(11.5)
In general, how do your family finances work out? 0.521
Not enough/Just enough 168 (44.1) 31 (40.3) 137 (45.1)
Some money left over/More than enough 213 (55.9) 46 (59.7) 167 (54.9)
In what type of dwelling are you in? 0.789
Single detached house 253 (66.4) 50 (64.5) 203 (66.8)
Other 128 (33.6) 27 (35.1) 101 (33.2)
How long have you been caring? 0.339
Less than 1 years 26 (6.9) 3 (39 23 (7.7)
1 to 2 years 82 (21.8) 19 (24.7) 63 (21)
3 to Syears 149 (39.5) 35 (45.5) 114 (38)
6 years or more 120 (31.8) 20 (26) 100 (33.3)
Caregiving Relationship 0.0134
Spousal 182 (534) 53 (71.6) 129 (48.3)
Children 128 (37.5) 18 (24.3) 110 (41.2)

scale of 1 (not useful at all) to 6 (very useful), where a mean
score of >3.5 equates to ‘useful. Among the respondents,
technology was assessed as useful to assist with only three
ADL: (1) having daily conversations with the care recipient
(3.82, SD = 1.97), (2) reminding care recipients to take their

medication (3.56, SD =2.19) and (3) reminding care recipi-
ents of the current time (3.54, SD = 1.88). Technology was
not perceived to be useful to assist with most other ADL
including paying bills (2.02, SD = 1.73), drinking (2.05, SD =
1.51) and eating (2.22, SD = 1.57).
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Perceived Usefulness of Technology in Assisting with ADLs

Types of ADL

Fig. 1 Perceived usefulness of technology in assisting with ADLs

® Mean score

With respect to the feature preferences of technology,
‘easy to install’, ‘easy to learn how to use’ and ‘cost’ were
each identified by approximately 30% of respondents as
the most important potential feature when first setting
up the technology (Table 2). When using technology,
more than half identified ‘reliability’ as the most import-
ant potential feature, followed by 21.7% who indicated
the ‘ability for the system to work without manual user
input’ and 11.9% of respondents who indicated the ‘ease
of getting help’ as the most important potential feature.
With respect to how much respondents were willing to
pay for technologies to assist with caregiving, 36.8%
would pay less than $100, 43.0% were willing to pay be-
tween $101 and $500, 13.9% were willing to pay between

Table 2 Feature preferences of technology among respondents

$501 and $1000 and 6.3% were willing to pay more than
$1000. No significant sex and gender differences were
found with respect to these technology preferences.

A stepwise linear regression (Table 3) was conducted
to examine the relationship between caregiver sex and
gender and the perceived usefulness of technology. Con-
trolling for socio-demographic variables listed in Table 1,
sex and gender was not significantly associated with per-
ceived usefulness of technology. Caregiver age was then
added and found to be significantly associated with per-
ceived usefulness of technology (8 =-0.015, p = 0.0089,
95% CI=-0.028, -0.0040). Specifically, older respon-
dents were less likely to perceive technology as useful in
assisting with caregiving activities (Table 3). The stepwise

Feature preferences of Technology Overall Male Female p-value
n (%) n (%) n (%)
Most important feature when setting up tech? 294 (100) 0.175
Easy to install 88 (29.9) 18 (27.7) 70 (30.6)
Easy to learn how to use 85 (28.9) 27 (41.5) 58 (25.3)
Cost 88 (29.9) 13 (20.0) 75 (32.6)
Others® 33(11.2) 7 (108 26 (114)
Most important feature of using tech? 286 (100) 0.0616
Easy to get help when broken 34 (11.9) 7010 27 (12.1)
Reliability 151 (52.8) 34 (54.0) 117 (52.5)
Ability to work without manual user input 62 (21.7) 9 (14.3) 53 (23.8)
Others? 39 (13.6) 13 (20.6) 26 (11.7)

“Due to small cell sizes, response options including ‘Clear operating instructions'
categorized as ‘Others’

', ‘Availability of training’ and ‘Aesthetics of the technology’ were combined and

PDue to small cell sizes, response options including ‘Ability to set-up features on the device and customize its operation’, ‘Ability to receive performance reports
about user performance and the system operation’ and ‘Accessible outside of the home (e.g. via Internet, smart phone, etc.)’ were combined and categorized as

