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The purpose of this study was to understand the cognitive processes underlying nurses’ decision to
interrupt other nurses. The Institute of Medicine (2000) reported that interruptions are likely contrib-
utors to medical errors. Unfortunately, the research to date has been quite homogenous, focusing only on
the healthcare provider being interrupted, ignoring the true complexities of interruptions. This study
took a socio-technical approach being the first to examine interruptions from the viewpoint of the
interrupting nurse. Over 15 h of observations and 10 open-ended interviews with expert nurses in a
Neuroscience Surgical Intensive Care Unit were conducted. It was found that nurses conduct a quick cost-
benefit assessment to determine the interruptibility of other nurses and whether an interruption is
value-added vs. non-value added. To complete the assessment, nurses consider several conditional
factors related to the interruptee, the interrupter, and the nature of the interruption content, and
different potential consequences of the interruption.

Published by Elsevier Ltd.
1. Introduction

The study of interruptions in the domain of healthcare is rela-
tively new, as compared to other domains such as aviation and
driving. However, recently, the topic of interruptions has been
heavily pursued by healthcare researchers (Coiera, 2012). This new
interest is in part due to the Institute of Medicine’s (2000) report
which highlighted interruptions as likely contributors to medical
errors. Unfortunately, the healthcare research to date has been
quite homogenous in nature (Coiera, 2012; Rivera-Rodriguez and
Karsh, 2010). The main focus has only been on the healthcare
provider (HCP) being interrupted (i.e. the interruptee) and their
experiences with and reactions to interruptions (Biron et al., 2009).
This one-sided perspective on interruptions is a concern for several
reasons. First, it does not capture the dual (interruptereinter-
ruptee) complexities that Rivera-Rodriguez and Karsh (2010)
identified when they depicted the varying outcomes (positivee
positive, positiveenegative, neutralenegative, etc) that the inter-
ruptee and interrupter can experience from any given interruption.
Second, it tends to highlight the micro-cognitive elements related
to interruptions (i.e., effects on the interruptee), while ignoring the
socio-technical system implications that interruptions can have on
the system (e.g., interruptions emerging from teamwork) (Rivera-
r Ltd.
Rodriguez and Karsh, 2010). Third, this approach only studies in-
terruptions after they have already occurred. All of these limitations
have cultivated insufficient interruption interventions which have
focused on eliminating or reducing all interruptions (Anthony et al.,
2010; Pape, 2003; Pape et al., 2005; Peleg et al., 2000; Relihan et al.,
2009). These intervention strategies (e.g. orange vests to
signify “interruption-free” zones) are troublesome because they do
not fit with the workflow of the system (Karsh et al., 2006), many
times resulting in non-value added interruptions themselves (e.g.,
putting on and taking off the vests). However, many interruptions
are actually necessary (e.g. nurses calling another HCP when they
need immediate help with their patient, patient monitors and
intravenous pumps alarming to indicate a change in the patient’s
status). Researchers studying interruptions and developing inter-
ruption interventions in healthcare need to better understand the
nuances that exist with interruptions in such complex systems
(Rivera-Rodriguez and Karsh, 2010).

1.1. Socio-technical systems approach to studying interruptions

From a complex socio-technical systems perspective, in-
terruptions can be thought of as one way in which two systems
(made of inputs, transformations, and outputs) interact with one
another (see Fig. 1) (Donabedian, 1979). With interruptions, one
system (i.e. the interrupter) produces the interruption as an output
and the other system (i.e. the interruptee) receives the interruption
as an input (Rivera and Karsh, 2008). Past research has extensively
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Fig. 1. Dual complexities of interruptions.
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examined the latter system, only providing us with ex post facto
information on interruptions. Little is known about the former
system, the system that triggers the interruption process. There-
fore, this study takes a first-of-its-kind look at interruptions by
studying interruptions from the interrupter’s point-of-view.

Studying this system (i.e. the interrupting agent) will allow us to
understand interruptions from a completely different perspecti-
vedone that tries to understand the situation prior to an inter-
ruption occurring by understanding the cognitive processes (e.g.,
perceiving and assessing) underlying the decision to interrupt. This
approach will facilitate our understanding of the dual-complexities
and socio-technical influences of interruptions. This new under-
standing can help researchers develop interventions that are more
compatible with HCPs’ workflow and more beneficial to patient
safety because they will be able to target non-value added in-
terruptions for elimination while still facilitating value-added
interruptions.

1.2. Purpose of study

In this study, an interruptionwas defined as an unplanned break
in workflow caused by an external source (i.e. the interrupter). This
definition is deliberately broad to encompass many of the defini-
tions other researchers have used for interruptions (e.g., Coiera and
Table 1
Study setting and population demographics.

Neuroscience Surgical Intensive Care
Unit (NSICU)

Number of beds 8
Typical patient occupancy 88%
Number of RNs 28
Typical shift schedule of nurses Mix of 8 & 12 h shifts.

Days ¼ 7am-7pm, 7am-3pm,
3am-3pm
PMs ¼ 3pm-3am, 3pm-11pm
Nights ¼ 7pm-7am, 11pm-7am

Spread of RNs per shift Day ¼ 46% (n ¼ 13)
PM ¼ 32% (n ¼ 9)
Night ¼ 21% (n ¼ 6)
Note: These may not be exact
numbers as some shifts overlap
each other and nurses may vary
in the shifts they work.

How many nurses with 3 or more
years of experience on the unit?

19 (68%)

How many bedside nurses also play
the role of Charge nurse?

21 (75%)

What type of health information
technology did RNs interact
with on unit?

