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Abstract
Background: The process of manually recording the consumption of medical materials can be time consuming and prone to
omission owing to its detailed and complicated nature. Implementing an information system will better improve work performance.
Objective: The Information System Success Model was adopted as the theoretical foundation. The opinions of nursing staff
were collected to verify the impact of the system intervention on their work performance.
Methods: This cross-sectional study was conducted at a regional teaching hospital. Nursing staff were invited to participate in
the field survey. A total of 296 questionnaires were collected, and of these, 284 (95.9%) were valid and returned.
Results: The key findings showed that two critical factors (“subjective norm” and “system quality”) had significant positive
effects (both P<.001) on user satisfaction (R2=0.709). The path of “service quality” to “user satisfaction” showed marginal
significance (P=.08) under the 92% CI. Finally, the explanatory power of the model reached 68.9%.
Conclusions: Support from the top management, appointment of a nurse supervisor as the change agent, recruitment of seed
members to establish a pioneer team, and promotion of the system through the influence of opinion leaders in small groups were
critical success factors needed for implementing the system in the case hospital. The target system was proven to be able to
improve work performance, and the time saved could be further used for patient care, thereby increasing the value of nursing
work. The positive experiences gained from this study could lay the foundation for the further promotion of the new system, and
this is for future studies to replicate. The example of the successful experience of the case hospital could also serve as a reference
for other hospitals in developing countries like Taiwan with regard to the promotion of nursing informatization.
(JMIR Mhealth Uhealth 2020;8(3):e16381) doi: 10.2196/16381
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Introduction
Background
Computers having high performance are utilized in many
industries to increase competitiveness and quality.
Informatization has become one of the critical factors
determining the success of a company. Information technology
(IT) has been heavily introduced in many companies, and the
highly complex medical industry is no exception. The National
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Health Insurance (NHI) program implemented in Taiwan in
1995 not only changed the existing medical ecology, but also
affected the development of hospital information systems
(HISs). Owing to the impact of changes in the medical payment
system and the demand for improved medical quality, medical
institutions are facing an enormous challenge. According to the
provisions of the NHI Administration, medical expenses must
be declared electronically. To comply with the health insurance
declaration work, medical institutions had to immediately
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 | e16381 | p. 1
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
computerize their operations at that time. In the early days of
computerization, the major objective of the HISs established
by medical institutions was to focus on collecting health
insurance declaration data. Owing to the subsequent increased
reliance on IT for daily operations and other demands, such as
compliance with hospital evaluation and improvement of
medical service quality, other relevant functions were gradually
added to the HIS [1]. The NHI system now covers 99.6% of
Taiwan’s population, and it has service contracts with 93% of
the country’s hospitals and clinics [2]. Health insurance
declaration is the hospital’s primary income source, although
the hospital’s primary revenue comes from diagnostic and
treatment services provided by physicians. Therefore, the initial
phase of hospital informatization in Taiwan mainly focused on
outpatient clinics and physicians, and computerization and
informatization for inpatients and nursing care were only
gradually implemented afterwards.
IT and network communications are widely used in various
industries, and the communications as such have led to different
levels of digital divide owing to differences in resource
allocation, learning environments, and even urban-rural gaps
[3]. Research in this field has shown that digital divide among
hospitals mostly arises from different geographical locations
and hospital levels [4]. Meanwhile, female gender and age are
two of the major factors causing digital divide [5]. The study
conducted by Venkatesh et al in 2003 [6] demonstrated that
female gender and age are factors that highly influence user
acceptance of new information systems (ISs). Nursing staff are
mostly female, and they are disadvantaged regarding adaptation
to digital technology because of their low exposure. Thus, they
are more likely to encounter problem-solving difficulties when
working with ISs [7]. The case hospital is located in an
agricultural city in central Taiwan. It is a regional teaching
hospital with approximately 941 beds and is a typical rural
hospital in Taiwan. Compared with other metropolitan hospitals,
the adoption and maturity of IT are comparatively low, and the
information literacy of the nursing staff is relatively inadequate.
The implementation of informatization in the inpatient nursing
department of the case hospital started recently, and prior to
this, most procedures were manually operated. For example,
regarding charging for inpatient medical materials in the past,
the consumption items were manually recorded on charging
sheets by nurses after performing various treatments for patients,
and the sheets were sent to clerks for manual charging and
verification. In addition, nursing work showed several
characteristics, including 24-hour continuity of care, a three-shift
system, and a high patient-to-nurse ratio. In the case hospital,
each nurse needs to take care of 8 to 10 patients in a typical day
shift, 13 to 17 patients in a typical night shift, and 16 to 20
patients in a typical graveyard shift. Additionally, the nursing
staff has a heavy workload, and nursing work is cumbersome.
Thus, manual operations are prone to errors. There are often
many disturbances in the ward. For example, when there is an
emergency involving an inpatient, the nurse must drop the work
at hand and immediately provide emergency care. This results
in sudden interruption of the nursing work at hand. Furthermore,
there are many treatment items to be managed, and the charging
work is cumbersome. With this in mind, these factors may easily
cause charging mistakes (eg, missed records, incorrect records,
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etc). Moreover, manual operations lack efficiency, and this
negatively impacts hospital income.
Charging refers to the information included in the record of all
financial transactions. Hence, the analysis and processing of
charges can serve as a reference for decisions made by
managers. To be specific, correct charging can not only reduce
and prevent the risks of using expired medical materials, but
also scrutinize medical shortage. Patient safety can be ensured,
and the hospital costs can be reduced [8,9]. Correct charging
and its analysis can facilitate hospital management and
decision-making processes, as they will enable hospitals to
understand the immediate need or demand for medical materials
in each department, construct performance indicators [10,11],
develop profit models, and plan hospital development policies
[12,13]. Charging is based on the concept of structuralization,
wherein an intervention IS can hopefully improve the efficiency
of procedures and reduce workload. Because of the construct
of structuralization and informatization of charging, numerous
benefits can be introduced in hospitals. It can also simplify the
charging procedure and provide flexibility for the use of the
charging information effectively and efficiently. Work efficiency
will therefore be increased. The same is the case for timely and
accurate transmission of information [14]. Liu et al [15] aimed
to improve the problem of missed charging information by
improving the accuracy of wound care declaration in the
emergency department and lowering the error rate of wound
image data archiving. An app into which image data could be
uploaded was first introduced in the emergency room. The data
were transmitted to the electronic medical record (EMR) system
for automatic archiving. This further solved the problem of
omission of file uploading by emergency nurses owing to their
busy schedule or work interruption. It also helped reduce
declaration errors due to inaccurate archiving. Apart from
reducing the workload of emergency nurses, this approach
increases the accuracy of health insurance declaration for wound
care and reduces revenue loss. As nurses are requested to
provide patients with frontline care 24 hours a day, they are
most familiar with the use and consumption of medical
materials. The introduction of IT in nursing work would enable
nurses to complete their duties more efficiently [16,17].
Moreover, an IS could allow instantaneous, cross-temporal, and
cross-departmental integration of information. This integration
would allow effective cross-departmental communication and
co-ordination to occur. Thereby, the overall operational
performance of the hospital would be enhanced to a great extent
[18].
In view of the high importance of accurate charging and the
potential deficiencies with manual charging in the past, the case
hospital implemented an inpatient charging system to improve
efficiency and effectiveness. However, in the literature, there
is a lack of reports discussing whether ward nurses can really
meet their needs at work with the use of hospital charging
systems. Without effective user feedback for the management,
user work efficiency may be negatively affected, which, in turn,
could affect the performance of the organization. Therefore,
understanding the factors impacting both user satisfaction and
the IS will be of great research value for improving the
effectiveness of IS implementation and management
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performance [19,20]. The purpose of this research was to adopt
the DeLone and McLean 2003 IS Success Model [21]. To that
end, “subjective norm” was incorporated as a variable and “work
performance” was incorporated as a dependent variable to better
look into and understand the factors impacting nurses’
satisfaction with the charging system and their work
performance. Meanwhile, it is hoped that this study will help
to improve the evaluation of the current status of system
implementation in the case hospital, which could serve as a
reference for subsequent system optimization. The same is the
case for other rural and regional hospitals in Taiwan with
backgrounds similar to those of the case hospital and hospitals
located in other developing countries with relevant experience
in relation to the introduction of the IS provided. More
importantly, the results of this study will hopefully make
valuable contributions to the completeness of relevant research
on nursing informatization.

