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Background: Due to their efficiency and safety potential, computerized physician order entry

(CPOE) systems are gaining considerable attention in in-patient settings. However, recent

studies have shown that these systems may undermine the efficiency and safety of the

medication process by impeding nurse–physician collaboration.

Objective: To evaluate the effects of a CPOE system on the mechanisms whereby nurses and

physicians maintain their collaboration in the medication process.

Setting and methodology: Six internal medicine wards at the Erasmus Medical Centre were

included in this study. A questionnaire was used to record nurses’ attitudes towards the

effectiveness of the former paper-based system. A similar questionnaire was used to evalu-

ate nurses’ attitudes with respect to a CPOE system that replaced the paper-based system.

The data were complemented and triangulated through interviews with physicians and

nurses.

Results: Response rates for the analyzed questions in the pre- and post-implementation

questionnaires were 54.3% (76/140) and 52.14% (73/140). The CPOE system had a mixed

impact on medication work: while it improved the main non-supportive features of the

paper-based system, it lacked its main supportive features. The interviews revealed more

detailed supportive and non-supportive features of the two systems. A comparison of sup-

portive features of the paper-based system with non-supportive features of the CPOE system

showed that synchronisation and feedback mechanisms in nurse–physician collaborations

have been impaired after the CPOE system was introduced.

Conclusion: This study contributes to an understanding of the affected mechanisms in
nurse–physician collaboration using a CPOE system. It provides recommendations for repair-

ing the impaired mechanisms and for redesigning the CPOE system and thus for better

ctur

especially because of the promise that they would increase
supporting these stru

. Introduction
omputerized physician order entry (CPOE) systems are being
ushed as a substitution for paper-based medication systems,
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the efficiency and safety of the medication process. Physi-
cians and pharmacists, in particular, are increasingly expected
to work with these tools, especially in in-patient settings [1].
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Many recent studies have shown that these systems improve
the medication process and reduce medication errors [2–7].
One of the main reasons that CPOE systems are believed to
improve the medication process is that they support better
data communication between care providers [5,8–10].

However, there have also been concerns in the literature
about the potential disadvantages of these systems [11,12].
Studies have suggested that CPOE systems may undermine
nurse–physician communication and collaboration in the
medication process [13–16]. Likewise, it is suggested that CPOE
systems may jeopardise patient safety and the efficiency of
the medication process through hidden side-effects that can-
not be easily discerned by conventional research methods
[12,13,17,18].

Recent socio-technical studies have shown that one
important reason for the unintended negative effects of CPOE
systems is that they change the nurse–physician communi-
cation mode from synchronous to asynchronous [13,14]. This
in turn negatively affects nurse–physician collaborative med-
ication work [19,20]. Understanding the mechanisms whereby
the nurse–physician collaborative work is affected by a CPOE
system might therefore offer clues about how to manage
the side effects of the changes that have taken place and/or
how to adapt the system appropriately. Thus far, however,
these mechanisms have not been sufficiently evaluated in
the literature.

This study evaluated the medication work support of a
CPOE system comparing it with that of a paper-based system.
By analysing the reasons the two systems were considered
to support or not support the medication process, we sought
to answer two following questions: Which mechanisms in
nurse–physician communication are affected by the switch
from a paper based to a CPOE medication system? How do the
affected mechanisms impact nurse–physician collaborative
medication work? Both quantitative and qualitative study
methods were used to determine what nurses and physicians
consider to be supportive or non-supportive features of either
system.

2. Theoretical background

Classic medication work in in-patient settings is a dynamic
process of highly collaborative tasks. It consists of various
phases – prescription, transcription, procurement, dispens-
ing, administration and monitoring – and involves different
hospital care providers, in particular nurses and physicians. In
this collaborative ensemble, medication tasks are integrated
through applying mechanisms that collectively can be called
articulation work. Articulation work is necessary to assure that
physicians’ and nurses’ collective efforts “add up to more
than discrete and conflicting bits of accomplished work” [21].
The central figure in planning patient medication therapy is
the physician but “the key actor in articulation drama is the
nurse” [21].

