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Abstract The trend towards point-of-care and the advance
in mobile technologies bring the potential to employ
Mobile Nursing Information Systems (MNIS) in nursing
care routines. However, adopting the MNIS is not simply a
case of purchasing the required hardware and software, but
rather a social interaction process between users, organ-
izations, and the environment. Therefore, this study
developed a framework of twelve factors affecting the
decision to adopt/not to adopt the MNIS in the nursing
department, and tested it from the perspective of the
nursing administrators. A mail survey was conducted to
collect the opinions of 84 nursing administrators, and a
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discriminant analysis was used to identify the critical
factors for the adoption/non-adoption of the MNIS. Busi-
ness competition, external suppliers’ support, and internal
needs were identified as being significantly associated with
the adoption of MNIS. Potential adopters can apply the
results of this study as a reference when making the
adoption decision regarding MNIS, while non-adopters and
vendors can examine the resistance to MNIS.

Keywords Nursing administrator -
Mobile nursing information systems - Adoption

Introduction

The nurse shortage is a world-wide problem. Many factors,
such as increased patient load and decreased time to
provide direct patient care, have contributed to the
increased dissatisfaction that nurses experience with their
work environment [31]. If allowed to continue, these
problems will be self-perpetuating, as the work environ-
ment becomes even more stressful and more nurses leave
the direct care setting. As the shortage becomes worse,
hospitals will need to use every means possible to support
nurses. The consequence of hospitals improving the
working conditions for their nurses is significant. Although
the use of IT may not be directly correlated with improved
recruitment and retention, it is becoming part of a
comprehensive strategy to address nursing needs.

In practice, nursing is information intensive. Nurses
handle enormous volumes of patient care information
during every tour of duty. Lee et al. [28] identified six
factors that affect the daily use of Nursing Information
Systems (NIS). However, most of the conventional NIS are
deployed in nursing stations in nearby wards. While
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delivering care to their patients, nurses usually record the
processing information manually on paper, on their clothes,
or, to save going back and forth, even on their skin! Most of
the tasks of the inpatient care process are carried out at the
point of care. If nurses need to input or retrieve information
from the care records for decision-making, they must stop
the caring process and return to the nursing station.
Therefore, the “off-line” and “batch” types of computer
services provided by conventional NIS do not meet the
needs of inpatient nursing care.

As a result of the nursing shortage and the disadvantages
of conventional NIS, a new model for information handling
and communication is required in order to guarantee
quality-oriented nursing care. The currently available
mobile technologies have been recognized as appropriate
tools for managing and accessing clinical information at the
point of care [6]. Mobile Nursing Information Systems
(MNIS) are produced through the integration of portable
computers and wireless communication networks. These
systems offer nurses portability and mobile access when
information is needed. Portable computers are laptop
computers, tablet computers, or personal digital assistants
(PDAs). Wireless communications and networks allow
mobile computers to access the data in the hospital
information system (HIS) online without wires. Popular
wireless communications and networks include GSM, the
Wireless Local Area Network (WLAN), and Bluetooth.
WLAN is suitable for use in typical medical as well as
nursing scenarios [4]. WLAN can work as an independent
network or in conjunction with an already existing LAN.
While MNIS-related IT applications in nursing practices
have been discussed and evaluated by many studies (e.g.
[11, 13, 14, 17, 27, 29, 30]), little empirical research was
found on the determinants of adoption.

Nursing administrators are often in the position of
assessing and deciding whether or not to adopt a new
technology in their departments. As for the trend of
evidence-based medicine and point-of-care, MNISs are
expected to make drastic changes to the field of nursing
care by making care more efficient while also improving
quality through the more timely dissemination of medical
records and decision making support [8, 37]. However, the
administrator’s decision about adopting MNIS is not simply
a case of purchasing the required hardware and software,
but rather a social interaction process among users,
organizations, and the environment. The decision making
process of adopting an innovation is an information-seeking
and information-processing activity in which the adopter is
motivated to reduce uncertainty about the advantages and
disadvantages of an innovation from every perspective. An
ill-planned adoption procedure can cause serious budget
overruns and disappointing performance. Therefore, the
purpose of this study is to examine the factors that may
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affect the adoption of MNIS from the perspective of the
nursing administrators.

