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ABSTRACT
Introduction: Interruptions and multitasking are
frequent in clinical settings, and have been shown in
the cognitive psychology literature to affect
performance, increasing the risk of error. However,
comparatively less is known about their impact on
errors in clinical work. This study will assess the
relationship between prescribing errors, interruptions
and multitasking in an emergency department (ED)
using direct observations and chart review.
Methods and analysis: The study will be conducted
in an ED of a 440-bed teaching hospital in Sydney,
Australia. Doctors will be shadowed at proximity by
observers for 2 h time intervals while they are working
on day shift (between 0800 and 1800). Time stamped
data on tasks, interruptions and multitasking will be
recorded on a handheld computer using the validated
Work Observation Method by Activity Timing
(WOMBAT) tool. The prompts leading to interruptions
and multitasking will also be recorded. When doctors
prescribe medication, type of chart and chart sections
written on, along with the patient’s medical record
number (MRN) will be recorded. A clinical pharmacist
will access patient records and assess the medication
orders for prescribing errors. The prescribing error rate
will be calculated per prescribing task and is defined as
the number of errors divided by the number of
medication orders written during the prescribing task.
The association between prescribing error rates, and
rates of prompts, interruptions and multitasking will be
assessed using statistical modelling.
Ethics and dissemination: Ethics approval has been
obtained from the hospital research ethics committee.
Eligible doctors will be provided with written
information sheets and written consent will be
obtained if they agree to participate. Doctor details and
MRNs will be kept separate from the data on
prescribing errors, and will not appear in the final data
set for analysis. Study results will be disseminated in
publications and feedback to the ED.

INTRODUCTION
Since the publication of the Institute of
Medicine’s report To Err Is Human in 1999,

there has been growing concern about the
potential for medical errors due to the dis-
ruptive nature of clinical work environ-
ments.1 This has led to the implementation
of a variety of interventions to reduce inter-
ruptions during clinical work.2–4 The nega-
tive consequences of interruptions have been
demonstrated in experimental studies in the
psychology literature.5–8 Similarly, multitask-
ing has been shown to have a negative effect
on task performance in experimental
studies,9–12 notably during driving.13–15

However, while there are numerous descrip-
tive studies detailing the frequency of inter-
ruptions and multitasking by health
professionals in healthcare settings,16–24 few
studies have assessed the impact of interrup-
tions or multitasking on clinical outcomes or
errors.
One study, using direct observation of

nurses during medication administration
across six wards in two Australian hospitals,
found that each interruption was associated
with 12.1% and 12.7% increased odds of
procedural and clinical medication adminis-
tration errors.25 Other studies have demon-
strated interruptions that can result in
changes in workflow and non-resumption of
tasks.19 26–28 Frequent interruptions and

Strengths and limitations of this study

▪ This will be the first study to provide empirical
evidence on the relationship between interrup-
tions, multitasking and prescribing errors in situ.

▪ The study will use validated direct observation
work measurement methods and prescribing
error measurement to generate evidence.

▪ Although cognitive failures are similar across set-
tings, the study will be carried out in one hos-
pital potentially limiting the generalisability of the
rates of errors to other settings.
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multitasking have also been found to be associated with
increased self-reported strain in hospital doctors.21 29

Prescribing errors are one indicator of clinical per-
formance. A systematic review of prescribing errors in
hospitals reported that they affect 7% of medication
orders, 2% of patient days and 50% of hospital admis-
sions.30 Prescribing errors also occur in emergency
departments (EDs), and have been reported at a rate of
21.5% and 12.5% per medication order for adult and
paediatric patients, respectively.31 32 Prescribing repre-
sents a discrete task during which interruptions or multi-
tasking behaviours can be directly observed. Since EDs
are high-pressure environments, where doctors have
been shown to be interrupted more frequently than
ward doctors,20 26 they present an ideal setting for
observing interruptions and multitasking during pre-
scribing. In the context of a lack of evidence about the
association of interruption and multitasking with errors
in clinical practice, this study aims to assess the relation-
ship between interruptions, multitasking and prescribing
errors in an ED.

