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Abstract—Numerous studies have reported the rapid in-
crease in the number of individuals who use smartphones.
However, smartphones appear to be increasingly used by
healthcare workers, particularly physicians and nurses.
Therefore, this study aims to investigate the readiness of
medical doctors and patients with chronic conditions in
using and adopting smartphones for communication. This
study employs the Technology Acceptance Model to exam-
ine the behavior of people in using smartphones from the
perspectives of trust and rural areas. To realize our objec-
tive, we conducted a questionnaire survey that involved
medical doctors and patients with chronic conditions. Our
particular focus was Al Qunfudhah City in Saudi Arabia.
More than 200 questionnaires were distributed to people
belonging to different healthcare sectors in the rural areas
of Al Qunfudhah City. Our aim was to include every possi-
ble scenario and to obtain excellent perspectives. The results
that we eventually analyzed indicated that trust factor and
rural areas significantly influence the readiness of people
belonging to the healthcare sector toward using
smartphones. The results of our study concur with the find-
ings of other studies. Our results indicate that smartphones
and other high-technology gadgets are now necessary and
accepted devices in the different healthcare fields. However,
further studies should explore the challenges and effects of
smartphone use in the healthcare sector.

Index Terms—Healthcare, Individual Factors, Rural Area,
Saudi Arabia, Smartphone, TAM.

L INTRODUCTION

Many organizations have accepted using mobile tech-
nology devices, such as personal digital assistants (PDAs),
mobile phones, and smartphones, in the course of their
operation and the work of their employees. The advanced
features of these mobile devices have enticed various
organizations to require the use of such devices for the
communication needs of their employees. In particular,
smartphones showcase innovative technology that has
combined the features and capabilities of PDAs and mo-
bile phones. As a result, smartphones have significantly
influenced the method of communications that organiza-
tions implement.

Based on an IDC study [1], about one billion of
smartphones have been shipped to hundreds of countries
in 2013. This figure was 38.4% higher than that in 2012.
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The increase in smartphone sales is a reflection of the
growing popularity of smartphones and other mobile de-
vices in our everyday affairs. Moreover, such popularity is
an indication that smartphones are now indispensable in
the daily activities of an individual. This development has
prompted the current researchers to thoroughly investigate
the drive of individuals to use smartphones for communi-
cating important or serious matters, instead of engaging in
personal or face-to-face conversations. Examples of these
conversations are those related to medical discussions and
consultations.

The most widely used model in determining user ac-
ceptance of new technology usage is Technology Ac-
ceptance Model (TAM). [2][3] Conducted studies related
to mobile technology that utilized numerous theories,
including TAM, in understanding the rationale of people
in using mobile devices (i.e., smartphones) at work. Alt-
hough the aforementioned studies have explored the use
of smartphones in various organizations, including those
involved in healthcare, only a limited number of studies
have evaluated the insights of people in using
smartphones in their work.

[4] explained that a few studies have cited an increase
in the use of PDAs in the healthcare sector. The research-
ers added that such increase has influenced the outlook of
both healthcare workers and patients. The dynamic ad-
vancements in information technology (IT) have resulted
in the publication of numerous empirical studies on the
use of PDAs. However, the technology behind this device
either has become stagnant or became obsolete [5]. Stud-
ies on the use of smartphones based on the insights of
people into using the latest technology have presented
new methods of embracing technology itself and circum-
venting the problems concerning delays.

This study aims to investigate and clarify the drive of
medical doctors and patients in Saudi Arabia that influ-
ences smartphone use as a means of communication. This
study will utilize TAM as a theoretical model to thorough-
ly clarify the factors that influence people, particularly
those in the healthcare sector, to use smartphones. The
intention of and attitude of people toward the use of
smartphones are assumed to be influenced when they use
such devices without any difficulty and when they have
trust in using the latest technology without any apprehen-
sion regarding limited information. Moreover, this study
assumes that the nature of rural areas and the distance
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from medical centers encourage patients, especially the
elderly, to use smartphones as a means of communication
with medical doctors. Finally, this study offers a model to
aid researchers in understanding the relationship between
trust and ease of use. This relationship influences the
behavior of people in the healthcare sector in using
smartphones and suggests directions for future research in
this area.

II.  BACKGROUND OF THE STUDY

A. Healthcare and Smartphone use

Mobile communication has a massive potential to in-
troduce significant changes in medical and healthcare
interventions in society. Several previous studies have
assessed the use of mobile phones in supporting interven-
tions in the healthcare and public health sectors, particu-
larly in healthcare research data collection and collation
[6], as well as in supporting medical and healthcare educa-
tion and clinical practice in society [7]. The success of
mobile phone usage in supporting telemedicine and re-
mote healthcare in developing countries has been high-
lighted by several studies [8]. Examples of such use in-
clude off-site medical diagnosis [9] and as information
support for the treatment of HIV cases in far-flung rural
areas [10].

