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Abstract This narrative review includes a summary of research examining prescrib-
ing errors, prescription decision making and the role computerized decision
support plays in this decision-making process. A reduction in medication
prescribing errors, specifically a reduction in the selection of inappropriate
medications, is expected to result from the implementation of an effective
computerized decision support system. Previous research has investigated the
impact of the implementation of electronic systems on medication errors more
broadly. This review examines the specific characteristics of decision support
systems that may contribute to fewer knowledge-based mistakes in prescribing,
and critically appraises the large volume of information available on the deci-
sion-making process of selecting medicines for prescription. The results high-
light a need for work investigating what decision strategies are used by doctors
with different levels of expertise in the prescribing of medications. The nature of
the relationship between decision support and decision performance is not well
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understood and future research is needed to determine the mechanisms by
which computerized decision support influences medication selection.

The growth in medications and their indications
for use has led to a considerable increase in the com-
plexity of medication-related work processes,[1]

resulting in increased concerns about medication
errors. There is little doubt that medication errors
are a problem, but the frequency and types of
medication errors found depend on the defini-
tions of error adopted and the methods used to
detect them.[2-4] Prescription is often cited as
the point in the medication process where most
errors occur.[1,5-7] Errors that occur at this deci-
sion point have also been shown to be strongly
associated with an increased risk of adverse drug
events.[8,9]

This review provides a summary of the research
investigating prescribing errors. It then describes
research examining the decision-making process
of selecting medicines for prescription and what
is known about the role of computerized decision
support in this decision-making process. The aim
of this review is to demonstrate how prescription
decision making and computerized decision sup-
port have been investigated independently from
one another in the past, and to highlight a need
for naturalistic work investigating how decision
support influences the complex process of drug
selection. A narrative review format was adopted
to ensure comprehensive coverage of two sepa-
rate but related areas of research (i.e. ‘comput-
erized decision support’ and ‘decision making’).
While systematic reviews on computerized deci-
sion support and prescribing errors have been
conducted, limitations of this form of review are
its inability to combine multiple literature bases
and to review an area where no studies have been
performed. This narrative review provides a unique
perspective on a research area in need of future
investigation.

1. What we Know about Medication
Prescribing Errors

Errors can occur at any stage of the medication
process (e.g. prescription, transcription, admin-

istration). Studies have investigated the incidence,
prevalence and type of medication errors, and the
factors associated with errors. Methods used
have included analysis of incident reports,[6]

interviews[10,11] and, most commonly, review of
medication charts.[5,10,11]

Some studies have examined the types of and
factors associated specifically with medication
prescribing errors.[12-18] In most studies, phar-
macists were recruited to identify errors in med-
ication orders (prescriptions) and subsequently
classified errors on a range of measures (e.g. the
drug class, proximal causes, the potential severity
of the error).[12,14-16,18,19] The majority of errors
were found to occur when doctors selected a dose
(i.e. overdoses and underdoses). Prescribing
medications to which the patient was allergic, or
inappropriate dosage forms, were also reportedly
problematic. Prescribing errors made by doctors
were judged by pharmacists to originate in both
medication order writing and in the prescribing
decision.[18]

The most common contributing factor asso-
ciated with prescribing errors was medication
knowledge deficiency.[12,15,16] Inadequate knowl-
edge about drugs, drug therapy factors, patient
characteristics and patient history (e.g. a failure
to account for the patient’s status when choosing
a medication) were typical.

