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BACKGROUND: Developments in information technology (IT) have driven a push in healthcare
innovation in the emergency department (ED). Many of these applications rely on mobile technology (MT)
such as smartphones but not everyone is comfortable with MT usage. Our study aims to characterize the
technology usage behavior of users in the ED so as to guide the implementation of IT interventions in the
ED.

METHODS: A cross-sectional survey was conducted in the emergency department of a tertiary
hospital. Patients and their caregivers aged 21 and above were recruited. The survey collected
demographic information, technology usage patterns, and participant reported comfort level in the
usage of MT. We performed descriptive statistics and multivariate logistic regression to identify
factors differentially associated with comfort in usage of MT.

RESULTS: A total of 498 participants were recruited, and 299 (60%) were patients. English was
the most commonly written and read language (66.9%) and 64.2% reported a comfort level of 3/5 or
more in using MT. Factors that were associated with being comfortable in using MT include having
a tertiary education, being able to read and write English, as well as being a frequent user of IT.
Caregivers were more likely to display these characteristics.

CONCLUSION: A large proportion of ED patients are not comfortable in the usage of MT.
Factors that predicted comfort level in the usage of MT were common amongst caregivers. Future
interventions should take this into consideration in the design of MT interventions.
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INTRODUCTION

Developments in information technology (IT) have
driven a push in healthcare innovation, with IT being
used in multiple areas of healthcare delivery including
documentation, appointment reminders and tele-
consultation. The usage of IT in healthcare delivery has
the potential to facilitate cost savings, improved access
and increased efficiency of utilization of healthcare
resources.”

The existing literature have reported a potential
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utility of IT in the follow-up of patients with chronic
diseases such as asthma, diabetic foot ulcers, and several
other medical problems.”” In the emergency department
(ED), researchers have also utilized IT to assist in history
taking while patients are waiting to see their providers."*” In
Singapore, telemedicine applications for acute care that
have been described include telephone-based toxicology
consultation services'™ as well as a maritime radio-
medical consultation service.”

Possible uses of IT in the ED include using tele-
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consultation for follow-up of post discharge patients,
using IT to facilitate patient triage, and also using
tele-consultation for low acuity patients.!"'”) Many
of these interventions may rely on mobile technology
(MT) such as smartphones and tablets. However, IT
has barriers to participation. For instance, language
support for most IT systems are in English, and certain
groups of patients might not be comfortable with the
language nor able to utilize mobile devices or computers.
This includes elderly patients who can form a large
proportion of patients. This is particularly relevant in
countries with ageing populations and a cosmopolitan
makeup where populations speak multiple languages or
dialects. However, to our knowledge, most published
investigations often excluded patients who were unable
to read or speak English.!""*!

The ED is also a unique healthcare environment
that sees a whole spectrum of users from all age groups,
varying severity of illnesses and a wide range of socio-
demographic backgrounds. Unlike in the clinic setting
or inpatient setting where there might be more time
for patient selection for MT interventions, healthcare
providers who wish to develop such innovations in the
ED might find it more challenging to identify the users
who can participate in technological interventions.

This study aims to address these knowledge gaps
to guide the implementation of IT in acute healthcare
delivery by identifying the profiles of patients most
amenable to IT-based interventions. The primary aim
of this study is to characterize the technology usage
behavior of patients and their caregivers from a multi-
racial and multi-cultural population recruited in the ED
of a tertiary hospital in Singapore. This is to answer
the core question “can users of the ED participate in
technology related interventions?”.

Secondary aims of this study are to describe the
relationship between sociodemographic factors and
patient-reported willingness to utilize MT, as well as to
evaluate whether caregivers can form a potential target
audience for MT. This will serve as a guide to physicians,
researchers and innovators seeking to increase the uptake
of such technologies in the ED.

METHODS
Study design and setting

A cross-sectional paper survey was conducted among
patients and their caregivers presenting to the emergency
department of a tertiary hospital in Singapore. This
department sees approximately 120,000 patients yearly
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and serves a multi-racial population approximately 75%
ethnic Chinese, 15% Malay, 7% Indian and others (3%).
The study was approved by the institutional review board
with a waiver of written consent (Singhealth CIRB Ref:
2018/2151) and all study procedures were performed in
accordance with the declaration of Helsinki.

Study subjects

ED patients and caregivers aged 21 and above
were eligible to participate. We excluded patients and
caregivers if they were too ill as determined by the
treating physician or if they were triaged to the critical
care area of our department.