Literature Review
Prior Efforts of Applying the DeLone and McLean
Information System Success Model to Measure Health
Care Information Technology Success
The concept of the IS Success Model is based on an IS theory,
which is established to provide a comprehensive understanding
of IS success by identifying, describing, and explaining the
relationships among the most critical six dimensions of success
through which ISs are commonly evaluated. The IS success
model has been widely cited in thousands of scientific papers,
and this model is considered one of the most influential theories
in contemporary IS research. Initial development of the theory
was proposed by DeLone and McLean in 1992 [22]. From more
than 180 relevant articles published on IS performance, they
deduced the following six dimensions: system quality,
information quality, system use, user satisfaction, individual
impact, and organization impact. Although this model provided
the key factors for consideration in academia with regard to IS
success, some subsequent scholars, such as Seddon and Kiew
[23], Seddon [20], and Pitt et al [24] raised some questions and
proposals. In response to this, Pitt et al [24] pointed out that the
model was too product oriented and that IT departments provide
not only products but also services. Seddon [20] believed that
the causal relationship of the model could rather confuse
researchers. Therefore, DeLone and McLean [21] further refined
the model a decade later in response to feedback received from
other scholars working in the IS discipline [21,22]. The revised
IS Success Model first included “services quality,” and “use”
was appropriately modified to “intention to use,” with an
explanation that “intention to use” was an attitude, whereas
“use” was a behavior. Meanwhile, “use” and “user satisfaction”
were posited to be interrelated, that is, “use” would lead to “user
satisfaction,” whereas “user satisfaction” would indirectly affect
“use” through “intention to use.” In doing so, a causal
bidirectional relationship between “use” and “user satisfaction”
existed. Finally, to adapt to the e-commerce environment, “net
benefit” was used to indicate whether the overall result of using
the IS was positive or negative. Collectively, the core of the IS
Success Model is to enhance user perception regarding
functional aspects, information processing and output, and
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service quality of the system through three major quality
dimensions in order to strengthen the intention to use and
satisfaction of the system, thereby promoting work performance
(eg, improve work effectiveness, reduce errors, save time, etc).
Specifically, “system quality” refers to the completeness of the
system itself, and the indicators measured include response
time, functional utility, ease of operation, compliance with users’
needs, flexibility, accuracy, reliability, accessibility, and system
integration [21,25]. “Information quality” is related with the
quality of output information from the system, and the indicators
measured include validity of information, preciseness,
immediacy, completeness, relevance, and ease of understanding
[21,22,25,26]. Service quality is derived from the well-known
SERVQUAL scale [27], and the indicators measured include
the components of tangibility, reliability, responsiveness,
assurance, and empathy. High quality of service provided by
the staff or suppliers is also suggestive of the capability and
good intention of the service providers [28]. Pitt et al [24]
revised the SERVQUAL scale to measure user perception and
evaluation regarding the assistance or service provided by IT
departments or system suppliers. Scholars deeply believe that
IT departments or system suppliers should not only build and
maintain ISs, but also provide services, such as problem solving,
education, and training resources, to users [21,29]. User
satisfaction is defined as the evaluation of a user’s response
after using the output information, and it is an important
indicator for measuring IS effectiveness. The indicators
measured include system interface satisfaction, software
satisfaction, information satisfaction, decision-making
satisfaction, and overall satisfaction of the system [21,30].
A review on health care information technology (HIT)–related
research has shown that scholars mainly use the IS Success
Model as a theoretical foundation to understand the impact of
HIT on user behavior, and they have achieved good explanatory
power [31-34]. Hwang et al [29] explored the factors considered
by physicians regarding the use of EMRs from the benefit
perspective. Bossen et al [32] adopted the IS Success Model to
evaluate the outcomes of implementing an electronic health
record (EHR), which involves conducting a survey among
physicians and nursing staff. They found that implementing an
EHR enabled hospital staff to grasp patients’ conditions in a
timely manner. Hsieh and Su [33] extended the IS Success
Model and explored the key success factors of EMRs (impacts
of implementation of EMRs from the perspective of medical
and health information managers by combining an updated
version of the DeLone and McLean IS Success Model [21]).
Both Huang et al [35] and Chang and Lin [34] modified the IS
Success Model to best explore the impact of introducing an IS
to the shift system on the performance and satisfaction of
nursing staff.
Furthermore, in the IS discipline, “user satisfaction” and “system
usage or use” are the most commonly used key factors to
measure the effectiveness of system implementation [21,22].
Ives et al [19] suggested that the measurement of “use” can only
serve as a surrogate indicator for system success under specific
conditions. The authors defined user satisfaction as the relative
value of the IS perceived by users, which was the sum of user
perceptions of different aspects of the IS, the evaluation
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responses, and the attitude toward the IS [19]. Seddon and Kiew
[23] defined user satisfaction as either the pleasant feeling or
unpleasant feeling after using the IS. DeLone and McLean [21]
pointed out that the relationship between “use” and
“performance” was not significant if the users adopted the
system in “compulsory” or “involuntary” situations. Under
specific circumstances when users were requested to use the
system (a common situation was requests by managers to use
or comply with the implementation of the informatization
policy), “use” was not a suitable surrogate indicator of IS
success. In such cases, “user satisfaction” is more suitable than
“use” as a surrogate indicator for measuring system
effectiveness.
Previous research in the field of HIT often treated “user
satisfaction” as a key factor in the success of IS implementation
[33,34,36,37]. In the present situation, the inpatient charging
system was the hospital’s policy to promote informatization of
wards and nursing care, and ward nurses were forced to use the
inpatient charging system. Therefore, the “use” dimension was
discarded, whereas the “user satisfaction” dimension was
retained as an intermediary variable.
Work performance refers to all behaviors or actions related to
organization goals, and the behaviors or actions can be measured
according to individual proficiency and the different levels of
contribution to the organization goals. It is believed that work
performance should cover efficiency, effectiveness, and
productivity [38]. Kast and Rosenzweig [39] believed that
performance should include the efficiency, effectiveness, and
participation satisfaction of the employees within an
organization. Huang et al [35] explored the impact of
introducing an IS to the shift system on nursing work
performance and satisfaction. Work performance was defined
as “the contribution of individual effort by nurses to the
organization’s missions and the interactions with other members
within a certain period of time that met the organization’s
expectation; the quantity of work completed; and the value and
quality of work contribution.” Their research findings showed
that the satisfaction obtained by nursing staff from using the IS
shift system improved work performance to some extent. This
part of the results is in line with the findings of the study by
Chang and Lin [34]. According to the aforementioned literature,
this study used “work performance” as a dependent variable to
replace the “net benefit” dimension. The aim of this study was
to explore the impact of the introduction of the new inpatient
charging system on the performance and satisfaction of nursing
staff.