Recent literature has featured studies that evaluate the
particular functionalities of smartphones, including an
assessment of the use of on-board digital diaries in symp-
tom research [11], short message service (SMS) usage in
behavior change management [12], in sexual health edu-
cation [13], and in improving the adherence of patients to
antiretroviral treatment [14]. A comparison of mobile
phone records usage against conventional paper-based
records in controlled drug trials has been performed by
one study [15].

Numerous application opportunities are offered in GPS-
and location-enabled smartphones, which can further
assist the independent living of persons with disabilities or
those with multiple chronic conditions [16, 17], as well as
in epidemiology/public health survey and community data
collection [18].

[19] reported the existence of more than 7,000 docu-
mented cases of smartphone health apps. [20, 21] revealed
that the use of mobile phones and handheld computing
devices in health and clinical practices has been extensive-
ly reviewed. [20] emphasized several important features
that render the superiority of mobile phones to other in-
formation and communication technologies. Such ad-
vantages include portability, continuous uninterrupted
data stream, and immense capability resulting from suffi-
cient computing power that support multimedia software
applications. Areas where mobile communication is uti-
lized have reported considerable economic benefits, par-
ticularly telemedicine and sectors that provide remote
healthcare advice [22].

B.  Healthcare and Smartphone use

TAM is an extension of reasoned action theory [23].
Fig. 1, shows that TAM determines the informal interac-
tions among the system design, perceived usefulness,
perceived ease of use, attitude toward use, behavioral
intention to use, and actual usage behavior. TAM favora-
bly reflects the factors by which design choices influence
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Figure 1. Components of TAM

user acceptance, and needs to be valuable in the situations
positioned for forecasting and evaluating user acceptance
of IT [24-26].

C. Literature review and research hypotheses

[27] assessed the acceptance of medical doctors of tel-
emedicine technology. They suggested that TAM may be
more appropriate than other theories that examine tech-
nology acceptance by individual professionals. Moreover,
they argued that the integrated model may lack significant
additional explanatory power. In the wireless PDA con-
text, [28] suggested that the intention of the user to per-
form general tasks is influenced by perceived usefulness
(PU) and perceived ease of use (PEOU) Perceived play-
fulness affects the intention of the user to play games,
whereas PU influences user intention to transact. Moreo-
ver, studies posited that the acceptance of a wireless Inter-
net environment via mobile technologies is affected by
wireless trust environment, PU, PEOU, system complexi-
ty, and social influences affect [29-31]. Mobile services
can be available at any time and any place within the
broad context of smartphone acceptance. Thus, the defini-
tion of PU is the degree of consumer belief that mobile
services can be integrated into their daily activities [32].

The relationship between stakeholders considers trust as
a critical component [33-38], because it is the characteris-
tic that provides the fundamental value to medical rela-
tionships. However, trust is likewise critical in a more
instrumental manner, as well as crucial to the willingness
of patients to seek care, disclose confidential information,
submit to treatment, and follow the recommendations of
medical doctors [36]. Trust issues are similarly core to
current discussions on healthcare delivery structure and
regulation. Moreover, trust measures have been proposed
as a valuable new tool for monitoring the performance of
individual providers and health plans [36]. Consequently,
the current study gauges the effects of trust on the attitude
and intention of healthcare sector members, including
medical doctors and patients, in using smartphones.

This study likewise considers the influence of rural are-
as on smartphone use. Saudi Arabia has extensive rural
areas that are scattered and distant from each other. This
characteristic adversely affects the quality of medical
services. This study was conducted in the coastal city Al-
Qunfudhah in southern Saudi Arabia and approximately
380 km south of Mecca. The population of this city is
roughly 300,000. Numerous rural areas in Al-Qunfudhah
are far from center of the city. For instance, all of the city
residents are served only by one sugar center. Patients
with chronic conditions who require medical consultations
or periodic visits to the doctor must travel more than 100
km simply to avail of medical services. Such conditions in
these areas present opportunities for productive areas of
study. [39] argued that rural areas affect the behavior of
individuals in using smartphones to accomplish specific
tasks, including medical appointments and consultations.
The current study assumes that rural areas have significant
and positive effects on smartphone use in the Saudi Arabi-
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an healthcare sector. Fig. 2, shows the factors derived
from TAM, including trust and rural area factors, as well
as the hypotheses tested in the current study.