Study procedures

We enrolled a convenience sample of patients based
on study team member availability. Enrollment spanned
any time of the day on any day of the week. Consecutive
patients and their caregivers were screened immediately
after triage and were provided with information regarding
the survey in the language of their choice. No patient
data was collected on those who declined participation in
the study. Willing participants were given a survey form
in English to fill up.

Participants comfortable with the English language
proceeded with the study as a self-administered
survey. Participants not comfortable with the English
language proceeded with the study as an interviewer-
administered survey administered by the recruiting study
team member with the assistance of a translator (where
the study team member was not comfortable with the
requested language). To mitigate problems of translation
errors, team members were briefed on the survey and the
questions.

Questionnaire

The survey was developed based on existing
validated survey questions'"” and anecdotal evidence
from consultation with senior consultant emergency
department specialists. Data collected include patient
demographics as well as participant-reported comfort
level in the usage of the English language, current use of
technology as well as comfort level in the usage of MT.

The survey was piloted on a random sample of 10
adults to seek input on clarity, formatting and phrasing,
with changes made accordingly before recruitment was
initiated.

Data analysis
Statistical analysis was conducted using SPSS
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version 23. Participant responses were analyzed and
presented using descriptive statistics. Chi-square test was
used to investigate for associations between participant-
reported comfort level in the usage of MT and their socio-
demographic factors. Stratified analysis was conducted
based on age and identity of the individual surveyed
(patient versus caregiver). To adjust for multiple testing
with 9 independent variables, we set the significance at a
P value of 0.005 using the Bonferroni correction.

Multivariate logistic regression analysis was
conducted to identify factors associated with participant-
reported comfort level in using MT. This was defined
as a participant response of 3/5 and above for the
statement, “I am comfortable using English to send and
receive information via my mobile device/ computer”.
Our hypothesis was that age would be the single
socio-demographic factor that will have a significant
association with participant-reported willingness to
utilize MT.

For the purpose of analysis, age was converted into a
categorical variable with ages 21-40, 41-60 and 60 and
above. “Frequent IT user” was defined as someone who
reported using the Internet, checking their emails, and
using social media an average of at least once a day.

Further subgroup analysis was also conducted on the
subgroup of patients who read/ write English and own a
mobile phone to identify factors associated with reported
comfort level in using MT.

RESULTS
From March 2018 to December 2018, 498

participants completed the survey. Table 1 shows the
demographics of our study population, with further
categorization by age and role. Totally 299 (60%)
of participants were patients and 199 (40%) were
caregivers. Amongst the patients, roughly half came to
the ED alone (49.8%, 149/498). Amongst those who
came to the ED with a caregiver, a majority stayed with
their caregiver (76%, 114/150).

Overall, English was the most commonly written
and read language (66.9%, 333/498). However, amongst
participants older than 60 years old, Mandarin was more
commonly written and read (Mandarin 60.3%, 88/146 vs.
English 34.2%, 50/146).

Mobile phone ownership was high at 94.4% (n=470)
while smartphone ownership was lower at 76.1%
(n=378). About 72.6% (n=361) participants reported
being able to access and use the Internet at all times.
Older participants reported lower baseline technology

use, especially those above 60 (Table 2).

About 71.1% (n=352) of participants were
comfortable with sending information via mobile
technology, while 71.3% (n=354) were comfortable
with receiving information (Table 2). However, fewer
participants (64.2%, n=317) were comfortable doing the
above in English.

Compared with patients, caregivers were more likely
to have a tertiary education (patients 43.1% 119/299
vs. caregivers 66.8% 127/199), read and write English
(patients 57.2% 171/299 vs. caregivers 81.4% 162/199),
as well as to own a smartphone (patients 66.8% 199/299
vs. caregiver 89.9% 179/199). Patients also reported
lower baseline technology use (Table 2).

On univariate analysis (Table 3), several
demographic factors were significantly associated
with being comfortable in using MT, including being
a caregiver (P=0.001), age <60 (P=0.001) and having
a tertiary education (P=0.001). Being able to read
and write English (P=0.001), owning a mobile phone
(P=0.001) and being able to access the internet at all
times (P=0.001) were also significantly associated with
being comfortable in using MT.

On multivariate analysis (adjusting for demographic
variables, language use as well as IT usage), having a
tertiary education, being able to read and write English,
having mobile internet data as well as being a frequent
user of IT remained significant for comfort in using MT.

On subgroup analysis of participants who read/ write
English and own a smartphone, having mobile internet
data as well as being a frequent user of IT were identified
as significant predictors of comfort in using MT.