The healthcare industry is experiencing a major trans-
formation in its information technology base [44]. By
nature, hospitals are in an information-intensive industry
and hence they will benefit greatly from the adoption of IT
applications, ranging from medical systems to administra-
tion systems. In other words, the proper and correct
adoption of IT can significantly affect the quality and
performance of the medical services provided by a hospital.
However, not all hospitals adopt IT without hesitation. The
issue about which factors promote the adoption of IT in a
healthcare setting becomes an important question for all
healthcare administrators. This study used a survey to obtain
the self-reported critical factors and a discriminate analysis
to separate adopters from non-adopters of MNIS. It describes
the process of adopting MNIS through a statistical analysis
aimed at distinguishing adopters from non-adopters.

Conceptual framework

The modern medical environment is now experiencing a
major transformation in its IT base with the increasing
technological complexity and the need to handle more
patients with fewer resources, which results in higher
demands being made on medical practitioners. The infor-
mation system (IS) discipline has undergone a similar
transformation in other industries and developed theories
and methods that should prove useful in healthcare
applications [44]. Consequently, this study employed a
mature framework in the IS discipline to explain the
adoption decision of IT innovation in hospitals.

In the IS research area, the factors affecting the adoption
of a new IT can be summarized into three dimensions
related to the environment, the organization, and the
technology [19, 25, 36, 39, 40].

Environmental factors

The degree of competition is often directly associated with
the adoption of new IT in healthcare organizations [7].
Government policy (e.g., regulatory/legal frameworks)
plays an important role in the adoption of new technologies
[39]. For example, the new payment schemes announced by
the Taiwan Health Department, such as case payment and
global budgeting, have forced the medical providers to seek
information technologies that will lower care costs and still
maintain care quality. Meanwhile, mobile technologies are
a new phenomenon for most medical providers in Taiwan.
Before the hospitals acquire adequate internal personnel
and expertise, vendors can be used as a supplement to
provide ideas and assistance [8]. The vendors’ services may
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range from product installation and training to a full-blown
business intelligence consultancy engagement. Sufficient
support from the vendors will facilitate the smooth and
efficient adoption of mobile technologies.

Organizational factors

In a Taiwanese hospital, a project team is usually formed
for new technology adoption. Planning abilities and
communication skills are essential for members of a project
team [16]. Top management support is also a key factor
affecting the adoption of IT [18]. Their support may take
both philosophical and financial forms. The more top
management support there is, the easier it is to overcome
the difficulty and complexity encountered in the adoption
of mobile technologies in the hospital. The participation of
the end users has a direct impact on the adoption of IT in an
organization [12, 21, 35]. Mobile systems significantly
change the work procedures during the clinical process
[22]. Nurses may resist accepting new systems and try to
terminate their further adoption because they dislike the
changes [26]. The design of MNIS requires complex
medical knowledge and expertise among the nursing staff.
Therefore, the lack of the active participation of medical
users may result in inadequate system quality.

The existence of internal champions has a positive
influence on technology adoption [45], because champions
play a critical role in providing information, related
resources, and the required assistance in the process of
adopting new IT [5, 18]. In this case, an internal champion
may have a background and understanding of both
computers/mobile computing technologies, and healthcare
administration/medical informatics. Meanwhile, the adop-
tion of new technology results from internal needs [10, 19,
45]. Investing in MNIS does not generate direct profits for
hospitals. Hence, the internal needs must be significantly
strong to support the adoption decision.

Technological factors

Three classes of attributes of mobile technology need to be
considered: attributes of mobile devices, attributes of
mobile communication, and attributes of a mobile system.
Several attributes of mobile devices should be surveyed and
evaluated for their suitability for use within a nursing
department. The considered attributes include reliability,
battery or power supply, user interface, ease of use,
portability, theft prevention, and electro-magnetic interfer-
ence from mobile devices with electronic medical equip-
ment 2, 6, 9, 11, 32, 43].