Analysing collaborative work in designing and evaluating

information systems is necessary but a complex issue [22].
Highly collaborative work, such as the medication work,
inevitably raises differences with regard to care providers’
perspectives on structure and organisation of the work [23].
i n f o r m a t i c s 7 7 ( 2 0 0 8 ) 735–744

This has two immediate implications for the work analysing.
Firstly, it makes task decomposition problematic. This break-
ing down of the task structure is necessary for the articulation
of tasks among different divisions of labour [21] and for eval-
uating how successfully an information system supports
the work [22]. Secondly, it produces different views on the
significance and meaning of the various artefacts associated
with a task [22]. Taking into account these difficulties in
analysing collaborative work, Healey and Bryan-Kennis [23]
argue for focussing on communicative processes instead of
on notions of tasks or goals as basic units of analysis.

Effective communication, as Strauss et al. [21] argue,
is in fact a generalised articulation strategy and thus a
generalised collaborative strategy among healthcare profes-
sionals. However, effective communication is not simply an
information-transaction process; it is a process that centres
on coordination between the communicators and on estab-
lishing, testing and maintaining relationships [18,24,25]. This
requires physicians and nurses to attain, more or less, a
shared understanding of the communicated information in
the course of their collaborative work [26]. Therefore, effective
communication can be defined as leading to a mutual intelli-
gibility of the communicated information and thus lead to a
proper work articulation between nurses and physicians.

Interoperability is defined as ‘the ability of parties, either
human or machine, to exchange data or information’ [24]. In
this study we applied an extended definition of ‘interoper-
ability’ as it pertains to nurse–physician mutual intelligibility
in their medication-related communication processes, either
directly or through using a paper-based or an electronic medi-
cation system. Similar to the discussion by Bannon and Bødker
[26] about common information space, the nurse–physician
interoperability in this study provides a framework for
our understanding of the properties of medication-related
information that crosses between nurses’ and physicians’ pro-
fessional boundaries and articulate their medication work.
Such an understanding of interoperability can be used to
highlight the effort that is needed to bring information from
one community into a shared arena [23]. Moreover, it can
provide a framework for analysing the role of an informa-
tion system in supporting medication work. If an information
system helps nurses and physicians to perform an inter-
operable information exchange in their work, it will also
support them to articulate their work and to collaborate bet-
ter.

3. Study context

The study was conducted in a Dutch tertiary academic med-
ical centre with 1237 beds. Before implementation of a CPOE
system, a paper-based medication system, named TIMED, was
used by both physicians and nurses in the internal medicine
wards. In this paper-based system physicians wrote their
prescriptions on the pre-printed forms. Nurses then trans-
lated the prescriptions into suitable administration times and

dosage forms according to ward routines. They registered data
on an administration form either by putting on it the labels
of the administered drugs or, when the labels were absent,
by writing the name of the drugs, and then signing the form
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ig. 1 – From left to right: prescription form, transcription fo
edication system (TIMED).

Fig. 1). Each day a new administration form was used and was
laced next to the transcribed order form on a patient’s chart.

A commercially sold CPOE system, Medicatie/EVS®, was
mplemented in 34 wards of the medical centre between
eptember 2003 and March 2005. The system allows physi-
ians to prescribe electronically and has the capability to
ecognise and to alert on drug overdoses, interactions and
uplicated orders. The system is integrated into the hospital

nformation system (HIS) and the Electronic Patient Record so
hat physicians can navigate from one system to another and
rowse patient data. The system was made available in physi-
ians’ offices as well as through every hospital computer that
as connected to the HIS.

Once a physician enters a medication order into the sys-

em, clicks on the print button and/or logs out, the prescription
in the form of a 3.5 cm × 10 cm adhesive label – is printed out
n a special printer (Fig. 2). For administration registration and
istribution purposes, nurses use a paper-based medication

ig. 2 – The administration card consists of prescription labels on
nformation next to each prescription label.
nd administration registration form in the old paper-based

card, which is illustrated in Fig. 2. The prescription labels are
fixed to this card. Nurses can look at patients’ current medi-
cation data in the CPOE system and make printouts of them,
and they can request the necessary drugs from the pharmacy
department; however, they cannot make changes to patient
medication data in the system.