METHODS AND ANALYSIS
Study setting and participants
The study will be carried out in the acute section of an
ED in a 440-bed teaching hospital in Sydney, Australia.33

The study ED operates 24 h a day and in 2014 treated
approximately 50 000 adult patients. The ED is orga-
nised in separate sections or ‘models of care’ in which
patients of varying severity are treated. The acute
section of the ED sees the most severe presentations,
and includes three resuscitation bays and 12 beds. The
resuscitation bays and beds are placed at the perimeter
of the acute section, with a raised platform with com-
puter terminals, termed ‘the bridge’, at the centre of
the department. The bridge is where the majority of
documentation and department management takes
place.
All fully qualified ED doctors will be invited to partici-

pate in the study. A qualified doctor in Australia has
completed a medical degree and 1 year of on the job
training. This includes resident medical officers (RMO;
1–2 postgraduate years’ experience), senior resident
medical officers (SRMO; 2–3 postgraduate years’ experi-
ence), registrars (at least 3 postgraduate years’ experi-
ence and completion of relevant training) and staff
specialists (at least 5 postgraduate years’ experience and
completion of relevant training). Written consent will be
obtained from doctors who agree to participate. Interns,
who have completed their university education but who
have not yet obtained full medical registration, will not
be invited as they may be less comfortable with the pres-
ence of an observer.
All qualified doctors listed above can prescribe

medications. In Australian EDs, doctors prescribe medi-
cations that need to be administered in the ED, as well
as on wards when a patient is admitted to the hospital.

In the acute section of the study ED, approximately
60–70% of patients are admitted to the hospital.

Direct observations
Doctors who consent to participate in the study will be
observed for 2 h time intervals while they are working
on day shift (beginning at 08:00 and ending at 18:00).
Observers will shadow doctors at proximity in all areas of
the ED, excluding the resuscitation bays, as required by
the ethics study approval. Approximately equal numbers
of doctors by seniority will be followed, and observation
sessions will be spaced so that any time between 08:00
and 18:00 is covered by roughly the same number of ses-
sions so as to be representative of ED work during the
full time span of the day shift. An observational sam-
pling matrix has been prepared to support this process.
Sophisticated time-and-motion methods will be

applied to document doctors’ work using the Work
Observation Method by Activity Timing (WOMBAT)
system.34 WOMBAT provides data collection software
which allows observers to record tasks undertaken
during doctors’ work using a handheld tablet computer.
All tasks entered are automatically time-stamped. The
task categories and their definitions to be used in this
study are shown in table 1, and have been adapted to
this study setting based on other similar
studies.23 26 34 35 For each task, the person with whom it
is performed (staff specialist, registrar, resident or
intern, nurse, patient, relative, ambulance officer,
pharmacist, allied health, administrative personnel,
security personnel or police, other, no one), the loca-
tion, communication tools used (mobile phone, landline
phone, computer, paper) and any interruptions or mul-
titasking will be recorded.
When prescribing is observed, this will be recorded in

the WOMBAT system as a prescribing task (table 1). In
the ED, medication orders are handwritten on the fol-
lowing types of paper-based charts: (1) the Australian
national inpatient medication chart (NIMC),36 (2) fluid
form, (3) heparin infusion chart, (4) insulin chart and
(5) personally controlled analgesia form. For the NIMC,
the chart sections include once only, when required,
variable dose, venous thromboembolism (VTE) prophy-
laxis, warfarin, regular page one and regular page two.
Medication orders written during observed prescribing
tasks will be assessed for errors after the observational
session. To facilitate this, details of which medication
chart, sections and lines were completed during the
observed prescribing task will be recorded in WOMBAT,
and the patient medical record number (MRN) will be
noted on a separate sheet. The MRNs for each subse-
quent prescribing task will be noted in consecutive
order on the sheet during an observation session to
enable linking to the observed, time-stamped prescrib-
ing tasks recorded in WOMBAT.
Observers will undergo extensive training in using the

data collection tool. Prior to starting data collection,
inter-rater reliability (IRR) testing will be undertaken
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and data collection will only begin once observers have
reached high agreement. IRR will be reassessed at
several time points during the data collection period to
ensure consistency over time between observers.

