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Abstract Patients’ safety is the most essential, critical issue,
however, errors can hardly prevent, especially for human
faults. In order to reduce the errors caused by human, we
construct Electronic Health Records (EHR) in the Health
Information System (HIS) to facilitate patients’ safety and to
improve the quality of medical care. During the medical care
processing, all the tasks are based upon physicians’ orders. In
National Taiwan University Hospital (NTUH), the Electronic
Health Record committee proposed a standard of order flows.
There are objectives of the standard: first, to enhance medical
procedures and enforce hospital policies; secondly, to improve
the quality of medical care; third, to collect sufficient,
adequate data for EHR in the near future. Among the proposed
procedures, NTUH decides to establish a web-based mobile
electronic medication administration record (ME-MAR)
system. The system, build based on the service-oriented
architecture (SOA) as well as embedded the HL7/XML

standard, is installed in the Mobile Nursing Carts. It also
implement accompany with the advanced techniques like
Asynchronous JavaScript and XML (Ajax) orWeb services to
enhance the system usability. According to researches, it
indicates that medication errors are highly proportion to total
medical faults. Therefore, we expect the ME-MAR system
can reduce medication errors. In addition, we evaluate ME-
MAR can assist nurses or healthcare practitioners to admin-
ister, manage medication properly. This successful experience
of developing the NTUH ME-MAR system can be easily
applied to other related system. Meanwhile, the SOA
architecture of the system can also be seamless integrated to
NTUH or other HIS system.
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Introduction

The trend of health information system

In last two decades, many hospitals have applied informa-
tion system to aid the medical, nursing, and administrative
staff for daily routine operations. It is not only for the
convenience of the hospital staffs, but also for better
medical quality of patient cares. However, the aspects of
the information system related to the hospitals in the past
may be different from those at current. The goal of health
information systems was and is as simple as relevant: to
contribute a high-quality, efficient patient care [1]. There-
fore, it is a patient-centered approach towards medical and
nursing cares. In addition, the administrative and manage-
ment tasks need to support those cares [2].

As mentioned above, because of the transition, from
traditional paper-based to computer-based, the Electronic
Health Record (EHR) has become the most popular topic
among medical informatics. By developing EHR, we can
manage and retrieve patients’ health data easily, reduce
paper usages. Health records are the critical assets of
patients. Once all medical records are translated or trans-
formed into EHR, the patients can easily carry their own
data. The essence of developing HIS is in fact to improve
safety over the health care institutions. Publication of the
U.S. Institute of Medicine’s 1999 reported: “To Err is
Human” [3]. By implementing the safety rule sets (for both
medical, nursing staffs and patients) into HIS, computer can
always notify the staffs without inducing errors. Further-
more, once medical errors inevitably occur, HIS has the
ability to collect those errors, then the researches can
analyze them and stored in the HIS database. Later, the
system can provide solutions, issue new rules and strate-
gies, as well as indicate further modifications to make the
system safer and more reliable.

NTUH present status

National Taiwan University Hospital (NTUH) has adopted
healthcare information system for more than 25 years, and
developed a new generation of HIS since 4 years ago.
However, the health record is still paper-based due to ease
of usage and legal reasons. In fact, currently we are still in a
transition phase. Most patients’ data have been installed
into the database, but portions of the medical processes
have not been implemented in the NTUH HIS. Thus, not all
legal health records are available in the system. Now, the
EHR committee is taking charge of organizing standard
processes for physicians prescribed data in NTUH. The
committee decides what should be modified among the
existing HIS subsystems and which subsystem should be
constructed with additional, specific functionalities in order

to support EHR. Moreover, all the computerized data,
collected during the processes, will be formalized into EHR
in the near future to replace the current paper-based charts.