Social Norm and Prior Health Care Information
Technology–Related Research
Fishbein and Ajzen [40] defined “subjective norm” as the
concept of how an individual experiences the perceptions of
others important to him or her. For instance, whether they think
that the individual should perform a particular action. Hence,
subjective norms (social influence factors) are considered a
direct determinant of behavioral intention. Ajzen [41] mentioned
that subjective norms are the perceived expectations from others
that influence a user to have a particular behavior. Subjective
norms refer to the rules, regulations, or instructions designed
http://mhealth.jmir.org/2020/3/e16381/

XSL• FO
RenderX

Liao & Lin
by society on which one should act. For any specific behavior,
society has set or designed norms on how to perform that
behavior. Subjective norms refer to the kinds of norms an
individual follows owing to social pressure. Many previous IS
studies have confirmed that a stronger perception of subjective
norms affects users’ behavior when using a new system. Thus,
subjective norms are considered important factors affecting
users’ acceptance or rejection of a new system [42-45].
Garcia-Smith and Effken [46] proposed the Clinical IS Success
Model by integrating the Technology Acceptance Model with
the IS Success Model. Specifically, social influence was also
incorporated into the model to investigate the key factors for
successful IS implementation through the evaluation of
multidimensional factors. Their study has become a reference
model for evaluating the success of IS implementation during
the introduction of nursing informatization.
The medical industry has a high degree of industry specificity.
Medical service is characterized by the irreversibility of life.
The nature of innovation is uncertain, and the consequences of
adopting innovations are often difficult to predict. For these
reasons, medical personnel tend to respond to the introduction
of innovations with more conservative strategies, such as
observing and learning from others’ experiences and opinions.
They tend to reduce uncertainty about innovation through
information from peers and the related social system. The study
by Kuo et al [47] showed that the pressure caused by subjective
norms, together with incentive measures, effectively motivated
physicians to comply with the promotion of the EMR system.
Further investigations revealed that the support and execution
abilities of senior managerial staff were the keys to promote
EMRs in hospitals. The utilization of influence from managers
and peers facilitated the launch of the new IS and improved
work performance. Huang et al [48] also pointed out that the
attitudes of public health care workers toward the use of public
health ISs were greatly affected by subjective norms (including
peers and superiors). With regard to patient care, members of
the care team provide patients with continuous, accurate, and
complete care services by collaborating with each other.
Together, the care team solves the patients’ problems and assists
with their recovery. As a result, care services are inherently
highly mission-dependent. The education and professional
characteristics of nursing staff are related to performing nursing
work by following physicians’ orders and respecting norms,
such as clinical guidelines. Nursing staff members are more
compliant than other medical staff, and they will consider the
opinions given by important people around them (eg, supervisors
and peers) or important communities and members when
performing nursing work. In addition, at the beginning of the
introduction of the inpatient charging system in the case hospital,
the head nurse at each nursing station assigned nurses with
higher information literacy as seeds and set up special mission
teams to assist the promotion of informatization of the charging
system. Based on the above factors, this study also incorporated
social norms into the research framework. Together with three
quality dimensions, this study utilized multidimensional factors
to discuss the satisfaction of ward nurses with the hospital
charging system and its impact on work performance.
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In summary, the introduction of a nursing-related IS could
increase the work efficiency of nurses and thus promote patient
safety [49-51]. This study validated the construct, with the aim
of providing a more efficient working environment for nurses
along with the additional safety and security needed for patients.

Methods
Ethical Approval
This study was approved by the Human Research Ethics
Committee, National Taiwan University Hospital Yunlin Branch
(Institutional/Independent
Review
Board
number:
NTUH1063703472).

Target System Implementation and Operation
The hospital where the study was conducted mainly co-operated
with different departmental teams from the IT and nursing
departments to introduce the new inpatient charging system
designated to improve the way of charging for the use of medical
materials. This innovation was to replace the manual procedure.
After the introduction of the new system, the huge difference
observed was that the procedures needed to charge for care
services were simplified to a greater extent. All that the nurses
had to do was to check the items shown on the interface by
clicking on them. In doing so, the money charged for the use
of medical materials was automatically transmitted to the
charging system, and because of this, clerks, instead of nurses,
were mainly held accountable for the cumbersome and tedious
tasks related to managing accounting details and financial
statements.