Prescribing errors
A senior clinical pharmacist working at the study hos-
pital and providing clinical services to the ED will review
all medication orders observed during the observation
sessions in order to identify prescribing errors. The
pharmacist will be provided with the date and time an
order was written, as well as the prescribing doctor’s
name, which will aid in identifying the correct order for
assessment.
Following the protocol used for previous prescribing

error studies, errors will be classified into three broad
categories: clinical, procedural and legal errors.37 38

Online supplementary appendix 1 shows the types of
errors within each category and their definitions. Each
medication order can have more than one error. For
example, an order may use an unapproved abbreviation
for the dose, as well as have a wrong dose error. To
assess a medication order for clinical errors, the
pharmacist will access the patient’s clinical notes, includ-
ing reason for their ED visit, clinical history and path-
ology results. Once prescribing orders are assessed by
the clinical pharmacist for errors, a researcher with
pharmacy training will enter the details into a Microsoft
Access database, double checking the consistency of
coding. Each patient’s year of birth, drug name, route,
dose and frequency will also be entered into the data-
base. Details of clinical errors will be noted for verifica-
tion by a professor of clinical pharmacology.
The severity of the potential harm of prescribing

errors identified, except legal errors, will be independ-
ently assessed by the clinical pharmacist and pharmacy
researcher and rated as follows: (1) insignificant, that is,
incident is likely to have little or no effect on the
patient; (2) minor, that is, incident is likely to lead to

an increase in level of care (eg, review, investigations, or
referral to another clinician); (3) moderate, that is, inci-
dent is likely to lead to permanent reduction in bodily
functioning, increased length of stay, or surgical inter-
vention; (4) major, that is, incident is likely to lead to a
major permanent loss of function; (5) serious, that is,
incident is likely to lead to death.39 In cases where
there is disagreement between the severity codes
assigned and one of the assessors has assigned a code
of moderate or higher severity, a final severity code will
be assigned through discussion and consultation with
an experienced clinical pharmacist independent of
the study and if required a professor of clinical
pharmacology.

Definitions of multitasking and interruptions
For this study multitasking is defined as performing two
tasks simultaneously (in parallel). An interruption is
defined as a response to an external stimulus (prompt)
which causes the participant to stop the task they are
engaged in (the primary task), and switch to the second-
ary (interrupting) task. This may also be described as
task-switching, a term used in the cognitive psychology
literature.40 In this study, we will classify the nature of
the observable external stimulus, which we refer to as a
prompt. The type of prompt will be recorded as commu-
nication of a clinical, management or social nature
(following the definitions in table 1), a phone call,
public address (PA) announcement relevant to the
observed doctor, equipment alarm or emergency alarm.
If the prompt is communication, the person who
initiated it will also be recorded.
Both multitasking and task-switching may be triggered

by a prompt. For example, a nurse may approach a
doctor while typing notes on a computer and ask about
a patient’s clinical management. This prompt may lead
the doctor to stop typing and engage in a conversation
with the nurse, which indicates he/she has chosen to
task-switch. Alternatively the doctor may decide to

Table 1 Dimensions, categories and subcategories to be used for data collection in the WOMBAT system

Task Definition

Direct care An activity directly related to the care of one patient for example, examining a patient, performing

a procedure, communication with a patient or relative

Indirect care An activity indirectly related to patient care for example, ordering tests, reading documents,

washing hands, gathering and returning equipment

Documentation Recording of patient-related information on paper or computer for example, writing patient notes

