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Why is it so difficult to measure the effects of interruptions in healthcare?
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Abstract

Interruptions are a complex phenomenon where multiple vari-
ables including the characteristics of primary tasks, the inter-
ruptions themselves, and the environment may influence patient
safety and workflow outcomes. Observational studies present
significant challenges for recording many of the process vari-
ables that influence the effects of interruptions. Controlled ex-
periments provide an opportunity to examine the specific ef-
fects of variables on errors and efficiency. Computational
models can be used to identify the situations in which interrup-
tions to clinical tasks could be disruptive and to investigate the
aggregate effects of interruptions.
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Introduction

Interruptions seem to be inherent in the way work is under-
taken in many clinical settings [1, 2]. Numerous studies have
characterised this phenomenon over the last decade, and exam-
ined the extent to which doctors and nurses are interrupted in
undertaking routine clinical tasks. Hospital doctors and nurses
are interrupted anywhere between once every two hours, up to
23 times every hour in emergency, intensive care and surgery
[3]. Interruptions may be a risk to patient safety in certain types
of clinical tasks [4].

While there is solid evidence from psychology on the disrup-
tive effects of interruption on human cognition [5], there is
little evidence to date about the domain specific consequences
of interruptions on clinical work. Interruptions have been re-
ported as a contributing factor in IT-related medication inci-
dents. Examination of 7029 CPOE-related medication incidents
in the United States Pharmacopeia Medmarx database found
that distractions were a significant contributing factor in eight
out of ten errors [6]. In a UK study, interruptions and distrac-
tions were reported as a factor in up to 11% of errors in dis-
pensing medications [7]. Interruptions also have a time cost. In
one study clinical staff in an emergency department spent 24%
of their time in dealing with interruptions [8].

A recent review of clinical interruption studies found that most
studies were observational, describing the frequency, duration
and types of interruptions [3]. Only one controlled experimen-
tal study examined the effect of interruptions on programming

an infusion pump [9]. The review concluded that it is currently
not possible to be certain about the causal links between inter-
ruptions and errors in healthcare. Yet interruptions have been
well studied in other domains such as psychology, human-
computer interaction [10] and aviation [11]. In most instances
interruptions have been found to be disruptive, increasing time
spent on a task and leading to errors in completing tasks. Stud-
ies also identify some of the characteristics that make interrup-
tions disruptive such as the interruption complexity [12], simi-
larity of an interrupting task to the primary task [13] and the
availability of retrieval cues in the primary task [14]. While
this literature provides a useful starting point for examining
interruptions in healthcare, the disparity in tasks and environ-
mental context make it necessary to investigate the specific
consequences of interruptions to clinical work and their impact
on patient safety.

In this paper we seek to examine the problem of studying inter-
ruptions in healthcare. We argue that the complexity in study-
ing interruptions and measuring their impact on clinical work is
one reason why little is still known about the clinical conse-
quences of interruptions and this may require different research
methods to those currently used in interruption research.

Methods

This study draws upon general literature about interruptions in
non-health domains; experimental studies of the impact of in-
terruption on electronic prescribing [15] and error behaviour
[16]; and a series of observational studies in emergency and
intensive care [8, 17, 18]. We firstly bring together a range of
process and outcome measures to describe the complexity and
consequences of interruptions. This is followed by a discussion
of how observational studies, controlled experiments and com-
puter simulations can be used to study interruptions and their
impact on the safety and efficiency of clinical tasks.

Results

Table 1 lists primary task and interruption variables that may
contribute to the outcomes of interruptions.

Task and interruption variables

1) Task type: Primary tasks and interruptions can be described
in terms of their phenotype or their genotype. The phenotype is
used to refer to the surface characteristics of a clinical task. In
an observational study we found that doctors attended to a
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range of task phenotypes that included prescribing medications,
answering their pagers, phone calls, conversations with patients
and colleagues on the ward, consulting medical records and
reviewing investigation results [19].

The study of interruptions also requires description of underly-
ing task characteristics or genotype such as task complexity
and working memory load requirements, which have been
shown to influence the disruptiveness of an interruption [20,
21]. Few clinical tasks fit neatly under the broad heuristic
classes of procedural or problem solving traditionally used in
interruption studies to describe task phenotype. A more sophis-
ticated approach may be Wood’s definition based on acts and
information cues allowing task complexity to be quantified and
compared [22, 23]. Models such as GOMS (Goals, Operators,
Methods, and Selection rules), a well-recognised cognitive
engineering method, also allow differentiation of the relative
complexity of computer-based tasks by working memory load
requirements. We have applied this method to analyse elec-
tronic prescribing tasks [19].

Table 1- Variables associated with effects of interruptions.