The attributes of the suitability of mobile communication
are evaluated by the compatibility with the existing network
infrastructure, data transmission speed, availability and

reliability of the wireless network, patient confidentiality,
and radio interference from other mobile communication
with electronic medical equipment [4, 14, 15, 27]. The third
technical factor considers the integration of MNIS with the
existing HIS. Tornatzky and Klein [41] suggest that the
compatibility of innovations with the existing technologies
has an obvious effect on the adoption of innovation. Rogers
[36] also indicates that higher compatibility would encour-
age users to adopt the innovation. Especially as the
Electronic Medical Records (EMR) advance, much of the
information required about nursing care is kept in the EMR
database. The patient data should be shared among the
hospital’s computer systems.

Finally, most hospitals have a limited project budget. If
the assessment of adopting mobile technology is favour-
able, the management will examine its return on investment
(ROI) and financial or other benefits [24, 41]. The costs of
adoption include the software, hardware, upgrading of the
hospital’s network, the mobile devices themselves, and the
required support [14, 37].

Based on the aforementioned related literature, this study
develops a conceptual framework to identify the variables
that influence the decision to adopt MNIS (See Fig. 1).

Materials and methods

Based on the measures of the three dimensions identified in
the aforementioned literature, a draft questionnaire was
translated into Chinese by a bilingual research associate.
The translation accuracy was verified by two senior
researchers in NIS. Then, two senior administrators in the
nursing department examined the content and face validity
of the questionnaire. A pretest with three nurses in a
medical center was conducted to eliminate any possible
confusion and ambiguity in the wording of the questions.

Environmental Factors

*Business Competition
*Government Policy Support
*External Supplier’s Support

Organizational Factors

*Project Team’s Capability
*Top Management Support
*User Involvement and
Cooperation
*Championship

eInternal Needs

The adoption decision
of MNIS

Technological Factors

*Mobile Devices Suitability
*Mobile Communication Suitability
*The extent of integration with HIS
*Cost Benefit

Fig. 1 Conceptual framework
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The final items, in the form of a five-point high/low Likert
scale questionnaire (see Appendix), were mailed out to
nursing administrators in hospitals in Taiwan.

Prior to mailing out the questionnaire, one of the authors
made a brief telephone call to determine the name of the
nursing department director of all hospitals in Taiwan.
Incentives, such as a ball-point pen and stickers, were
mailed out with the questionnaire to promote the response
rate. Two weeks after the questionnaires had been sent out,
a follow-up telephone call was made to ensure that they had
received the questionnaire; if not, a copy was mailed out
straightaway. Of the 450 questionnaires, a total of 84
nursing department directors responded, with a response
rate of 18.6%. A nationwide investigation by the Depart-
ment of Health of Taiwan reported that 11.15% of hospitals
in Taiwan have adopted some kind of mobile technology in
their clinical practices [23]. Nursing department directors
with no experience of the adoption of mobile technologies
in their hospitals may have been less willing to mail back
the questionnaire. Over 70% of the respondents had five to
ten years of nursing administration experience. Among the
respondents, 42 directors indicated that their departments
had adopted or were implementing the MNIS (Fig. 2).
Others responded that they would not consider adopting
MNIS in their department in the near future.

The items on the questionnaire are listed in the appendix.
As aforementioned, each item on the questionnaire was
measured on a five-point high/low Likert scale and the
scores for each construct were used to calculated the values
of Cronback’s « and perform the exploratory factor
analysis (EFA) (please see Table 1). EFA with a varimax
rotation was performed to assess the underlying factor
structures of the measurement items. As Table 1 shows, the
EFA result revealed that each of the measures showed
sufficiently convergent validity because the factor loading
of each item in the construct is above the threshold of 0.5
[20]. Also, all of the values of the Cronbach’s « of the
construct were higher than the threshold level of 0.7 which
was deemed to provide satisfactory reliability [33]. Alto-
gether, it was concluded that all of the scales used in this
study were acceptably reliable and valid.

Results

A discriminant analysis was performed to identify the
critical factors that affect the adoption decision of MNIS.

 Business Competition
« External Supplier’s Support
* Organizational Internal Needs

The Adoption Decision of MNIS

Fig. 2 Refined model of Adopting MNIS
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Discriminant analysis is an appropriate statistical technique
when the dependent variable is categorical and the
independent variables are quantitative. It has widespread
applications in situations where the primary objective is
determining which variables discriminate between two or
more groups [20].

