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Abstract 

In this thesis, I present a series of papers which will: outline current issues with 

research in interruptions science, use theories in safety science to advance research in 

interruptions science, and provide some empirical data which highlight differences in 

perception between nurses and many researchers regarding interruptions and interruptions 

definitions. The papers presented in this thesis are either published, accepted, or submitted 

pieces of work. 

Researchers studying interruptions in laboratory settings have reported an association 

between interruptions and errors, with interruptions leading to more errors. Similarly, some 

investigators studying the impact of interruptions in various healthcare settings have reported 

an association between interruptions and medication errors. The discovery of this association 

has led to the development of interventions meant to reduce/remove interruptions in 

healthcare. While the development and implementation of these interventions seem 

reasonable, these interventions may actually be detrimental to healthcare work. 

Interventions to reduce/remove interruptions may actually lead to unintended negative 

consequences. Therefore, I began this thesis with a systematic review of unintended negative 

consequences of contemporary interruptions interventions. In this review, I discovered that 15 

out of 33 studies reported some form of unintended negative consequences. The high number 

of studies with unintended negative consequences is likely due to the complexity associated 

with working in a healthcare setting, as well as the complexity surrounding the phenomenon 

of interruptions. Therefore, I considered it necessary to study the phenomenon of interruptions 

from another perspective. 

In the second paper of this thesis, I reviewed various prominent safety models in 

contemporary safety science research, such as high reliability organisations, resilience 

engineering, and safety drift. This summarises various concepts proposed in these models, as 

well as the various issues associated with these concepts. For example, various researchers 
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have carried out their own research on high reliability organisations, and as a result, 

developed their own concepts regarding contributing factors to an organisation's high 

reliability. Therefore, it can be difficult to determine what exactly is a high reliability 

organisation. The review also introduced new ways of thinking and managing risk, such as 

learning from both failures and success, an idea proposed by advocates of resilience 

engineering. The knowledge gained from this review was then applied to the third paper of 

this thesis. 

In the third paper of this thesis, I showed how contemporary interruptions 

interventions research are based on the barrier model. The model proposes that safety can be 

achieved if blockades are placed between sources of risks and objects-to-be-protected. I 

proceed to argue that using the barrier model requires researchers to inaccurately 

conceptualise interruptions as sources of risk, which empirical studies have shown is not true. 

I then applied the three safety models, high reliability organisations, resilience engineering, 

and safety drift to interruptions research. Each of these models conceptualise interruptions in 

different ways, leading to new research avenues that can provide more information on the 

complex role interruptions play in daily clinical work. In the next paper of this thesis, I 

reached out to nurses in an attempt to understand the complex role of interruptions in their 

work. 

During my research, I noticed several differences in perception between nurses and 

many researchers when it comes to interruptions, in areas such as defining an interruption, 

and thinking how an interruption should be managed. These differences also led me to wonder 

about nurses' perception regarding contemporary interruptions interventions. Therefore, in the 

fourth paper of this thesis, I conducted a survey to collect information on these differences 

and perceptions. The findings of this survey indicate some differences between nurses and 

many researchers when it comes to: (a) defining interruptions, (b) the role interruptions play 

in daily clinical work, and (c) the types of interventions that are effective in dealing with 
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interruptions. Nurses' responses in the survey were also consistent with some of the ideas 

proposed in the third paper of this thesis.  
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Introduction 

Background 

We have all had the experience of forgetting something, or losing our train of thought, 

after an interruption. Thus, it makes intuitive sense to think of interruptions as undesirable 

events that should be avoided. Such thinking has been validated by empirical data collected in 

laboratory experiments (Altmann, Trafton, & Hambrick, 2014; Bailey & Konstan, 2006; 

Einstein, McDaniel, Williford, Pagan, & Dismukes, 2003). For example, Bailey and Konstan 

conducted an experiment where participants had to engage in six primary tasks, involving 

activities such as adding numbers, counting the number of words in a table that match some 

criteria, and image comprehension. Participants were also exposed to peripheral tasks that 

required participants to read a news summary and select the most appropriate title, or making 

decisions on what to do with the shares of a fictional company. While some participants 

engaged in these peripheral tasks after completing a primary task, other participants were 

interrupted with the peripheral tasks while they were in the middle of their primary task. 

Bailey and Konstan found that participants who were interrupted in the middle of their task 

required more time to complete their primary task, and made more errors, compared to 

participants who were exposed to the peripheral tasks after completing their primary task. 