DISCUSSION

The aim of this study was to gain greater insight into
the ability of ED patients and caregivers in using MT as
well as their usage and preferences with regard to MT.

In our survey, we found that 35% of participants were
not comfortable in the usage of MT. If we look amongst
the subgroup of patients (as opposed to caregivers) alone,
about 50% would not be comfortable. This would greatly
impact uptake of any MT intervention. Other studies that
report success at MT interventions had higher baseline
technology comfort rates.

In a study by Do et al''® that used MT to monitor
tuberculosis medication adherence, their study group at
baseline had a high comfort level in MT use, with 80.8%
of their participants preferring to communicate with their
health care provider via MT. Another study that used MT
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Table 1. Characteristics and language usage of survey participants, n (%)

Overall Age (years) Role
Variables ( n\:‘frg 8) 21-40 40-60 >60 Patient Caregiver
(n=203) (n=149) (n=146) (n=299) (n=199)
Mean age (years) 48.7 30.3 51.4 71.3 50.8 45.6
(SD 18.04; min 21 to  (SD 5.99) (SD 5.72) (SD 6.32) (SD 15.41) (SD 19.34)
max 90)
Male 256 (51.5) 111 (54.7) 76 (51.0) 69 (47.6) 166 (55.5) 90 (45.5)
Role
Caregiver 199 (40.0) 88 (43.3) 75 (50.3) 36 (24.7) - -
Patient 299 (60.0) 115 (56.7) 74 (49.7) 110 (75.3) - -
Race
Chinese 317 (63.9) 105(52.2) 96 (64.4) 116 (79.5) 187 (62.5) 130 (66.0)
Malay 72 (14.5) 43 (21.4) 16 (10.7) 13 (8.9) 42 (14.0) 30 (15.2)
Indian 79 (15.9) 41(20.4) 25(16.8) 13 (8.9) 51(17.1) 28 (14.2)
Others 28 (5.6) 12 (6.0) 12 (8.1) 42.7) 19 (6.4) 9 (4.6)
Education
Primary 88 (18.9) 18 (9.1) 22 (15.3) 48 (38.7) 73 (26.4) 15(7.9)
Secondary 132 (28.3) 39 (19.7) 49 (34.0) 44 (35.5) 84 (30.4) 48 (25.3)
Tertiary 246 (52.8) 141 (71.2) 73 (50.7) 32 (25.8) 119 (43.1) 127 (66.8)
Employment
Unemployed/student 74 (15.2) 21 (10.5) 37(25.2) 16 (11.2) 42 (14.3) 32 (16.5)
Employed 313 (62.9) 177 (88.9) 102 (69.4) 34 (23.8) 177 (60.2) 136 (69.7)
Retired 102 (20.5) 1(0.5) 8(5.4) 93 (65.0) 75 (25.5) 27 (13.8)
Read/write
English 333 (66.9) 174 (85.7) 109 (73.2) 50 (34.2) 171 (57.2) 162 (81.4)
Mandarin 267 (53.6) 98 (48.3) 81 (54.4) 88 (60.3) 155 (51.8) 112 (56.3)
Malay 111 (22.3) 57 (28.1) 35(23.5) 19 (13.0) 67 (22.4) 44 (22.1)
Tamil 54 (10.8) 33 (16.3) 12 (8.1) 9(6.2) 37 (12.4) 17 (8.5)
Others 17 (3.4) 9(4.4) 5(3.4) 3(2.1) 10 (3.3) 7(3.5)
Speak
English 359 (72.1) 186 (91.6) 118 (79.2) 55(37.7) 196 (65.6) 163 (81.9)
Mandarin 291 (58.4) 101 (49.8) 87 (58.4) 103 (70.5) 174 (58.2) 117 (58.8)
Malay 135 (27.1) 64 (31.5) 41 (27.5) 30 (20.5) 82 (27.4) 53 (26.6)
Tamil 64 (12.9) 35(17.2) 17 (11.4) 12 (8.2) 42 (14.0) 22 (11.1)
Others 38 (7.6) 944 17 (11.4) 12 (8.2) 22 (7.4) 16 (8.0)
Data presented as No. (%) unless otherwise indicated.
Table 2. Baseline technology use and comfort level in technology use, 7 (%)
. - Age (years) Role
Variables Overall (n=498) 3175 ,=303) 4060 (n=149) 60 (n=146)  Patient (v=299) Carcgiver (n=199)
Baseline technology usage
Mobile phone owner 470 (94.4) 202 (99.5) 143 (96.0) 125 (85.6) 276 (92.3) 194 (97.5)
Smartphone owner 378 (76.1) 196 (96.6) 119 (79.9) 63 (43.4) 199 (66.8) 179 (89.9)
Regular computer usage 288 (57.9) 167 (82.7) 93 (62.4) 28 (19.2) 138 (46.3) 150 (75.4)
Able to access internet at home 376 (75.8) 195 (96.1) 120 (80.5) 61 (42.4) 197 (66.1) 179 (90.4)
Able to access internet at work 322 (66.0) 182 (91.0) 102 (70.3) 38 (26.6) 167 (56.6) 155 (80.3)
Has mobile internet data 361 (72.6) 192 (94.6) 118 (79.2) 51(35.2) 186 (62.4) 175 (87.9)
Has restrictions on internet use 134 (28.1) 77 (38.3) 36 (25.0) 21 (15.9) 76 (26.5) 58 (30.5)