Table 2 presented the result of the discriminant analysis
and independent t test for a mean comparison of each
construct between two groups (adopters vs. non-adopters).
The overall model fit of the discriminant analysis was
acceptable (Wilks’ lambda=0.751, chi-squared value=
21.726, df=12, p=0.041<0.05). In other words, the
aforementioned factors in the analytic model can be used
to distinguish between the adopters and non-adopters of
MNIS. A further indicator of the effectiveness of the
discriminant function is the degree of predictive accuracy
measured by the percentages of cases classified correctly.
The discriminant function correctly classified 75% of the
sample, which exceeded the hit ratio of 50% that would be
expected due to chance [20]. The individual correct
classification rates for adopters and non-adopters were
73.8% and 76.2% respectively. The discriminant loadings
reflect the variance that the independent variables share
with the discriminant function and can be used to assess the
relative contribution of each independent variable to the
discriminant function. Generally, variables exhibiting abso-
lute discriminant loadings greater than or equal to 0.30 are
considered significant [20]. The results showed that adopt-
ing MNIS was significantly associated with business
competition, external supplier’s support, and internal needs.
Among the three variables, “business competition” had a
higher discriminant loading, “internal needs” came second,
and “external suppliers’ support™ last.

Discussion

The data analysis shows that three factors, including business
competition, internal needs, and external supplier support,
have a major effect on the adoption of MNIS among the
respondents. Both adopters and non-adopters perceived that
business competition was high, with means of 3.830 and
3.478 respectively (see Table 2). However, the adopters
perceived significantly higher business competition among
hospitals than non-adopters, and tended to adopt mobile
technologies to gain a competitive advantage. This con-
firmed the belief that competition increases the likelihood of
innovation adoption [7] and adopting IS creates a compet-
itive advantage by giving businesses new ways in which to
outperform their rivals [34]. Competition leads to environ-
mental uncertainty and increases both the need for and the
rate of innovation adoption. As a result, business competition
can be seen as a motivation for the adoption of MNIS.
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Table 1 Reliability and construct validity

Dimension Construct # of Items” Cronbach’s o Minimum factor loading in the construct
Environmental factors Government policy’s influence 2 0.737 0.818
Business competition 4 0.716 0.716
External supplier’s support 3 0.711 0.689
Organizational Factors Project team’s capability 3 0.729 0.744
Top management support 4 0.834 0.650
User involvement and cooperation 5 0.875 0.601
Championship 3 0.794 0.733
Internal needs 5 0.901 0.827
Technological Factors Mobile devices suitability 7 0.906 0.722
Wireless communication suitability 6 0.897 0.660
The extent of integration with HIS 3 0.769 0.715
Cost benefit 5 0.822 0.650

2# of items depicts the number of items in each construct.

Adopters perceived more internal needs of MNIS than
non-adopters, with means of 4.093 and 3.882 respectively
(see Table 2). In other words, adopters had higher internal
needs to use IT to streamline the nursing process and
increase the quality of care. This result confirmed the prior
research [45] that the internal needs of an organization are
an important factor in adopting new IT. The finding also
supported the conclusion [38] that ‘Perceived Usefulness’ is
an important attribute for the adoption of IT in the
healthcare context.

Finally, adopters valued the vendors’ support as being
more important than non-adopters did, with means of 3.778
and 3.537 respectively (see Table 2). Mobile technologies
are still evolving and the technological and managerial
issues of MNIS are still unfamiliar to most hospitals.
Sufficient support from vendors will facilitate the smoother,
more efficient implementation of the information systems.

When introducing MNIS into their departments, both
adopters and non-adopters had similar perceptions about
the influence of government policy, the project team’s

Table 2 The result of discriminant analysis and mean comparison between two groups (adopters vs. non-adopters)