For smartphone services, PEOU can be described as the
issue of navigational easiness on the device and availabil-
ity of personalized elements. PEOU would have a positive
effect on attitude toward smartphones. Moreover, trust
between stakeholders and in using smartphones affect the
attitude toward using smartphone in the healthcare sector;
trust is expected to have a positive effect on attitude. Of
the last connection between user attitude and intention to
use in the model, the attitude of users toward smartphones
is expected to have a positive effect on the intention to use
smartphones. The list of the hypotheses considered in this
study is shown in Table 1.

III. METHODOLOGY

A structured survey method is employed in this study,
with the review of prior studies serving as the basis for the
survey questionnaire developed. People who work in the
healthcare sector and patients with chronic conditions are
the subject units of the survey analysis. After developing
the survey questions, the survey was initially tested by
conducting semi-structured interviews with healthcare
sector members. Several specialists in questionnaire de-
velopment were also interviewed to ensure content validi-
ty. Suggestions and feedback were solicited from the in-
terviewees to improve survey clarity. The suggestions and
feedback were used as the basis for refining the survey
questions.

In November 2013, the newly revised survey version was
used for conducting a pilot study. Thirty-three completed
survey questionnaires were collected. Unsatisfied meas-
urement items were dropped after the measurement mod-
els were statistically tested. Moreover, a review of the
responses was conducted to identify additional problems
that may come up with the questionnaire. After the pilot
study, the final survey version was distributed to patients
with chronic conditions in different far-flung rural areas,
as well as to the medical staff members in various centers
in Saudi Arabia, particularly in Al-Qunfudhah. Only 128
survey questionnaires from the total of 145 collected were
used for data analysis.

A. Measurement

This study adopted all of the measurement indicators
from prior literature. The behavioral intention to use was
adopted from [40], the attitude toward use was adopted
from [40, 41], PEOU was adopted from [42, 43], and the
trust questions were adopted from [44].

IV. DATA ANALYSIS

A.  Measurement models

Partial least squares (PLS) technique of structural equa-
tion modelling (SEM) was employed in the current study
to examine both measurement and structural models for
two reasons. First, PLS is capable of specifying both the
relationships among constructs in the research model, and
the measurement of constructs in the research model [45].
Compared with LISREL or AMOS, PLS does not have to
posit any strict assumption regarding population, scale
measurement, or distribution [46]. Second, PLS is less
restrictive on the sample size with unbiased estimates [47]
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Figure 2. Proposed Research Model

TABLE L.
LIST OF HYPOTHESES
Hypothesis L.
Description
Number ptl
H1 Perceived ease of use directly affects perceived useful-
ness.
2 Perceived ease of use positively affects the attitude
toward smartphone use.
H3 Perceived usefulness has a significant positive relation-
ship with the attitude of patients toward smartphone use.
H4 Perceived usefulness positively influences patient inten-
tion to use a smartphone.
Attitude toward smartphone use has a significant posi-
HS5 tive relationship with the behavioral intention to use a

smartphone.

High level of trust for using smartphones in the
H6 healthcare sector positively influences patient attitude
toward smartphone use.

High level of trust for using smartphones in the
H7 healthcare sector positively influences patient intention
to use a smartphone.

Behavioral intention to use a smartphone has a positive

H8 relationship on the actual use of a smartphone.
HO Rural areas have a strong and positive relationship with
the actual use of smartphones.
TABLE II.
RELIABILITIES AND VALIDITY
I(:Ifu itrr; ?:;; AVE Reﬁ;l;ijl}i)g/SI(th) Cronbach’s a
AT 6 0.6945 0.9313 0.9106
AcUse 2 0.838 09118 0.809
PEOU 4 0.6844 0.8964 0.8458
PITU 5 0.696 0.9193 0.8893
PU 4 0.5419 0.8244 0.7246
RuAr 3 0.6812 0.8632 0.8043
TRUST 5 0.7574 0.9397 0.9198

We conducted a -test by following the procedure of [48]
to evaluate non-response bias.

PLS bootstrap re-sampling procedure was performed to
examine the stability of estimates [49] and to develop
robust confidence intervals [50] in both measurement and
structural models. To assess reliability, the factor loadings
of indicators on latent constructs must be higher than 0.7
so that strong reliability can be established. Cronbach’s o=
was similarly used to assess reliability. The acceptable
score for Cronbach’s @< is 0.7 for the existing constructs.
All of the measurement items in Table II are higher than
0.7, which indicate adequate reliabilities.
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Table III shows that all of the loadings of 29 standard-
ized indicators were higher than the ideal cut-off level of
0.7 [50, 51]. One item exhibited a loading of 0.6956,
which is approximately equal to the recommended level of
0.70; thus, this item was retained in the model. Conse-
quently, the loading values indicate that the reliabilities of
measurement items are acceptable.