Electronic health records (EHRs)
including computer provider order
entry (CPOE), and bar coding
medication administration (BCMA)

Sample
Experience of observed

nurses (N ¼ 5):
Average years as nurse ¼ 24.6
(range 11e32)
Average years as nurse on unit ¼ 4.3
(range 4e4.5)a

Experience of interviewed
nurses (N ¼ 10):

Average years as nurse ¼ 18.6
(range 4.5e40)
Average years as nurse on unit ¼ 4.3
(range 4e4.5)a

a NSICU became its own unit in January of 2007; previously it was combined with
the Cardiovascular Intensive Care Unit.
Tombs, 1998; Flynn et al., 1999; Pape, 2003) and distractions (e.g.,
Healey et al., 2007), disruptions (e.g., Wiegmann et al., 2007),
breaks-in-task (e.g., Chisholm et al., 2000), etc. Interruptibility (see
research questions below) can be thought of as a combination of 1)
how interruptible someone is based on the interruption’s potential
impact on their task performance, which takes into consideration
their cognitive and social state; and 2) how interruptible someone
is based on a conscious choice of their willingness to be interrupted
(Grandhi and Jones, 2009).

This study, being the first to examine interruptions in this way,
took an exploratory approach, to answer the following research
questions (RQs):

� RQ 1: How do nurses determine the interruptibility of other
nurses?

� RQ 2: Which interruptions are perceived as warranted even if a
nurse’s interruptibility is determined to be low?

� RQ 3: How do nurses interrupt other nurses?

2. Method

All procedures were approved by the Hospital’s and University’s
Institutional Review Boards.

2.1. Study setting

This study was conducted in a Neuroscience Surgical Intensive
Care Unit (NSICU) at a non-profit, 440-bed tertiary care hospital in
the Midwest of the United States. With 1100 staff nurses, this
hospital offers both inpatient and outpatient treatment and diag-
nostic services. An ICU within a hospital setting was purposively
sampled over other healthcare settings (e.g., primary care, phar-
macy) because interruptions occur more often in hospitals
(Chisholm et al., 2001) and in ICUs (Alvarez and Coiera, 2005;
Anthony et al., 2010). Table 1 shows the demographical statistics
of the study unit and population.

2.2. Participants

Nurses within a critical care setting were purposefully selected
as the healthcare provider of interest for this study. The focus was
on the nurse-to-nurse dyad, concentrating on the interrupting
nurse. Past research has highlighted that not only are nurses
frequently interrupted (e.g., 16.7 interruptions per hour (Alvarez
and Coiera, 2005)), but they are also cited as sources of in-
terruptions (e.g., Friedman et al., 2005; Hedberg and Larsson, 2004;
Kreckler et al., 2008). Furthermore, Brixey et al. (2008) and Edwards
et al. (2009) revealed what a significant role nurses in hospital
settings play as contributors of interruptions over other healthcare
providers. They found that nurses initiated 36.16% (Brixey et al.,
2008) and 41.50% (Edwards et al., 2009) of the observed
interruptions.

Although interruptions are events that typically occur in hos-
pital settings, they are not considered a part of the typical nursing
work taught in school and nurse training. Therefore, the knowledge
that is required to deal with interruptions is not covered in
formalized procedures, but rather it is tacit knowledge that is
developed over time and with experience (Klein et al., 1989). To
target the tacit knowledge used to interrupt, and to reduce vari-
ability and increase methodological control, expert nurses were
purposively sampled. This also means that all the results of this
study are framed from the expert nurse’s perspective. According to
how Benner’s (1982) study applied the Dreyfus Model of profi-
ciency to nursingwork, expert nurses for this studywere defined as
nurses with more than 3 years of experience on the NSICU.



Table 2
Strategies to ensure research rigor.

Criteria (Devers, 1999) Strategies used in this study

Credibility/internal
validity

� Researcher has extensive experience with ob-
servations and interviews in healthcare
(Patton, 1999)

� Researcher is knowledgeable on the topic of
interruptions in healthcare (Patton, 1999)

� Coding structure was checked by 5 other re-
searchers whom are experts in healthcare
research, but were not a part of this study (See
acknowledgments: B-TK, PC, JD, BK, TW): An-
alyst triangulation (Creswell and Miller, 2000;
Devers, 1999; Patton, 1999)a

� Results were reviewed by participants: Mem-
ber checking (Devers, 1999)

Dependability/reliability � Researcher journaled to report her thoughts,
assumptions, biases, and actions (Devers,
1999; Malterud, 2001; Mays and Pope, 2000)

� Researcher kept careful documentation of each
step in the research process: Audit trail
(Devers, 1999)

� Researcher ensured the accuracy of the tran-
scripts by double-checking (Devers, 1999)

� Coding structure and data was checked by 5
other researchers (see above) (Devers, 1999)a

� Observations and interviews followed a writ-
ten protocol (Devers, 1999; Neuman, 2000)

Confirmability/objectivity � Coding structure and data was checked by 5
other researchers (see above): Analyst trian-
gulation (Creswell and Miller, 2000; Devers,
1999; Patton, 1999)a

� Researcher journaled to report her thoughts,
assumptions, biases, and actions (Devers,
1999; Malterud, 2001; Mays and Pope, 2000)

a 5 other researchers reviewed the author’s coding structure in NVivo9�. Based on
their reviews, they gave written feedback to the author which consisted of com-
ments/questions regarding the codes. The author reviewed the feedback and
modified the codes if necessary. For example, some chunks of data were split into
different codes or were double coded based on the external feedback obtained.