‘Others’
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Table 3 Results of stepwise linear regression analysis: perceived
usefulness of technology (n = 293)
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Table 5 Results of stepwise logistic regression analysis: use of
technology (n =300)

Variable (3 (95% Cl) p-value Variable Odds ratio (95% Cl) p-value
Sex and gender (ref: male) 0.16 (-0.17-0.49) 0.099 Use of technology

Caregiver age —0.015 (-=0.028 - -0.0040) 0.0089 Sex and gender (ref: male) 0.73 (0.27-1.97) 0.54
Other socio-demographic variables such as marital status, ethnicity, education Age of care recipient 1.05 (1.00-1.10) 0.048

level, rurality, employment status, housing status, family finances, length of
care, caregiving relationship, age of care recipient and care recipient’s ADL
were not selected for entry into the stepwise regression

regression found no additional variables to be significantly
associated with perceived technology usefulness.

Stepwise logistic regression models were generated to
examine the association between respondent’s sex and
gender and technology knowledge (Table 4) as well as
use (Table 5). Controlling for other socio-demographic
variables listed in Table 1, only care recipient age was
added and found to be significantly associated with the
use of technology among respondents. In contrast, sex
and gender was significantly associated with knowledge
of technology after controlling for socio-demographic
variables and current technology use. In particular, fe-
male respondents were more likely to have some or a
great deal of knowledge about technology for caregiving
compared to their male counterparts. In addition, the
use of technology was also significantly associated with
technology knowledge.

An ordinal logistic regression (Table 6) was conducted
to investigate the relationship between caregiver sex and
gender and technology costs. Controlling for socio-
demographic variables listed in Table 1, female respon-
dents were less willing to pay higher amounts for tech-
nology to assist with caregiving compared to their male
counterparts. Family finances was then added and found
to be significantly associated with technology costs. That
is, respondents whose family finances kept them going
to the end of the month were more likely to be prepared
to pay more for technologies to assist with caregiving
than respondents whose family finances were stretched.

To examine the sex and gender influence on potential
feature preferences when installing and when using tech-
nology, stepwise multinomial regression models (Table 7)
were used. While sex and gender was not significantly

Table 4 Results of stepwise logistic regression analysis:
knowledge of technology (n =299)

Variable Odds ratio (95% Cl)  p-value
Knowledge of technology®
Sex and gender (ref: male) 3.93 (1.33-1163) 0.013
Current use of technology (ref: use) 0.22 (0.086-0.56) 0.0015

Other socio-demographic variables such as age, marital status, ethnicity,
education level, rurality, employment status, housing status, family finances,
length of care, caregiving relationship, age of care recipient and care
recipient’s ADL were not selected for entry into the stepwise regression
Current technology use was also included in the model as a variable

Other socio-demographic variables such as age, marital status, ethnicity,
education level, rurality, employment status, housing status, family finances,
length of care, caregiving relationship, age of care recipient and care
recipient’s ADL were not selected for entry into the stepwise regression

associated with any feature preferences when controlling
for other socio-demographic variables, caregiver educa-
tion level and family finances were found to be signifi-
cantly associated with potential feature preferences
when first setting up technology after being added to the
model. Specifically, respondents with higher education
levels (Odds ratio = 0.31, p = 0.0005, 95% CI = 0.16, 0.60)
and better family finances (Odds ratio = 0.43, p = 0.014,
95% CI=0.22, 0.84) were less likely to pick cost as the
most important potential feature when installing tech-
nology. The stepwise regression found no additional var-
iables to be significantly associated with feature
preferences when either using or installing technology.

In summary, male respondents were more willing to
pay higher amounts for caregiving technologies while fe-
male respondents were more likely to have more know-
ledge about these technologies. With respect to other
socio-demographic variables, caregiver age was signifi-
cantly associated with perceived usefulness of technol-
ogy, care recipient age was significantly associated with
technology use and family finances were significantly as-
sociated with willingness to pay for technologies after
controlling for confounders. Finally, feature preferences
when installing are mediated by caregiver education level
and family finances.