Motivation and objective

As mentioned above, the EHR committee has sketched a
complete plan of the flows of EHR orders. We plan to
modify the existing systems or implement new ones to
cover the entire process. The orders are prescribed,
generated by the physicians initially, and the orders are
received by the nurses. After the nurses review the orders,
the nurses initiate and perform those orders. However, the
nurses execute the orders written on papers. Thus, we need
to develop new systems according to the EHR committee
standards to assist the nurses’ operations electronically and
with mobility. Before the NTUH electronic medical
administration record system establishes, the orders are
transcribed by hands or hard copies. The accuracy of the
transcribed orders, records may induce errors or doubtable
issues that need to prevent by the nursing staffs. Our
objective is to construct the mobile electronic medication
administration record system (ME-MAR) to complete the
closed-loop medication administration system, and then to
achieve the entire process computerized. To reduce human
involvements can decrease human errors, so as to improve
the medication safety.

In the following sections of the paper, we first elaborate the
related work and background at NTUH in “Backgrounds.”
Detailed design principles and features of ME-MAR are
illustrated in “Mobile electronic medication administration
record.” In “Preliminary system asessments,” the preliminary
system assessment is provided. Finally to conclude in
“Conclusion and discussion.”

Backgrounds

NTUH health information system

NTUH is an education, medical center in Taiwan with large
scale. There are approximately 8,000 outpatients per day,
and the hospital has 2,200 beds for inpatients. The number
of staffs is more than 5,000. As numerous patients and
staffs in the hospital, we need to construct a reliable,
effective information system to provide high quality of
health care as well as to assist staffs’ daily routines. The
legacy NTUH information system, developed by venders
mainly, has been incompatible with current technologies. It
is difficult to manage or control by NTUH. In addition, the
cost of maintenance, provided by venders, is a great burden
for NTUH. Therefore, the department of information in the
hospital has begun to develop our own HIS 4 years ago; the
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processing is still carrying on. The NTUH HIS encom-
passes many subsystems, i.e., clinics, medical report,
pharmacy, pathology, etc. as well as vender developed
subsystems [4]. Those subsystems will be replaced by our
own newly, implemented ones in the near future.

The new HIS system developed by the department of
information are deploying under advanced technologies to
enhance flexibility, efficiency, and ease of maintenance, using
service oriented architecture (SOA) over web services in a
wired, wireless environment. The over all architecture of the
NTUH HIS with multi-tier is shown in Fig. 1. The system
separates user interfaces, subsystems and database accessing
in layers to ensure data security and integrity [5]. In the
diagram, the Web Services Servers represent the subsystems.
Moreover, the single-sign-on mechanism, navigating via the
subsystems, is included, by controlling the accessibility of
every single web page for every user [6]. The healthcare
certification IC card for validation during the login processes
is also enclosed in the HIS.

In the NTUH HIS, the most important system is Health
Level Seven (HL7) [7] Central. It takes the responsibilities to
exchange data among the subsystems, i.e., Web Services
Servers. As long as the subsystem communicates according
to the HL7 standards, despite the platform based upon, it can
exchange data correctly in the HIS [8]. In Fig. 1, it also
indicates that the HIS is heavily dependent on web accessing

by either wireless or wired front-ends, users. To expedite the
processes, an efficient web adaption technique is essential.
The issue will be addressed in the design approaches later.

The collaboration workflow with ME-MAR

Through the process of health care, the orders pre-
scribed by the physicians are the initial bases. Any
examination, inspection, and dispensing are made after
the orders generated. Therefore, to establish the medical
records is the process after receiving the orders. The
EHR committee proposed a flowchart of the prescribed
orders in NTUH, shown in Fig. 2. There are five steps
included and five characters or roles involved in the
workflow. The five steps are: order entry, confirm/
receipt, review/perform/record, query, as well as billing.
The five roles are: physicians, pharmacists, nurses,
clerks, and patients. In the diagram, physicians generate,
enter the orders. After confirmed the correctness of the
orders, the pharmacists dispense the prescriptions with
care. In the meanwhile, the ME-MAR system, planned
to develop in the HIS, provides services: recording the
administration flows electronically; looking up or
searching prescribed drugs or doses dynamically; veri-
fying chemotherapy drugs mandatorily in real time. The
nurses distribute the medicine in wireless, mobile
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architecture
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nursing carts to the associated patients. The clerks
calculate the billing; the patients pay the corresponding
bills and can receive their own EHR.