Fig. 2. Explanatory matrix of NSICU nurses’ experiences

A.J. Rivera / Applied Ergonomics 45 (2014) 747e756 749
2.3. Data collection

The author conducted 15 h and 47 min of observations shad-
owing five unique nurses sampled randomly throughout both day
and night shifts. The author followed nurses while theyworked and
recorded the tasks they completed by hand in a notebook. An
observation lasted between 2 and 4 h. Observations helped the
author become familiar with this particular ICU, its layout, the
nurses’ workflow, the nurses’ vocabulary, and the way nurses
interrupted other nurses. Observations also helped the author
better understand references nurses’made about their work during
the interviews.

Using what was learned from observations, the author con-
ducted 10 interviews with nurses, ranging between 20 and 45 min.
Interviews began with an open-ended question (How do you
decide whether you should interrupt another nurse?) allowing
participants to describe their experiences with interruptions, their
work environment with regards to interruptions, and the decisions
they make about interrupting. Multiple probes (some modified
from Klein et al.’s (1989) Critical Decision Method to elicit tacit
knowledge) were used to uncover: 1) the context surrounding in-
terruptions, 2) contributing factors to interrupting, 3) the different
ways nurses interrupt one another, and 4) the potential conse-
quences of interrupting. Each interview was audio-recorded and
then transcribed by an external transcriptionist.

2.4. Data analysis

Dimensional analysis was used to guide the analysis of the
interview data. Dimensional analysis is an analytic method derived
from grounded theory (Schatzman, 1991). It is an inductive
analytical method that builds on natural analysis (i.e. a normative
cognitive process used to interpret meaning from the data) and
symbolic interactionism (i.e. the notion that reality is socially
constructed and people behave according to their understanding of
the situation) to understand and describe human experiences or
phenomena that have not been well studied within its social
with and decisions about interrupting one another.
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context (Caron and Bowers, 2000; Kools et al., 1996; Schatzman,
1991). The data analysis was conducted by the author using
NVivo9� (QSR International Pty Ltd., Melbourne Australia).

The data analysis process started by highlighting chunks of data
(dimensionalizing) that could be labeled using one descriptive
phrase or code (designating) (Kools et al., 1996; Kramer et al.,
2006). This process was repeated until the major aspects of
nurses’ experiences with interruptions appeared to be covered,
representing a “critical mass” of dimensions. Once a “critical mass”
was obtained the dimensions were categorized into higher-level
dimensions (Kools et al., 1996; Kramer et al., 2006). Then these
high-level dimensions were coded into the conceptual categories of
dimensional analysis that result in an explanatory matrix of the
results: Context: the situation or environment in which the phe-
nomenon is studied; Conditions: dimensions that facilitate or block
actions or processes related to the phenomenon; Processes: inten-
ded or unintended actions shaped by the conditions; and Conse-
quences: outcomes of the processes of the phenomenon (Kools
et al., 1996). Table 2 highlights the strategies that were used to
ensure data collection and analytical rigor.

2.4.1. Interpreting the explanatory matrix
Within the explanatory matrix (Fig. 2), the conceptual category

of context provides a description of the study unit characteristics
that affect the way nurses communicate and work together, which
influences when and how nurses interrupt each other. All the other
conceptual categories are bounded by this context. The conceptual
category of conditions and consequences provides the answer to
RQ 1 and 2; and the conceptual category of processes answers RQ 3.

3. Results

Prior to discussing themain results (i.e., answers to RQ 1e3), it is
first necessary to highlight how the uniqueness of the NSICU and
critical care nursing work influences nurses’ experiences with in-
terruptions. The context or environment in which nurses work
provides a structure for the inputs that feed the interrupting system
(i.e., the interrupting nurse). During the interviews, nurses dis-
cussed five general themes that exemplified their context of work;
each will be discussed below.

3.1. NSICU context

3.1.1. Size of unit
The NSICU is a relatively small unit. As shown in Table 1, it

consists of 28 nurses and only eight patient beds which run on
average at an 88% occupancy rate. The patient rooms are
geographically collocated and arranged in a “U” shape with the
nursing station and medication room in the center of the “U”.
Nurses feel that this arrangement affords them the opportunity to
have frequent face-to-face communication with all hospital staff.

3.1.2. Nature of critical care settings
According to the nurse participants and validated by the litera-

ture, critical care settings tend to be much more dynamic and fast-
paced than acute care units. Critical care units also have patient
populations that are very ill and have complex conditions. These two
factors create a unique pattern of communication where nurses
must interrupt each other to solve clinical issues related to patient
care. For example, one nurse said: “I think a lot of times I dismiss the
interruptions as just part of being in like a critical care setting where
things are changing so rapidly, we have very sick patients that, you
know, it’s for the patient’s benefit I think that we’re often interrupting
each other that, um, I think I just kind of assume that that’s why we do
what we do is because of the setting that we’re in.”
3.1.3. Characteristics of nursing work on unit
NSICU nurses all follow a general nursing practice pattern.

Nurses try to block off chunks of time to spend in their patient’s
room to complete all their direct patient care tasks, then most
nurses perform indirect patient care tasks and their documentation
responsibilities at the nursing station.

Working in teams is another important part of nursing work in
the NSICU. Nurses rely on each other to help themwith both routine
tasks such as lifting a patient and non-routine tasks such as helping
with a patient emergency. Depending on the nurses’ training, they
may have different practicing styles which can lead some nurses to
need more help than others. Although working in teams helps
nurses complete their daily tasks, it also creates an environment
rich with interruptions.