Table 6 Results of stepwise ordinal logistic regression analysis:
cost of technology (n=272)

Variable Odds ratio (95% Cl)  p-value
Sex and gender (ref: male) - -
$100 - $500 vs < $100 0.60 (0.29-1.22) 0.16
$501 - $1000 vs < $100 027 (0.11-0.64) 0.0031
>$1000 vs < $100 0.21 (0.070-0.64) 0.0058
Family finances (ref: does not work out) - -
$100 - $500 vs < $100 1.86 (1.08-3.21) 0.026
$501 - $1000 vs < $100 2.74 (1.38-6.05) 0.0013
>$1000 vs < $100 4.79 (1.29-15.85) 0.010

Other socio-demographic variables such as age, marital status, ethnicity,
education level, rurality, employment status, housing status, length of care,
caregiving relationship, age of care recipient and care recipient’s ADL were not
selected for entry into the stepwise regression
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Table 7 Results of stepwise multinomial regression analysis:
feature preferences when setting up technology (n = 266)

Variable Odds ratio (95% Cl)  p-value
Sex and gender (ref: male) - -
Easy to learn to use vs easy to install ~ 0.56 (0.28-1.14) 0.11
Cost vs easy to install 1.69 (0.74-3.86) 0.21
Others vs easy to install 1.06 (0.39-2.89) 0.91
Family finances (ref: does not work out) - -
Easy to learn to use vs easy to install ~ 1.18 (0.57-2.45) 0.66
Cost vs easy to install 043 (0.22-0.84) 0.014
Others vs easy to install 0.68 (0.28-1.66) 0.39
Education level (ref: high school or less) - -
Easy to learn to use vs easy to install ~ 0.79 (041-1.55) 0.50
Cost vs easy to install 0.31 (0.16-0.60) 0.0005
Others vs easy to install 0.50 (0.21-1.217) 0.1

Other socio-demographic variables such as age, marital status, ethnicity,
rurality, employment status, housing status, length of care, caregiving
relationship, age of care recipient and care recipient’s ADL were not selected
for entry into the stepwise regression

Discussion

This is one of the first studies, to our knowledge, that
examined the needs and preferences for technology
across a North American sample of informal caregivers
of PWD from a sex and gender perspective. In spite of
the documented benefits of technology in caregiving,
findings from the survey found more than 80% of re-
spondents have little to no knowledge of technologies
that are available to assist with caregiving. Similarly,
more than 90% of the respondents had never used tech-
nology to help with their caregiving duties. Given the
demographic characteristics of the respondents, the find-
ings could be attributed to the caregiver’s age profile.
Given that most of the respondents were older adults (>
60 years old), they may not have been exposed to tech-
nology designed to assist with caregiving, which corrob-
orated with the narrow range of ADL identified by
respondents as areas that technology would assist in. As
such, these respondents may be reluctant to adopt new
technologies unless they become convinced about the
significant benefits conferred by the technology [18, 37].
Hence, future initiatives can explore ways to generate
interest among the caregiving population and bridge the
gap between the introduction and uptake of technologies
designed to assist with caregiving. Given that most
current initiatives of technology promotion are in the
form of online resource lists and websites from caregiv-
ing organizations and support groups across North
America [38-40], which may not be accessible to all
caregivers, especially those without immediate access to
the internet, greater community engagement and educa-
tion about the benefits of technology use among care-
givers are needed. These efforts can include but are not
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limited to roadshows, demonstrations and fairs during
caregiving support groups and events. By demonstrating
the usefulness of these devices, caregivers will be better
able to appreciate the value that these technologies bring
to the caregiving process.

Knowledge and use of technology

When examining sex and gender influences on the know-
ledge and use of technology among respondents, sex and
gender was found to have a significant association with
technology knowledge. Controlling for other socio-
demographic variables and technology use, female respon-
dents have significantly more knowledge about technology
available for caregiving compared to their male counter-
parts. Such an association is in contrast with technology
perceptions in the general population, which found males
reporting more comfort in using computers and have
more knowledge about technologies including computers
[41, 42]. However, when faced with health related tech-
nologies, there has been a general positive attitude and
tendency to use the devices regardless of sex and gender
[43, 44]. Given the overall lack of knowledge about tech-
nologies among respondents and the sex and gender dif-
ferences, future efforts should focus on effective avenues
of informing caregivers about the benefits of technology
for caregiving in a manner that takes into account sex and
gender distinctions. Specifically, awareness and educa-
tional initiatives can be geared more towards male care-
givers, who may otherwise not have the opportunity to get
in touch with the latest technologies designed for caregiv-
ing. While sex and gender were not significantly associ-
ated with technology use among respondents, greater care
recipient age was found to be associated with greater tech-
nology use. As the care recipient ages, their care needs in-
creases. As such, more time and effort is required on the
part of the family caregiver to ensure that their loved one
remains safe and well. With a heavier caregiving load and
burden, family caregivers of older care recipients might be
more likely to seek out and adopt technologies that will be
able to assist with their caregiving duties [45]. That said,
caregiving technologies have been demonstrated to assist
caregivers across all levels of burden and these findings
represent a first step in identifying specific sub-groups of
family caregivers of PWD that may benefit from initiatives
to increase technology use and uptake.