Following the identification of errors by
pharmacists, several important studies employed
semi-structured interviews to allow doctors to
indicate what factors they believed to impact
prescribing errors.[13,17,20] These interviews led to
the identification of a range of system factors
associated with error occurrence. The contribut-
ing factors consistently identified related to the
work environment (e.g. workplace design, staffing,
heavy workload), the individual (e.g. physical
health, skills and knowledge) and teamwork (e.g.
communication, responsibility, supervision).[13,17,20]

Consistent with these findings, a recent literature
review identified factors related to the work en-
vironment, the individual and the team, and also
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factors related to the task (e.g. non-standardized
prescribing) and to the patient (e.g. complexity of
disease).[21] The authors reported that ‘knowledge-
based mistakes’ were the most common failures
cited in the literature. Knowledge-based mistakes
are decision errors that occur in relatively unique
situations, where actions must be planned in real-
time using stored knowledge.[22] In this case, pre-
scribers selected inappropriate medications, doses,
etc., because they did not know enough about the
drug they were prescribing or the patient they
were prescribing for.[21]

Some studies suggest that the majority of pre-
scribing errors could have been prevented if pre-
scribers had timely information and access to an
adequate knowledge base.[12,16,23] That is, many
errors were classified as likely to be prevented by
the use of an appropriate computerized physician
order entry (CPOE) system, computerized deci-
sion support system (CDSS), or both.

2. What we Know about Medication Errors
and Computerized Physician Order
Entry/Computerized Decision
Support Systems

It has been argued that the ordering of drugs
with computer support is the most promising
application of information technology to assist in
reducing serious medication errors.[24] CPOE sys-
tems automate the medication ordering process
and ensure standardized, legible, complete
orders.[2] These are often used in combination with
a CDSS – providing computerized advice regard-
ing drug doses, routes and frequencies. More
advanced CDSSs can perform drug allergy checks,
drug laboratory checks and drug-drug inter-
action checks, and can provide reminders about
corollary orders or drug guidelines.[2] CPOE and
CDSS can potentially increase the efficiency of
the medication process and at the same time
eliminate some of the factors found to contribute
to medication error.[25,26]

Several studies have investigated the impact of
CPOE systems and CDSSs on patient safety. The
majority of research comprises outcome-based
evaluations, focusing on assessing the effects of
the introduction of an electronic system (CPOE,

CDSS or both) on a predefined outcome variable,
such as patient mortality, adherence to guidelines
or cost of healthcare (for reviews see Kaushal
et al.,[2] Sintchenko et al.,[27] Hunt et al.[28] and
Chaudhry et al.[29]). The results of these studies
have been inconsistent. Most research reports
improved outcomes[30,31] but some studies have
reported unexpected negative outcomes – and
so-called ‘unintended consequences’ of imple-
mentation.[32-34] Studies that have specifically
examined the impact of CDSS or CPOE systems
on prescribing have also reportedmixed results,[35,36]

with some studies reporting fewer prescription
errors following system implementation[37] and
others reporting no change in error rates[38] or
adverse drug events.[8]

Very few studies have isolated the functions or
features of the electronic system responsible
(or contributing) to the clinical outcomes ob-
served. It is often unclear what specific features of
the system (e.g. the selection of a dose from a pre-
defined list, or the use of a drug-drug interaction
alert) resulted in fewer medication errors, and
what specific error types were affected (e.g. errors
in the medication order writing or in the decision
to prescribe a drug). The lack of standardized
outcome measures for measuring medication
error is seen as a major obstacle to determining
the effects of decision support on prescribing.[35]

Although rare,[31,39,40] studies that specifically
evaluate one function of a CPOE or CDSS and
determine the impact of this feature on a partic-
ular error type can reveal much about what
characteristics of an electronic system are needed
to improve the medication process.

A lack of empirical work systematically eval-
uating CPOE and CDSS features has led re-
searchers to review the literature in an attempt to
identify the characteristics of a CDSS that make
it effective in improving clinical practice.[27,41,42]

These have concluded that systems that provide
alerts and reminders (i.e. ‘critiquing’ decision
support) are more effective than those that pro-
vide ‘consultative’ decision support (e.g. provi-
sion of evidence-based guidelines, assistance in
drug dosing). Decision support has also been
found to bemore effective if it was provided auto-
matically (instead of being sought out), was
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integrated into an order entry system (instead of
being stand-alone), prompted clinicians to record
a reason for not taking a recommended course of
action, provided a recommendation (instead of
just information) and if the advice offered by the
system was provided at the point of care.[41] It has
also been suggested that for alerts to be effective
they must be appropriate, sensitive, useful and
usable.[43]