3.1.4. Communication norms of unit
The NSICU nurses do not use phones or other locating devices to

communicate with one another. Most of their communication is
conducted synchronously (i.e. face-to-face), which they prefer over
asynchronous communication (e.g., pagers).

3.1.5. Differences in characteristics of nurses per work shift
As seen in Table 1, the NSICU has three different working shifts;

however due to staffing assignments, the three shifts can be
dichotomized into two shifts: Day and Night, where the Night shift
also includes the PM shift. There are some clear differences be-
tween nurses working the day and night shift. Less experienced,
younger nurses generally work the night shift rather than the day
shift because the night shift positions tend to open up more often
and are filled by new hires. Due to this less experienced, younger
set of nurses all working together on the night shift, nurses tend to
be more comfortable with interrupting one another to ask each
other questions. One nurse explained it like this: “I work, well, the
evening through night shift and a lot of the nurses are younger so I
think it's kind of raised an atmosphere of it's okay to ask questions and
it's encouraged to ask questions if you’re not 100% sure about some-
thing or you need some backup.But, you know, I have worked.on
other shifts when there’s people there that I would not prefer to seek
help from or interrupt something that they’re doing. But I would say on
the shift that I work, I feel comfortable asking just about anybody.”
This comfort level is also influenced by differences in relationships
that nurses have with one another on each shift. Night shift nurses
share a different camaraderie than day shift nurses. As this quote
illustrates night shift nurses tend to have relationships with each
other outside of work, while day shift nurses tend to only have
professional relationships with each other: “Nights and PM seem like
there’s more of a, I don’t want to say friends, but they seem a little bit
more close, closer.. Like days, I think, the older people, the people who
have been here for a while, they have their own families. They [the day
shift nurses] don’t do stuff together outside of work.” Due to both
these factors (i.e., similar age group and closer relationships), night
shift nurses tend to be more comfortable with interrupting one
another to ask each other questions.

3.2. How do nurses determine the interruptibility of other nurses?
(RQ1)

Although interruptions are but a moment in time, this study
found that prior to that moment, nurses most often conduct a
quick, but extensive cost-benefit assessment to determine the
interruptibility of another nurse and decide whether to interrupt,
delay interrupting, or not interrupt at all. To complete such an
assessment, nurses consider: 1) several conditional factors related
to the interruptee, 2) conditional factors related to the interrupter,
3) the nature of the interruption content, and 4) potential



Table 3
Tasks less or more acceptable to interrupt.

Tasks less acceptable to interrupt: Tasks more acceptable to interrupt:

� Nurse is charting � Nurse is charting
� Nurse is completing patient

assessments
� Nurse is checking e-mail

� Nurse is completing medication pass � Nurse is completing a task
they can leave

� Nurse is having a conversation with:
Doctor, Family, Patient

� Nurse is completing routine
patient assessments

� Nurse is involved in a task that took
concentration

� Nurse is conversing with another
nurse (as opposed to doctor)

� Nurse is involved in nurse-to-nurse
report

� Nurse is having non-work
related conversation

� Nurse is involved in a sterile procedure � Nurse is performing procedure
� Nurse is involved with doctor,

patient, family
� Nurse is performing indirect
patient care

� Nurse is on phone
� Nurse is participating

in multidisciplinary rounds
� Nurse is performing tasks

that cannot be left
� Nurse is performing direct

patient care tasks
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consequences of the interruption. Nurses take these factors into
account in combination with each other or apart from each other.
Additionally, these factors seem to be weighted differently
depending on the interrupter, the interrupter’s role, the in-
terrupter’s work shift, etc.

3.2.1. Interruptee’s approachability
Perceptions of approachability are determined by: 1) How

comfortable the interrupter feels with the interruptee, where
comfort was described as being based on the personality of the
interruptee and howwell the nurses got alongwith each other; and
2) The interruptee’s previous reactions to being interrupted. Nurses
are less likely to interrupt another nurse if they do not feel
comfortable with that nurse or if that nurse had reacted negatively
to previous interruptions.

3.2.2. Interruptee’s projected sense of “busyness”
Nurses get to know each other and the way they practice care,

which helps them judge whether it is an acceptable time to inter-
rupt. They use cues such as the interruptee’s movement around the
unit, their body language, facial expressions, demeanor, and listen
to their tone of voice to determine if that nurse is too busy and
should not be interrupted. One nurse explained it like this: “Their
demeanor, basically their body language. Some nurses, you can tell by
how they’re scurrying around the unit, that’s not a person I’m going to
interrupt, because they are extremely busy. Maybe they have a heavy
patient load.”

3.2.3. Interruptee’s role on unit
Nurses’ perception of interruptibility is influenced by the

interruptee’s role on the unit. The charge nurse is seen as more
interruptible than bedside nurses because in the NSICU the charge
nurse is not responsible for patients. Instead, the charge nurse
manages the dynamics of the unit and is responsible for helping
bedside nurses manage their workload. The charge nurse’s role is to
help others and to be a constant resource for other nurses on the
unit. Nurses will often look to interrupt a charge nurse first, prior to
another bedside nurse, or if they can, they will wait to interrupt
until the charge nurse is available. One nurse who also rotates as a
charge nurse put it like this: “I think that, um, the majority of the
time, the charge nurse is there as a resource, especially if there’s less
experienced nurses, somebody that is there to offer help, someone that
is there because they have more experience that they should be able to,
you know, be interrupted depending on what they’re doing. They don’t
have the specific tasks that a bedside nurse would do, to ask them to do
something for you or to help you with something, I think that that’s
kind of primarily, the way that I act as a charge nurse is being helpful
to others, being a resource for others, there as an option if people need
to seek someone to help them with something.”