As shown in Fig. 2, the prescription labels contain a vari-
ety of information including patient’s name, physician’s name,
ward code and so forth. At the bottom of the label is a small
area for necessary notes and remarks that nurses need to
bear in mind while administering the medication. Each nurse
picks up her or his own patients’ prescription labels from the
printer and places them on the administration cards. Next to
each label on this card are empty spaces where nurses register

data and sign whenever the medication is given to patients.
Commonly used medications are stored in each ward’s sup-
ply of stock and if a prescribed item does not exist in the
ward stock it is ordered by HIS from the pharmacy department.

the left side and spaces for recording administration
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in the first question were requested to answer the second
question, which named a number of supportive features of
the two systems. Nurses who marked ‘No’ in the first question
were requested to answer the third question, which named
Fig. 3 – Change in the medication system changes commun
communication between nurses and physicians and subseq

Except in special circumstances, nurses are not allowed either
to administer drugs from the ward’s stock or to order out-of-
stock medications from the pharmacy department unless they
have the relevant prescription labels at hand.

4. Methods

Qualitative and quantitative methods were used to evaluate
the effect of changing from a paper-based prescription system
to an electronic one on nurse–physician communication and
collaboration. For two reasons we focused our study more on
nurses. First, considering the different stages of the medica-
tion process, it can be realized that nurses play a considerable
role in almost all phases of the medication process. Second,
because of their wide spread presence throughout the medica-
tion process, nurses play a pivotal role in articulating different
care providers’ tasks. Fig. 3 represents the frame of reference
used in this evaluation study. Transition from a paper based
to a CPOE system alters communication and the mechanisms
whereby nurses and physicians attain interoperability, which
is represented by the question mark in Fig. 3 [13,14]. These
mechanisms in turn affect nurses’ and physicians’ interoper-
ability, work articulation and finally their collaborative work.
Evaluating the changes in nurse–physician medication work
after the implementation of a CPOE system can establish
which mechanisms in nurse–physician communication have
changed.

4.1. Quantitative research

The quantitative evaluation took place in all six internal
medicine wards, with a total number of 174 beds. The inter-
nal medicine wards were selected on the grounds that the
medication-related work of nurses and physicians in these
wards is considerable. A questionnaire was used to record
nurses’ attitudes towards the effects of the former paper-
based system on their medication work and communication
prior to implementation of the CPOE system in November and
December 2003. In the same manner, a second [somewhat
different] questionnaire evaluated nurses’ attitudes towards
the CPOE system 5 months after its implementation in April
2004. All 140 nurses active in the internal medicine wards were
included in these surveys. In each ward the head nurse was

asked to distribute the paper-based questionnaires, to moti-
vate the nurses to fill them in, and then to collect and return
the completed forms. We followed the returning of the filled
questionnaires through head nurses 1, 3 and 5 months after
n mechanisms which in turn affects establishment of
ly the collaborative medication work.

their distribution. Seventy-six questionnaires related to before
and 75 questionnaires related to after implementation were
returned. All completed pre-implementation questionnaires
and 73 of those completed post-implementation were useable
for the analysis.

The original questionnaires were in Dutch language and
contained 28 and 40 questions, for evaluating the paper-
based and CPOE systems, respectively, and were either in
multiple-choice or five-point Likert scale format. The ques-
tionnaires were optionally anonymous, and covered different
topics ranging from nurse satisfaction with the medication
systems, the systems’ usability and their effects on nurses’
medication work. In developing the questionnaire already
published surveys about CPOE systems such as [27] were con-
sidered and the understandability of the questionnaires were
checked with two informant nurses. Three questions featured
in both questionnaires were selected to report in this paper as
they were evaluating the support of the two medication sys-
tems on medication work and since they were complementing
our qualitative research. The remainder questions from the
questionnaires will be reported in other papers.

