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Objectives: The number of healthcare institutions adopting smartphones continues to increase, implying that their utilization
is undoubtedly gaining attention. Understanding the needs of smartphone users will provide a greater opportunity for suc-
cessful information technology acceptance by expanding the scope of its utilization. This study focuses on how smartphones
are accepted and utilized in hospitals and analyzes the factors influencing users’ attitude, social influence, and intention of
use. Methods: For the study model, the researcher has mainly adopted the Theory of Reasoned Action and further modified
and used the models of Technology Acceptance and Information Systems Success. To test the model empirically, a survey
was conducted with 122 professionals on information development teams in Korean tertiary hospitals. Results: The common
smartphone usage modes were Internet searching, e-mail, scheduling, and social networking in consecutive order. Phone
calls consisted of 51.4% of work-related purposes, while other functions, such as text message, Web browser, and scheduling,
were mostly used for personal purposes. Costs, contents quality, innovation, ease of use, and support were shown to have
statistically significant effects on user attitude, and social influence, portability, security, content quality, and innovation were
significant. User attitude and social influence were both statistically significant with respect to intention of use, with user at-
titude greater than social influence. Conclusions: The participating staff were analyzed as having strong personal faith and
principles, independent from their external environment. Timely information exchanges among medical staft will facilitate
appropriate communication and improved health services to patients in need.
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Today we live in an information society that creates and
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transfers various types of information. Everyday tasks are
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completed efficiently and effectively using computers and
communication devices. Information systems are being
used to further achieve organizational goals, such as de-
creasing costs, developing new products, expanding busi-
nesses, furthering research and development, and provid-
ing better services.

The information technology paradigm is shifting to a
‘ubiquitous environment’ that enables real-time data ex-
change [1]. A ubiquitous society can interact with person-
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alized information by applying technology, such as wireless
integration, mobile convergence, and radio-frequency
identification [2]. The information super highway and
mobile devices are rapidly converging at this time into this
ubiquitous environment. In 10-20 years, this technology
will lead a large-scale societal change [3].

Personal device tastes are also shifting from personal digi-
tal assistants (PDAs) and laptops to a wide variety of smart-
phones and tablets. In particular, smartphones have been
one of the success stories of the last decade. In a relatively
short period of time, smartphone technology has signifi-
cantly penetrated society, reaching subscribers in Western
industrialized nations from school children to senior citi-
zens. Smartphones are the latest evolution in a long history
of communication devices, leading to a rapid adoption of
mobile communication devices starting in the latter part of
the last century [4]. Gartner, an IT research organization,
predicts that 80% of businesses will support a workforce
using tablets by 2013, and 90% of organizations will sup-
port corporate applications on personal devices by 2014 [5].

Therefore, smartphones are changing many industries,
including the medical industry. Mobile devices are increas-
ingly used in healthcare industries with more sophisticated
treatment and diagnosis, improved financial regulation,
and larger volumes of information. Information technol-
ogy in healthcare provides clinicians with information and
tools, such as clinical decision support that can improve
the quality of care and reduce potential medical errors [6].
More hospitals are applying PDAs and smartphones for
medical professional roles, since mobile devices have been
recognized as effective tools. This trend inevitably indicates
how important smartphones have already become to the
everyday lives of doctors and other clinicians. Smartphone
applications can be innovative tools in doctors’ pockets, of-
fering ample opportunities through the increasing demand
for information to improve the quality of care and patient
safety. Further comprehensive analyses of usage patterns
would lead to customized applications and services that
meet user requirements and are better used at points of
care [7].

Recently, many academic medical centers and hospitals
have begun to distribute smartphones to physicians and
other healthcare professionals. For instance, the University
of Pittsburgh Medical Center distributed smartphones to
doctors and nurses in some of its emergency rooms and
surgical floors [8,9]. Through continued investment in mo-
bile healthcare, information technology has gained wide-
spread acceptance in the Korean medical service through
smart terminals, such as smartphones or tablet computers
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[10]. Medical staff and patients can use smartphones to ef-
fectively input information and efficiently view lab results.
Smartphone applications can also diminish patient waiting
times by providing online registration, payment, and medi-
cal information. In addition, mobile Electronic Medical
Record systems now allow medical staff to access compre-
hensive patient information, including his or her medicine
administration status, diet, vital signs, X-ray and computed
tomography interpretations, and other basic information
through a mobile device [10].