Liao & Lin

Research Model and Hypotheses
This is a cross-sectional study targeting a regional teaching
hospital, which has adopted the e-hospital paperless policy and
has implemented the charging system (as the target system
mentioned below) for charging medical materials in the inpatient
department. Six variables and five hypotheses (Textbox 1) were
proposed in our model (Figure 1), including subjective norm,
system quality, service quality, information quality, user
satisfaction, and work performance. Our hypothetical model
was empirically tested using data collected from a field survey.
Regarding data collection, convenience sampling was used.
Nursing staff who had used the system for at least 6 months or
longer were invited to participate in the field survey. Participants
who agreed to participate in this study filled out a self-reported
questionnaire anonymously to protect their privacy. Thirty-nine
items were generated according to our literature review. A
5-point Likert scale from 1 (strongly disagree) to 5 (strongly
agree) was adopted in this study. The instrument (Multimedia
Appendix 1) was reviewed and approved by two medical and
nursing informatics scholars, three management IS scholars,
and two nursing department managers. The experts all have
more than 10 years of working experience. The items were
finalized after modification according to expert suggestions.
The scale’s content validity was confirmed by professionals
from the academic and industrial fields. A total of 296
questionnaires were administered, and of these, 284 were
returned, resulting in a valid questionnaire return rate of 95.9%.

Textbox 1. The research hypotheses of this study.
H1: Subjective norm predicts nursing staff satisfaction with the target system.
H2: System quality predicts nursing staff satisfaction with the target system.
H3: Service quality predicts nursing staff satisfaction with the target system.
H4: Information quality predicts nursing staff satisfaction with the target system.
H5: The extent to which the work performance of nursing staff improves can be predicted through user satisfaction with the target system.

Figure 1. The hypothesized target system success model.
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Data Analysis
Descriptive analysis and analysis of variance (ANOVA) were
performed using IBM SPSS Statistics 20.0 (IBM Corp, Armonk,
New York, USA) to enhance our understanding of the sample
characteristics. Structural equation modeling was conducted
using partial least squares path modeling in the software package
Smart PLS version 3.0 (Smart PLS GmbH, Bönningstedt,
Germany). Two items with loading lower than the recommended
value were iteratively deleted from the model. The path
coefficients for the trimmed model were therefore calculated
and tested.
The reliability and validity of the measurement model were
assessed by its psychometric properties. The psychometric
properties of the model were assessed according to internal
consistency and convergent and discriminant validity. For
reflective indicators, internal consistency was measured
according to composite reliability and Cronbach alpha [36],
with a recommended acceptable value of 0.70 [37]. Convergent
validity was measured according to the average variance
extracted (AVE), and it was considered adequate when the AVE
of each construct reached 0.50 [39]. Discriminant validity was
considered the extent to which a variable is truly distinct from
other variables [36]. It was considered acceptable when the
square root of the AVE of each construct exceeded the
correlation coefficient between the specific construct and others
in the model. Discriminant validity was verified by factor
loading and cross loading. The loading of an indicator on its
assigned variable should be greater than its cross loading on all
other variables. Moreover, a structural model is considered to
include unobservable latent variables and the theoretical
relationships among them [39]. It also suggests how well the
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theoretical model predicts the hypothesized paths or
relationships.

Results
Samples
A total of 284 samples were selected, and they consisted of 29
seed members and 255 nonseed members. The analyses were
performed as shown below.

Characteristics of the Participating Nursing Staff
The characteristics of the participating nursing staff are
presented in Table 1. We found that the majority of the
participants had university degrees (220/284, 77.5%), followed
by associate degrees (54/284, 19.0%) and graduate degrees
(10/284, 3.5%). In terms of age, the majority of the participants
were between 21 and 35 years (241/284, 84.9%), followed by
between 36 and 40 years (29/284, 10.2%) and between 41 and
50 years (11/284, 3.9%). With regard to nurse competency
advancement, the majority of the participants (113/284, 39.8%)
were at the N2 level. In terms of seniority, the majority of the
participants (171/284, 60.2%) had less than 6 years of job
experience. Among the 284 participants, 29 (10.2%) were
serving as seed members, who would be promoting and assisting
each unit to launch the target system. Similar to the national
data [52] in Taiwan, 95.4% (271/284) of the survey respondents
were female. Additionally, 85.6% (243/284) of the nursing staff
members were under 36 years of age, 14.1% (40/284) were
between 36 and 50 years of age, and only 0.4% (1/284) were
over 60 years of age. Overall, our sample characteristics are
similar to those of the population of nursing staff members
across Taiwan.
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Table 1. Characteristics of the participating nursing staff (n=284).
Variable

Value, n (%)

Gender
Male

13 (4.6%)

Female

271 (95.4%)

Job title
Nurse practitioner

21 (7.4%)

Nurse

251 (88.4%)

Head nurse

12 (4.2%)

Education
Associate degree

54 (19.0%)

University degree

220 (77.5%)

Graduate degree

10 (3.5%)

Seniority, years of experience
≤2

85 (29.9%)

3-5

86 (30.3%)

6-10

57 (20.1%)

≥11

56 (19.7%)

Age, years
≤20

2 (0.7%)

21-25

112 (39.4%)

26-30

75 (26.4%)

31-35

54 (19.0%)

36-40

29 (10.2%)

41-45

5 (1.8%)

46-50

6 (2.1%)

51-60

0 (0.0%)

≥61

1 (0.4%)

Nurse competency advancement
N

24 (8.5%)

N1

82 (28.9%)

N2

113 (39.8%)

N3

46 (16.2%)

N4

19 (6.7%)

Seed members or not
Seed members

29 (10.2%)

Nonseed members

255 (89.8%)