3.2.4. Interruptee’s task
Nurses use the interruptee’s actions and location as cues to

determine what the interruptee is doing and if he/she is inter-
ruptible. Table 3 lists certain tasks nurses consider more or less
acceptable to interrupt. Note, these tasks are not mutually exclu-
siveddepending on the nurse or the nature of the interruption
content, some tasks are considered as both more and less accept-
able to interrupt. However, in general direct patient care tasks are
seen as less interruptible than indirect patient care tasks. For that
reason, nurses tend to interrupt each other more often at the
nursing desk where charting is the main task, rather than at the
bedside where nurses interact with patients and their families and
administer medications. The following quotes describe nurses’
decisions about interrupting other nurses at the nursing station
versus the patient’s room (or bedside): Nurse A: “I think that a lot of
times at the desk people are just charting or are just watching the
monitors and kind of, you know, a little bit more of a downtime kind of
feeling sometimes. So I think that I’d have an easier time interrupting
someone at the desk saying, hey, I, can you help me with this. And it’s
right there when you come out of a room, you know, you can just open
the door and say, hey, can someone help me with something versus
seeking someone specific out in a room, going in there, and like I said
you’re, they are in front of a patient for sure whether or not they [the
patient] can understand what’s going on, but there may be family in
the room, that kind of thing. So try to avoid that, you know, if there’s
someone at the desk that you can [get] help from.” Nurse B: “So if
they’re involved in specific patient care that’s, if I would see it as non-
interruptible, then I wouldn’t interrupt. Um, then I would go to the next
person that looked like they were interruptible, not busy, not at the
bedside, um, pretty much trying not to get somebody that’s at the
bedside.”

Lastly, besides visual cues, nurses will use auditory cues to
interrupt conversations. If necessary, nurses will briefly listen into
conversations to determine whether they are work-related or non-
work related discussions, and interrupt the non-work related
conversations. Regardless of conversation topic, nurses tend to
interrupt nurse-to-nurse conversations more often than nurse-to-
doctor conversations, for two reasons: 1) Nurses interrupt nurse-
to-nurse conversations (even if it is work-related) to offer their
expert advice or opinion; and 2) Nurses know doctors are busy so
when they are on the unit the conversation is likely about a patient
and important.

3.2.5. Interrupter’s level of situation awareness
Nurse’s level of situation awareness (SA) about their environ-

ment, the unit dynamics, and other nurse’s patient load or work-
load, can facilitate or hinder their ability to determine a nurse’s
interuptibility. Nurses use proactive or “in-the-moment” tech-
niques to increase their SA. Proactively, nurses increase their SA by
taking notes at the beginning of their shift about patient-nurse
assignments, patient criticality, patient transfers, or by using prior
knowledge, knowing that during certain times throughout a shift,
nurses tend to complete certain tasks. In-the-moment, nurses in-
crease their SA by peeking behind a closed curtain to see what the
nurse is doing before interrupting rather than interrupting through
the closed curtain. The former methods are most preferred to
reduce non-value added interruptions.
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3.2.6. Interrupter’s prior experience in nursing and with
interruptions

Experience influences nurses interrupting patterns. Experi-
enced nurses tend to need less help, reducing the need to interrupt
to ask questions, however, they may be more likely to interrupt to
offer their opinion or to give a suggestion to more novice nurses.
Based on the nurses descriptions of how they interrupted as novice
nurses versus how they interrupt now, it appears that experienced
nurses tend to interrupt atmore appropriate times because they are
able to shift their work and complete other tasks until they see it is
a better time to interrupt. While novice nurses interrupt more
frequently andmore immediately to ask questions because they are
less confident and less flexible in their workflow. Lastly, expert
nurses use their own experiences (e.g., likes and dislikes) with
being interrupted to determine when and how to interrupt others.
One nurse described the evolution of her interrupting pattern like
this: “I think I am more confident at this point that I would probably
only interrupt someone if I knew that I needed help with something
versus when I first started, I was probably a lot more insecure about
the decisions that I was making and I needed a lot more confirmation
from other people.”

3.2.7. Interrupter’s task
The tasks that nurses need to complete sometimes increase the

probability of them interrupting other nurses. For example, there
are certain tasks that per protocol require two people to com-
pletedco-signing certain medication orders, witnessing wasting of
certain medications, and repositioning the patient. Other tasks that
increase the likelihood of interruptions are: fielding phone calls
and medications delivered to the unit, and helping nurses with
their patient load.

3.2.8. Nature of interruption content
The nature of the interruption content plays a major role in the

cost-benefit assessment nurses conduct to determine interrupti-
bility. Nurses interrupt based on the importance, the time-
sensitivity, and the urgency of the interruption content, where
urgency is a combination of importance and time-sensitivity.

3.2.9. Patient consequences
In critical care, specifically in the NSICUmany patients are either

unconscious or sleeping the majority of the time. However,
depending on patients’ conditions or statuses some can be more
alert than others. Nurses feel that patients who are more alert, can
become bothered by interruptions if their nurse keeps getting
interrupted while in the patient’s room. One nurse explained it like
this: “If [interrupting is] done frequently with patient care, I know the
patients get frustrated. And sometimes it just can’t be helped, your
other patient is really sick.”

3.2.10. Interruptee consequences
Nurses discussed several negative outcomes that interruptee

nurses can experiencewhen they are interrupted. Interruptions can
affect an interruptee’s concentration on the primary task, they can
contribute to an interruptee forgetting what they were doing when
interrupted, and they can increase the likelihood of an interruptee
making a general error, a medication error, or a documentation
error. One nurse discussed her experiences with interruptions that
highlighted some of the negative consequences: “I don’t like to
interrupt giving meds, because then you lose all track and then it’s
hard and you’re more prone to make a mistake.”