In my research, I focused on the possible implications of interruptions in clinical 

settings, such as medication administration. Such patient safety issues gained prominence 

with the release of the report To Err is Human, which suggested that at least 44,000 to 98,000 

Americans die in hospitals due to medical errors. Medication errors, such as dispensing the 

wrong drugs to patients, were listed as an important contributing factor. After a decade, 

research continues to show that medication error is a serious issue in healthcare. For example, 

Berdot et al. (2012) discovered that medication errors occurred in 27.6% of medication 

administrations. Similarly, Westbrook et al. (2015) reported that one or more medication 

errors occurred in 27.4% of medication administration. They also revealed that 10.2% of all 
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drugs administered included errors that were likely to, at the very least, lead to a permanent 

reduction in a patient’s body function, requiring an increase in length of stay or surgical 

intervention. 

Some empirical data in clinical settings have shown a link between interruptions and 

medical errors (Cottney & Innes, 2015; Flynn et al., 1999; Westbrook, Raban, Walter, & 

Douglas, 2018; Westbrook, Woods, Rob, Dunsmuir, & Day, 2010). For example, Westbrook 

et al. (2010) studied the impact of interruptions on medication rounds by observing 98 nurses 

preparing and administering medication, and recorded all procedural failures and 

interruptions. Additionally, they checked for clinical errors by comparing their observations 

with patients' medical charts. At the end of the study, they found that each interruption was 

associated with a 12.1% increase in procedural failures, and a 12.7% increase in clinical 

errors. Procedural failures refer to behaviours such as failing to read medication labels or 

failing to record the medication administered on medication charts, while clinical errors refer 

to issues such as wrong dose or wrong drugs. Given that interruptions appear to be associated 

with medical errors, it is not surprising that some researchers began examining the possibility 

of reducing or removing interruptions in clinical settings. 

Interruptions in Healthcare 

Definition of an interruption. Normally, a definition of an interruption should be 

provided before a discussion on interruptions can happen. An attempt at a definition was 

made by Brixey et al. (2007), who identified five attributes that should go into a definition of 

interruptions. The five attributes identified were: (a) a human experience, (b) an intrusion of a 

secondary, unplanned, and unexpected task, (c) discontinuity, (d) externally or internally 

initiated, and (e) situated within a context. 

However, not all interruptions are unplanned or unexpected. For example, McCurdie 

et al. (2017) noted an instance where a nurse had to interrupt the registrar to obtain an order 

for a particular medication. Ordinarily, the medication would be prescribed beforehand, so 
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that the nurse can immediately administer it when necessary. However, in this instance, the 

registrar was concerned about the patient’s medical condition, and wanted to make sure that 

the need for medication was reviewed before being administered. Therefore, she deliberately 

chose not to prescribe the medication beforehand. In other words, the registrar planned and 

expected to be interrupted. Similarly. Klemets and Evjemo (2014) reported that at times, 

nurses planning to engage in a difficult procedure will inform other nurses in advance about 

it. By informing others in advance, these nurses are handing over the responsibility of 

answering nurse calls to their colleagues. Hence, any interruptions by these nurse calls are 

arguably planned. Given these observations, it is reasonable to say that Brixey et al.’s 

definition of an interruption is inappropriate. Other studies on interruptions have attempted to 

provide their own definition as well, but there is still no consensus among the interruption 

science community on a definition (Grundgeiger et al., 2016). 

Research on interruptions. Research on the effects of interruptions span across a 

wide variety of settings, such as aviation, driving, healthcare, office work, and programming 

(Cades, Werner, Boehm-Davis, & Arshad, 2010; Loukopoulos, Dismukes, & Barshi, 2001; 

Monk, Boehm-Davis, Mason, & Trafton, 2004; Robertson et al., 2004; Westbrook, Woods, et 

al., 2010). Research on interruptions in healthcare has been studied in the context of: (a) 

medication dispensation in pharmacies, (b) medication preparation/administration by nurses, 

(c) work interference experienced by surgeons and the surgical team, (d) blood transfusion 

checks by anesthesiologists’, (e) evaluating the usefulness of an electronic whiteboard, and (f) 

communication patterns in emergency departments, to name a few (Flynn et al., 1999; France 

et al., 2005; Healey, Primus, & Koutantji, 2007; Liu, Grundgeiger, Sanderson, Jenkins, & 

Leane, 2009; Weigl, Antoniadis, Chiapponi, Bruns, & Sevdalis, 2015; Westbrook, Woods, et 

al., 2010; Woloshynowych, Davis, Brown, & Vincent, 2007). Additionally, interruption can 

also be studied as a: (a) communication process, (b) a cognitive process, or (c) a case 

progression tool (Grundgeiger et al., 2016). Interruption has been examined from a human 
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perspective as well, such as: (a) the relationship between gender, interruptions, and patient 

satisfaction, (b) the power dynamics between nurses and patients, and (c) the interactions 

between nurses and doctors during ward rounds (Hall, Irish, Roter, Ehrlich, & Miller, 1994; 

Kettunen, Poskiparta, & Gerlander, 2002; Manias & Street, 2001). Clearly, interruption 

science is a vast research area. In this thesis, I will be focusing on interruptions in the context 

of medication preparation/administration by nurses. Specifically, I would be focusing on 

interventions that try to remove interruptions, and the issues that will arise with such attempts. 