IT usage patterns
Frequency of internet use

< Once a week 139 (28.1) 11 (5.4) 37 (25.2) 91 (63.2) 115 (38.7) 24 (12.2)
Once a week 10 (2.0) 3(1.5) 1(0.7) 6(4.2) 9(3.0) 1(0.5)
2-6 times a week 51(10.3) 19 (9.4) 16 (10.9) 16 (11.1) 34 (11.4) 17 (8.6)
Daily 32 (6.5) 8(3.9) 15(10.2) 9(6.3) 16 (5.4) 16 (8.1)
Many times a day 262 (53.0) 162 (79.8) 78 (53.1) 22 (15.3) 123 (41.4) 139 (70.6)

Frequency of email use
< Once a week 159 (32.1) 13 (6.4) 43 (29.1) 103 (71.5) 126 (42.4) 33 (16.7)
Once a week 27(5.5) 14 (6.9) 9(6.1) 4(2.8) 17 (5.7) 10 (5.1)
2-6 times a week 68 (13.7) 34 (16.7) 24 (16.2) 10 (6.9) 38 (12.8) 30(15.2)
Daily 62 (12.5) 46 (17.7) 14 (9.5) 12 (8.3) 33 (11.1) 29 (14.6)
Many times a day 179 (36.2) 106 (52.2) 58(39.2) 15(10.4) 83(27.9) 96 (48.5)

Frequency of social media use
< Once a week 171 (34.6) 15(7.4) 48 (32.4) 108 (75.5) 131 (44.3) 40 (20.2)
Once a week 21(4.3) 7(3.4) 9(6.1) 5(3.5) 16 (5.4) 5(2.5)
2-6 times a week 50 (10.1) 22 (10.8) 19 (12.8) 9(6.3) 29 (9.8) 21 (10.6)
Daily 57 (11.5) 31(15.3) 18 (12.2) 8(5.6) 29 (9.8) 28 (14.1)
Many times a day 195 (39.5) 128 (63.1) 54 (36.5) 13 (9.1) 91 (30.7) 104 (52.5)

Comfort level with MHT

Comfortable sending messages on 352 (71.1) 192 (94.6) 111 (75.1) 49 (34.0) 181 (60.9) 177 (86.3)
mobile device (>3)

Comfortable receiving messages on 354 (71.3) 190 (93.5) 110 (74.3) 54 (37.2) 184 (61.8) 170 (85.9)
mobile device (>3)

Comfortable using English on mobile 317 (64.2) 172 (84.7) 103 (70.0) 42 (29.1) 154 (52.1) 163 (82.3)

device (>3)

Data presented as No. (%) unless otherwise indicated.
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to improve post rape service delivery reported that 72%
reported high comfort levels.!"”) With a baseline lower
comfort level in the ED, providers can expect a lower
uptake of any MT intervention in the ED.

Our study identified certain factors that were
associated with participant-reported comfort level in
using MT- being able to read and write in English,
frequency of IT usage, as well as having a tertiary
education. This finding corroborates with other studies,
which have reported an association between user-
reported technology use and demographic factors such as
race and education level."”

In a clinical setting, it will be difficult to identify
these characteristics in patients and to target MT
interventions accordingly. Taking that into consideration,
we note that the demographic of caregivers can form a
potential target group to increase the pool of participants
who are able to use the technology. Compared to
patients, a higher percentage of caregivers had a
tertiary education, was comfortable reading/ writing
in English and were frequent IT users. This gives us a
clear demographic that can assist in increasing patient’s
participation in MT.