The first question asked nurses whether their current med-
ication system supported their work process. Three possible
options were provided for this question: Yes, No and Unsure
(Fig. 4). The next two consecutive questions asked nurses
about the reasons for their answers. Those who marked ‘Yes’
Fig. 4 – This diagram represents the percentage of nurses
in the pre- and post-implementation studies who believed
that the paper-based or the CPOE system supported their
medication work process.
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number of non-supportive features of the two systems
Table 2). Respondents who marked the ‘Unsure’ had to answer
oth the second and the third questions. In those two ques-
ions, it was possible to choose more than one answer. The
ann–Whitney U-test was used to analyse the first question

n both pre- and post-implementation questionnaires. More
nsight into the result of the first question was provided by
he descriptive analysis of the questions 2 and 3.

.2. Qualitative research

etween November 2006 and June 2007, we conducted 15
nterviews with nurses (N = 9) and physicians (N = 6) who had
t least 2 years experience working with both systems. The
nterviews were carried out by the first and second authors

ho have background on medicine and Health Informatics.
he interviews were in-depth, semi-structured, one-to-one
nd face-to-face; each one lasted 45–60 min. The focus was
n the effect of the two systems on communication and
ollaboration between nurses and physicians in their daily
edication work. The interviewees were asked whether or

ot the CPOE system supported their medication work and
bout the reasons behind their answer. The interviewees’
asks in each stage of the medication process were ques-
ioned and the impact of the systems on their tasks was
iscussed. In each topic, the interviewees were asked to
ompare their current situation to the paper-based system.
he emergent themes and ideas were discussed in more
epth with the interviewees. This part of the research, there-
ore, triangulated our quantitative methodology in the sense
hat the interviewees were asked the same questions as
n the quantitative survey, enabling them to substantiate
heir answers and to relate them to their role in medica-
ion work. The data were also triangulated because both
urses and physicians were asked the same kinds of ques-
ions.

The interviews were voice-recorded and transcribed. The
ranscriptions were reviewed, coded based on Bowling [28],
nd analyzed independently by the first and second authors.
he coding scheme included differentiation between those

eatures that were considered supportive from features that
ere considered non-supportive to nurses’ and physicians’
edication work. The mixed features were considered in

oth supportive and non-supportive categories at the same
ime. We excluded those non-supportive features related to
mpossibility of bedside prescription by the CPOE system.
he inter-rater agreement between the two reviewers was
ssessed by calculating Cohen’s Kappa.

. Results

.1. Quantitative results

verall response rates were 54.3% (76/140) for the pre-
mplementation survey and 52.14% (73/140) for the post-

mplementation survey. Two of the pre-implementation
uestionnaires did not contain answers for questions ana-

yzed in this study, therefore, they excluded from the analysis
rocess. Demographics of the respondents in both surveys are
f o r m a t i c s 7 7 ( 2 0 0 8 ) 735–744 739

presented in Table 1. The majority of the respondents were
female, practicing nurses and between 24 and 33 years old.

The analysis of the first question using the Mann–Whitney
U-test showed a statistically significant difference between
nurses’ attitudes in pre- and post-implementation (P = 0.048).
The descriptive analysis showed that almost the same per-
centage of nurses in the two groups believed that both systems
supported their medication work (60.5% for the paper-based
system and 68.5% for the CPOE system) (Fig. 4). However, a
substantial percentage of the nurses in the paper-based sys-
tem believed that this system did not support their medication
work: 32.9% vs. 2.7%. On the other hand, a high percentage
of nurses in the CPOE system were unsure as to whether the
CPOE system supported their medication work: 28.8% vs. 3.9%.

As reasons for their answers, the respondents referred to
different features of the two systems. Table 2 shows the fre-
quency of the reasons chosen as support of medication work
by either the paper-based or the CPOE system. This support
concerning the paper-based system was rated mainly because
the system made it possible to view administration records
as well as prescription data (71.4%) and because it provided
a clear overview of patients’ current medications (53.1%). The
CPOE system, on the other hand, was considered to support
nurses’ medication work mainly because it improved data leg-
ibility (74.6%) and it provided a clear overview of patients’
current medications (67.6%).

