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ABSTRACT

Prior studies have not explored physician’s
attitudes toward, and behavior and willingness
to accept an e-health care system. However,

physicians can induce demand for their services.

The development of the high-tech asthma care
mobile service (ACMS) in Taiwan provided a
means of exploring key factors in a physician’s
choice of using an ACMS. The study was based
on the technology acceptance model (TAM) and
integrated “subjective norm,” “innovativeness,”
and “managerial support” to understand and
predict physicians’ attitudes and behavioral
intentions toward adopting high-tech healthcare
systems such as the ACMS. Of 700 question-
naires distributed to physicians with experience
using ACMS, 504 completed returns were re-
ceived (a 72% response rate). The data were
analyzed using the structural equation modeling
(SEM) method. The results of the study showed
that the model selected to explain and predict
utilization of the ACMS had high explanatory
power and was a good-fit model. The most
critical factor that affected behavioral intentions
related to ACMS was user attitude, followed by
perceived usefulness, managerial support, sub-
jective norm, perceived ease of use, and in-
novativeness.

Keywords: E-Mobile; Patient Monitoring;
Physicians’ Decision

1. INTRODUCTION

Asthma care mobile service (ACMS), which uses a
mobile telephone-based system, is part of the Taiwanese
government’s “Challenge 2008 National Development
Plan,” and involves a care platform for patients with
asthma. In developing the program, the National Center
for High-Performance Computing (NCHC) integrated
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components from the healthcare industry, the informa-
tion systems industry, and the communication industry
(Chunghwa Telecom Co., Ltd., Taiwan) to provide
real-time self-measurement and management for asthma
patients. An asthma patient’s real-time condition can be
monitored using a mobile phone and integrating a global
positioning (GPS) system, the Central Weather Bureau’s
prediction stations, the environmental protection admini-
stration’s (EPA) Air Quality Monitoring Network, and
network platforms and network connections in hospitals
[1].

Use of the monitoring system has led to as lower inci-
dence of disease. Mobile telephones are so widely used
as an efficient, instant personal communication tool that
their function has been expanded from a simple tele-
phone to a microcomputer. In a recent study, a mobile-
telephone-based system was used to provide a home en-
durance exercise training program, and to monitor respi-
ratory symptoms and exercise activity. The result was
good compliance and clinical outcomes in patients with
moderate-to-severe chronic obstructive pulmonary dis-
ease [2]. However, a few drawbacks include the fact that
telephone communication is a time-consuming and staff-
heavy process, and internet access is not always avail-
able.

The ACMS operates in the following way: 1) the pa-
tient records his breathing, the extent of coughing, qual-
ity of sleep, and activities of daily living. He then uses
the mobile phone to send the data to NCHC’s network
platform. 2) The GPS system in the mobile phone can
detect the location of the patient and, in real-time, can
obtain information on the local climate and air quality. 3)
NCHC analyzes and records the information. 4) On the
basis of changes in data, physicians can evaluate whether
or not a disease crisis occurring if the patient may be at
risk. If an asthmatic event does occur, the same mobile
system can be used to notify the patient to come to the
hospital. 5) The health education center also provides
medical information to patients so they can better under-
stand changes in their disease and the doctor’s recom-
mendations. Ultimately, patients can recognize changes
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in their own status, with the objective of preventing fu-
ture asthmatic events.

Since the development of ACMS is still in the initial
stages in Taiwan, in a recent study, the high-tech health-
care system for patients was used to explore key factors
in the choice of using an ACMS, the results indicated the
most critical factor is user attitude, followed by per-
ceived usefulness, subjective norm, perceived ease of use
and innovativeness [1]. However, that study did not ex-
plore healthcare providers’ (physicians’) behavior and
willingness to accept an e-healthcare system.

Physicians can promote demand for their services [3].
The results of prior studies have shown that physicians
play the role of a prescribing agency for patients. Be-
cause physicians have the power to prescribe, the situa-
tion of supplier-induced demand (SID) tends to be more
significant in the medical market. A physician’s accep-
tance of a medication or treatment approach seems to be
the crucial factor. One key to the success of high-tech
health care systems is an exploration of physicians’ be-
havior and willingness to accept such systems. Therefore,
understanding and predicting physicians’ acceptance of
ACMS in electronic health is very important, and there is
a real need to further explore physician’s willingness to
adopt high-tech healthcare system services.

