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Abstract. With the increasingly aging population and the advances in infor-
mation technology (IT), cloud service has become an important health infor-
matics topic. Cloud-based healthcare services have significant potential to
enable the elderly to live independently and to access health-care services with
ease. Despite this potential, there are gaps in our understanding of how the
elderly decide to use such services. A field survey was conducted in Taiwan to
collect data from the elderly, and the structural equation model was used to
examine the data. The results indicated that attitude, subjective norm, perceived
behavioral control, perceived risk, and trust are key determinants in the elderly’s
usage intentions. The results also indicated that perceived risk and trust inte-
grated with the theory of planned behavior (TPB) model provides an improved
method for predicting the elderly’s intentions to use cloud-based health-care
services. Finally, the implications of this study are discussed.
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1 Introduction

Population aging is a pressing problem for many countries, especially for developing
countries such as Taiwan. The proportion of the population aged 65 and over was
10.7 % in 2010 and 12 % in 2013, and it is estimated that the elderly population will
double to 20 % in only 20 years [1, 2]. In Taiwan, nearly 90 % of people over 65 years
of age have one chronic condition, and 50 % have three chronic diseases [3]. Chronic
diseases, such as cancer, stroke, respiratory disease, diabetes, and heart diseases, are
among the leading causes of death in the country. According to the statistics, nearly
35 % of the total health-care expenditure of the National Health Insurance (NHI) in
Taiwan was utilized by elderly people aged 65 and over [4]. As the population ages,
more of the elderly are expected to have a greater demand for medical services. To
deliver a more comfortable and complete health-care service, cloud-based health ser-
vices have been proposed to help diagnose, monitor, and provide services to deal with
the chronic diseases faced by the elderly in recent years [5, 6].
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Cloud-based healthcare services are capable of handling data in the form of text and
images, thereby making it possible to maintain complete health databases. This allows
health professionals to access health records and make clinical decisions; upload pre-
scriptions; provide healthcare suggestions, including health education and self-health
management; and even make emergency calls. Through cloud-based healthcare ser-
vices, the elderly can obtain healthcare services anytime and anywhere, using mobile
devices. These healthcare services have great potential in terms of enabling the elderly
to live independently, as well as allowing for the early detection of symptoms and easy
access to healthcare services. Hence, many healthcare organizations are looking closely
at cloud-based applications for the delivery of healthcare services to the elderly.
Despite this potential, there are gaps in our understanding of how the elderly decide to
use such cloud-based healthcare services.

Health information technology (IT) use behavior differs in certain ways from
typical user behavior with regard to general applications, including the following:
(a) health care is not only a type of service but also a lifesaving mechanism, and
(b) concerns exist regarding the reliability of the open Internet infrastructure that
healthcare service providers employ to interface with users [7]. To elicit the trust of the
elderly, cloud-based healthcare service providers must implement more than mere
electronic linkages. These differences emphasize the uncertainty of the online envi-
ronment, the importance of risk, and the significance of new health IT adoption. Thus,
the existing variables of the technology acceptance model cannot fully reflect the users
and their motives, and, consequently, a study of other intrinsic motivational factors is
required. Prior studies have maintained that risk and trust are essential for under-
standing interpersonal behavior in the field of medical informatics [8, 9]. Based on
social psychology theory and the healthcare literature, we have developed an extended
version of the theory of planned behavior (TPB) [10] to predict the behavior of the
elderly. From a practical standpoint, understanding why the elderly’s intention to use
the cloud-based healthcare service can help government agencies and healthcare
administrators to devise appropriate implementation strategies and cloud-based
healthcare services to minimize the elderly’s resistance to, and any adverse effects
on, the healthcare management system.