Perceived usefulness of technology

Despite not having much knowledge about existing care-
giving technology, respondents were receptive to the use
of technologies in assisting them with certain aspects of
care. Specifically, they found technology to be useful in
having daily conversations with the care recipient,
reminding the care recipient to take their medication
and of the current time (mean score>3.5). These
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findings highlight the aspects of caregiving where re-
spondents would most appreciate assistance and provide
a guide for developers when designing new technologies.
Specifically, more focus should be directed to creating
devices or programs that assist with these care activities.
Technology was not perceived to be useful in assisting
with all other ADL of the care recipient including but
not limited to preparing food and mobility. Given the
lack of technology knowledge and awareness among the
respondents, they may not have been familiar with some
of the recently introduced technologies such as smart
stoves and fall detectors designed to assist with other
ADL such as cooking and mobility/fall prevention re-
spectively [11]. As such, respondents may not be in a
position to adequately evaluate the usefulness of tech-
nology on their caregiving activities as they are not
aware of the technologies themselves. This suggests a
need for a one-stop comprehensive resource for care-
givers to gain an overview of the types and potential
benefits of various technologies available to assist with
multiple aspects of caregiving. In addition to unlocking
the full potential of technology to a wider audience,
caregivers would also be able to make more informed
judgements about the applicability and usefulness of
technology within their own caregiving context.

Feature preferences of technology

Given the stressful nature of caregiving [46, 47], it is ex-
pected that caregivers would prefer technologies with
easy installation and operation to avoid bearing add-
itional burden associated with technology set-up. The
cost of technology was another concept that emerged at
several points throughout the questionnaire. Respon-
dents with higher education levels and better family fi-
nances were less likely to select costs as the top feature.
Similarly, male respondents and respondents with better
family finances were more likely to be willing to pay
more for technologies. In line with previous literature in-
volving caregivers of older adults and PWD [11, 48],
these findings suggest that caregivers are price-sensitive,
which is in-line with the financial demands of caregiving,
including transportation, medication support and lost
wages due to reduced productivity at work [49]. As ex-
pected, respondents with greater financial leverage were
more willing to invest in technologies for caregiving. Re-
spondents with higher education levels were also less
concerned about the costs of technology. While this re-
lationship could be attributed to the income levels asso-
ciated with higher education levels, findings from studies
examining general technology adoption have suggested
that individuals with higher education levels tend to
have greater technology knowledge [50], which allows
them to better see the value and benefits of these devices
in their caregiving routines.
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Finally, the sex and gender difference in technology
cost is congruent with previous literature on other care-
giving populations [48] and can be attributed to the dif-
ference in attitudes towards technology. Given the
generally more positive attitudes of technology among
male respondents [42], they are expected to better
recognize the value and purpose of the technology in re-
lation to its cost. By shedding light on the monetary
considerations of technology acquisition, these find-
ings highlight the importance for technology devel-
opers to factor affordability as an important criterion
when bringing technologies to market. Despite certain
respondents being willing to pay for technology,
government organizations can explore the potential of
subsidies and other initiatives to support all caregivers
in the adoption of cost-effective, helpful caregiving
technologies. Given the costs of long-term care borne
by the government every year, substantial savings can
be realized by subsidizing caregiving technologies that
have demonstrated to delay or even obviate
institutionalization [48].