Task and interruption variables (process measures)
Task type (primary and interrupting task)
Point of interruption
Duration of interruption
Similarity of interruptive task to primary task
Modality of interruption
Environmental cues
Interruption handling strategy
Impact on task performance (outcome measures)

8. Safety: task errors

9. Efficiency: time on task, interruption lag, re-

sumption lag

NAUNEWN =

2) Point of interruption: Interruptions at the beginning of a
task appear less disruptive than those in the middle of a task
[24]. Interruptions at the end of a task may also be particularly
disruptive, especially when the main goal is accomplished and
a small sub-task remains. For example, a nurse who adminis-
ters a medication may fail to complete documentation relating
to that medication when interrupted. Such errors are known as
post-completion errors [16, 25].

3) Duration of interruption: The longer an interruption, the
longer it takes to re-orient and restart the primary task after-
wards, indicating that the disruptiveness of an interruption is
directly related to its duration [26].

4) Similarity of interruptive task to primary task: In computer-
based tasks, interruptions have been found to be less disruptive
when they are dissimilar to the primary task [27].

5) Modality of interruption: A range of modalities like heat,
smell, sound, vibration, and light can influence interruption
effect [28]. For example, a doctor interrupting a nurse who is
administering medications, to discuss the care of a patient, is a
different experience to a device mediated interruption such as a
phone, pager or an alarm, which could be turned off.

6) Environmental cues: The availability of information cues in
the primary task, such as an x-ray, should help return to it after

interruption. Studies have shown blatant cues are highly effec-
tive, but the availability of subtle cues is the same as having no
cues at all [29]. While the clinical environment is full of cues,
some may be less obvious than others. A doctor who is inter-
rupted when reviewing an x-ray is cued to resume and com-
plete her primary task by the image display. The absence of
cues when an interruption dislocates a clinician from her pri-
mary task may be particularly relevant in hospital settings
where some roles require staff to be highly mobile. For exam-
ple, when a pharmacist reviewing a chart is called away to a
different unit, is not cued by the new environment to return to
the primary task.

7) Interruption handling strategy: Clinical workers may use
different strategies to handle interruptions, which may influ-
ence the extent of disruption to primary tasks. Consider the
case of a doctor prescribing a number of medications who is
interrupted by a mobile phone call:

a. Attend to interruption: The doctor may choose to take the
call immediately or, with a momentary delay to rehearse
the name of the next medication to be prescribed. The
availability of an inferruption lag, the time taken to attend
to an interruption, may allow encoding of the next action.
This can be effective in reducing interruption disruptive-
ness. After attending to the interruption the doctor may ei-
ther switch to the interrupting task (i.e. suspend prescrib-
ing) or multi-task (i.e. prescribe while on the phone).

b. Delay interruption: The doctor may choose to switch off
the phone and check for a message after finishing the pri-
mary prescribing task.

|— total time ‘
ption lag lag
primary Interruption: . time . eiume primary
task alert for primary task
interupting
task task
start end
interrupting interrupting
task task

Figure I- Time-course of an interruption (adapted from [30]).

Effects of interruptions on task completion

Interruption effects are typically quantified by examining er-
rors [11, 16] and time penalties [5, 10].

Errors

An error is a “failure to carry out a planned action as intended,
or application of an incorrect plan” [31]. Similar to task type,
errors can be described in terms of their phenotype or geno-
type. We will use the example of electronic prescribing using a
computerised physician order entry (CPOE) system to distin-
guish error phenotypes and genotypes.

Error phenotype: This is the observable property of an error.
Or, the clinical manifestation of the error depending on the
type of task. For example, a range of prescribing error types
can be identified, such as wrong patient; missed allergy status;
incorrect medication name dose, route or formulation; admini-
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stration time; frequency; missing instructions to administer
medications; and failure to prescribe or cease medications [15].

Error genotype: Is used to describe the underlying causes of an
error or the ways of making the error.

a. Errors of commission: are manifest by doing the wrong
thing ” [31].

b.  Errors of omission: are failures to do the right thing [31].

Errors can also be distinguished into slips and mistakes based
upon knowledge about the intentions of an actor. A mistake is
an “action that may conform exactly to the plan, but the plan is
inadequate to achieve its intended outcome” [31]. Mistakes are
associated with lack of knowledge about a task. A s/ip is an
error of action, defined as “an unintended error or execution of
a correctly intended action” [31]. Slips are associated with hu-
man fallibility in executing routine procedures despite having
the correct how-to knowledge.

As with any other risk to patient safety measuring the fre-
quency of errors due to interruption along with identification of
potential causes is needed to facilitate investigation of correc-
tive and preventative strategies. For example, in electronic pre-
scribing identifying user interface features (i.e. dropdown
menus, text entry) and actions associated with specific errors
provides a basis to improve design of the CPOE system.