Clinical communication Any discussion on clinical issues, excluding communication with patients/relatives for example,

planning care with another health professional, requesting medical or nursing consultation,

handover

Management

communication

Discussion related to running of the department and other administrative issues for example,

rosters, bed allocations, employment issues

Social communication Conversations unrelated to work for example, personal phone calls

Prescribing Writing one or more medication orders on a medication chart, form or prescription pad

In transit Moving between areas of the department

On break Breaks from work for example, eating lunch

WOMBAT, Work Observation Method by Activity Timing.
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respond to the prompt by speaking with the nurse while
continuing to type, thus multitasking. Additionally, pos-
sible responses to external prompts which will be cap-
tured in the study include deferring the prompt, for
example, by replying they will speak to the nurse in
5 min, deflecting the prompt by telling the nurse to ask
another doctor, or acknowledging the nurse’s statement
or question with a short reply of ‘ok’. Both the prompt
and response observed will be recorded in the
WOMBAT system during the direct observations of
doctors in the study. Recording the prompt and the
responses in this way, allows for a more nuanced under-
standing of how doctors handle competing work
demands, while maintaining comparability with previous
study definitions.

Sample size and statistical analysis plan
During pilot testing, prescribing tasks were observed to
occur about three times per hour with an average of
two orders per prescribing task. Detectable effect sizes
for differences in error rates were assessed for a sample
size of 360 tasks (120 h of observation) across a range
of plausible assumed values. Calculations were per-
formed for multivariate Poisson regression with a main
binary independent variable of interest (eg, was the pre-
scribing task interrupted or not), assumed to occur in
50% of prescribing tasks, with the R2 of the other cov-
ariates assumed to be in the range 0.1–0.5. This is a
slightly simplified scenario, compared to the proposed
analysis, in order to facilitate the sample size calcula-
tion. Error rates were allowed to vary from 0.2 to 0.5
per order consistent with clinical ED errors previously
reported at around 20%31 and assuming legal errors
will be more common. With significance set at 0.05 and
power at 0.8, the detectable increase in error rate due
to either task-switching or multitasking ranged from
23% to 53%.
Analyses will be conducted at the prescribing task

level, where each task may include multiple orders. The
prescribing error rate for a given prescribing task is the
number of errors divided by the number of medication
orders. Prescribing error rates will be calculated for clin-
ical, procedural and legal prescribing errors separately,
as well as for all types of errors combined. Multivariate
Poisson regression will be applied to the number of
errors per task with the number of orders per task as
the offset (ie, denominator), hence modelling the error
rate at task level. If there is a preponderance of pre-
scribing tasks with no errors then a multivariate
zero-inflated Poisson model will be applied. The main
covariates of interest will be rates of task-switching and
multitasking per unit time. Since the number of errors,
task-switches and multitasks are proportional to task
length it is necessary to include all of these in the
model as rates. We will also adjust for other factors
including patient age, doctor seniority and patient load
at the time of the prescription. Patient load data will be
extracted from the ED information management system.

A generalised estimating equations approach will be
used to adjust SE estimates for clustering of outcomes
within individual doctors. Sensitivity analyses will be per-
formed in which task-switching and multitasking are
included as the proportion of time spent performing a
secondary task. Where sample size allows, a sub-analysis
will apply the same Poisson model stratified by error
severity.