Currently, only the computerized provider order entry
(CPOE) has been implemented. Both the out-patient and
the in-patient systems use the CPOE for diagnosing,
prescribing, and other medical acts embedded in ME-
MAR. The CPOE can assist the physicians, make their
routines more efficient and reduce the medical errors
occurrence. One study indicates the rate of serious
errors fall 55% [9], another study shows the rate of
overall errors fall 83% [10]. The reasons for computer-
izing of prescribing orders can improve safety are: first,
all orders are formatted, so that they must include a
dose, route, and frequency; secondly, they are legible
and the orders can be identified under all instances;
third, information can be provided to the physicians
during the prescription; and fourth, all orders are
checked for hidden problems including allergies, drug
interactions, overly high dose, drug-laboratory problems,
as well as whether the dose is appropriate for liver or
kidney functions [11].

Enhancement of the web developing

Because NTUH adopts web service, it is very important to
avoid the web inherent shortcomings. Asynchronous Java-
Script and XML (Ajax) is a popular technique in recent
years, and adopting Ajax can significantly improve front-
end users [12].

By introducing Ajax technique can eliminate the start-stop-
start-stop nature interactive style of web application. From
software architecture view, using Ajax is to add intermediary
layer between the user and the server, and it seems making the
Ajax application slower and less responsive, but actually it
does not. When it starts to load an Ajax page, the server only
initializes few data, and the most logic of the Ajax page is
directly downloaded to the client, so the user would feel the
Ajax page responses instantly. When the Ajax page is
completely downloaded, the “Ajax” engine, it actually is
written in JavaScript, communicates with the server, renders
the interface, and prepares all the data needed by the Ajax
page. The Ajax engine allows any interaction of the user
happening asynchronously rather than communicating with
the server via every single action. In this way, the client side

Order flow of the Electronic Health Record (EHR)
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can handle almost any logic of a task, such as simple data
validation, editing data in memory, etc. The server side only
takes responsible for data exchanging between database and
other complex data processing. In fact, according to our
experience in NTUH, the users do not aware of the page
“refresh”more than waiting.More precisely speaking, waiting
cannot be totally eliminated. But by applying Ajax, refresh
can be totally eliminated unless users want to do that.
Although waiting cannot be eliminated, the waiting time can
be reduced.

Mobile electronic medication administration record

Architecture overview

TheME-MARSystem is one of the subsystems of NTUHHIS
as mentioned in “Backgrounds.” We separate the access of
database from user interfaces and the application logics.
Moreover, in order to control the accessibility, the system
architecture also includes session services. Figure 3 shows
the three components of the system architecture: ME-MAR
(web application server), session services, and HL7 Central.
In the diagram, the session services implement the login
validation including authentication and authorization. The
functionalities of the ME-MAR subsystem have been

described clearly in “The collaboration workflow with ME-
MAR.” The HL7 Central glues the ME-MAR subsystem with
all other HIS subsystem via HL7 communication standards.
The front-end users are mainly designed for nurses moving
mobile nursing carts and performing the prescribed orders for
daily operation or routines as mentioned in the previous
sections. The wireless techniques are based upon WLAN
802.11a; the client browsers reside in Notebooks.

The design principle of ME-MAR

We introduced Ajax to improve the development of web
applications. When the requested page is downloaded, the
JavaScript codes, contained in the page, will render user
interfaces and process data at background, thus the users
only see the phenomenon of “flash” while the page is being
loaded. Figure 4 depicts the principle of our ME-MAR
Ajax approach.