Measuring task errors: As clinical tasks often provide multiple
opportunities to make an error, a normalised error rate, which
takes into account the number of opportunities, can be calcu-
lated to compare the impact of interruptions across tasks
(Equation 1) [16, 25].

Error _rate =—- 1)

n

where, Ej=no. of errors and E,=no. of error opportunities.

Error rate can be aggregated by phenotype. For example, error
rates can be calculated for each prescribing error type or an
overall error rate can be computed by aggregating all error
types. As some errors may pose a greater risk to patient safety
than others, another way is to calculate a weighted score. For
example, errors can be weighted with a value of 1 (low risk), 2
(moderate risk), 3 (serious risk) to calculate an error score.

Task efficiency

The impact of interruptions on efficiency is examined in terms
of the resumption lag and time-on-task (TOT).

Resumption lag: The time taken to re-orient and then restart
the primary task after an interruption is generally regarded as a
measure to examine the time cost of interruption (Figure 1)
[26, 30].

TOT: The time taken to complete a primary task is used to ex-
amine any residual effects of an interruption (Equation 2).
Studies have shown that for simple office tasks participants
tended compensate by speeding up post-interruption [20, 21].
This measure may be highly relevant in a hospital context
where clinicians are time pressed with a finite amount of time
to complete tasks.

TOT = T;otal - 7; - tinlag - trlag (2)

where, Ty, = Time taken to complete the primary task includ-
ing any interrupting tasks;

T; = Time taken to complete the interrupting task;

tinlag =interruption lag; and t;,, = resumption lag.

Discussion: Challenges in measuring the effects of
interruptions

As we have shown, interruptions are a complex phenomenon
where multiple variables including characteristics of primary
tasks, different dimensions of the interruptions and the envi-
ronment may influence outcomes. In this section we discuss
some of the challenges in using observational studies, con-
trolled experiments and computer simulations to measure the
effects of interruptions in healthcare.

Identifying situations where interruptions are problematic

Observational studies have been successfully used to identify
types and frequency of primary and interrupting tasks, sources
of interruption; and time on tasks. A range of highly resource
intensive methods and tools have been used to examine inter-
ruptions including audio (e.g. COM [8]), video recordings (e.g.
computer screen-capture [32], eye-trackers) and direct observa-
tions of work patterns (e.g. PDAs) in clinical settings.

The time cost of interruptions is not easily measured in obser-
vational studies. Whilst it is possible to examine time on task,
observational studies may only provide rough estimates of re-
sumption lag, which is typically measured in the order of a few
seconds. For example, it is possible to only broadly compare
resumption times for a medication administration task with a
documentation task that may require a nurse to spend some
time gathering his thoughts prior to resuming.

The effect of interruptions on errors is less clear-cut. Errors
often result from the interplay of multiple events over time, and
the error contributed to by an interruption may only occur after
a researcher has stopped observation. Whilst slips may be ob-
servable in tasks with well-defined structure (for example, a
nurse does not check the name of a patient before administer-
ing medications) mistakes are less identifiable because the in-
tention of the actor is not always clear to the observer. Further,
error identification is complicated in tasks with less rigid task
structures, i.e. when there are many ways of achieving a goal.

Given that multiple variables affect the outcome of an interrup-
tion, interruptions are likely to be problematic only in certain
situations e.g. poor cue availability. While observational stud-
ies may be useful to identify particular situations in which in-
terruptions are disruptive, they present significant challenges
for recording many of the process variables that influence the
effects of interruptions. These variables include the point at
which primary tasks are interrupted, the modality, length and
similarity of the interruption to the primary task, environ-
mental cues and interruption handling strategies (Table 1).

Quantifying effects in the laboratory

Controlled experiments provide an opportunity to examine the
effects of specific task and interruption variables on task com-
pletion (errors and efficiency) and have been effectively used
to examine the effects of interruptions in other disciplines. In
healthcare, controlled studies provide an opportunity to exam-
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ine the impact of interruptions in a range of task environments
from low fidelity laboratory tasks (e.g. use of a CPOE [15],
programming of an infusion pump [9]) to high fidelity simula-
tion environments (e.g. surgery [33], medication administration
on a ward). However, within a laboratory setting there is a
trade-off between obtaining causal relationships among con-
trolled variables and ensuring ecological validity.

One of the challenges is to design tasks and interruptions that
are representative of typical tasks undertaken by the intended
participants. For example, to examine the impact of interrup-
tions to electronic prescribing using a CPOE by junior doctors,
tasks could be based on hypothetical clinical scenarios repre-
senting typical prescribing tasks undertaken by doctors work-
ing on a medical ward. Interruptions in such a setting will often
be initiated by a phone or pager (modality of interruption) and
require the doctor to walk away from her primary task.