The composite reliabilities (CRs) should be higher than
the threshold value of 0.7 to ensure construct level validi-
ty; thus, suggesting good internal consistency [52, 53]. All
of the CRs of the constructs used in the measurement
models range from 0.8244 (PU) to 0.9397 (Trust). This
result indicates that the current research model ensures
construct level reliability. Moreover, the average variance
extracted (AVE), which represents the proportion of the
average variance between constructs and indicator varia-
bles, must be higher than 0.5 to imply good convergent
validity [49]. All of the CRs and AVE indicate good con-
vergent validity, as shown in Table II.

AVE and inter-construct correlation were compared to
evaluate the discriminant validity of each variable. Based
on the suggestion of [51], the square root of AVE should
be greater than the correlations of variables to prove dis-
criminant validity. Every construct had a larger square
root of AVE than its correlations with other constructs,
indicating that the values of diagonal elements are greater
than those of off-diagonal elements. This result demon-
strates that our measurement items have discriminant
validity [49, 51, 52]. The values shown in Table IV indi-
cate good discriminant validity.

V. RESULTS

Hypothesis 1 is supported by the results, which con-
firmed the existence of a direct effect between ease of use
and usefulness, with path coefficient = 0.210 and #-value =
4.786 at p < 0.01. Moreover, the attitude of patients to-
ward smartphone use in the healthcare sector is signifi-
cantly and positively affected by PEOU, with path coeffi-
cient = 0.524 and #-value = 11.24. This result likewise
indicates that Hypothesis 2 is supported by this study.
These results imply the importance of considering
smartphone application designs to be easy to use by dif-
ferent user levels. This consideration could enhance the
willingness of patients to use smartphones as a means of
communication with medical doctors.

Our data results do not support Hypothesis 3. Based on
the results, no significant relationship exists between per-
ceived usefulness and the attitude of patients toward
smartphone use in the healthcare sector, with path coeffi-
cient = 0.043 and #-value = 0.894. By contrast, Hypothesis
4 is supported by the results of this study, indicating that
perceived usefulness has a significant effect on the behav-
ioral intention of patients to use smartphones.

Our data results support Hypothesis 5. Our research
model determined the statistical positive relationship be-
tween attitude toward smartphone use and behavioral
intention to use a smartphone, with path coefficient =
0.246 and t-value = 5.054 at p < 0.01 level. Based on these
results, the attitude of users toward smartphone use con-
tributes to an increasing behavioral intention to use
smartphones.
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TABLE III.
CROSS-LOADINGS FOR MEASUREMENT INDICATORS

AT AcUse PEOU PITU PU RuAr TRUST

AT1 0.8438 0.0354 0.5671 0.4125 0.1021 -0.1909 0.4521
AT2 0.8643 -0.0641 0.5142 0.4594 0.0902 -0.2757 0.4307
AT3 0.8807 0.0812 0.5279 0.3589 0.1833 -0.1172 0.3786
AT4 0.8987 0.0414 0.5373 0.4707 0.1135 -0.1018 0.4093
ATS 0.8005 0.0284 0.4911 0.2744 0.0871 -0.1086 0.3732
AT6 0.6956 0.0499 0.4104 0.3259 0.1727 -0.0089 0.3376
AcUse3 0.0064 0.8957 0.0161 0.0174 0.2839 0.3524 -0.1326
AcUse4 0.0454 0.9348 0.0106 0.0848 0.3576 0.4244 0.0273
PEOU2 0.5273 0.0178 0.8261 0.4941 0.3041 -0.0359 0.4502
PEOU3 0.5317 -0.0038 0.8562 0.5438 0.1501 -0.103 0.4726
PEOU4 0.5467 0.0757 0.8635 0.5375 0.199 -0.1365 0.5169
PEOUS 0.4964 -0.056 0.7591 0.6333 0.0086 -0.2241 0.4837