Medical staff can assist homebound or preoccupied pa-
tients using smartphones, providing check-ups, schedule
management, and test results. Information technology also
permits remote access to hospital databases, allowing for
the exchange of data during business hours and the im-
provement of doctors’ work.

The purpose of this study is to analyze and determine fac-
tors that influence the application of smartphones to hospi-
tals. Smartphone application status, application problems,
and the influence factor on hospital applications will be
investigated. Specifically, this study aims to examine smart-
phone application status at hospitals, show acceptability
factors by analyzing smartphone acceptance at hospitals,
and suggest successful guidance for smartphone applica-
tion and user acceptance at hospitals.

Il. Methods

1. Research Model

The theoretical background of this study focuses on the The-
ory of Reasoned Action (TRA) by Fishbein and Ajzen [11]
to analyze the influence of smartphones at tertiary hospitals.
This study also applies the Technology Acceptance Model
(TAM) by Davis et al. [12], which is a modified version of
the TRA and the Information Systems (IS) Success Model
by DeLone and McLean [13,14]. Based on the accumulated
knowledge from Kim and Chang [15] and Chang [16], the
research model was derived as is shown in Figure 1 from
modifying properties to reflect the characteristics and envi-
ronments of smartphones.

2. Data Collection

The research subjects of this study were medical staff from
two tertiary hospitals, which use smartphones at work. A
self-administered questionnaire was distributed to 400 em-
ployees in November 2010, and 36.3% (145) were returned
during a 3-week period. After discarding 16 surveys of par-
ticipants who did not use a smartphone and 7 surveys with
incomplete answers, a total of 122 surveys were analyzed.
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3. Survey Instrument

The survey was developed from literature review and face-
to-face interviews with directors of the hospital departments
of information technology and management. The survey
consisted of 61 total questions: 4 questions on smartphone
use status; a question set on smartphone awareness that
included 7 questions on devices, 3 questions on costs, 4
questions on portability, 6 questions on contents quality, 4
questions on social influence, and 5 questions on user inno-
vation; and a question set about smartphones usage aware-
ness with 5 questions on usefulness, 6 questions on support,
4 questions on attitude, 3 questions on purpose of use, and 5
questions on demographic characteristics. Survey responses
were recorded on a 7-point Likert scale, with 1 being ‘strongly
disagree’ and 7 being ‘strongly agree), except for the questions
with respect to the awareness of smartphones and their use.
Reliability and validity tests were conducted for the de-
veloped survey instrument. Cronbach’s o was analyzed to
measure internal reliability, and factor analysis and principal
component analysis were conducted as validity tests. As
shown in Table 1, the alpha values were 0.86-0.98, which
reflects high internal consistency in the scaled results, except
questions on devices. Ten factors had an eigenvalue greater
than 1.0, and 85.53% of the variance was accounted for
by the model, which shows high explanation and validity.
Moreover, the factor loading value, which explains correla-
tion between the measurement variables, was over 0.50 for
each of the factors shown. Based on the analyses, two factors
from devices, one factor from portability, one factor from
portability, one factor from support, one factor from atti-
tude, and one factor from social influence were removed.
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Figure 1. Research model.

4. Analysis Method

Descriptive statistics and frequencies were computed for
subjects’” characteristics and their status of smartphone pur-
chase and use. According to the research model, statistical
significances were tested using multiple regression analyses
by generating equations to describe the statistical relation-
ship between influential factors and response variables, such
as user attitude, social influence, and intention of use. Ex-
plicitly, the independent variables consisted of device, cost,
portability, security, contents quality, innovation, ease of use,
and support, while attitude, social influence, and intention
to use were dependent variables. In general, the significance
was tested at the alpha level of 0.05.

I1l. Results

1. Characteristics of Respondents

The general characteristics of the sample group were ana-
lyzed using descriptive statistics. The resulting demographic
characteristics are shown in Table 2. Seventy-eight (64.5%)
respondents were male and 43 (35.5%) were female. The age
distribution of respondents consisted of 54 (44.6%) in their
30s, 35 (28.9%) in their 40s, 22 (18.2%) in their 20s, and
10 (8.3%) in their 50s, respectively. With respect to profes-
sions, 65 (53.7%) of the respondents were professors, 50
(41.3%) residents, and 6 (5%) specialists. Users’ departments
were concentrated in gynecology & pediatrics (31.3%) and
internal medicine related departments (22.6%), with other
departments (18.3%), pathology/radiology (17.4%), and sur-
gical (10.4%) in consecutive order.
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Table 1. Results of reliability and validity tests
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Table 2. Subject characteristics