The Ajax technique can also reduce the users’ waiting
time, for example, our EMAR needs to prepare data for
3 days, and we can query data of the selected date first, and
then query the data of the other 2 days in background. If we
use the traditional approach for our program, the users need
to wait for the data of 3 days, and it must be longer than
wait for data of 1 day. The Ajax technology can provide the
flow, feature for ME-MAR.
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Fig. 3 NTUH mobile electronic
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record system architecture
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Medication administration

Nurses are recognized as the “last line of defense” in
preventing medication errors made by pharmacists and
physicians [13]. The main reasons of medication errors are:
wrong route, wrong dose, wrong time, wrong drug, wrong
frequency, wrong patient, without administering, ignore
cosigning administration, prepare wrong diluted solution,
wrong setting of devices, not comply with act (i.e.
administer the drug which is only able to be administered
by physician) [9]. The medication administration proce-
dure that has been taught for many years is focused on
the five rights: right patient, right drug, right dose, right

route, and right time [14]. The ME-MAR system must
support the five rights as possible, and comply with
NTUH local policies: one sign of one case which means
the nurses administer one patient at a time. Previous
paper-based sheet has a biggest shortcoming, because
every station prints the sheets of patients once a day, but in
real clinical situations, orders might be deleted, and
modified after the sheets were printed, so the nurses must
transcript new orders by hands, and this action is very
error-prone, besides transcription is much more time
consuming than computers directly transcript orders to
ME-MAR system, moreover sometimes the nurses might
waste more time to figure out what illegible handwriting
was supposed to. In order to reduce human errors, during
the workflow of medical care manual steps must be
reduced, so we want to construct a comprehensive comput-
erized closed-loop medication administration system. Until
now, NTUH HIS still lacks ME-MAR system to complete the
closed-loop medication administration system.

Detailed features and functionalities of ME-MAR system
in NTUH

Record the administration

The main purpose of ME-MAR is to record the data of
patients’ medication administration, the nurses need to
record the administration which has already been given
to the patients. In our design, the system will present the
default timeslot by filling the buttons with blue accord-
ing to the route code and frequency as depicted by
Fig. 5. In most cases, the nurses will administer
medications to patients in the default timeslot, but in
some other cases, the nurses might administer medications
later or earlier, because of many other possible clinical
situations.

Follow the five rights of medication

Our system provides nurses with patient’s personal data
includes patient’s name, drug name includes generic name
and trade name, dose for single usage, route code, and
system can calculate default time of administration accord-
ing to order frequency; so our system is fully following the
five rights of medication.

Highly warning drugs remind

As Fig. 6 shows, for those highly warning drugs, our
system displays the generic name with red to notify nurse
they must carefully administer this medication to avoid
medical errors or damage to patients; highly warning drug
such as “Potassium Solution”.
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Ajax Engine
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process page

Http
request

XML
data

User Interface

Initialize

Database

HL7 subsystem

Server

Web Page

Client (Web Browser)

Fig. 4 The principle of ME-MAR Ajax approach
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Provide special orders

Sometimes physicians would give additional direction of
the drug they prescribed, for example, before administering
blood glucose drugs, nurses should administer appropriate
dose according to glucose value level. Besides, there are
some special order frequencies, e.g. ASORDER, when
physicians prescribe such frequency, they will give addi-
tional direction about the time of administration.

New and deleted orders remind

In real clinical situation, physicians may prescribe new orders
or modify some active orders anytime as needed, so when the
nurses review patients’ order lists, they must be able to know
that there are new orders need to be done or no more perform
those old orders. So we implement the mechanism to highlight
the new orders, this makes sure that the nurses will note the
new orders and perform them immediately if necessary.

Fig. 5 The snapshot of record
the administration

Fig. 6 The snapshot of highly
warning drugs remind
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Easily display the details of the administration

If the nurses would like to know the details of a medication
administration of particular some timeslot, they do not need
to double click the button to show edit panel and then view
all of the information, instead the nurses just need to move
the cursor over the button, and all of the information will
show under the cursor, including dose, dose unit, the reason
if did not give drugs to the patients, the name of the nurse
who signed for the record, name of the nurse who cosigned
for the record before giving drugs, time of cosigning for the
record before giving drugs, name of the nurse who
cosigned for the record after giving drugs, time of
cosigning for the record after giving drugs, and ME-MAR.