Nurses referred to various non-supportive features of the
two systems as reasons that they did not support their med-
ication work. As shown in Table 2, nurses believed that the
paper-based system did not support their medication work
mainly because of the illegibility of handwritten medication
data (64.3%), poor drug overview (46.4%) and also because the
medication process by using the paper-based system was con-
sidered slow (46.4%). A similar concern about the CPOE system
had mainly to do with dependency on the computer (56.5%),
the fact that there is no possibility to check what medication
had already been administered to a patient (52.2%) and there
is no possibility for nurses to correct physicians’ prescription
errors (43.5%).

5.2. Qualitative results

The chance corrected agreement between the two indepen-
dent coders was good (� = 0.76; 95% confidence interval [CI],
0.86–0.66). Opinions were mixed, and provided us with the
reasons why it was felt a system supported or failed to sup-
port the medication work. The representative quotes from
nurses and physicians for both systems are presented in
Tables 3 and 4. They were in many respects similar to the
quantitative results, and offered more insight into them. For
example, they explained how the non-supportive features of
the CPOE system cause healthcare professionals to make mis-
takes in their practice.

6. Analysis
Nurses rated the two systems with respect to the options
‘No’ and ‘Unsure’ very differently, which caused the
Mann–Whitney U-test to show a significant difference
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Table 1 – Demographics of the respondent in pre-implementation (N = 74) and post-implementation (N = 73) surveys

Pre-implementation (paper based) Post-implementation (CPOE system)

Frequency Percentage Frequency Percentage

Gender
Male 14 18.9 12 16.4
Female 60 81.1 60 82.2
Missing data 0 0 1 1.4

Age
≤23 years old 11 14.9 13 17.8
24–33 24 32.4 25 34.2
34–43 16 21.6 15 20.5
44–53 20 27 18 24.7
≥54 years old 2 2.7 1 1.4
Missing data 1 1.3 1 1.4

Professional position
Practicing nurse 61 82.4 55 75.3
Nurse manager 3 4 6 8.2

8
7

Nurse student 8 10.
Other 2 2.
Missing data 0 0

between the two groups. More nurses in the paper-based sys-

tem than in the CPOE system believed that their medication
system did not support their medication work. In contrast,
more nurses in the CPOE system than in the paper-based
system were unsure as to whether their medication system

Table 2 – The second and third questions and the number of tim

Questions Options

Question 2. Why do you think the
system support your work
process? (More than one
answer is possible.)

• It provides clear drug overvie
medicationT,C

• Process is speedyT,C

• It is possible to correct prescr
• It is possible to take over phy
• It is possible to check what h
(integrated view of prescription
data)T

• Reliability of dataC

• Less different system for orde
pharmacyC

• Drug-safety alertsC

• Legibility of prescription data
• It is possible to order out-of-s
from pharmacy departmentC

Question 3. Why do you think the
system does not support your
work process? (More than one
answer is possible.)

• Poor overview of patients’ cur
• Slower processT,C

• No reliability of dataT,C

• Completely different system
from pharmacyT

• No drug-safety alertsT

• Illegible dataT

• It makes it impossible to orde
from pharmacyT

• It make it impossible to take
• It makes it impossible to chec
administered (integrated view
administration data)C

• Less possibility to correct pre
• Dependency on computerC

T = specific options for the pre-implementation survey, C = specific options
10 13.7
1 1.4
1 1.4

supported their medication work. These differences can be

explained in two different ways. First, nurses had been using
the paper-based medication system for a long time, while the
CPOE system was relatively new at the time of the survey,
which took place 5 months after implementation. Thus, some

es their options were rated by nurses

TIMED, N (%) CPOE, N (%)

w of patients’ current 26 (53.1) 48 ( 67.6)

11 (22.4) 22 (31.0)
iption errorsT 17 (34.7) –
sicians’ taskT 4 (8.2) –
as been administered

and administration
35 (71.4) –

– 32 (45.1)
ring drugs from – 17 (23.9)