Beyond the impact on attentional resources, the nurses discussed
how interruptions can increase nurses’ workload by extending the
time required to complete tasks or by adding new tasks to their
work plan. This elicits negative emotional responses from some
nurses. Occasionally some nurses feel frustrated, annoyed, or both-
ered by being interrupted. One nurse explained like this: “I know
there’s dayswhere, just the other day, it seemed like I, I get done at 3:30,
and it was 4:00 o’clock and I was just trying to write a note and I had
one person try to talk to me here, one person trying to talk to me here,
the phone ringing for me, it just gets frustrating.”

That being said, not all interruptions from the interruptee’s
perspective are negative. There are times when interruptions can
elicit positive/neutral emotional responses from an interruptee
nurse. Some nurses are even enthusiastic to attend to an inter-
ruption if it means helping a fellow nurse. For example, one nurse
explained interruptees’ reactions to interruptions like this: “I mean,
there are some people who are like super enthusiastic to help out”
while another nurse explained interruptees’ reactions to in-
terruptions like this: “Most of the nurses on this floor do very well
with being interrupted. They don’t get, I guess you’d say, bent out of
shape.”

3.2.11. Interrupter consequences
Nurses identified three important positive outcomes of in-

terruptions related to the interrupter. Nurses feel that interruptions
allow them to transfer needed information to one another in a
timely manner. Nurses feel that because they communicate most
often through interruptions, that interruptions often increase the
timeliness of patient care. Also, along those same lines, nurses feel
that overall, interruptions enhance their ability to problem solve. In
general, interruptions facilitate teamwork by improving the in-
terrupters’ ability to provide safe and quality care to their patients.
In fact, when asked if they could complete their job without
interrupting other nurses, nurses said it would be impossible or
nearly impossible.
3.3. Which interruptions are perceived as warranted even if a
nurse’s interruptibility is determined to be low? (RQ 2)

Although most interruptions are contingent on a multitude of
factors, there were only two types that were always seen as war-
ranted even if a nurse’s interruptibility was judged as low. Not
surprising, an interruption due to a patient-related emergency
supersedes any primary task, conditional factor, or potential
consequence. Regarding patient-related emergency interruptions,
two nurses said this: Nurse A: “It depends on the situation, you know.
If I had someone that, you know, was obviously dying or coding, I
wouldn’t care what the next person was doing. I would interrupt
because I needed help.”Nurse B: “If I had an emergency with a patient,
I wouldn’t, I would just yell. I wouldn’t care who I interrupted.”

More surprising, was the fact that all the nurses stated they
would always interrupt to notify other nurses that the doctor is on
the phone, no matter what the doctor is calling for and no matter
what the nurse is doing. One nurse said it simply: “If a physician
needs to talk to you, that, you know, pretty much regardless of what,
uh, how important that phone call is, you just get the nurse.” Nurses
stated twomain reasons for this warranted interruption: 1) doctors
are busy and time with them is valuable, and 2) if a doctor is calling
the unit, it likely means that he/she is returning a call or page from
the nurse, therefore the interrupter sees this as the nurse
“requesting” the interruption.
3.4. How do nurses interrupt other nurses? (RQ 3)

After the nurse decides to interrupt, they generally interrupt in
one of five ways. These methods were discussed in the interview
and validated by the observations conducted. Table 4 describes the
different methods nurses use to interrupt one another.



Table 4
Processes of interrupting.

Method of interrupting Description/example Nurses’ quotes

Non-targeted gesture
to signal interruption

A non-targeted gesture to signal an interruption is used when a nurse uses
non-verbal actions to interrupt anyone on unit.
Example: Nurses turn on a patient’s call light to signal that they need help in
their patient’s room. The call light turns on outside the patient’s room and a
general alarm beeps in the nursing station. Anyone that notices the light or
hears the alarm may potentially be interrupted.

“If you’re stuck in a room and you can’t leave, if you’re
holding pressure on bleeding or something, you know,
someone will hit the call light just to get some backup help.
Because then you could be, very much could be interrupting
whatever they’re doing. You don’t even know.”

Non-targeted verbal
interruption.

Non-targeted verbal interruptions occur when nurses use verbal
communication to interrupt anyone on the unit. Nurses tend to use this
method most often when they need help with their patient and quickly.
Nurses’ tone of voice or the statement they use (e.g., “code blue”) when
interrupting may provide the potential interruptee with needed
information of how important, time-sensitive, or urgent the interruption is.
Example: Nurses will yell out for help from their patient’s room because
their patient falls.

“If I had someone that, you know, was obviously dying or
coding, I wouldn’t care what the next person was doing. I
would interrupt because I needed help. I would just shout,
I need help, and hopefully, someone would decide they
could leave what they were doing.”
“Sometimes you'll just yell out I need a turn, and then that's
usually whenever anybody's available. So you're
interrupting, but you're just kind of yelling it out there so
anybody can come. [but] you don't know what you're
interrupting”

Targeted, face-to-face,
verbal interruption.

Targeted, face-to-face, verbal interruptions are completed when nurses
target a specific nurse to interrupt and then interrupt via a face-to-face,
verbal interaction. This is the most common method used for interrupting.
Example: Nurses seek out a particular nurse and interrupt them by
providing them information or asking them a question.

“Oh, my heavens, it’s pretty much everything. Every
communication is based on that..95% of our conversations
are based on interruption.”

Targeted, indirect,
verbal interruption.