Another challenge is to effectively control for all independent
variables. For example, if several different clinical scenarios
are used to examine interruptions in electronic prescribing all
scenarios must be of similar task complexity. Interruption vari-
ables such as the length of the interruption, similarity of the
interruption to the primary task and cues available in the task
environment require meticulous consideration when designing
the experiment. The experimental procedure for such interrup-
tions requires careful coordination by investigators, especially
to control for variables such as the point at which primary tasks
are interrupted, and interruption handling strategies.

A third challenge relates to the measurement of outcomes. In
particular, error rates as a measurement may not be sensitive
enough to detect the disruptive effect of interruptions compared
to measures such as resumption lag, which can be reliably
measured in laboratory studies. Baseline error rates in clinical
tasks are fairly low — for example, baseline error rates in elec-
tronic prescribing using a CPOE ranged from 0.5% to 15.6%
[15]. Thus, designing an experiment that is adequately powered
to detect a small effect size is a challenge (Table 2). While the
sample size may be adequate to detect a difference in resump-
tion lag, the study may not be adequately powered to examine
the smaller differences in prescribing errors.

Table 2 - Sample size required to detect error rate with inter-
ruptions using a paired samples t-test [34]

Effect size (d) Small Medium
0.2 0.3 0.5
Sample size* (n) | 156 71 27
0=0.05, 1-p=0.8

In comparison, time on task and resumption lag are highly sen-
sitive measures, which can be accurately captured. For exam-
ple, screen capture software (e.g. TechSmith Morae®) can be
used to record and analyse computer-based tasks and eye-
tracking systems can be used for mobile task environments.

Examining impact on patient safety and task efficiency

The impact of interruptions on specific clinical tasks ought to
ultimately be examined within the wider clinical workflow
within which tasks are typically undertaken. Inbuilt error
checking and redundancy within workflow plays a significant
role in minimising the effects of errors. By investigating the

aggregate effects of interruptions over a large group of clini-
cians, we may better establish links between errors caused by
interruptions and the adverse events that occur relatively infre-
quently. In addition, we can describe situations in which an
individual’s interruption time-cost does not necessarily corre-
spond to an overall negative cost in efficiency for the group.

We know that very few errors lead to an adverse event (in one
study, 1.4% of the total led to adverse events compared to a
60% error rate [35]). However, when we aggregate the effect of
all errors across a hospital, the result is that 10% of admissions
are associated with an adverse event [36]. This implies that the
aggregate effect of errors on patient safety, whilst low in prob-
ability, is considerable and measurable. Since we also know
that a considerable proportion of errors are associated interrup-
tions, it follows that large numbers of interruptions contribute
to errors that are associated with small but significant numbers
of adverse events.

When extending beyond the individual to larger groups of co-
operating clinicians, there may be a nonlinear trade-off be-
tween efficiency and interruptions. Intuitively, some interrup-
tions are necessary and can improve the net task efficiency of
the group (e.g. less need for idle waiting and asynchronous
communication). However, given the relationship between in-
terruptions and the potential for medical error, it follows that
an increase in some types of interruptions may increase the
overall potential for adverse events. This suggests an optimal
level of interruptions that minimises error and maximises effi-
ciency. Another limit occurs when the net time-cost of inter-
ruptions is negative — the aggregate time-cost to individuals
caused by interruption outweighs the aggregate time-savings
associated with reductions in idle time and asynchronous
communication. There may be a non-intuitive optimal level of
interruptions unique to each group and environment.

Computational modelling of interruptions

There is a strong precedent for using computational models in
healthcare [37], and computational models have a role in the
study of interruptions. They permit the explicit modelling of
interactions between individuals and groups beyond what is
typically done in a laboratory, assist in the development of hy-
potheses for controlled studies, and present one way to conduct
first-phase validation of interventions prior to controlled stud-
ies [38]. Computational models provide an efficient way of
examining the effects of different combinations of variables
and can be used to identify the situations in which interruptions
have the potential to be disruptive. Models of this type may
help describe patterns of variability in interruption effects on
groups and therefore locate problematic interruptions (prob-
lematic to overall efficiency and safety rather than just to the
individual’s efficiency and error rate).

Conclusion

Interruptions are a complex phenomenon with multiple vari-
ables that affect task performance. Disruption to clinical tasks
can be understood by firstly using observational studies and
computational models to identify the situations in which inter-
ruptions are particularly problematic. Secondly, using con-
trolled experiments to measure the extent to which interrup-
tions generate errors and impose a time cost. Computational
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models can be used to examine overall impact on patient safety
and task efficiency.
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