Factor

Variable

Factor

loading

Cronbach oo Eigenvalue

Device

Portability

Security

Cost

Contents quality

Ease of use

Support

User innovation

Attitude

Social influence

Intention to use

W NN = R WD R W= U R WD U R WD U WD R U R WD WD R WD - R WD NN W DN

0.650
0.815
0.579
0.745
0.700
0.768
0.796
0.891
0.859
0.810
0.822
0.778
0.838
0.864
0.697
0.853
0.520
0.898
0.893
0.917
0.923
0.922
0.875
0.872
0.850
0.601
0.663
0.790
0.750
0.777
0.835
0.767
0.754
0.827
0.896
0.927
0.906
0.673
0.513
0.651
0.819
0.826
0.770
0.579
0.560
0.540

0.664

0.942

0.859

0.895

0.944

0.948

0.861

0.965

0.911

0.958

0.979

2.5

2.8

2.6

2.0

4.4

3.0

3.1

3.7

1.1

1.9

0.9
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Variable Frequency (%)

Age (yr)

20-29 22 (18.2)

30-39 54 (44.6)

40-49 35(28.9)

>50 10 (8.3)
Gender

Male 78 (64.5)

Female 43 (35.5)
Position

Professor 65 (53.7)

Specialist 6 (5.0)

Resident 50 (41.3)
Work (yr)

<2 40 (33.9)

2-4 28 (23.7)

5-9 26 (22.0)

10-14 10 (8.5)

>15 14 (11.9)
Department

Internal medicine 26 (22.6)

Surgical 12 (10.4)

OBGY/pediatric 36 (31.3)

Pathologic/imaging 20(17.4)

Others 21(18.3)

2. Status of Smartphone Purchase and Contract

As is shown below in Table 3, 53 (43.4%) survey respon-
dents personally purchased their device, with hospital-given
smartphones making up the balance (56.6%). Respondents
purchased smartphones for curiosity (65), as an upgraded
device (46), from the recommendations of an acquaintance
(20), for convenient internet use (14), for their design (10),
applications (7), and scheduling (3). The majority of respon-
dents used the iPhone (74.8%), followed by the Omnia, Gal-
axy S, BlackBerry, LG Insight, Izar, and Vega in descending
order. One hundred six respondents (87.6%) subscribed to
Korea Telecom (KT) and 15 (21.4%) were using SK Telecom
(SKT). Most of the respondents (89.3%) had been using their
smartphones for less than a year.

Most respondents were unaware of the exact smartphone
purchase price because they obtained the device under a
1- to 3-year service plan with an account transfer. There-
fore, the average smartphone cost was calculated based on
the purchase price and Internet service costs. The average
price was $287.8 for self-purchased devices and $276.7 for
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hospital-purchased devices. Over 90% of the respondents
bought their smartphones on a 2-year contract. The monthly
wireless plan fee averaged $51.6 for individuals and $13.8 for
hospitals, as is shown below in Table 4.

3. Smartphone Usage

As shown in Figure 2, the most common smartphone usage
mode was internet searching with 101 responses (82.8%),

Table 3. Status of smartphone purchase

Factor Frequency (%)

Purchase route

HIR

e-mail with 94 responses (76.2%), and scheduling with 78
responses (63.9%). Other uses included social networking
with 43 responses (35.2%), staff information queries with
25 responses (20.5%), groupware (electronic transfers and
hospital mail) with 11 respondents (9.0%), and drug in-
formation queries with 9 responses (7.4%). The uses below
5% were medical record search, picture archiving and com-
munication system (PACS), task reporting, in-hospital calls,
and games. Regular phone calls consisted of 51.4% for work-
related purposes and 48.6% for private purposes, as shown
in Figure 3. For text messages, 37.5% were for work purposes
and 62.5% were for personal purposes. Web browser use was
21.9% for work purposes and 78.1% for personal purposes.
Scheduling, photo viewing, and movies were also concen-