Analysis of Variance
In order to enhance our understanding of the sample
characteristics, variance analysis was performed by carrying
out one-way ANOVA on “nurse competency advancement”
(five levels), “seniority” (four intervals), and “whether users
served as seed members for promoting nursing informatization”
for the six research variables. The results indicated that there
were insignificant differences for “nurse competency
http://mhealth.jmir.org/2020/3/e16381/
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advancement” to “work performance”) and “seniority” (P=.79
for “seniority” to “user satisfaction” and P=.84 for “seniority”
to “work performance”).
However, regarding “whether users served as seed members
for promoting nursing informatization,” significant differences
were found for all variables (P=.02) (Table 2). Further
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examination revealed that seed members had higher scores for
the averages of the six variables as compared with nonseed
members (Table 2). Seed members also evaluated the target

system more favorably, showing higher scores in information
quality, service quality, system quality, user satisfaction, and
working performance.

Table 2. Results of analysis of variance and average scores according to whether users served as seed members for promoting nursing informatization.
Variable

F value

P value

Score, mean (SD)
Seed members (n=29)

Nonseed members (n=255)

Subjective norm

9.876

.002

4.3 (0.5)

3.9 (0.6)

System quality

9.263

.003

4.2 (0.6)

3.9 (0.6)

Service quality

12.949

<.001

4.2 (0.6)

3.7 (0.6)

Information quality

12.319

.001

4.3 (0.5)

3.9 (0.6)

User satisfaction

9.418

.002

4.2 (0.5)

3.9 (0.6)

Work performance

10.980

.001

4.1 (0.5)

3.8 (0.6)

Measurement Model Testing: Reliability and Validity
of the Questionnaire

involved in the test, except for user satisfaction to work
performance (0.830). The results of the cross-loading analysis
indicated that the scale had acceptable discriminant validity.

In terms of convergence validity and reliability, the
factor-loading values of the dimensions were all greater than
0.6 (Table 3), the AVE values were all observed to be greater
than 0.5 (Table 3), and the composite reliability and Cronbach
α were all greater than .7, indicating good convergence validity
and internal consistency overall. In addition, the Fornell-Larcker
criterion of interconstruct correlations and cross-loading were
used to confirm discriminant validity (Table 3). The diagonal
shown in Table 3 was the square root of the AVE, and its
minimum value (0.824) was higher than that of any other
correlation coefficient in terms of all the other constructs

According to the ANOVA results, there were significant
differences between users who were seed members (n=29) and
those who were nonseed members (n=255). The data analyses
were performed without the seed members (n=255) and with
the seed members (total n=284) separately. This was to further
explore whether other related possible outcomes were shown
owing to the scale properties, research model, and hypotheses.
However, the results indicated high similarity between these
two groups. Therefore, we present the analysis results of the
nonseed members (n=255).

Table 3. Scale properties (n=255).
Variable

AVEa

CRb

Cronbach α

Interconstruct correlations
IQc

a

PFd

SEQe

SNf

SYSQg

IQ

0.834

0.938

.900

0.913

PF

0.727

0.955

.946

0.676

0.853

SEQ

0.847

0.971

.964

0.545

0.613

0.920

SN

0.884

0.958

.935

0.677

0.782

0.494

0.940

SYSQ

0.678

0.950

.940

0.823

0.745

0.553

0.684

0.824

SAT

0.957

0.985

.977

0.683

0.83

0.539

0.773

0.765

SATh

0.978

AVE: average variance extracted.

b

CR: composite reliability.

c

IQ: information quality.

d

PF: work performance.

e

SEQ: service quality.

f

SN: subjective norm.

g

SYSQ: system quality.

h

SAT: user satisfaction.

Path Analysis
The results of the path analysis indicated that three suggested
research hypotheses (H1, H2, and H5) reached statistical
significance (P<.001).
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One path showed marginal significance (P=.08) for H3 under
the 92% CI. The path from information quality to user
satisfaction (H4) did not reach statistical significance (P=.87).
The path coefficients were 0.455 (P<.001) for subjective norm
to user satisfaction, 0.422 for system quality to user satisfaction,
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 | e16381 | p. 8
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0.094 for service quality to user satisfaction, and 0.830 for user
satisfaction to work performance (Figure 2). The overall

Liao & Lin
explanatory power of the model reached 68.9%.

Figure 2. Results of the research model and hypothesis validation.