With respect to features when using technology, more
than half of the respondents indicated ‘reliability’ as the
most important feature, followed by 21.7% respondents
who selected the ‘ability for the device to work without
manual input’ as the most important feature. In line with
the preferences when installing technology, respondents
gravitated towards features that allowed them to spend
more time on other activities and less on interacting
with the technology. In particular, reliable technologies
are ones that require less time and fewer resources to re-
spond to issues and breakdowns. Similarly, limiting the
manual input required to operate the technology would
also contribute to reducing the amount of attention
needed from the caregiver and thereby allowing them to
focus more on taking care of their family member with
dementia. Together, these findings presents a crucial as-
pect of technology acceptance, specifically a greater ac-
ceptability for technologies that were unobtrusive and
simple to use [35]. On the contrary, ‘being easy to get
help when the technology is broken’ was only identified
as the top feature by 11.9% of the respondents. Given
that most respondents identified ‘reliability’ as the top
feature, respondents may be under the expectation that
technology should rarely encounter a breakdown. As
such, getting assistance during times of technology
breakdown may not be considered by many as a likely
scenario. Nonetheless, after-sales support should remain
as a priority for technology providers and developers as
these experiences can provide feedback on the long-
term operation of the devices which would in turn sup-
port the refinement and creation of future technol-
ogy that better align with the preferences of the end
users.
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Limitations

The findings present a pioneering overview of the per-
spectives of these caregivers as it relates to technology
use and adoption. One of the main strengths of the
study is the questionnaire’s comprehensive coverage of
items related to technological needs and preferences in-
cluding the use, knowledge, features and connection
with the care recipient's ADL. As such, it ensured a
more comprehensive understanding of respondents’ per-
spectives on this area of growing importance. However,
this study was also subject to several limitations. One
potential shortcoming of this study is the amount of
missing data. In addition to the exclusion of 52 re-
sponses due to missing socio-demographic information,
responses were missing for each of the dependent vari-
ables and excluded from the analyses. As such, caution-
ary interpretation of the survey responses is warranted.

Given the significant number of non-English speaking
informal caregivers residing in Canada, the language cri-
teria and unavailability of the questionnaire in other lan-
guages may have excluded many of these potential
respondents. As such, future work should include multi-
lingual study materials and utilize random respondent
selection in order to obtain a more representative sam-
ple of the caregiving population.

While the offering of a self-administered survey pro-
vided respondents with greater convenience, it may have
resulted in non-response bias due to the low response
rates. It is acknowledged that most respondents in the
survey were females and a direct measure of gender such
as the Masculine Gender Role Stress [51] and Bem-Sex-
Role-Inventory [52] was not applied in this survey. These
gender measures are important as they help to shift the
conceptualization of gender away from the binary and
enable a better understanding of how different facets of
gender affect technology perceptions among caregivers.
Given the nature of the work, the analyses were limited
to the items included in the original questionnaire,
which may not reflect the current conceptualizations of
sex and gender. Specifically, while the questionnaire item
asked respondents for their gender, the response options
were sex-based terms (i.e. male and female). As under-
standing the impact of the multiple aspects of sex and
gender on technology perceptions is becoming increas-
ingly important, future work in this area should attempt
to include representative samples of caregivers based on
sex and gender as well as consider the incorporation of a
direct gender measure or the development of a gender
index based on pre-collected variables [53].

Finally, given the nature of the secondary analysis, we
were unable to capture in-depth perspectives of care-
givers as it relates to technology and incorporate add-
itional control variables not collected in the original
survey. Therefore, future work can further this area of
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research through theoretically informed qualitative re-
search involving caregivers in order to gather a deeper
understanding of their technology perceptions as well as
the impact of other factors such as social exclusion, care
recipient’s level of dementia severity and prior training
on their needs and preferences of technology.

Conclusion

As one of the first studies that examines the technology
needs and preferences of family caregivers of PWD from
a sex and gender lens, the findings have significant pol-
icy and practice implications. Specifically, more commu-
nity engagement initiatives and incentive programs are
warranted to enhance the awareness and uptake of tech-
nologies respectively. Additionally, significant sex and
gender differences between male and female caregivers
with respect to the knowledge of technology were uncov-
ered through the survey. Given the paucity of information
on the sex and gender differences in caregiving as well as
an increased focus on sex and gender initiatives around
the world, these findings represent a pioneering step to-
wards the incorporation of sex and gender influences in
technology design and promotion for caregivers. Nonethe-
less, future efforts are warranted to build on the current
study and establish an in-depth understanding of these
sex and gender influences as well as other social and en-
vironmental factors through qualitative methodologies
such as interviews and focus groups.
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