We designed a study using the ACMS to better under-
stand and predict physicians’ acceptance of new tech-
nology. The results may help the Taiwanese government
to develop the necessary data on high-tech, preventive
medical strategies to define an appropriate policy to use
in attracting greater participation.

2. METHODS
2.1. Research Model and Hypothesis

The technology acceptance model (TAM) was devel-
oped from the Theory of Reasoned Action and included
four constructs, such as perceived easy of use (PEOU),
perceived usefulness (PU), attitude toward using (ATT),
and behavioral intention to use (BI), is an information
systems theory that models how users come to accept
and use a technology. The model suggests that when
users are presented with a new technology, a number of
factors influence their decision about how and when they
will use it and has been widely used by information
technology researchers to gain a better understanding of
information technology adoption and its use by organiza-
tions [4]. PEOU is defined as “the degree to which a
person believes that using a particular system would be
free from effort”; PU is defined as “the degree to which a
person believes that using a particular system would en-
hance his or her job performance”, and ATT is defined as
“an individual’s positive or negative feelings (evaluative
affect) about performing the target behavior”. While the
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TAM has been applied and tested in academic and cor-
porate settings, and has involved students, business
managers, clerical and administrative types as subjects,
few studies have evaluated the TAM in the healthcare
field [5]. To address this, we used the TAM to examine
physicians’ opinions about and intentions to adopt
e-health applications.

Davis [4] indicated that the key factors impacting an
individual’s willingness to adopt information systems are
PU and PEOU. These elements directly affect the user’s
ATT and BI. Results of other studies also found that an
individual with a higher PEOU about technology tended
to perceive that the technology was useful and thus had a
stronger attitude towards using it [6,7]. The higher an
individual’s PU towards technology, the stronger the
ATT [8], and PU also has a direct positive impact on BI
[9,10]. Based on TAM, if an individual had a positive
attitude toward using technology, the BI would be in-
creased [11,12].

Our study proposed the following hypotheses:

Hypothesis la: Physicians’ PEOU has direct and
positive impact on ATT with respect to ACMS.

Hypothesis 1b: Physicians’ PEOU has direct and
positive impact on PU with respect to ACMS.

Hypothesis 2a: Physicians’ PU has direct and positive
impact on BI with respect to ACMS.

Hypothesis 2b: Physicians’ PU has direct and positive
impact on ATT with respect to ACMS.

Hypothesis 3: Physicians’ ATT has direct and posi-
tive impact on BI with respect to ACMS.

Another study indicated that the TAM, combined with
the “subjective norm” (SN), can also predict acceptance
[7,10,12-16]. Schepers and Wetzels [12] found a signifi-
cant influence of subjective norm on PU and BI. Subjec-
tive norms looks at the influence of people in one’s so-
cial environment on his/her behavioral intentions; the
beliefs of people, weighted by the importance one attrib-
utes to each of their opinions, will influence one’s be-
havioral intention.

The study proposed the following hypotheses:

Hypothesis 4a: Physicians’ SN has direct and positive
impact on BI with respect to ACMS.

Hypothesis 4b: Physicians’ SN has direct and positive
impact on PU with respect to ACMS.

Additionally, Bhatti [6] and Hurt, Joseph, and Cook
[17] indicated “innovativeness” is a component of the
Innovation Acceptance Model (IAM), which is defined
as “the degree to which an individual adopts new ideas
relatively earlier than do other members of the social
system,” and found that innovativeness (IN) will directly
affect people’s use of virtual learning systems. It will
also have a positive direct impact on PEOU, PU using
information technology. This study also proposed the
following hypotheses:
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Hypothesis 5a: Physicians’ IN has direct and positive
impact on PEOU with respect to AMCS.

Hypothesis 5b: Physicians’ IN has direct and positive
impact on PU with respect to AMCS.

Another study indicated that managerial support has
direct and positive impact on perceived usefulness and
perceived ease of use of the e-Learning system [18].