Real time lookup drug information

Unlike the previous paper records, the online system can
provide real-time lookup drug information, this functionality
can significantly improve medication safety, because all the
details of a drug are available if the nurses are not familiar with
any drugs, they can look up for it, and avoid give wrong drugs
to the patients, at the same time, the nurses can increase their
knowledge about the drug. Figure 7 presents the snapshot.

Sort orders by route or frequency

In order to facilitate works, the nurses would view orders
sorted by specific fields on the order list, they would like to
check the orders with the same frequency or same route
listed together, so that they can prepare the medications
which should be administered at the same time or same

route. This convenient functionality can be achieved easily
by programs, but it is impossible for paper sheets.

Cosign before and after administering

In order to enhance medication administration safety, when
the nurses are going to administer medications to the
patients, sometimes there are other nurses except the nurse
who administers the medication to check orders and drugs,
then give the drugs to the patients. The system does not
allow the administering nurse cosigns for his or her own
administration, i.e. the cosigner and administering nurse
must be different.

Chemotherapy drugs mandatory check
before administering

The usage of chemotherapy drugs is very critical for patients’
safety, any miss using will cause great damage to patients, so
we implement a mechanism to enforce administering chemo-
therapy drugs to follow three steps: chemotherapy drug order
review, chemotherapy drug administration review, and che-
motherapy drug administration.

Check single administration dose and daily dose limitation

We implement the mechanism to limit the administration
dose, nurses cannot administer dose that exceed order dose
in single administration, because they should not violate
physicians’ orders, if necessary, physicians should modify
or prescribe new orders rather than nurses sign an over dose
administration.

Fig. 7 The snapshot of highly
warning drugs remind
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Support to prepare drugs

Before the nurses administer medications to the patients,
they will prepare all drugs of one patient into his or her
drug box, and in order to let the nurses know what drugs
have already been prepared, we implement the mechanism
to record those drugs have been prepared, but this is just
auxiliary functionality, the preparation records are not
formal clinical data.

Medication administration record summary print

Because of policy and legal reason, we still print all the
mobile electronic medication administration records into
paper sheets for patients’ health records at present. We are
now in a phase transition, and it is hard to dispose paper-
based record suddenly. Although we still need to print the
records into paper sheets, but the quantities are greatly
reduced, because previous paper-based records are printed
every day, and it has to reserve much space for nurses
administering, writing. After adopting ME-MAR, the paper
sheets of medication administration records are printed only
when the patients transfer wards or discharge, and the
sheets leave no space for writing, so that we can reduce
paper usage of medication administration records.

Preliminary system assessments

For ME-MAR system evaluation, we followed the three
factors proposed by the Medication Administration System—
Nurses Assessment of Satisfaction (MAS-NAS) Scale [15].
The three factors are: (a) efficacy, dependability and
effectiveness of the system: including efficiency, user-
friendliness, readiness, supplies availability, error prevention
or reduction, as well as adequate turnaround time; (b) safety
of the system components: encompassing assuring nurses
issue administering medication correctly, pharmacists vali-
dation of medicines, agreements among physicians and
pharmacists in terms of prescriptions, ease of double
checking, drug alert features, following the five rights, as
well as healthcare practitioners coordinating; and (c) accessing

or having relevant information and medications at hand
immediately: containing ease of searching data about drugs,
controlling, managing medication reactions and knowledge of
intended or side effects, operating adequate systems, and
locating medications promptly [16]. In addition, we exam-
ined the system success evaluation framework according to
DeLone and McLean [17], and focused on evaluating the
essential system characteristics of ME-MAR as well as its
impacts on user performance. For the benchmark purpose,
we included a paper-based workflow commonly used by
nursing professionals during their analysis routines.