Private >3 (43.4) trated for personal purposes (61.3%).
Received from hospital 69 (56.6)
Purchase motivation 4. Multiple Regression Analysis
Curiosity for smartphone 65 (39.4) Tables 5 and 6 show the results of multiple regression
Old device 46 (27.9) analyses, which include the parameter estimates and their
Recommendation of colleague 20 (12.1) significance of relationship between predictor and response
Web function 14 (8.5)
Prefer design 10 (6.1)
Application 7(4.2) 90182,
Schedule 3(1.8) 80
Device 70 1
iPhone 89 (74.8) 60
Galaxy 9(7.6) - 50
Omnia 12 (10.1) * 40+
Blackberry 3(2.5) 30
Insight 3(2.5) 20
1 2 (1.7 4
7ar (1.7) 10 33 25 25 25 25
Vega 1(0.8) 04
Telecommunication company zfz,@’(\ @'3\ &\@q %éro 0"7}6\@{&@ @,55"0 Q,@)QQ?‘(? o&“q"oo‘\e (b((\Q)
SKT 15 (12.4) @o\% ("%g\@ \\ngo e &q% o@* Q.ef?\ o
) .
KT 106 (87.6) & & @ 5
& R4 o
. O N
Period of use (yr) 4 &
<1 109 (89.3) Figure 2. Proportion of smartphone usage mode. SNS: social net-
1-2 6 (4.9) work service, PACS: picture archiving and communica-
>2 7 (5.7) tion system.
Table 4. Costs of smartphone and its use (unit: US dollar)
Payment type Average SD Minimum Maximum
Costs of device Personal payment 287.8 244.72 0.0 830.2
Paid by hospital 276.7 0.0 276.7 276.7
Contract period (month) 24.4 6.5 0.0 36.0
Monthly payment Personal payment 51.6 23.0 13.8 92.0
Paid by hospital 13.8 24.8 0.0 92.0
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variable. The p-value for each term tests the null hypothesis
that the coefficient is equal to zero, which means no effect.
In the model of attitude, cost (p = 0.000), quality (p = 0.000),
innovation (p = 0.000), ease of use (p = 0.006), and support (p
= 0.031) were statistically significant, but device, portability,
security were not associated with attitude (p > 0.05). In the
model of social influence, security (p = 0.000), innovation
(p = 0.000), contents quality (p = 0.029), and portability (p =
0.044) were statistically significant, but device, cost, ease of
use, and support were not associated with social influence (p
> 0.05). In the additional model for intention to use, the rela-
tive significance of attitude and social influence was tested
(Table 6). The p-values were 0.000 and 0.005 for attitude and
social influence, respectively. Although both predictors were
significant at 0.05, users’ attitude mattered more than social

1 Personal
Il Official

62.5] 62.4 61.3]
78.1

%

a

o
1

37.6}
21.9

Web search Others Overall use
(scheduling,
camera, etc.)

Voice call SMS

Figure 3. Proportion of official smartphone use. SMS: short mes-
sage service.

Technology Acceptance of Smartphone

influence with respect to intention to use smartphone, com-
paring standardized coefficients (0.598 vs. 0.209). The over-
all results of significant relationships were summarized in
Figure 4. The characteristics of the device influenced neither
attitude nor social influence.

IV. Discussion

Many people and organizations today use mobile wireless
technology via wireless application protocol (WAP) phones,
handheld devices, smartphones, wireless laptops, mobile
commerce, and other portable devices. However, despite this
market’s growth, research examining the key factors affecting
user behavior and mobile adoption is scarce [17]. Therefore,
this research focused on factors that affect users’ intentions
when adopting smartphones at medical institutions. Tertiary
hospitals were selected for this study over primary and sec-
ondary hospitals because they adopted smartphones faster
and currently utilize them.

Even though younger groups adopt IT technology more
quickly than older groups in hospitals [18], smartphone

Table 6. Multiple regression results of attitude and social influ-
ence on intention to use

Parameter B SE B Prob > |¢|
(Constant) 0.158 0.459 - 0.731
Attitude 0.784 0.096 0.598 0.000
Social influence 0.247 0.087 0.209 0.005

F = 66.80 (p < 0.0001); adjusted R* = 0.521

B is the unstandardized regression coefficient, {3 is the standard-

ized regression coefficient.

Table 5. Multiple regression results of factors influencing attitude and social influence

Attitude Social influence
B SE B Prob > |¢| B SE B Prob > |t
(Constant) —0.454 0.480 - 0.346 0.609 0.654 - 0.354
Device 0.152 0.089 0.121 0.088 —0.165 0.121 —-0.118 0.174
Cost 0.244 0.059 0.306 0.000 0.124 0.081 0.140 0.127
Portability 0.002 0.060 0.003 0.968 0.166 0.081 0.180 0.044
Security 0.048 0.051 0.054 0.347 0.314 0.070 0.319 0.000
Quality 0.344 0.071 0.308 0.000 0.215 0.097 0.173 0.029
Innovation 0.302 0.064 0.417 0.000 0.457 0.087 0.568 0.000
Ease of use 0.250 0.089 0.262 0.006 —0.192 0.122 —0.181 0.118
Support —0.146 0.067 —0.143 0.031 —0.003 0.091 —0.003 0.970

F=28.29 (p < 0.0001); adjusted R* = 0.643

F=14.06 (p < 0.0001); adjusted R* = 0.463

B is the unstandardized regression coeflicient, f is the standardized regression coefficient.
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User
innovation

use in the hospitals studied was mostly due to medical staff
professors, since the hospital provided smartphones to them
first. Estimates project that younger groups in hospitals will
use smartphones for medical purposes more than older
groups in the near future.