Hypothesis 6a: Managerial support has direct and
positive impact on PEOU with respect to AMCS.

Hypothesis 6b: managerial support has direct and
positive impact on PU with respect to AMCS.

The research model (Figure 1) is based on the TAM,
and integrates the “subjective norm,” “innovativeness,”
and “managerial support” to understand and predict a
physician’s attitudes and behavioral intention of using
the ACMS. We feel that the results of this study may
enhance the Taiwanese government’s efforts to develop
high-tech, preventive medicine and may also help attract
greater participation by the community.

2.2. Measures of the Constructs and Data
Collection

The survey instrument was constructed by adapting
measures used in prior research of perceived ease of use,
perceived usefulness, attitude toward use, and behavioral
intention in the TAM, as well as by adding subjective
norm, innovativeness, and managerial support (MS)
measures. All measures were adapted from their original
source and were slightly modified to fit the current study.
This adaptation was done by first reviewing the original
survey instrument and then making minor, appropriate
wording modifications, in an effort to clarify the intent of
the questions for five pulmonary physicians.

The survey validation review process was performed
by experts from the appropriate branch of the healthcare
industry. A few recommended word changes were in-
corporated into the final survey instrument. The opera-
tionalization and sources of measurement items in this
study are shown in Table 1. All evaluation items employ
a five-point Likert scale for measurement, where 1, 2, 3,
4, and 5 indicate strongly agree, agree, fairly agree, dis-
agree, and strongly disagree, respectively.

Physicians with experience using ACMS were se-
lected as the study subjects. The physicians were affili-
ated with 32 different hospitals and represented 4 differ-
ent medical specialties. In this study, 700 physicians
were chosen and asked to fill out the questionnaire.

2.3. Data Analysis Methods

While the structural equation modeling (SEM) tech-
nique was employed to interpret the causal model using
LISREL 8.7 (Scientific Software, Inc., Chicago, IL,
USA), a confirmatory factor analysis (CFA) was used to
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Table 1. Reliability and validity results.

Construct  Items fSatCatr(l);ia;;(;idz;dg fe(l)gsbtlrll:tc; Cronbach’s a

SN 5 0.56 - 0.86 0.86 0.85
IN 3 0.62 - 0.87 0.92 0.88
MS 4 0.74 - 0.89 0.94 0.89
PU 3 0.58 - 0.88 0.81 0.80
PEOU 4 0.61 - 0.80 0.91 0.92
ATT 4 0.64 - 0.82 0.92 0.94
BI 3 0.82-0.89 0.95 0.95

Key: SN, subjective norm; IN, innovativeness; MS, managerial support; PU,
perceived usefulness; PEOU, perceived ease of use; ATT, attitude toward
using; BI, behavioral intention to use.

examine the reliability and validity of the measurement
model. Each of the impact coefficients was estimated by
using the maximum likelihood estimates method, while
the model’s overall appropriateness of fit was evaluated
by using the following seven indicators: chisquare/de-
grees-of-freedom (y*/df); goodness-of-fit index (GFI);
adjusted goodness-of-fit-index (AGFI); normed fit index
(NFI), comparative fit index (CFI); root mean square
residual (RMR); and root mean square error of approxi-
mation (RMSEA).

3. RESULTS

Of the 700 questionnaires distributed to physicians
with experience using the asthma care mobile service,
504 completed questionnaires were returned (a 72% re-
sponse rate). Of the returns, 73% were from male physic-
cians and 27% were from female physicians. The 504
physicians who responded ranged in age from 29 to 55
years; 36% were between the ages of 30 to 40 years.
Physicians’ experience with asthmatic care ranged from
1 to 6 years. At the 0.05 level, the acceptance of ACMS,
as measured by the mean score of the technology accep-
tance model, was found to have no significant relation-
ship between age, practice size, hours per week of per-
sonal computer use, and years of experience as a physic-
cian.

3.1. Reliability and Validity of Measurement
Model

The goodness-of-fit indexes suggested that the meas-
urement model was a good fit with the data (Table 2).
Each latent construct was tested for internal consistency
using construct reliability and Cronbach’s alpha. As
shown in Table 1, the construct reliabilities ranged from
0.81 to 0.95, while the alpha coefficients ranged from
0.80 to 0.95, indicating a higher internal consistency of
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Table 2. Fit indices for measurement and structural model.