2 Background

According to the 2014 Healthcare Information and Management Systems Society
Analytics Cloud Survey, 92 % of health-care providers see the value of cloud-based
services for their organizations now and in the future [11]. Thus, cloud-based health-
care services has been a critical research topic in the field of medical informatics.
Previous studies have investigated the factors influencing IT acceptance by patients
through the use of several information technologies, such as remote health monitoring
[12], Telecare [13], and mobile health services [14, 15]. Compared with previous
studies, we specifically highlight the factors driving the elderly’s intention to use
cloud-based healthcare services.
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2.1 Cloud-Based Healthcare Services

Cloud-based healthcare services enable the elderly to access personalized and inter-
active health services according to their mobility, portability, and ubiquity. Mobile
devices typically include smartphones, personal digital assistants, tablets, notebooks,
and health-monitoring devices. Most cloud-based healthcare services use mobile phone
platforms. Cloud-based healthcare services have several functions: (a) they improve
self-health management and disease diagnosis, treatment, and monitoring; (b) they offer
preventive services in health promotion and treatment compliance; and (c) they
enhance healthcare processes. For example, the elderly can upload their vital sign data
to a cloud platform, via which health professionals can access health records in real
time, thus providing a reliable basis for diagnosis. However, for these IT-enabled
benefits to materialize, elderly people must first adopt the cloud-based healthcare
service. A number of previous studies regarding the health IT adoption behaviors of
elderly users developed elderly-specific characteristic constructs to better understand
the unique features of the elderly [6, 14, 15]. However, studies that have examined the
elderly’s willingness to use cloud-based health services are rare.

2.2 Technology Acceptance Theories

Social psychological theories, such as the theory of reasoned action (TRA) [16] and the
TPB [10] have been applied to the study of technology acceptance or adoption. TRA is
a well-established intention-based theory, according to which behavioral intention is
explained by people’s attitudes toward that behavior and subjective norms.
Although TRA has been evaluated and supported in numerous contexts, it is weak with
regard to explaining the essence of behavior. Ajzen [10] found that attitude and sub-
jective norm determine intention and further proposed that perceived behavioral control
(PBC) reflects the degree to which a person feels that successfully engaging in a
behavior is completely under his or her control. Behavioral intention (BI) measures the
strength of the user’s willingness to exert effort when performing certain behaviors.
Attitude is the individual’s general feeling about the desirability or undesirability of a
particular behavior. Subjective norm (SN) refers to the individual’s perception of
important people’s opinions about performing or not performing the behavior. PBC
reflects a person’s perception of the ease or difficulty of performing a specific activity.
Ajzen [17] proposed that TPB eliminates TRA limitations on managing behavior over
which people have incomplete volitional control. Prior studies have shown that the
TPB model has good explanatory power for predicting the health IT acceptance of
users [15, 18]. Therefore, this study applies the TPB model to explain the elderly’s
intention to use cloud-based health services.

2.3 Trust

Trust is one party’s confident belief that the other party will behave in a dependable,
ethical, and socially appropriate manner [19]. In the cloud-based healthcare context, the
elderly are the trustors and the cloud services providers are the trustees because the
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elderly provide sensitive information, such as individual identifiers and health records,
to the health professionals. The elderly have a limited ability to monitor or control the
use of their personal information, which is why trust is required. Under these cir-
cumstances, the elderly’s concerns about sufficient security for protecting individual
data privacy are likely to slow the diffusion of such IT cloud-based healthcare services.
Our literature review revealed that further research is necessary to clarify the role of
trust perceptions in user acceptance of health IT [8, 9]. This study uses measures of
trust to address the elderly’s perceptions of the existence of favorable conditions that
are conducive to the situational success of using cloud-based healthcare services.

2.4 Perceived Risk

Perceived risk is defined as the uncertainty that is experienced regarding the possible
negative consequences of using a product or service [20]. When the level of uncertainty
is more substantial, the level of perceived risk increases [21]. From the perspective of
the elderly, there are several different kinds of perceived risk involved with the use of
cloud-based healthcare services. These include performance, financial, privacy, and
psychological risk. Performance risk is the probability of the health personnel harming
a patient because of an incorrect decision based on inadequate information. Financial
risk is the financial burden they place on the individual practices. Privacy risk for the
elderly is the lack of control over personal information. Psychological risk is the
potential that using the cloud-based healthcare services may cause psychological dis-
comfort and tension because it could have a negative effect on the elderly’s
self-perception. Perceived risk has been used to aid in the understanding of users’
adoption of, or resistance to, health IT [7]. Thus, perceived risk is an important factor
that can potentially impact an elderly person’s perception of cloud-based healthcare
services. This study integrates perceived risk into the TPB model to gain a more
comprehensive understanding of the behavioral intention of the elderly with regard to
cloud-based healthcare services.