Discussion
Principal Findings
The demographic information of the participants showed that
there was a high proportion of female users (271/284, 95.4%)
and that the majority of the participants were between 21 and
40 years of age (270/284, 95.1%). The real-world national data
on the nursing population also show that most nurses are
between 21 and 40 years of age (114,269/172,897, 66.1%) [52].
The threshold age for marriage is generally estimated to be
around 40 years, because this is a suitable age for nurses to start
a family. In doing so, they may choose to switch or change their
own career or leave the current job owing to the need for child
care after marriage or the inability to take turns working in shifts
after parental leave. Furthermore, nursing work has the
characteristics of work shifts, a three-shift system, and a high
patient-to-nurse ratio. Thus, the work is physically challenging
for most nursing staff as they grow older. For these
aforementioned reasons, the majority of them are between 21
and 40 years of age, and the number of nurses aged over 41
years is gradually decreasing, as age is considered a great
challenge if they continue to work as practice nurses.
According to the variance analysis, the nursing staff involved
in this study showed relevant differences in their perceptions
and evaluations of the target system in terms of all the research
variables. Those nurses serving as seed members showed a
significantly higher average score as compared with that for
nonseed members (Table 2).
We believe that this was related to the fact that nurses who
served as seed members were more familiar with the system
than those who did not serve as seed members. Seed members
were highly involved in the development, discussion, and
promotion of the new charging system. With the experience of
introducing the new IT charging system, seed members were
more likely to facilitate the development of this new system.
Their successful experiences could also be considered for
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replication in further studies regarding the introduction of a new
IT system in another medical organization in the future.
The results obtained from the model validation indicated that
both the subjective norm and system quality had a significant
positive impact on user satisfaction (R2=0.709, P<.001), and
thus, these two major factors played decisive roles in the
implementation of the target system. Meanwhile, this also
demonstrated a positive influence on performance through user
satisfaction (R2=0.689). These results indicate that when a new
system is introduced, the positive influence of opinion leaders
and the enhancement of users’ awareness and perception of the
functional aspect of the system in the initial phase will provide
users a chance to perceive the benefits of the new system
intervention for their work. This will help increase user
satisfaction, which will, in turn, make users more willing to use
the system, leading to good work performance. Although the
path of service quality to satisfaction exhibited marginal
significance (92% CI) and the path coefficient was only 0.094,
previous research has already demonstrated the importance of
service quality. Therefore, the benefits of improving service
quality for the improvement of user satisfaction should not be
neglected, as they will, in turn, have positive effects on users’
work performance.
In the case hospital, a chief nursing supervisor was assigned as
the change agent when nursing informatization was promoted.
In addition to promoting the new system, the change agent also
served as a window for communication between the case
hospital and the nursing informatization promotion team, as
well as the IT department of the headquarter hospital. This
dedicated agent also set up a pioneer team by recruiting
colleagues with higher information literacy and personalities
that were related to being more accepting of changes at each
nursing station as seed members. Seed members were the first
to receive education and training to familiarize themselves with
the system operation. A total of 29 seed members provided
successive assistance to promote the new system and remove
barriers to system usage for colleagues within the unit. As the
case hospital was located in a rural area and more than 95.4%
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 | e16381 | p. 9
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
of the nurses were female, the information capability was
relatively weak. This was in line with the study conducted by
Lin and Lee [7], who pointed out that when most nursing staff
are female, there could be a disadvantage with regard to
adaptation to digital technology owing to their limited exposure.
Thus, it is highly likely that they would face problem-solving
challenges when using an IS. Therefore, the case hospital
allocated the 29 seed members to various nursing stations to
not only guide end users on system operation but also provide
immediate assistance to remove barriers when possible.
Meanwhile, the case hospital had set up a LINE group chat for
communication and interaction. The headquarter IT staff, nurse
informaticists, senior management of the case hospital, and all
users were invited to join the LINE group chat. All users could
voice problems and respond to problems in real time through
the LINE group. The attention and support of senior
management, appointment of the nurse supervisor as the change
agent, establishment of a pioneer team, and effective assistance
by seed members who were familiar with the system functions
and operations to promote the system enabled users to clearly
experience the benefits of the system. These measures
effectively improved user satisfaction with the new system, and
this outcome corroborated the results from the aforementioned
data analysis. For the marginal significance of the path of service