Current users tend to use smartphones for Web services,
such as Internet searches and e-mail, but were able to use the
full functionality of smartphones by also including schedul-
ing, social networking, staftf information inquiries, drug in-
formation inquiries, diagnosis information inquiries, PACS,
and in-company calls. Since smartphone adoption is still in
its early stages at hospitals, education, infrastructure expan-
sion and medical software applications will increase smart-
phone use. In addition, smartphones could potentially be
used in emergency settings to document injuries or lesions
[19].

As was shown in the results section, costs, contents quality,
innovation, ease of use, and support affected user attitude
while device, portability and security were insignificant,
since medical doctors were unaware of smartphones’ useful-
ness in providing accurate information at their current stage.
Developers should develop and upgrade their contents for
accuracy, promptness, usefulness, and individual suitability
for smartphone usage.

Also, the research did not show a significant influence on
user attitude, but after hospitals expand the scope of smart-
phone use, device input, resolution, and size are expected to
play a more important role in actual use. The hardware and
software functionality of the devices should be improved to
expand smartphone use.

After looking over the factors studied, this study found
that portability, security, contents quality, and innovation

310 www.e-hir.org
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Intention to

Figure 4. Test results of the research
model.

significantly affect the social influence of smartphones. Such
factors are equally important in other industries. Exchanging
information and enhancing communication will promote a
timely and high-quality diagnosis on patients. Security sys-
tems should also be developed to protect medical informa-
tion. In case smartphones are lost or stolen, an independent
security system should be used over wireless control to pre-
vent the theft of patients’ medical records.

Finally, user attitude influenced the intention to use a
smartphone more than social influences within the subject
group. Medical doctors who participated in the survey are
more likely to rely on their beliefs than peer pressure from
their environment. However, the findings of this study
need to be further investigated in specific subgroups and/
or processes. For example, Ismail et al. [18] showed that the
younger generations and females reported better acceptance
of smartphone use in their work, and Takao et al. [20] rec-
ommended a new support system using a smartphone for
diagnostic image display and treatment of stroke.

This research has many implications when compared to
earlier research. Lee et al. [21] divided organization charac-
teristics into technical support and education, and both fac-
tors positively affected actual use. The results of this research
also show that support factors have a significant influence
on user attitude. Supporting users is an important aspect of
technology adoption. Educating smartphone users and solv-
ing their inconveniences would positively affect user inten-
tion by increasing accessibility.

Oliva et al. [22] mentioned that user satisfaction directly af-
fects repurchase because positive attitudes lead to continued
smartphone purchases. In this research, user attitude was
also found to influence the intention to adopt smartphones.

http://dx.doi.org/10.4258/hir.2014.20.4.304
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The intention to use smartphones would obviously be higher
if the user’s attitude is more positive.

Ajzen [23] mentioned in the Theory of Reasoned Action
(TRA) [11] that attitude, standards, and behavior control
will affect product and service use, and this will make users
utilize actual products and services. Also, Kim and Kim [24]
suggested a theoretical model about the effect on mobile
wireless Internet use from recognized value and use inten-
tion. They verified that ease of use, usability, system quality,
and instant connectivity affected actual use. As these results
also showed that user attitude and social influence affect ac-
tual smartphone use intention based on the Theory of Rea-
soned Action (TRA), this research verified that the aware-
ness of the user and surrounding people affects the actual
intention to use a technology.

Despite the suggested implications, additional study is
needed to address the limitations of this research. Testing
research relationships across multiple hospitals would gener-
alize the smartphone study among healthcare professionals
[25]. To generalize the results of this study, the subject group
should be expanded and the subject groups should be subdi-
vided more finely.

After smartphones become more available in hospitals,
further studies, such as the effect of smartphones on hospital
performance and the suitability of smartphones for hospital
work, would be important to research. In addition, the fur-
ther study would focus on the influence of smartphones on
the quality of work outcome and performance.
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