3 Research Model

Prior studies have argued that usage intentions are more appropriate than actual
behavior because the former are measured contemporaneously with beliefs [22–24].
Certain studies have also chosen usage intention instead of actual usage as a dependent
variable to investigate the health IT acceptance of users [25, 26]. Therefore, we con-
sidered the application of elderly people’s intentions to use the cloud-based healthcare
services as a dependent variable as adequate and desirable. Further, the cloud-based
health services is a cloud platform for delivering health services, and activities are
performed online and are processed virtually. Personal privacy data that hackers might
steal are transmitted online. These concerns require a high level of trust and a low level
of perceived risk before the elderly are willing to use the cloud-based healthcare
services. The literature review indicated that numerous studies have provided empirical
support indicating the significance of trust and perceived risk as a direct factor
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influencing the intentions of the user to engage in health activities [8, 9]. Thus, we
extended the TPB model by adding trust and perceived risk construct to the research
model. Figure 1 presents a pictorial depiction of the research model, which offers a
description of the different dimensions and the development of theoretical arguments.

According to the TPB perspective, attitude, SN, and PBC are three direct ante-
cedents for determining behavioral intention to use. We argue that, in the context of
healthcare for Taiwanese senior citizens, there are three other potential linkages
between attitude and behavioral intention, SN and behavioral intention, and PBC and
behavior intention to use. Deng et al. [15] empirically used the TPB model to explain
the behavioral intentions of older people toward mobile health services. Thus, we posit
the following hypotheses:

H1. Attitude is positively related to the intention to use the cloud-based healthcare
services.

H2. SN is positively related to the intention to use the cloud-based healthcare services.

H3. PBC is positively related to the intention to use the cloud-based healthcare
services.

Trust is generally defined as one party’s confidence. Trust has been identified as a
predictor of usage intention [27]. Prior studies have provided empirical support indi-
cating the importance of trust as a direct factor influencing an individual’s intention to
engage in healthcare activities [8, 9]. The elderly’s use of healthcare services is subject
to uncertainty and risk, which require improving the trust of cloud-based healthcare
services. Consequently, this study proposes the following:

H4. Trust is positively related to the intention to use the cloud-based healthcare
services.

Fig. 1. Research framework
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Perceived risk increases the anticipation of negative outcomes, thereby leading to
an unfavorable attitude that typically results in a negative effect on a user’s intention to
use [28, 29]. During the adoption process of cloud-based healthcare services, the
elderly verify their perceptions of risks. If healthcare services are perceived to have a
large risk, the elderly may resist using the cloud-based healthcare services. Thus, we
propose the following hypothesis:

H5. Perceived risk is negatively related to the intention to use the cloud-based
healthcare services.

4 Research Method

4.1 Questionnaire Development

The construct measures shown in Fig. 1 were all adopted from previous studies and
were rated using a 5-point Likert scale; the anchors ranged from “strongly agree” to
“strongly disagree.” Although previous studies have validated the questionnaire items,
we conducted pretests by requesting several healthcare professionals to evaluate each
item. To ensure validity and reliability, we conducted a pilot test with a sample that was
representative of the actual respondents. We conducted structural equation modeling
using partial least squares (PLS) estimations for the data analysis, because the PLS
method requires a minimal sample size and has few residual distribution requirements
for model validation [30].

4.2 Sample and Data Collection

The target participants were the elderly in Taiwan. Ten community care centers were
successfully contacted to secure their collaboration. A total of 250 questionnaires were
distributed through an administrator of the community care center, and 185 ques-
tionnaires were returned. We assessed nonresponse bias by comparing early and late
respondents (e.g., those who replied during the first three days and the last three days).
We found no significant difference between the two respondent groups based on the
sample attributes (e.g., gender and age).

5 Research Results

The resulting 178 valid questionnaires constituted a response rate of 70 %. The majority
of the questionnaire respondents were females (57.87 %) between the ages of 65 and 74
years (58.99 %). We tested the reliability and validity of the proposed model. Reliability
was assessed based on a construct reliability greater than 0.8 [31]. Convergent validity
was assessed based on the following three criteria: (a) item loading greater than 0.7 and
statistically significant, (b) composite construct reliability (CR) greater than 0.80, and
(c) average variance extracted (AVE) greater than 0.5 [32]. The discriminant validity
between the constructs was assessed based on the criterion that the square root of theAVE
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for each construct should be greater than the corresponding correlations with all the other
constructs [31]. In this study, the construct reliabilities are all greater than 0.85. For the
convergent validity, the item loadings are all greater than 0.7, and the AVEs range from
0.70 to 0.85. For the discriminant validity, the square root of the AVE for a construct is
greater than its corresponding correlations with the other constructs. Table 1 shows the
descriptive statistics of the principal constructs and the correlation matrix, respectively.
These results indicate acceptable reliability, convergent validity, and discriminant
validity.