This research evidence is important in de-
termining whether or not such systems should be
pursued and resources devoted to them. How-
ever, what is also needed is research that is able to
answer questions about how systems are used in
practice, how practitioners view systems, and
identification of the complex mix of technical,
organizational and cognitive factors that ulti-
mately help us to answer the question regarding
why some systems in some situations produce
significant reductions in medication errors. Eval-
uations in medical informatics that focus on
process (complementing those investigating out-
come) can add value above and beyond tradi-
tional audit approaches.[44,45]

Interviews, focus groups and observations of
people using electronic systems have allowed re-
searchers to identify the specific types of errors
that can emerge from using a CPOE/CDSS system
and the impact the implementation of a system
can have on workload, workflow and communica-
tion.[26,46,47] Surveys have allowed user satisfaction
to be assessed (e.g. too many alerts are bad),[48-52]

and analysis of incident reports has led to the
identification of contributing factors associated
with medication errors while using a system.[25]

Structured interviews have allowed researchers
to consider what users believe to be the effective
features of decision support alerts.[53,54] For ex-
ample, prescribers reported they preferred alerts
that contained high priority information, were
brief, clearly written and easy to navigate. Alerts
that provided options for alternative medicines
and linked to additional supporting documenta-
tion were also viewed favourably.[53] Doctors have
suggested that safety alerts should be customized
to specialty (e.g. cardiologists should receive dif-
ferent warnings to surgeons) and to job status
(discussed further below).[54]

Researchers have turned to human factors
methods to provide a means of analysing the
impact of electronic systems on work processes.
In particular, task analyses have been adopted to
examine how implementation of a system can
change a worker’s tasks, roles and decision-
making processes.[24,55,56] Research in domains
other than healthcare (e.g. transportation) can
tell us much about how decision support might
influence performance. For example, it has been
shown that the use of computerized decision
support can lead to errors of omission (failing to
notice something because the decision aid failed
to detect it) and commission (choosing to follow
an automated directive in spite of contradictory
information from other sources).[57,58] The use of
decision support in medicine is relatively recent,
therefore studies of these automation-related
effects on medication prescription are in their
infancy.

The studies discussed above provide us with a
good starting point for understanding how elec-
tronic systems impact on work processes, but
additional work is needed to determine what
specific system design features result in improved
prescribing and clinical outcomes.[35,36] The effect
of computerized decision support on the decision
process of selecting medications remains to be
effectively explored. Can decision support lessen
the impact of factors found to contribute to
medication error (e.g. knowledge deficiency), and
therefore lead to a reduction in errors made in
drug choice? It has been suggested that the major
factor limiting sustainable impact of decision
support in clinical practice is our lack of knowl-
edge of clinicians’ information processing char-
acteristics and information needs.[27]

3. Medication Prescription:
A Decision-Making Process

In order to appreciate how decision support
systems might affect the decision-making process
of selecting medicines, it is necessary to under-
stand how prescribing decisions are made. Few
studies have examined the cognitive processes
used by physicians in making drug choices.[59,60]

Some research involved asking physicians generally
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about factors that influence drug selection,[61-63]

but the majority of studies that investigated deci-
sion making involved presenting physicians with
case scenarios or common illnesses and instruct-
ing them to describe (via interview or ques-
tionnaire) what drug would be prescribed and
why.[64-66] Several factors consistently emerged
from these studies and literature reviews sum-
marizing the work on drug selection.[67-69] Physi-
cians appear to select drugs based on two main
criteria: (i) the probability that the drug will be
effective in controlling the disease (i.e. effective-
ness); and (ii) the probability that adverse effects
will result from using the drug (i.e. safety). Other
factors such as drug cost, patient demand and
hospital policy can also be influential,[61,70-72] but
usually come into play when alternative drugs are
deemed equivalent with respect to efficacy and
safety.[73]