Limitations
The ‘Hawthorne’ effect is when observed participants
change their behaviour due to being under observation.
Studies of this effect in clinicians suggest it is minimal,41

as does our prior research using direct observation of
clinicians.35 However, observers will be trained and
conduct extensive IRR testing in the ED prior to starting
the study, which will ensure staff in the ED are accus-
tomed to being observed and seeing the observers in
the department. If doctors were to change their behav-
iour, either by minimising their responses to external
stimuli or being more diligent in prescribing, this will
lead to an underestimation of studied effects.
Factors associated with the study setting need to be

acknowledged when considering the generalisability of
the study findings. First, the study ED has paper based
prescribing, but electronic patient records. Settings with
electronic prescribing systems are likely to show lower
prescribing error rates than those seen in our study.38

However, the evidence suggests that electronic prescrib-
ing is more likely to reduce the rates of procedural and
legal errors, rather than clinical errors.38 Our analysis
plans to examine all errors, and procedural, legal and
clinical error rates separately, and thus will provide evi-
dence for comparison to settings with electronic pre-
scribing. Additionally, our study will be based in one ED
in Australia and only observe doctors on day shift.
However, errors due to interruptions and multitasking,
occur due to an overload on cognitive processing, irre-
spective of settings. The focus on day shift will limit vari-
ability in errors due to fatigue, which is linked to
decreased cognitive function. Thus, though the prescrib-
ing errors described in our study may not be the same
across all ED settings, their relationship with interrup-
tions or multi-tasking should be relevant to other set-
tings. Naturally, the frequency of prompts, interruptions
and multi-tasking may also vary across settings, but
several studies of clinicians in the ED report these at
consistently high levels.16 20 42 43

ETHICS AND DISSEMINATION
All participants meeting the inclusion criteria will be
invited to participate and will be provided with a partici-
pant information sheet. Those agreeing to participate
will provide written informed consent. Doctors partici-
pating in the study will be assigned a unique participant
identifier. The list of doctors and identification numbers
will be kept separate from the data collection. This
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data-key list will be destroyed at the end of the study.
Any prescribing error identified that could result in
serious patient harm will be followed up by the clinical
pharmacist as per hospital incident procedures and
reporting policies. No patient names will be recorded,
all MRNs collected as part of the study will be destroyed
on study completion, and a de-identified code will
replace MRNs in the final dataset. Ethics clearance for
the study protocol has been obtained from the hospital
human research ethics committee (reference number
13/310).
The study results will be disseminated through scien-

tific publications and presentations. Aggregate feedback
will be given to the staff within the ED in relation to pre-
scribing errors and patterns of work identified.
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APPENDIX 

Table A1: Classification of prescribing errors (from1,2) 

CLINICAL ERRORS 

Error category Definition Examples 

Wrong drug 

Occurs when an inappropriate medication or IV 

fluid is prescribed 

e.g. the drug prescribed is not indicated for the 

patient’s condition; the drug or IV fluid is 

contraindicated for a coexisting condition (drug-

disease interaction); or an IV drug is prescribed 

with an incompatible diluent 

 

Note: Excludes generic substitution 

e.g. hydrocortisone 25mg oral 

mane was prescribed instead 

of cortisone;  

 

chamomile lotion was ordered 

instead of calamine lotion 

Wrong dose / 

volume 

Occurs when the prescribed medication dose or 

IV fluid volume is higher or lower than that 

recommended for the condition, taking into 

account the patient’s age, weight, renal and liver 

function 

 

May also occur when a dose is not altered in 

response to abnormal drug serum levels or 

laboratory tests 

 

Note: A dose may differ from normal 

recommended reference ranges and not be 

classed as an error where it is accepted practice 

to do so, i.e. the dose may have been queried 

by a pharmacist, but the specialist physician 

insisted on the prescribed dose, e.g. high dose 

flucloxacillin despite severe renal impairment in 

patients with severe infection when 

recommended by the infectious diseases team; 

low doses of tricyclic antidepressants initiated 

by the pain team. 