quality to user satisfaction, the following reasons are proposed.
The new system was mainly developed by the headquarter
hospital and was appropriately modified and sequentially
introduced in response to the needs of individual hospital units.
The IT department in the case hospital had only hardware
engineers and no software engineers. All system requirements
were collected separately by the chief supervisor, who sent the
collected data to the headquarter hospital for modifications.
After the system had launched, the chief supervisor was also
responsible for collecting opinions and providing feedback to
the IT department of the headquarter hospital for further
modification. The inability of the IT department to immediately
and effectively process users’ opinions and the poor timeliness
were the possible reasons why users were unable to form
positive perceptions for the immediacy and sufficiency of the
assistance and support provided by the IT department.
Furthermore, the service quality dimension primarily explored
the immediacy, adequacy, and appropriateness of the service,
support, and assistance provided by the IT department to the
users. This included the completeness of software and hardware
resources. However, in the initial phase of system launch, the
end users continued to use old computers, which had poor
hardware performance. Together with insufficient wireless
hotspots, the connection and usage of the system were restricted.
We believe that the above reasons may further explain the poor
perception of service quality by end users and the marginal
significance between service quality and satisfaction.
Furthermore, for information quality and satisfaction not
reaching the significance level, we noted and offered the
following explanations. Prior to the launch of the new system,
the nursing staff performed their tasks at the bedside while
ideally manually recording the medical materials consumed.
The records were then sent to the clerk, who made each entry
individually in the old inpatient charging system for approval.
The charging process was highly task-dependent. The principle
http://mhealth.jmir.org/2020/3/e16381/
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of the new system design was to provide support for nurses to
perform professional work and reduce their workload. The
charging work was divided into two parts. The first part mainly
involves clicking the consumption items, and the second part
mainly involves the automatic system that functions as the
mechanism through which the amount of money being paid is
shown for subsequent verification and approval. After the new
system was launched, the nurses only had to click on the
consumed medical materials on the interface to complete the
frontend work of charging. Frontline nurses were only able to
see the different types of medical materials shown on the
interface. On the interface, the amount of medical materials
consumed was not shown to the nurses, and thus, they did not
need to worry about the calculation of the chargeable amount
and the subsequent approval work. Thus, they could not form
a perception about the actual calculation of charges. Further
processing of the charges and the information output were only
managed by clerks. The information quality dimension was
mainly used to determine whether the format, immediacy, and
accuracy of the processed information presented by the system
could satisfy or meet users’ needs or whether the users noticed
the changes in these aspects in the new system. In fact, ward
clerks were the ones who could most directly perceive the
changes in information quality before and after the launch of
the new charging system for inpatient medical materials.
However, the participants in this study were limited to frontline
nurses, and ward clerks were not included. We believe that the
above reasons may explain the lack of perception about
information quality by nurses, which led to the failure of
attaining significance for this path.
A deeper understanding of the factors affecting user satisfaction
with the IS will have both research and practical values to
improve the effectiveness of IS implementation and management
performance. Our study utilized the DeLone and McLean 2003
IS Success Model. “Subjective norm” was chosen as a variable,
and “work performance” was chosen as a dependent variable.
This was done to understand the factors impacting the ward
nurses’ satisfaction with the hospital charging system and their
work performance. The model of this study was simple, and the
overall explanatory power was 68.9%. This also indicated the
feasibility of using the IS Success Model to analyze the
effectiveness of a medical-related IS. Additionally, this theory
could be widely applied to other areas of studies and so provide
a concrete picture of other related research. Furthermore, the
current status of system implementation was evaluated through
the use of research tools, which allowed the staff in managerial
positions to have a better understanding of the main reasons
why the lack of significant perceptions about service quality
involving the IT department was mainly due to poor hardware
performance, insufficient wireless hotspots, and inability to
resolve user needs or problems in a timely manner. Therefore,
according to the results, the initial steps in the subsequent phase
of system promotion are to increase the budget for IT, replace
old equipment, and expand wireless hotspots to solve the current
urgent problems. Thereafter, users should be provided with
better service quality, and the accessibility and availability of
the system should be improved. This will increase user
satisfaction with the system and thus enhance work support for
better work performance. With these factors in mind, the data
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presented in this study contribute to both practical and research
settings.