Most of the cognitive models of drug pre-
scription that have emerged from interviews and
questionnaires with doctors are based implicitly
or explicitly on expectancy-value theory,[64] later
expanded into the theory of reasoned action and
then the theory of planned behaviour.[66,74] The
expectancy-value theory states that a physician’s
drug choice is a function of two things: (i) his or
her beliefs that certain outcomes will occur from
various drug choices (e.g. the disease state will
be controlled, the patient will be satisfied); and
(ii) the values attached to those outcomes.[59] The
later theories include additional weighted (valued)
factors of opinions of fellow prescribers and
perceived behavioural control. These theories
assume that prescribers use compensatory decision-
making processes in which multiple drug attri-
butes and outcomes are considered before a
choice is made.[59] However, it has been shown
that as task complexity increases, people tend to
use fewer analytical strategies (i.e. non-compen-
satory strategies) in order to simplify the decision
task and reduce cognitive strain.[59] Compensa-
tory strategies, such as those envisaged in the
theories described in this review, are only adopt-
ed when the numbers of alternatives, attributes
and task factors to consider are small.[75,76] Peo-
ple use a variety of strategies to make decisions
(for reviews see Montgomery,[77] Chu and Spires[78]

and Svenson[79]) and it has been proposed that
the use of a decision-making strategy is depen-
dent on many factors, including the task, the
context and the individual.[63,80-82]

Some studies have gone further than asking
physicians to explain retrospectively how drug
choices were made, and used a process-tracing
technique (i.e. verbal protocol) to determine the
types of reasoning strategies used by physicians in
making treatment decisions.[60,83-85] In these stud-
ies, doctors were presented with a difficult sce-
nario and were asked to ‘think out loud’ as they
came to a decision about the treatment that
should be administered. It was found that deci-
sions were made by breaking the overall decision
into manageable pieces, and were made using
limited information.[60,84] The doctors in these
studies did not appear to use compensatory or
non-compensatory strategies to make decisions.
Instead, they used heuristics.[83,84]

Heuristics, rules of thumb used to compensate
for information-processing limitations, emerge
especially during periods of high workload or
stress. Common heuristics include representa-
tiveness (probabilities are evaluated by the degree
to which two items resemble one another), avail-
ability (people assess the probability of an event
by the ease with which instances of the event come
to mind) and habit persistence (a person selects
the alternative that was chosen last time).[80,86]

Heuristics are grounded in training, expert knowl-
edge and experience, therefore they can be accurate
most of the time,[58] but sometimes practitioners
do not know the limits of the shortcut or fail to
recognize situations where the simplification is no
longer relevant.[87] Such sub-optimal decisions
are known as biases. Research has identified a
range of biases doctors make in treatment deci-
sion making.[88-91]

Mirroring work examining compensatory
and non-compensatory decision strategies, most
heuristics research has examined decision making
in unnatural contexts (i.e. in laboratory settings).
‘Naturalistic decision making’ is the study of
how people use their experience to make deci-
sions in field settings.[92] This stream of research
asserts that human decision making is different
in its naturalistic context than in the laboratory
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because the underlying task and situation in which
the decision is made determine how a decision
is approached.[93] Examining and comparing be-
haviours in both experimental and real-world
settings allow us to investigate the role of ex-
ternal factors in individuals’ decision-making
behaviours.[94,95]

Decision makers in naturalistic settings can be
novices, intermediates or experts, with each group
differing in the quantity and quality of domain
knowledge, and in the strategy adopted to make a
decision. It has been suggested that proficient
decision makers rarely make decisions in an
analytical or rational way (i.e. they rarely com-
pare alternatives).[69,93,96,97] Instead, they choose
a course of action using experience and knowl-
edge (expertise) and appear to ‘know what to
do’, rather than ‘figure out what to do’.[93] Many
expert decisions are quick and largely auto-
matic.[92,98] In these cases, an expert’s ability to
handle a decision depends on his or her skill at
recognizing a situation as typical and familiar,
not on the conscious generation of hypotheses.