– 22 (31.0)
C – 53 (74.6)
tock medications – 29 (40.8)

rent medicationT,C 13 (46.4) 5 (21.7)
13 (46.4) 4 (17.4)
10 (35.7) 0.0 (0.0)

of ordering drugs 10 (35.7) –

10 (35.7) –
18 (64.3) –

r out-of-stock items 7 (25.0) –

over physicians’ taskC – 5 (21.7)
k what has been

of prescription and
– 12 (52.2)

scription errorsC – 10 (43.5)
– 13 (56.5)

for post-implementation survey.
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Table 3 – Supportive features as listed by interviewees

Physicians Nurses

The paper-based system
• Less time was needed to create prescriptions • Processing prescription orders was much simpler
• Writing orders on paper was easier than entering

them into the system
• Allowed to advise physicians on medication forms,
dosage, and the timing of administration: factors that are
contingent upon ward routines and the condition of the
patients

• Prescription orders were less confusing for nurses • More possibility for feedback on physicians’ prescriptions
• All the medication-related data were aggregated in

a patient’s medical chart. It was easier to browse
and to find information

• Possibility to write important things in different colours
for emphasis

The CPOE system
• The system has safety alerts • Prescriptions’ clarity is improved
• The system provides good assistance at the

moment of adjustment and combination of a
patient’s different medications

• Legibility of prescription data is improved

• Prescriptions are now more complete
• It is clear which doctor prescribed or changed what in
patients’ medications

• Patients’ medication files are accessible from
everywhere in the hospital; they can be looked
up and changed, or new prescriptions can be
added

• The system provides good documentation of the
prescribed items

Table 4 – The non-supportive features as listed by interviewees

Physicians Nurses

The paper-based system
• Poor documentation of prescribed items • Illegible handwriting of physicians
• Difficult to read the illegible handwriting of other

colleagues who had already attended to patients
• More possibility of error in writing the name of medications and
doses by hand

• No possibility to check drug interactions and
overdoses

• Transcribing prescriptions took time

• It was not always clear which physician had changed a patient’s
medication

The CPOE system
• Too much information on prescription labels

confuses nurses
• Difficult to correct physicians’ prescription errors

• Nurses read the prescription labels quickly and
make mistakes in executing the orders
(especially with respect to what has been
written in the notice section)

• We have no idea when a physician is going to issue prescriptions
through the system

• The number of questions from nurses to
physicians with respect to medication has
increased following implementation of the
system

• We have to call physicians frequently because they issue the
prescription labels late. This causes problems in our work, especially
if the prescribed medication has to be ordered from the pharmacy
department

• Nurses are demanding that physicians issue
prescription labels quickly

• We cannot be sure why a medication has been changed or stopped
by a physician if he or she did not inform us directly

• It is impossible to find out through the system
what medication has been administered to a
patient

• There is too much information in prescription labels, which
sometimes causes confusion in reading and executing the orders

• Entering patient medication data into the system
is time consuming, especially the first time, and
in the case of a newly admitted patient who
uses many other medications

Prescription labels for different patients and by different doctors are
printed in a mixed order (i.e. if A and B represent different patients’
prescription labels, they may be printed in a sequence like:
AABAABBA). This is confusing, and nurses can easily make mistakes
in picking up and executing their patients’ medication orders

• We cannot be sure whether nurses have picked up
and filled a prescription order

• All information on the prescription labels is printed in small letters
in black and white, which easily causes nurses to make mistakes
when reading the labels
• The administration timing on prescription labels is not in accord
with our ward routine. We have to change the timing ourselves
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respondents would have needed more time to be certain about
the system’s support capabilities. Second, the CPOE system
had a mixed effect on the medication work, which made it
difficult for some of the nurses to be able to answer definitively.

An analysis of the second and third questions demon-
strated that the CPOE system indeed had a mixed effect on
the medication work. The main non-supportive features of the
paper-based system were the legibility problem of medication
data, the poor overview of patients’ current medication data
and the slower process time. These were the main reasons that
the CPOE system was considered to support the medication
work. On the other hand, the paper-based system was seen
to support the medication process because it offered an inte-
grated view of administration and prescription data and also
made it possible to correct physicians’ medication errors. The
lack of these features in the CPOE system was considered the
main reason that it did not support nurses’ medication work.