Evaluation

A total of 45 nursing practitioners participated in the
evaluation. Among them, 22 subjects operated ME-MAR
system, and 23 subjects used paper-based flows. We
applied a randomized, cross-group design in the evaluation.
In addition, we examined the reliability or our items by
assessing its internal consistency [18]. Table 1 summarizes
the summary of statics of the subject’s responses, Cronbach’s
alpha value [19]. It indicates the items almost construct to
exceeding the commonly suggested alpha value threshold
0.8 [19].

Results

As the evaluation design, we therefore, defined the
following hypotheses, evaluated the system accordingly,
and obtained the corresponding results as listed in the
sections below respectively.

Efficacy

The inherent shortcoming of web page is the phenomenon
of “flash”, but we introduce new technique, Ajax, to avoid
this shortcoming and achieving user-friendliness. We also
test the system correctness for 2 months to make sure ME-
MAR is able to record the administration correctly. We
implement ME-MAR in a simple and straightforward
approach; we believe that nurses are able to operate the
system after quick education or training. There are

ME-MAR Paper-based

Mean SD Alpha Mean SD Alpha

Efficacy (7 items) 2.25 0.85 0.89 5.34 1.24 0.62

Safety (10 items) 2.03 0.88 0.96 3.11 1.29 0.85

Access (5 items) 2.33 1.03 0.77 3.57 1.08 0.81

Satisfaction (9 items) 2.25 0.98 0.80 3.34 1.12 0.86

Ease of use (6 items) 2.45 0.99 0.93 3.12 1.25 0.79

Table 1 Statics of the analysis
results
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descriptions of the colors which represent the status of
administration. In addition, we implement sorted orders by
route and frequency while supporting drugs preparation.

H1 The task completion efficiency associated with ME-
MAR is higher than that observed with the benchmark
paper-based program.

Result Based on our analysis, the system indicates a
significant main effect on task completion efficiency
(p=.009). We compared the amount of time required to
complete a task using the respective systems and found
that, on average, subjects using ME-MAR could complete
an analysis task considerably faster (mean=2.25 min, SD=
0.85 min) than their counterparts supported by the paper-
based workflow (mean=5.34 min, SD=1.24 min); the
difference was significant at the 0.01 level. Thus, our data
supported H1.

Safety

We design ME-MAR system followed the five rights of
medication to enhance patients’ safety, and features and
functionalities to facilitate safety: highly warning drugs
reminding, special orders, new and deleted orders remind-
ing, cosign before and after administering, chemotherapy
drugs mandatory checking before administering, and
verifying single administration dose and daily dose
limitations. To examine the hypotension and the result
indicated as below:

H2 The safety improvement that results from the use of
ME-MAR, as compared with the benchmark paper-based
workflow, increases with task complexity.

Result The effect of system on patient safety was significant
statistically (p=.006). Our subjects considered ME-MAR
easier to use (mean=2.03, SD=0.88) than the paper-based
workflow (mean=3.11, SD=1.29). The cross-groups differ-
ence in safety issue was significant at the 0.01 level.
Therefore, our data supports H2.

Access

The ME-MAR System is an independent page pop up from
the original web page, so if the nurses need to look for
other information in NTUH HIS, they can continue their
medication administration concurrently. In addition, the real
time lookup drug information functionality is also a new
pop up window provided by the department of pharmacy.
Nurses are able to search for drug information and keep

their medication administration operations. The hypothesis
and result showed as following.

H3 The access of ME-MAR, as perceived by an individual,
is significantly greater than that of the benchmark paper-
based workflow.

Result Our analysis concludes that the system had a
significant effect on access of ME-MAR (p=.045). Overall,
our subjects considered ME-MAR more access for support-
ing their analysis tasks (mean=2.33, SD=1.03) than the
paper-based workflow with (mean=3.57, SD=1.08). The
observed cross-groups difference was statistically signifi-
cant at the 0.05 level. Thus, our data supports H3.

User satisfaction

User satisfaction is a fundamental aspect of system
evaluation and embraces user information satisfaction
emphasizing information requirements [20]. Because of
the critical importance of information support in the HIS
system, we explicitly focused on user information satisfac-
tion and verified the following hypothesis.