As indicated above, medication knowledge
deficiency (i.e. knowledge deficiency concerning
the right medication for a particular condition as
it is manifest in a particular patient) has been
identified as the most common factor associated
with prescribing errors, suggesting that the deci-
sion strategies adopted by some expert physicians
may result in more accurate decisions than those
strategies adopted by most novices. Research has
shown that more experienced doctors generally
adopt a more holistic approach to patient care,[99]

although no research has specifically examined
the differences in decision-making processes used
by doctors of various levels of expertise to pre-
scribe medications.

Although there appears to be a large amount
of information available on the decision-making
processes used by clinicians to prescribe medica-
tions, the bulk of this research has involved ask-
ing physicians to describe how a decision was
made. It has been shown that physicians have
difficulty looking back introspectively at their
decision-making processes[83] and that they often
report using more cues (e.g. patient age, drug
cost, etc.) than they actually use.[100,101] Studies

that have employed process-tracing techniques
(i.e. ‘thinking out loud’) have examined treatment
choices more generally (not specifically drug
prescription) and have only done so in a labora-
tory setting with hypothetical cases. The majority
of research was conducted some years ago (most
was carried out in the 1970s and 1980s) and thus
may not reflect modern medical education, de-
livery practices or organizational complexities.
Medical education, training, products and pro-
cedures have changed considerably since that
time, and information technology is now widely
used in hospitals, making it necessary to re-evaluate
current prescription processes naturalistically,
and the role decision support plays in drug choice.
It has been suggested that traditional decision
research is inadequate in informing the develop-
ment and implementation of effective decision
support systems in healthcare.[102]

4. Decision Support and Decision
Making: How are Errors Affected?

Little research has investigated how decision
support actually influences decision perfor-
mance, particularly in the medical setting. The
nature of the relationship between decision sup-
port and decision performance is not well under-
stood, although it is assumed that by expanding a
decision-maker’s information processing capa-
bilities, a decision support system might reduce
one’s reliance on heuristics and therefore alleviate
the effects of biases (and therefore errors).[76]

Decision support may result in the adoption of
more accurate decision strategies (by simplify-
ing those strategies) or may influence decision-
making efficiency by allowing the same strategy
to be executed with less effort.[103]

It is generally believed that decision makers
select a decision strategy based on an analysis of
costs (usually defined as effort) and benefits (the
anticipated decision quality).[78,80,104,105] People
want to make the most accurate decision but also
want to minimize the effort needed to make a
decision. An effective decision support system
might therefore function by reducing the costs
required to implement a decision strategy.[105,106]

Decision makers will adopt more effortful strat-
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egies, which generally lead to higher decision
quality and therefore fewer errors, when a deci-
sion support system reduces the effort needed to
use them.[105]

In order to determine the impact of CDSSs on
the processes used by physicians to select medi-
cations, a more thorough understanding of doc-
tors’ decision-making processes is needed. So
too is an examination of how decision support
systems influence the adoption of different deci-
sion strategies by doctors with various levels of
expertise. To do this, naturalistic investigations
of decision making (e.g. thinking out loud in the
field) are needed. An examination of decision
strategies used by junior and senior doctors with
and without the use of a decision support system
will help establish how CDSS can change the way
in which doctors decide what drugs to prescribe.
Studies of this kind will also allow us to determine
how the impact of decision support on prescrib-
ing is mediated by medical expertise. Do decision
support systems alter the decision strategies used
by both senior and junior doctors?

5. Conclusions

A reduction in prescribing errors, specifically
a reduction in the selection of inappropriate
medications, is expected to result from the im-
plementation of effective CDSSs. Although pre-
vious research has investigated the impact of the
implementation of electronic systems on med-
ication errors, work examining what specific
characteristics of a decision support system make
it effective in targeting knowledge-based mistakes
(i.e. poor drug choices) is required. Future work
is also needed to investigate what decision strat-
egies are used by doctors with different levels of
expertise to prescribe medications, and to deter-
mine the role decision support plays in the deci-
sion-making process of selecting medicines for
prescription.
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