Targeted, indirect, verbal interruptions are conducted when nurses target a
specific nurse to interrupt and then interrupt using verbal communication
that is not face-to-face. With this type of interruption, nurses have lower SA
and are unable to accurately assess the interruptibility of the interruptee
prior to interruption.
Example: Nurse interrupts and starts talking to another nurse through the
curtain of the patient’s room.

“[You] just call their name out, and say.hey, are you in
here [patient’s room]. Doing okay?”

Targeted gesture
to signal interruption

A targeted gesture to signal an interruption is a method used when a nurse
targets a specific nurse to interrupt and then signals an interruption through
a non-verbal action.
Example: Nurse knocks on door to get the interruptee’s attention and then
proceeds with the interruption, or a nurse stands and waits near a nurse or
at the patient’s room doorway until the interruptee notices.

“Sometimes I’ll just wait, come up by somebody if they’re
like on the computer, and I’ll just, you know, wait, and wait
for them to acknowledge me. And, you know, kind of
interrupt by not interrupting.”
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4. Discussion

This study aimed to understand the system that generates the
interruption process (i.e., the interrupting nurse). This study’s
perspective is innovative, yielding new information about in-
terruptions and nurses’ decision making processes about inter-
rupting. By taking a socio-technical systems approach, the results
complement the dual-complexity paradigm presented in Rivera-
Rodriguez and Karsh (2010) and provides evidence that although
interruptions are just an instant in time, they are much more
complex than what previous literature has been depicting them as.

4.1. Attributes of critical care that foster interruptions

Researchers studying interruptions in hospitals and specifically
ICUs have shown that interruptions occur frequently in critical care
environments (Alvarez and Coiera, 2005; Anthony et al., 2010;
Drews, 2007). One of the reasons why interruptions may occur so
often in critical care is because of the dynamic, fast-paced nature of
the environment. However, beyond this hectic environment there
are other attributes that may increase the likelihood of
interruptions.

The structure of the NSICU, the characteristics of critical nursing
work, and the criticality of ICU patients all foster an atmosphere of
frequent interruptions, so much so, that nurses consider in-
terruptions as part of their job. First, whether intentional or not, the
NSICU’s layout is designed to promote collaboration and teamwork
between nursesdthe NSICU is small, the layout of the patient rooms
is condense, and the nursing station is centrally located. It is much
easier for nurses to talk to one another face-to-face (creating in-
terruptions) on a unit structured like the NSICU than on a larger unit
where patient rooms are located further away from one another and
the nursing station is not in the center. Second, critical care nurses in
the NSICU and in general complete lots of task switching between
patients. Although nurses prefer to “chunk” their work by patient
and direct versus indirect care tasks, many times, due to the criti-
cality of their patients, nurses must switch between patients mid-
assessment or mid-task especially if one of their patients is deteri-
orating. This working pattern may require nurses to travel into the
halls and near the nursing station much more often than nurses in
acute care settings. Wolf et al. (2006) found that nurses who
ventured out into the halls, as opposed to those who stayed in their
patient’s room, incurred many more interruptions. This is probably
due to the fact that nurses seem more available when in the hall
than when in a patient’s room. Additionally, while nurses venture
out into the halls it is much more likely that they may interrupt
nurses at the nursing station due to their proximity to those nurses.
It seems that the travel patterns of critical care nurses affords them
the opportunity to interrupt more easily than nurses on other units
who may stay in their patient’s room for longer periods of time;
however, more research is needed to confirm this. Lastly, nurses
emphasized that critical care patients, tend to have much more
complex and fast changing conditions than patients on other units;
therefore, nurses rely on each other for clinical problem solving and
for emergency help when needed. The way nurses solve problems
and help each other with emergencies is through communication.
Some problems, along with emergencies, need to be dealt with
quickly; therefore, nurses do not have the luxury ofwaiting for when
other nurses are not busy, rather they must interrupt to get help.
Related, expert nurses can recognize problems as they begin and
they will interrupt other nurses to proactively help problem solve
and offer suggestions or their opinion.



Table 5
Limitations.

Limitation: Explanation:

1. Small sample size
and study conducted
in only one hospital unit.

Although this sample size and
methodological control is appropriate for
qualitative research it limits the
generalizability of this study. That said, the
focus was on transferability which means
readers must judge for themselves if the
findings fit their settings and experiences
(Malterud, 2001). To help with
transferability, the author sought to provide a
complete and detailed description of the
study setting and context, and a
comprehensive explanation of the findings.

2. Data collection
and analysis was conducted
by one researcher.

This may have increased the consistency
between interviews but reduced the validity
of the coding process. To increase internal
validity, a member checking focus groupwith
nurses (N ¼ 5) was conducted and the coding
structure was critically reviewed multiple
times (N¼ 6) by different researchers (N¼ 5).