Factors(Constructs) Discriminant Loading Adopter Non-adopter Independent ¢ test (p value)
Mean® SD Mean®* SD
Government policy’s influence —-0.071 3.703 0.658 3.775 0.929 0.714
Business competition 0.482 3.830 0.456 3.478 0.371 0.014%**
External supplier’s support 0.325 3.778 0.578 3.537 0.275 0.095%*
Project team’s capability —0.136 4.263 0.296 4.350 0.336 0.480
Top management support 0.088 4.150 0.376 4.089 0.361 0.647
User involvement and cooperation 0.012 4.178 0.519 4.169 0.283 0.949
Championship 0.244 4.032 0.308 3.880 0.294 0.208
Internal needs 0.333 4.093 0.447 3.822 0.584 0.087%*
Mobile devices suitability 0.073 4.323 0.291 4.101 0.263 0.706
Wireless communication suitability -0.221 4.289 0.358 4.368 0.289 0.254
The extent of integration with HIS 0.075 4.269 0.400 4.261 0.356 0.696
Cost benefit 0.144 4.187 0.295 4.101 0.298 0.456

£p<0.1; *%p<0.05

#Mean was derived from calculating the summation of each response of each item weighted by factor loading of that construct using the following

formula: m on
Mean(FS) =% > FL:X;
where i=1j=1

FS=factor score

FL,=the factor loading of each item (i=1, 2)

X;=the item response of each responders (=1, 2,3, ..., 84)
m: number of items in the construct

n: number of responders

@ Springer



374

J Med Syst (2009) 33:369-377

capability, the top management support, users’ involvement
and cooperation, and internal champions. Finally, regarding
all of the technological factors, it is believed that mobile
devices’ suitability, wireless communication suitability, the
extent of integration with HIS, and cost benefit are key
considerations for organizations in deciding to adopt MNIS.
However, these factors were not supported in this study
which reveals some insights about the nature of the
healthcare industry. Due to the heavy outsourcing of
hospital IT in Taiwan, the healthcare IT vendors often have
strong willingness to demonstrate and to give trials in order
to promote their mobile technology products. Besides, the
geographic proximity between hospitals in Taiwan makes it
very convenient to communicate about IT adoption with
other hospitals. Thus, most nursing directors tended to rate
the mobile technology construct most highly due to their
high familiarity with the subject area. In summary, the
research model is refined as follows:

Implications

This study provides a reference for nursing directors to
follow when they are evaluating a MNIS before making the
adoption decision. Based on a survey to which 84 nursing
directors responded, it is concluded that nursing directors
who worry more about business competition and trust
external suppliers’ support to streamline their internal
nursing process tend to adopt. Therefore, our suggestions
for potential adopters are: (1) continually scan and evaluate
the industrial competition; (2) identify specific mobile
needs in nursing practices; and (3) communicate with
vendors and gain better support from them. Meanwhile,
vendors can use these findings to increase potential
adopters’ interest in the MNIS.

While gaining the benefits that mobile devices offer, the
following issues need to be addressed to ensure patient
safety. Mobile communication and applications should
comply with the Health Insurance Portability and Account-
ability Act (HIPAA) to ensure patient confidentiality [9].
The issue of data transferring speed should be noted
because the data volume of nursing care delivery informa-
tion is increasing with the growing sophistication of
medical information systems and multimedia needs. Also,
radio interference occurs when signals cross. The 2.4-GHz
ISM band spectrum is used in a great variety of
technologies, such as Bluetooth, medical systems, as well
as IEEE802.1Ib, and it could become a major problem in
hospitals, as more WLANSs are deployed and the frequency
bands become more crowded [3].

Nursing care is the main reason why patients are
admitted to hospital. Healthcare leaders have strong
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evidence that nurse staffing has a significant effect on
patient outcomes [1]. However, much of the technology in
the field of healthcare is directed towards the diagnosis and
treatment of disease, and little has been done to transform
the work environment for nurses [42].

This study illustrates the applicability of the IS model
that underwent similar transformations in other industries
and developed theories and methods that should prove
useful in healthcare applications [44]. This study may
contribute to researchers of medical systems by shedding
some light on future IS and healthcare interdisciplinary
research in the e-healthcare area. This paper confirms some
of the findings from previous IS studies of the factors
affecting the IT adoption decision. The possible reason why
our findings vary from prior studies is that previous studies
surveyed multiple organizations in multiple industries.
Also, the decisions to adopt new technology in those
organizations were most often evaluated by the MIS
department managers.

In this study, the nursing directors all revealed a high
recognition of mobile technology. An awareness of the
nursing directors’ concerns may contribute to the practi-
tioners of medical systems. As mobile technologies rapidly
advance, the importance of MNIS adoption will only grow.
Therefore, an understanding of nursing administrators’
concerns in evaluating MNIS is imperative. Developing
the MNIS to address nursing concerns may eventually help
with its adoption and implementation.