H4 The user information satisfaction that results from the
use of ME-MAR is significantly higher than that observed
with the benchmark paper-based workflow.

Result According to our analysis, the main effect of the
system on user information satisfaction was significant
statistically (p=.036). Overall, subjects using ME-MAR
exhibited higher satisfaction with the information support
(mean=2.25, SD=0.98) than their counterparts supported
by the paper-based workflow (mean=3.34, SD=1.12); the
difference was significant at the 0.05 level. Thus, our data
supports H4.

Table 2 Samples of differences between ME-MAR and the paper-based

Item Action/functionality Paper-
based

ME-
MAR

1 New or modified orders are
transcribed to the MAR

ˇ ˇ

2 Sort orders by route and frequency ˇ

3 Follow the medication policy
“one sign of one case”

ˇ

4 Real time look up drug information ˇ

5 Chemotherapy drugs mandatory
check before administering

ˇ

6 Automatically check single administration
dose and daily dose limitation

ˇ
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Ease of use

Perceived ease of use refers to the degree to which an
individual considers his or her usage of a system to be free
of effort [21]. Ease of use represents an essential motivation
for individuals’ voluntarily use of the system [22], and can
affect their adoption decisions significantly [23]. Hence, we
tested the following hypothesis, and analyzed the result.

H5 The ease of use of ME-MAR, as perceived by an
individual, is significantly greater than that of the paper-
based workflow.

Result According to our analysis, the effect of system on
perceived ease of use was significant statistically (p=.039).
Our subjects considered ME-MAR easier to use (mean=
2.45, SD=0.99) than the paper-based workflow (mean=
3.12, SD=1.25). The cross-groups difference in perceived
ease of use was significant at the 0.05 level. Therefore, our
data supports H5.

Comparison

Table 2 outlines the some differences between the ME-
MAR and paper-based workflow. Item1 is enhanced by
implementing ME-MAR; Item 2 is for user-friendly; Item3
to item 6 are new functionalities to promote safety.

Conclusion and discussion

We have developed the Mobile Electronic Medication
Administration Record System to aid the nursing staff for
administering medication. We must emphasize that the main
purpose theME-MAR system is to promote patients’ safety. In
addition, there is a further benefit of the system, that is, NTUH
started to establish the electronic health record recently, and
the medication administration record is an essential part of
health record. Therefore, after we constructed the ME-MAR
system, all of the patients’ medication administration data are
stored in NTUH HIS. Furthermore, once the electronic health
record is installed, the medication administration data is
available automatically.

The evaluation results of the nurses’ satisfaction indicate
that, in general, respondents are more significantly regard-
ing to the ME-MAR system. We will also collect the users’
suggestions to modify the current ME-MAR in order to
coordinate with their requirements. Moreover, we can
combine with the RFID mechanism to further improve the
system, because using machines to scan patients’ tags is
conducive to identify patients correctly. The system can
automatically search for patients’ ME-MAR.

As mentioned in “Backgrounds,” our goal is to imple-
ment all procedures in the order flow of HER. We have
already begun to develop advanced CPOE currently; the
advanced CPOE basically depends on ME-MAR, but it
deals with variations of orders. ME-MAR handles medica-
tion orders, and the advanced CPOE controls non-
medication orders. The two systems cover the order flow
of performing and recording; these are the essences of
nurses’ daily operations. Another important procedure is
pharmacists review medication orders, because pharmacists
are experts of medication. If all medication orders are
reviewed by them, when they discover problems, they can
directly lock the problematic orders, and nurses will not be
able to propagate the errors. The mechanism provides
higher safety to patients.

The systems we developed, implemented can facilitate
entire medical staff for their operations in NTUH, and
improve patients’ safety as well as the quality of medical
cares. This successful experience of developing NTUH
ME-MAR system can be easily applied to other related
system. Meanwhile, the SOA architecture of the system can
also be seamless integrated to NTUH or other HIS system.
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