3. Interviewing
is a retrospective method

This means that recall biases may have
influenced the data collected. That said,
interviews were conducted during nurse’s
shift to reduce the time between the event in
question (interrupting) and the questioning.
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4.2. Complexities of interruptions

Within the context of critical care, this study examined the
cognitive processes underlying nurses’ decisions to interrupt other
nurses. It is quite apparent that very often, prior to interrupting,
nurses complete quick cost-benefit assessments to determine
whether another nurse is interruptible and the interruption is
value-added versus non-value added. Nurses weigh cues they
obtain from the environment, including information derived from
assessing the interruptee’s circumstances, with their needs (i.e.,
their task and interruption content), and the potential conse-
quences (positive or negative) to the patient, interruptee or
themselves. Although there are exceptions (i.e., doctor phone calls),
it seems that if the cost of not interrupting is high (e.g. patient
crashing), nurses only consider the benefits for themselves (and
crashing patient) and not the conditions of or potential conse-
quences to the interruptee or other patients. However, if that same
cost is judged as bearable to the interrupter, but high for the nurse
being interrupted, they may not interrupt, or they may try to
interrupt in a “less” intrusive manner. More research is needed to
test these observations. However, the fact that nurses use different
methods of interrupting is a new facet to interruptions, not covered
in the current literature. Although past research has categorized the
source of the interruption (pager, phone, person) (e.g., Friedman
et al., 2005; Potter et al., 2004), it has not examined the method
in which HCPs choose to interrupt each other. Nurses choose their
method based on the task they are doing or need to do, the task the
interruptee is doing, and the potential consequences. Most inter-
esting is when nurses consider the interruptee’s tasks and potential
consequences, as they are unknowingly taking into account the
interruptee’s need to manage the interruption. For example, nurses
sometimes choose to interrupt using a targeted gesture to signal an
interruption over a targeted, face-to-face verbal or targeted, indi-
rect verbal interruption to allow the interruptee time to mark their
place so they are able to safely return to what they were doing after
the interruption. Marking one’s place or having the opportunity to
rehearse the primary task, reduces the chances of committing an
error of omission or commission (Altmann and Trafton, 2004; Gillie
and Broadbent, 1989). When possible, this method of interrupting
needs to be encouraged to provide interruptee’s the opportunity for
interruption management which should indirectly increase patient
safety.

4.3. Interrupting to maintain safety and organizational resilience

Nurses’ roles are multidimensional (Tucker and Spear, 2006). In
hospital settings, the most common aspect of their role is providing
direct care to patients. However, they are also responsible for care
coordination between different healthcare providers and theymust
consistently deal with and recover from system failures in order to
keep patients safe and the system functioning properly (Gurses and
Carayon, 2007; Rivera-Rodriguez et al., 2012; Tucker, 2004; Tucker
and Spear, 2006).

At the individual level, nurses adapt to different situations and
changes in patients’ conditions; and through this process, in-
terruptions emerge as a strategy to redeploy resources where
needed to enhance organizational resilience (Hollnagel et al.,
2006). This study, and others (e.g., Holden et al., 2012; Potter
et al., 2004; Tucker and Spear, 2006; Wolf et al., 2006), provide
evidence that nurses use interruptions to manage and recover from
system failures such as inadequate training, unavailable resources,
and technology breakdowns. Additionally, as stated above, nurses
use interruptions to facilitate teamwork which helps support
competing healthcare quality goals set by the Institute of Medicine
(Institute of Medicine, 2001). For example, nurses must balance the
goal of providing patient-centered care which focuses on the pa-
tient’s needs and preferences, while simultaneously increasing ef-
ficiency by avoiding waste of equipment, supplies, energy, etc.
(Hollnagel et al., 2006; Institute of Medicine, 2001).

Unlike other methods of adapting and problem solving where
clinical judgment, taught in an academic or training environment,
is used, the process of interrupting always involves another person
and is a self-taught skill developed through on-the-job, hands-on
experiences. Therefore, similar to the concept of workarounds
(Halbesleben et al., 2010), interrupting can be both necessary and
an inherent system vulnerability. Performing the interrupting
process at appropriate times (i.e. when the interruptee’s inter-
ruptibility is high) facilitates the joint optimization of system safety
and resilience. However, when the timing of the interruption is not
ideal, which is often the case during emergency situations, one or
more parts of the system move towards the system’s boundary of
acceptable limits, reducing the margin of error, and increasing the
system’s brittleness and the risk to patient safety (Cook and
Rasmussen, 2005; Hollnagel et al., 2006). This only raises the
importance of examining interruptions from a socio-technical
perspective, to understand all of the system factors that influence
how and why nurses interrupt each other, in order to design more
compatible interruption interventions and better interruption
management training for nurses.

5. Limitations

Table 5 lists the main limitations of this study, many of which
can be attended to with an expanded, follow-up, study.

6. Conclusion

This study highlighted four new phenomena related to nurses’
decision making about interruptions. First, nurses’ decisions about
interruptions are bounded and constrained by the context in which
they work. The NSICU is structured in a way that facilitates team-
work and face-to-face communication; additionally, nurses do
not have cell phones or a paging system both of which would in-
fluence how they interrupt one another. Second, to determine
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interruptibility, nurses conduct a cost-benefit assessment to distin-
guish value-added interruptions from non-valued added in-
terruptions when deciding whether to interrupt. This underscores
two important points for future research and interventions: 1)
nurses need to be provided the necessary tools and training so they
are able to appropriately assess the costs and benefits prior to
interrupting; and 2) in order to design interventions that eliminate
non-value added interruptions and facilitate value-added ones, it
must be understood that the definition of value-added and non-
value added interruptions is, in part, context (and person) depen-
dent. This means that not all interventions are created equal across
units, hospitals, and healthcare settings, and researcher must be
careful of contextual fallacies. Third, when discussing consequences
it must be noted that nurses provided evidence for the assertions
made in Rivera-Rodriguez and Karsh (2010), that not all in-
terruptions are bad. Nurses reported many positive consequences
that can result from interruptions. Lastly, this study reported that
nurses use five different methods for interrupting, one of which
facilitates interruption management by the interruptee. Due to the
difficulty of defining value-added and non-value added in-
terruptions, providing this interruption management opportunity,
along with training interrupters to properly assess the situation
prior to interrupting might be more advantageous than inappro-
priately designed interventions.
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