PITUL 0.3463 0.0326 0.6055 0.7341 0.1371 -0.1484 0.4133

PITU2 0.4353 0.1305 0.5705 0.8779 0.1079 -0.1165 0.4511
PITU3 0.3724 0.0422 0.5421 0.8871 0.1358 -0.1051 0.4407
PITU4 0.4151 -0.0488 0.5293 0.814 0.1712 -0.1265 0.4179
PITUS 0.3786 0.0835 0.5153 0.8491 0.1379 -0.0674 0.4912
PU1 0.0088 0.1726 0.143 0.1461 0.6716 0.1402 -0.149
PU3 0.0336 0.3647 0.1614 0.1439 0.7005 0.1487 -0.0234
PU4 0.1328 0.2809 0.0634 0.0388 0.7198 0.1854 -0.0031
PUS 0.2096 0.2485 0.2025 0.1323 0.8412 -0.0553 0.0339
RuAr2 -0.226 0.0494 -0.1606 | -0.2123 | -0.2116 0.7394 -0.1674
RuAr3 -0.1398 0.4899 -0.1073 | -0.0729 0.0939 0.9653 -0.0948

RuAr4 -0.1636 0.1968 -0.1751 -0.2124 0.1563 0.7517 -0.174

TRUST2 | 0.4538 0.0183 0.4884 0.4091 0.0448 | -0.0262 | 0.8247
TRUST3 0.3336 0.0063 0.5254 0.4553 | -0.0463 | -0.0915 | 0.8793
TRUST4 | 04824 | -0.0812 | 0.5051 0.5349 | -0.0096 | -0.1789 | 0.9011
TRUSTS5 0.4131 -0.092 0.5088 0.5124 | -0.0562 | -0.1339 | 0.9046
TRUST6 | 0.3841 | -0.0442 | 0.5002 0.3813 | -0.0956 | -0.1483 | 0.8387
TABLE IV.
DISCRIMINANT VALIDITY

AT AcUse PEOU BITU PU RuAr TRUST
AT 0.833370
AcUse 0.030628 0.915439
PEOU 0.635475 0.014229 0.827277
BITU 0.467931 0.0598 0.660889 0.834291
PU 0.146456 0.354133 0.210111 0.164875 | 0.736122
RuAr -0.170099 | 0427742 | -0.144409 [ -0.13384 | 0.100876 | 0.825377
TRUST | 0.479129 -0.04761 0.57967 0.532146 | -0.03503 [ -0.13535 | 0.87028

PEOU, Perceived Ease of Use; AT, Attitude toward using Smartphone;
BITU, Behavioural Intention to Use Smartphone; AcUse, Actual Use;
PU, Perceived Usefulness; RuAr, Rural Area

The numbers in pink cells are the square root of AVE. For adequate
discriminant validity, the number in parentheses should be greater than
the corresponding off-diagonal elements.
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Our results support Hypotheses 6 and 7, confirming the
positive relationship between trust and attitude toward
smartphone use, with path coefficient = 0.177 and #-value
=4.179 at p < 0.01 significance level. Moreover, the be-
havioral intention of patients to use smartphones is signif-
icantly affected by trust, with path coefficient = 0.419 and
t-value = 9.120 at p < 0.01. These results suggest that
individual readiness to use smartphones will be enhanced
by maintaining trust between users when they use this
device through the extension of the area of use and the
provision of trusted applications that offer a means of
communication between individuals.

Our results similarly support Hypotheses 8 and 9. The
current research model determines the statistical positive
relationship between behavioral intention to use and actual
use of smartphones, with path coefficient = 0.119 and #-
value = 2.628 at p < 0.01. Moreover, a significant positive
relationship exists between rural areas and actual use of
smartphones, with path coefficient = 0.444 and #-value=
15.105 at p < 0.01. These results indicate the importance
of focusing on identifying and developing specialized
applications for the healthcare sector, and providing pa-
tients with a means of communication with medical doc-
tors. Fig. 3, shows the detailed research model results.

VI. CONCLUSION

A conceptual model for adopting smartphones in the
healthcare sector based on TAM was proposed in this
study. This model was recommended to evaluate the ef-
fects of trust, rural area, and all TAM factors on the adop-
tion and use of smartphones in various healthcare sectors.
All stakeholders have been considered in this study. These
stakeholders include members of the healthcare sector,
particularly medical workers, and the citizens who live in
far-flung areas away from medical centers. The results
indicated that the readiness of patients and medical doc-
tors to use and adopt smartphones is related to several
factors, namely, trust, ease of use, and perceived useful-
ness. Moreover, the rural areas positively influence the
actual use of smartphones among the healthcare sector
members. This study is expected to aid the developers of
smartphone applications in considering features that en-
courage people to adopt smartphones in various work
sectors, especially in the healthcare sector. The effects of
other factors on smartphone use in the healthcare sector
should likewise be assessed in future studies. These fac-
tors include infrastructure availability, privacy, time, de-
mographic factors, national culture, and organizational
culture.
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