Contrary to our hypothesis, our results reveal
that age does not have a significant association with
reported comfort level in using MT. This is in agreement
with previous studies by Ranney et al.""”! Instead, it is
educational levels, usage of English and existing usage
of MT that had a stronger association. In Singapore,

English was only introduced as a compulsory subject
in 1966. As a result, a good proportion of the elderly
may not be comfortable with communicating in English
especially in written form."”

The authors believe that with time, the educational
levels, usage of IT and English literacy will increase
globally. However, such demographic shifts may
take years. In order to increase the participation in
such innovations, we believe the participation of
caregivers needs to be incorporated into the design and
implementation of MT so that caregivers can assist
patients in using such technology.

Possible useful features based on these findings
include options for secure access by selected caregivers,
features that maintain the patient’s privacy, and assistive
modules to allow caregivers to help the patients navigate
the MT. With this approach, we can allow more patients
to participate in mobile healthcare technology. The initial
assistance with the technology by their caregivers will
allow greater exposure, possibly increasing the patient’s
comfort with using MT in future."” Other aspects that
can be explored would be to include animation or pictorial
presentations that could overcome language barriers.

While age itself is not necessarily a factor that
determines comfort level with MT, it must not be
assumed that the elderly interact with MT the same was
as the younger generation. The elderly might in general
be comfortable with MT, but developers must consider
making their interventions elderly-friendly. This can

Table 3. Comfort level in MT usage, based on demographic characteristics (n=498), n (%)

Comfortable in using MT

Variables Yos No B

Age (n=494)
<60 275 (78.6) 75 (21.4) 0.001
>61 42(29.1) 102 (70.8)

Sex (n=493)
Male 156 (61.4) 98 (38.6) 0.168
Female 161 (67.4) 78 (32.6)

Caregiver status (n=494)
Patient 154 (52.0) 142 (48.0) 0.001
Caregiver 163 (82.3) 35(17.7)

Education (n=462)
Secondary and below 86 (39.4) 132 (60.6) 0.001
Tertiary 225(92.2) 19 (7.8)

Employment (n=485)
Employed 247 (79.4) 64 (20.6) 0.001
Unemployed 66 (37.9) 108 (62.1)

Reads/writes English (n=494)
Yes 299 (90.9) 30(9.1) 0.001
No 18 (10.9) 147 (89.1)

Owns a smartphone (n=493)
Yes 297 (79.0) 79 (21.0) 0.001
No 19 (16.2) 98 (83.8)

Has mobile internet data (n=493)
Yes 299 (83.3) 60 (16.7) 0.001
No 18 (13.4) 116 (86.6)

Frequent IT user (n=492)
Yes 274 (94.5) 16 (5.5) 0.001
No 42 (20.8) 160 (79.2)

Data presented as No. (%) unless otherwise indicated; because of multiple testing, the P value was set to 0.005.
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include features accommodating visual impairments (e.g
larger display), cognitive impairments (e.g limited menu
options) and motor impairments (e.g allowing for slower
response times), as described by Kuerbis et al.***"

To our knowledge, this is the first investigation of the
association between demographics of patients and their
caregivers with their comfort level in using MT. Our
findings give us a snapshot of the current demographic
of users of the ED and offer some insight into their
technology usage. Developers of MT targeting the ED
should take these findings into consideration.

Limitations

Firstly, although survey consisted of many questions
that were adapted from other validated surveys, the study
survey itself was not formally validated. There are no
validated questionnaires or scales on the acceptability
of IT in healthcare. Secondly, data was not collected
on participants who refused participation, and it was
not possible to investigate for inherent differences in
participants who chose not to participate. For example,
those who opted not to participate might at baseline be
less comfortable with the English language. To mitigate
against this effect, we ensured that translation services
were available where required for willing participants
who were uncomfortable with filling in the survey
form in English. Thirdly, the usage of a few different
translators in multiple languages could have resulted
in biases during the process of administration of the
survey. Fourthly, sampling bias may be present due to
recruitment of patients that presented consecutively
during a non-random, convenience sample of shifts.
Finally, the study survey required participants to recall
past behaviors, which may result in recall bias.

CONCLUSIONS

A large proportion of ED patients are not comfortable
in the usage of MT. Factors associated with being
comfortable with MT use include being able to read
and write in English, frequency of IT usage as well as
a tertiary education. Caregivers display these attributes
more often than patients, and can potentially form a
demographic that can assist in the usage of MT. Future
interventions should take this into consideration in the
design of MT interventions.
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