 

Wrong rate / 

frequency 

Occurs when the prescribed frequency of 

administration of a drug or an IV rate falls 

outside the recommended range 

 

Wrong route 
Occurs when a medication is prescribed via an 

incorrect route of administration  

e.g. IV medication was 

prescribed orally; 

 left eye was written instead of 

right eye 

Wrong formulation 
Occurs when the wrong dosage form of a 

medication is ordered  

e.g. an immediate release 

tablet was prescribed when an 

extended release form was 



required 

Wrong timing 
Occurs when a drug is prescribed at the wrong 

time of day  

e.g. simvastatin prescribed in 

the morning instead of the 

evening (it is more efficacious 

when taken at night) 

Wrong strength 

Occurs when the prescribed drug strength is 

incorrect; the concentration of an IV infusion is 

prescribed incorrectly; or a dose is prescribed 

that does not exist or would not be able to be 

obtained easily from the current dose forms  

e.g. mg was prescribed instead 

of micrograms (or vice versa) 

e.g. alendronate 75mg tab oral, 

take one tab once weekly 

(weekly dose only available as 

70mg tablets) 

Wrong patient 

Occurs when a medication is prescribed for the 

wrong patient  

 e.g. the prescriber writes a drug order intended 

for patient A on the medication chart belonging 

to patient B 

 

Not indicated 

Occurs when a drug which is not indicated is 

prescribed for the patient;  a drug is continued 

following a clinically significant adverse drug 

reaction;  a drug which is no longer indicated  is 

reordered; or a drug which should have been 

discontinued has not been ceased   

May also occur when a prescriber fails to 

cease/withhold a drug in response to abnormal 

drug serum levels or laboratory tests 

e.g. fluticasone/ salmeterol 

inhaler prescribed for a patient 

without chronic obstructive 

airways disease 

 

e.g. an antibiotic which was not  

discontinued after completion 

of the course 

Duplicated drug 

therapy 

Occurs when two orders have been prescribed 

for one medication and both orders are active; 

there are two active orders for the same 

medication on two different charts; or the same 

drug is prescribed twice, as a single agent and 

as a combination product  

May also occur when two drugs are prescribed 

for the same indication when only one is 

necessary 

e.g. one order was prescribed 

by generic and one by brand 

name 

 

e.g. ranitidine and omeprazole 

for gastro-oesophageal reflux 

disease 

Drug-drug 

interaction 

Occurs if two of the drugs prescribed for a 

patient are known to have a clinically significant 

interaction and this interaction is not 

acknowledged and monitored 

 

Allergy 

Occurs when a drug is prescribed for a patient 

with a documented clinically significant allergy 

to that drug/class of drugs 

 

Inadequate 

monitoring 

Occurs when the prescriber fails to order 

appropriate and timely clinical or laboratory 

tests to assess the patient’s response to 

prescribed therapy  

Note: if adequate lab tests are ordered, but the 

results are not acted upon accordingly, resulting 

in potential or actual compromised patient care, 

 



this may be classed as wrong dose/volume 

error 

PROCEDURAL ERRORS 

Unclear order 

Occurs when the prescription is unclear or 

ambiguous  

e.g. the writing is illegible; or the order contains 

additional comments which apparently 

contradict the medication order 

e.g. clotrimoxazole topical 

interdigital BD (the prescriber 

was confused between 

cotrimoxazole and 

clotrimazole) 

Incomplete order 

Occurs when the order does not include all the 

necessary information i.e. drug name; strength 

(if appropriate); formulation (if appropriate); 

dose; route of administration; frequency ; the 

diluent for injectables; duration of time and/or 

rate of infusion (IV infusions); duration of time 

(IV fluids) 

 

LEGAL ERRORS 

Legal/Procedural  

Occurs when an aspect related to the 

prescription does not comply with the law, the 

NSW Department of Health or the hospital 

policy (and has not been assigned as an 

unclear order); the allergy field of the medication 

chart has not been completed; or the strength, 

dose, route or frequency of an existing 

handwritten medication order has been altered 

(such a change legally requires the entire order 

to be recharted) 

Use of unapproved abbreviations
3
 and brand 

names instead of molecule names falls within 

this category 

 

 

 

 

 

 

 

e.g. ‘q4h’ to convey ‘every four 

hours’ or ‘µg’ to convey 

‘micrograms’ are considered 

unapproved abbreviations 
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