The testing results in the structural model are indicated in Fig. 2. In this empirical
study, we analyzed the elderly’s intention to use cloud-based healthcare services. The
statistical testing conclusions support this research model. In this study, intention to use
a cloud-based healthcare service was jointly predicted by attitude (b = 0.14,

Table 1. Reliability and validity of the scale

Construct Item loading CR AVE Correlation
AT SN PBC PR TR US

AT .81−.89 .91 .70 .84
SN .85−.88 .90 .74 .41 .86
PBC .84−.90 .91 .77 .57 .51 .88
PR .81−.91 .89 .73 -.38 -.31 -.44 .85
TR .79−.96 .86 .76 .11 .01 .08 -.02 .87
US .89−.94 .94 .85 .46 .54 .55 -.36 .13 .92

Note: Leading diagonal shows the square root of AVE of each
construct
Attitude (AT), Subjective norm (SN), Perceived behavior control
(PBC), Perceived risk (PR), Trust (TR), intention to use (IN)

Fig. 2. Results of the structural model
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standardized path coefficient, p < 0.01), SN (b = 0.33, p < 0.001), PBC (b = 0.26,
p < 0.001), perceived risk (b = −0. 10, p < 0.05), and trust (b = 0.11, p < 0.05).
Together, these variables explained 43 % of the variance of intention to use. As a
result, hypotheses 1, 2, 3, 4, and 5 were all supported.

6 Discussion

The results indicate that attitude, SN, and PBC are key determinants in the elderly’s
usage intentions. These findings are consistent with the results obtained by Ryu et al.
[25] and Deng et al. [15]. The effects of these usage intention variables were significant
in explaining the elderly’s usage behavior because they are consistent with Ajzen [17],
who maintained that the relative importance of attitude, SN, and PBC in predicting
usage intention varies across behaviors and situations. The results showed that of all the
main determinants, SN had the strongest effect on behavioral intention. When an
elderly person has a greater perception that most people who are important to them
think that they should use a new technology, they are more likely to commit to this
perceived pressure and are more willing to use a cloud-based healthcare service. PBC
was the influential factor in usage intentions toward the cloud-based healthcare ser-
vices. This result coincides with the findings of previous studies on technology
adoption [7, 26] and suggests that the elderly are likely to engage in cloud-based
healthcare services when they believe they have the ability to use the new technology.
Attitude was an influential factor in the elderly’s intention to use cloud-based health-
care services, although its effect was smaller than that of either SN or PBC. Trust was
also found to have a significant positive effect on the intention to use cloud-based
healthcare services. To increase the acceptance of cloud-based healthcare services,
healthcare service providers need to develop strategies that improve the elderly’s trust
in the underlying technology. As hypothesized, perceived risk increases the anticipa-
tion of negative outcomes, thereby leading to an unfavorable attitude that typically
results in a negative effect on the elderly’s intention to use such a healthcare service.

In summary, the main contribution of this study is that it is the first to explore the
elderly’s usage behavior using existing social psychology theories. The TPB approach,
which was adopted for the model, provides a more complete set of antecedents that
better explain the intention to employ a specific technology (i.e., cloud-based health-
care services), thereby enhancing the practical contributions of this study. We extended
the model by incorporating trust and perceived risk and examined its influence on the
elderly’s intentions to adopt a new health IT. All the main constructs, including the new
constructs (i.e., trust and perceived risk), were found to have a significant effect on
elderly people’s intentions to use cloud-based healthcare services. The results indicate
that the model provides a good understanding of the factors that influence the intention
to use cloud-based healthcare services. We offer implications regarding medical
practice and academic research that are based on our findings. We hope to encourage
future researchers to (a) further examine the relative effectiveness of the existing,
legally binding, and personal information protection act and to (b) improve the
effectiveness of the information security mechanism in the healthcare context.
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