Limitations
To explore nursing staff members’ evaluation of the new system
and to verify the work performance, this study applied the IS
Success Model as a theoretical foundation. However, as with
all studies of this magnitude, there were several research
limitations, although this case study revealed useful and reliable
findings. First, other potential factors were not included.
Furthermore, this study was conducted in a case hospital with
ward nurses as research participants. The selection of the
participants might limit the generalization of the results of this
research. Moreover, the case hospital implemented the charging
system to replace the existing manual charging procedure
performed by nurses. By informatizing the charging system,
the charging procedures could be simplified so that nurses are
able to record the treatments accurately and perform automatic
charging. The conclusions to be drawn are that enhancing system
quality, information quality, and service quality could lead to
improvements in users’ satisfaction and work performance.

Recommendations
The introduction of the charging system will require not only
user-friendly software but also sufficient IT equipment and a
stable wireless connection to be established. In this way, the
benefits introduced by using the charging system will be
maximized.

Liao & Lin

Conclusions
Nursing care is known for its heavy workload. Implementation
of the new IT charging system can alleviate nurses’ heavy
workload and improve their work efficiency. However,
introducing a new system can be a large change to the entire
hospital. It may help to break the old habit of using a
paper-based approach, which is most familiar to senior hospital
staff and administrators. Senior staff and administrators may
be strongly suggested to learn how to use various
computer-based operations. In other words, implementing the
new IT charging system needs the support and encouragement
of hospital directors and staff in high managerial positions. The
seed members of the new IT charging system will need to
pioneer this concept and share their positive experiences about
using the new charging system with other hospital units and
associates. Thus, smooth and successful promotion of the new
IT charging system will be achieved. When the proposed
computerized charging system is successfully operated, other
medical organizations will be inspired to adopt the same system
soon. Thereafter, a nation-wide cloud-based health recording
system could possibly be established and operated in the near
future. The continuous replication and spread of positive
experiences as such encourage and pave the way for the further
promotion of the new system in the future. The successful
experiences of the case hospital could serve as a reference for
other hospitals in developing countries like Taiwan to promote
medical and nursing informatization.
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Abbreviations
EHR: electronic health record
EMR: electronic medical record
HIS: hospital information system
IT: information technology
IS: information system
NHI: National Health Insurance
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