Limitation

While our model has proven to be useful in distinguishing
the adopters and non-adopters of MNIS, three limitations
should be noted. The respondents might tend to favour the
technology and were therefore willing to mail back the
questionnaire. Those who did not favor the technology
might have been unwilling to take the time to respond.
Also, without the DOH providing official adoption status of
MNIS in each hospital, the self-reported status collected in
this study may be biased. Besides, this study used a static
cross-sectional approach which may not reveal the dynam-
ics of the technology adoption processes. Therefore, more
rigorous study is needed further to explore the issues
uncovered by this study. For instance, a longitudinal study
would provide more insight into the adoption process.

At the time when this research was conducted, the
innovation diffusion of MNIS in Taiwan was still at an
early stage. As more adopters join in the diffusion, a future
study to investigate the critical factors that affect the
performance or effectiveness of MNIS may be necessary.
Meanwhile, user’s acceptance, cost benefit analysis, and the
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cross-culture aspects of MNIS, are issues that could be
explored. Practitioners could also pay attention to the
findings about these research issues in order to smooth
the adoption of MNIS in their nursing departments.

Appendix: Questionnaire Items
Environmental Factors

Business competition

1. Pressure from industry regarding the usage of MNIS as
a standard nursing practice.

2. Pressure of the loss of competitive edge due to the lack
of MNIS development.

3. Number of competitors in my area who have adopted
MNIS.

4. The need for the development of MNIS for patients.

Government Policy Support

1. The extent of the clarity of the government policy for
supporting MNIS.

2. The extent of the physical support (i.e., funding, expertise)
provided by the government units to our hospital.

External Supplier’s Support

1. The sufficiency of technical support in MNIS

development

2. The sufficiency of technical support in MNIS
maintenance

3. The sufficiency of user training and support provided
by vendors

Organizational Factor

Project Team’s Capability

1. The capabilities of the information-system’s develop-
ment of the project team.

2. The capabilities of the information-system’s planning
of the project team.

3. The project team’s understanding of the nursing needs

Top Management Support

1. The ability of the top management to take the risk
involved in the adoption of MNIS.

2. The commitment of the top management to provide
adequate financial and other resources for the develop-
ment and operation of MNIS.

3. The vision of the top management to project the firm as
a leader in the usage of new IT.

4. The level of top management support for MNIS usage
in nursing care.

User Involvement and Cooperation in MNIS projects

1. The degree of user participation in the requirement
analysis of the projects.

2. The degree of user participation in the vendor’s
proposal review of the projects.

3. The degree of user participation in the system testing of
the projects.

4. The degree of user participation in the meetings about
MNIS projects.

5. The mutual understanding and support between the IT
and the nursing departments.

Championship

1. The degree of the champions’ understanding of the
mobile needs of nursing departments.

2. The capability of champions in acquiring an organiza-
tion’s resources to support MNIS projects.

3. The capability of champions to coordinate the top
management and the nursing department.

Internal Needs

1. The need for speeding up the response time of nursing
care

2. The need for reducing the costs of nursing care

3. The need to enhance the productivity of nursing care

4. The need to access high quality information at the point
of care

5. The need for improving the quality of nursing care

Technological Factors

Mobile Devices’ Suitability

Reliability of mobile devices

Battery or power supply duration

User interface friendliness

Ease of use

Portability of mobile devices

Theft prevention

Electro-magnetic interference from mobile devices with
electronic medical equipment (negative item)

Nk W=

Wireless Communication Suitability

The compatibility with the existing network infrastructure
Data transmission speed

Availability of wireless networks

Reliability of wireless networks

Patient confidentiality protection

E D S
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6.

Radio interference from mobile communication with
electronic medical equipment (reverse scoring)

The integration of MNIS with the existing hospital

information systems

1.
2.
3.

MEE S

Database integration
Interface compatibility
The abilities of integration

Cost Benefit

Benefits of adopting MNIS.
Expected ROI increase

Resource allocation feasibility
Implementation cost (reverse scoring)
Training cost (reverse scoring)
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