The qualitative results were in line with the quantitative
findings, upon which they also elaborated. It is clear that mov-
ing from the paper based to the CPOE system had positive and
negative impacts on nurses’ and physicians’ medication work.
Many of the paper-based system’s non-supportive features
were improved by the CPOE system. And, more useful features
such as safety alerts and the possibility for physicians to pre-
scribe electronically from everywhere in the hospital greatly
benefited the prescription phase and improved the medica-
tion process. Nevertheless, nurses and physicians listed many
non-supportive features of the CPOE system as well.

7. Discussion

Many of the CPOE system’s non-supportive features are
produced since changing the prescription system induced
problems in nurse–physician interoperability. Comparison of
the CPOE system’s non-supportive features with the support-
ive features of the paper-based system demonstrates that two
important mechanisms in nurse–physician communication
are damaged: synchronisation and feedback. Despite the clarity
and completeness of prescription labels, damaged feedback
mechanisms made it hard for nurses and physicians to build
interoperability upon the prescription data. Instead, the pre-
scription labels caused confusion for nurses. And because of
the impaired feedback mechanism, physicians had no idea
whether the instructions they had given through the system
were picked up and carried out at the right time and in the cor-
rect order. Similarly, due to synchronisation problems, nurses
had no idea what would come out of the system’s printer and
when. Because they could not be sure why the prescription
plan had been changed, they even hesitated to carry out any
orders that contained changes to a patient’s medication plan.
And, because of poor synchronisation, nurses and physicians
were not aware of each other’s work progress, leading them to
constantly remind each other to perform tasks, for example
through repeated phone calls.

The prescription phase in the medication process is not

merely a time during which physicians give the prescription
orders, either through paper-based order sheets or a CPOE sys-
tem. Rather, it is a critical moment in the whole medication
process. During this phase nurses and physicians synchronise
i n f o r m a t i c s 7 7 ( 2 0 0 8 ) 735–744

their next steps, share knowledge about a patient’s condi-
tion and medication plan, and provide feedback on each
other’s tasks; as a result, they build interoperability and inte-
grate their work. In our study, the old paper-based system
made it possible for nurses and physicians to interact directly
and efficiently with regard to a patient’s condition, medica-
tion orders and medication administration data. In this way,
they were able to build interoperability, contribute to a com-
mon decision about prescription orders and be aware of each
other’s next steps in the patient’s care trajectory. However,
the CPOE system has a physician-advantaged design that
promotes asynchronous communication and separates the
work of physicians from that of nurses. Both are required to
work with completely different systems, making it difficult to
integrate their medication-related information and to build
interoperability. They can no longer synchronise and provide
mutual feedback, and thus face challenges in co-ordinating
and integrating their work. The CPOE system as such is unable
to take over the articulation work central to creating interop-
erability.

Various studies on the implementation of CPOE systems
in different environments have reported that it generates
communication problems between nurses and physicians
[13,14,29,30]. However, few of these studies have evaluated
the mechanisms affected in nurse–physician communica-
tion, and even fewer have raised suggestions to help reduce
this unintended impact [13,14]. Our study has shown that
in order to minimise unintended consequences in condi-
tions (such as those in our study environment), where a
CPOE system has already been implemented, synchronisation
and feedback mechanisms between nurses and physicians
need to be reinforced through different structures. Nurses
and physicians must be aware of the negative impacts of
the system on their communication. Both groups should
be educated with respect to the methods they can use to
improve the impaired synchronisation and feedback and to
avoid any practice that may increase this impairment. For
example, they have to be persuaded to discuss with each
other any change in patients’ medication. Synchronisation
problems may increase by the fact that the system makes
it possible for physicians to perform their prescription task
without attending a patient’s bedside or to the ward and
without doing necessary coordination with nursing staff.
The frequent use of this feasibility, therefore, is not rec-
ommended. Building safe feedback mechanisms in many
cases requires direct nurse–physician communication. If it is
not planned for, however, synchronous communication can
interrupt nurses’ and physicians’ work [31]. For this reason,
physicians are still advised to do their medical rounds together
with nurses.