Fit indices Recommended Measurement Structural

value model model

df <3 1.82 1.84
GFI >0.9 0.88 0.88
AGFI >0.8 0.86 0.86
NFI >0.9 0.95 0.94
CFI >0.9 0.96 0.95
RMR <0.05 0.032 0.047
RMSEA <0.1 0.05 0.05

Key: y/df, chi-square/degrees-of-freedom; GFI, goodness-of-fit index;
AGFI, adjusted goodness-of-fit-index; NFI, normed fit index; CFI, com-
parative fit index; RMR, root mean square residual; RMSEA, root mean
square error of approximation.

measurement indicators [19,20].

Next, convergent validity and discriminant validity
were assessed. Convergent validity was supported if the
standardized factor loadings were above 0.50 [19]. In
Table 1, the standardized factor loadings ranged from
0.56 to 0.89, and were statistically significant to support
the convergent validity. The discriminant validity test
was performed by pairing two latent constructs and sub-
jecting them to two models of CFA [21]. All chi-square
difference values were statistically significant at p < 0.01,
and the discriminant validity was confirmed.

3.2. Structural Model

The SEM technique was used to interpret the causal
model (Figure 2). According to the results (see Table
2), the structural model of ACMS was a good fit with
the data. Figure 1 demonstrates that there are seven hy-
potheses that can be supported: PEOU has a signifi-
cantly positive impact on PU (1 = 0.517); PU has a sig-
nifycantly positive impact on ATT (1 = 0.83"); ATT has
a significantly positive impact on BI (1 = 0.86"); SN has
a significantly positive impact on BI (A =0.19"); SN has
a significantly positive impact on PU (4 = 0.217); IN has
a significantly positive impact on PEOU (1 = 0.317); and
MS has a significantly positive impact on PU (1 = 0.46").
The R? value of the model is 0.82 (>0.5), demonstrat-
ing that the ACMS model had favorable explanatory
power.

Additionally, we analyzed both direct and indirect ef-
fects of the factors on BI. A direct effect is found from
the path coefficient between the factor and the BI factor,
while an indirect effect represents the effects on BI due
to the different factors. The indirect effect is calculated
by multiplying the coefficient values of the route. The
total effect is calculated by adding the sums of the direct
and indirect effects. The results in Table 3 indicate the
most critical factor that affects behavioral intention of
ACMS is ATT (0.86), followed by PU (0.57), MS
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*Path coefficient is significant at the 0.05 level; ~Path coefficient is signifi-
cant at the 0.01 level; n.s., insignificant at the 0.05 level.

Figure 2. Path diagram of structural equation modeling.

Table 3. Direct and indirect effects for ACMS.

Latent variables Direct Indirect Total e_ffect

effect effect (ranking)

PEOU—BI - 0.38 0.38 (5)
PU—BI - 0.57 0.57 (2)
ATT—BI 0.86 - 0.86 (1)
SN—BI 0.19 0.24 0.43 (49
IN—BI - 0.21 0.21 (6)
MS—BI - 0.51 0.51 (3)

Key: PEOU, perceived ease of use; PU, perceived usefulness; ATT, attitude
toward using; SN, subjective norm; IN, innovativeness; MS, managerial
support; BI, behavioral intention to use.

(0.51), SN (0.43), PEOU (0.38), and IN (0.21).

4. DISCUSSION AND CONCLUSIONS

The primary results indicated the most critical factor
that affects behavioral intention of using ACMS is atti-
tude toward using the devices, followed by perceived
usefulness, managerial support, subjective norm, per-
ceived ease of use, and innovativeness. The results are
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consistent with those of relevant past studies. The fol-
lowing suggestions are based on our findings.

ATT and BI with respect to ACMS are positively and
significantly associated [11,12]. PU has a significantly
positive impact on ATT [8], which will affect the attitude
of physicians using ACMS. More guarantees to physi-
cians regarding the safety of the mobile system, such as
the fact that highly confidential data are protected, the
system will “not crash,” or users will be able to get an
internet signal, will increase the perceived usefulness of
the device by physicians.

Subjective norm has a significantly positive impact on
behavioral intention and perceived usefulness [7,10], and
physicians will be willing to use the system when they
think it is helpful and when colleagues encourage them
to use it. We propose that hospital association hold regu-
lar informative medical lectures and provide medically
oriented information to physicians in order to change the
subjective norm of physicians.

PEOU has a significantly positive impact on PU [6,7].
Whether or not the ACMS system is easy to operate will
affect the physician’s ability to determine if it is helpful.
We propose that the user interface be made more user-
friendly, and a sample model be provided for physicians
to use.

Innovativeness has a significantly positive impact on
perceived PEOU [22], which means that physicians think
the system is easier to use when the innovativeness is
higher. Increasing continuing education for physicians in
related specialties, such as pulmonary and critical care
medicine, pediatrics, family medicine, and internal
medicine, may increase physicians’ perception of the IN
of the system.

Finally, MS has a significantly positive impact on PU
[18]. This means that if physicians think the system is
successful under managerial support, the top managers
will influence the strategies and policies of the healthcare
system as well as the support and cooperation from the
top managers and the individual departments. In turn,
this will be an impetus for development of careful and
thoughtful guidelines for participating hospitals, even as
top managers aggressively promote acceptance and im-
plementation of the mobile system. All these efforts will
have a positive effect on the implementation and adop-
tion of ACMS.

This study was conducted from the perspective of
physicians, in order to ascertain the critical factors that
affect ACMS users in their inclination toward adopting
e-health technology. The model used in the study ex-
plained and predicted the utilization of ACMS, with high
explanatory power as a good-fit model. It can be applied
by researchers, technology developers, and policy mak-
ers as relevant.

Results from this study also have interesting implica-
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tions and recommendations for future research. First,
TAM was able to explain over half of the behavioral
intention variance (R* = 0.82). Second, the results show-
ing an insignificant effect for managerial support com-
bined with similar findings from previous TAM studies
imply that this construct within TAM is not applicable in
the professional context, specifically, for physicians.

The development of ACMS is still in the initial stage,
and this study develops a unified model by integrating
TAM, SN, IN and MS to understand the physician’s in-
tention to accept and adopt ACMS. This study indicates
that ACMS is a feasible model to use to investigate phy-
sician choice. Through this model, key factors necessary
for physicians to choose ACMS may be strengthened and
improved in order to increase its use. From the physi-
cians’ perspective, this study proposed specific sugges-
tions to improve the use of ACMS to achieve the fol-
lowing benefits.

For physicians, results can be used to improve home
healthcare service, by understanding the physician’s in-
tention of using ACMS; technology developers may cre-
ate new products for physicians and patients, such as
user-friendly interfaces and better equipment. For policy
makers, this study provides important factors that users
consider in choosing ACMS. These factors may be im-
proved and strengthened so that the physicians can un-
derstand and identify with the core value of ACMS. With
the current pressures of costly medical expenditures and
expensive healthcare, this study may help to find an ef-
fective policy guideline and strategy to reduce medical
costs and save medical resources. Applying findings in
hospitals can accelerate the development of ACMS and
effectively integrate the information, communication,
and technology industries in order to improve patients’
lives.

By providing a better understanding of physician
technology acceptance, this model will inform health
care managers about barriers that make physicians hesi-
tant to embrace new technologies designed to increase
efficiency and improve quality of ACMS. The results
reveal that physicians’ behavioral intention has the
greatest effect on their attitude, followed by PU, MS, SN,
PEOU, and IN. This means that it is essential for medical
institutions to strengthen physicians’ attitudes by advo-
cating the system’s benefits and operating convenience.

Our study results led to two recommendations. First, a
modified version of TAM would be very useful in as-
sessing physicians’ attitudes toward acceptance of
ACMS applications. Second, additional research is
needed to examine the effects of physicians’ characteris-
tics on e-health adoption and evaluation of a mobile sys-
tem, and these results can then be compared with those
of physicians across specialties, disciplines, geographic
boundaries, and cultures. In addition, future studies
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should look at the effects of “hands-on” educational in-
terventions on the on basic TAM relationships.
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