Damaged synchronisation and feedback mechanisms also
have serious implications for patient safety. Although the
system offered good decision support for choosing and adjust-
ing medication types and doses, medication errors, even
in the prescription phase, were still an important concern.
One reason was that the CPOE system made it difficult

for physicians to have an integrated view of administration
data during the prescription phase. For example, the tim-
ing of prescriptions was not usually in accord with ward
routines, and nurses had to change the timing without it
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Summary points

What was already known?

• CPOE system improves many of the prescription errors.
• The system may induce problems in communication

and collaboration between nurses and physicians.
• The system may induce medication errors and jeop-

ardize patient safety through mechanisms which are
mostly hidden and less elaborated upon.

What was learned from this study?

• CPOE system should not be considered as an exact sub-
stitution for a paper-based medication system since it
cannot replace some important supportive features of
paper-based medication systems yet.

• The system can cause damage to synchronization and
feedback mechanisms between nurses and physicians
and lead to interoperability problems between them.

• Many of the system’s non-supportive features can be
improved if the damaged synchronization and feed-
back mechanisms are reinforced through different
structures.

was responsible for designing and implementing the ques-
i n t e r n a t i o n a l j o u r n a l o f m e d i c

eing adjusted in the system. Moreover, because the medi-
ation process was considered to have become more complex
fter the implementation, nurses could not correct physicians’
rescription errors as easily as in the paper-based system.
ikewise, confusion, uncertainty and misunderstanding about
rescriptions’ contents were prevalent among nurses after
hey switched to the CPOE system; this caused nurses to err in
heir administration and monitoring practice. However, fur-
her evaluations are necessary to detect and quantify these
rrors.

Our study also has design implications for the CPOE sys-
em. Printout-prescriptions are still an output of many of
hese systems, and we noticed that a number of the prob-
ems encountered in this study were the result of printing
rescription orders. In our study environment, the idea of
rinting prescriptions turned out to be problematic, and to
ompound the synchronisation difficulties. We suggest that
he system be changed so that the responsibility of print-
ng the prescription orders is left to nurses and that the
rescription orders are no longer printed by physicians. In
his way, whenever a physician creates orders in the sys-
em they will be visualised for nurses on the system’s screen,
nd will remain pending until nurses log into the system,
onfirm the prescriptions and print them out. As a further
afeguard, the colour of the printed orders, for example, can
hange within the system, thereby informing the prescrib-
ng physician that the order has been picked up. Moreover,
urses should be authorised to log into the system and to
hange the administration timing of the prescription orders
o as to fit in with ward routines before they are printed.
n this manner, changes in administration timing by nurses
ould be recorded in the system and be visible to physi-

ians.
This study had strong points, with the pre- and post-

mplementation setting forming a substantial element.
oreover, the quantitative data were triangulated and com-

lemented by qualitative research. However, it also had its
imitations. Interviews regarding the paper-based system
ere carried out almost 2 years after it had been replaced

y the CPOE system. This made it possible that nurses and
hysicians did not accurately remember details about the
ormer paper-based system. In addition, the study environ-

ent did not have any Electronic Medication Administration
ecords or Bar Coded Medication Administration Systems

ntegrated into CPOE system.

. Conclusion

ur study demonstrated that both the paper-based and CPOE
ystems supported the medication work of nurses and physi-
ians. However, the notion of support came from different
erspectives. The CPOE system improved the main non-
upportive features of the paper-based system, but it could
ot replace some of its important supportive features. In our
tudy, many of the CPOE system’s non-supportive features

ere listed because the system damaged the synchronisation
nd feedback mechanisms between nurses and physicians.
herefore, our research contributes to an understanding of

he mechanisms through which a CPOE system alters col-
laborative medication work. Certain important points were
recommended with relation to repairing the damaged mech-
anisms and to designing the system in a way that better
supports these mechanisms.
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