Interruptions Interventions 

The first known study to reduce/remove interruptions in clinical setting was conducted 

by Theresa Pape (2003). Pape's (2003) study tested two different interruptions interventions. 

The first intervention was called a focused protocol intervention, which involved: (a) 

informing other staff not to interrupt the nurse who is administering medication, (b) asking 

other staff to intercept distractions or interruptions, and (c) asking the nurse engaging in 

medication administration to avoid conversations. The second intervention was called the 

Medsafe protocol intervention, and involved the same procedures as the focused protocol 

intervention, with one exception. Nurses were asked to wear a red vest with the words 

"Medsafe Nurse, Do Not Disturb" printed on the front and back of the vest. The idea for this 

vest was inspired by the sterile cockpit safety measure in the airline industry, where pilots are 

not allowed to engage in any conversations unless it was related to the flight checklist, when 

the plane is below 10,000 feet. At the end of the study, Pape found that the Medsafe protocol 

intervention was the most effective intervention at reducing interruptions. 

Her apparent success with this vest led to a proliferation of many different variants of 

Do Not Disturb or No Interruptions interventions (e.g. Abdelmalak, Quinones, & Wang, 

2016; Aguirre, Wilhelm, Backer, Schoeneman, & Koehler, 2015; Anthony, Wiencek, Bauer, 

Daly, & Anthony, 2010; Capasso & Johnson, 2012; Connor et al., 2016; Conrad, Fields, 

McNamara, Cone, & Atkins, 2010; Craig, Clanton, & Demeter, 2013; Dall’Oglio et al., 2017; 
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Durham, Suhayda, Normand, Jankiewicz, & Fogg, 2016; Federwisch, Ramos, & Shonte’C, 

2014; Flynn, Evanish, Fernald, Hutchinson, & Lefaiver, 2016; Fore, Sculli, Albee, & Neily, 

2013; Freeman, McKee, Lee-Lehner, & Pesenecker, 2013; Huckels-Baumgart, Niederberger, 

Manser, Meier, & Meyer-Massetti, 2017; Nelms, Jones, & Treiber, 2011). Some of these 

interventions provided nurses with flashing lights or lighted lanyards to indicate that they 

should not be interrupted, while others used signs or tapes to designate quiet zones. At first 

glance, Do Not Disturb and No Interruptions interventions appear to be a reasonable solution 

to a well understood problem. 

However, I will argue in this thesis, with supporting evidence, that there are four 

problems associated with contemporary interruptions interventions. Specifically, these 

interventions are: (a) based on a shaky premise, that interruptions are associated with 

medication errors, (b) producing unintended negative consequences, (c) removing the benefits 

of interruptions, and (d) implicitly using an inappropriate safety model. 

This thesis is organised around four published, accepted, or submitted pieces of work, 

as follows: (a) a systematic review of unintended negative consequences associated with 

current interruptions research, (b) a review of contemporary safety theories, (c) a theoretical 

paper outlining possible applications of safety theories to interruptions science, and (d) an 

empirical investigation of nurses' perception regarding a range of issues with interruptions 

science. The reason for this structure is that the investigation of unintended negative 

consequences led me to consider the need to apply new safety models to interruptions 

interventions research. This consideration led me to review some prominent safety models in 

safety science, which I then showed in another paper how these models can be applied to 

interruptions science. I also used some of the insights that I gained to guide my empirical 

investigation of nurses' perception regarding a range of issues. A visual overview of the thesis 

can be seen in Figure 1. In the next section of this thesis, I will highlight the four problems 

with contemporary interruptions interventions, with supporting evidence. 
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Figure 1. Visual overview of thesis 
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Additionally, researchers in other studies have found no correlation between 

interruptions and medication errors, or a negative correlation (Berdot et al., 2012; Blignaut, 

Coetzee, & Klopper, 2017; Kalisch & Aebersold, 2010; Scott-Cawiezell et al., 2007; Thomas, 

Donohue-Porter, & Fishbein, 2017). For example, Blignaut et al. reported that interruptions 

were negatively associated with wrong-dose errors, as clinicians who are administering 

medication tend to recheck the prescription after an interruption takes place. 

The possibility that interruptions may not cause medication errors should not be 

surprising, as the clinical environment is different from a laboratory. Nurses can manipulate 

the clinical environment to assist them in dealing with interruptions. For example, nurses 

were observed to bring with them items associated with their primary task when attending to 

an interruption (Grundgeiger, Sanderson, MacDougall, & Venkatesh, 2010). These items 

would serve as reminders for nurses to return to their primary task after attending to the 

interruption. Similarly, a nurse in another study reported making marks on medicinal products 

so that s/he will know what s/he was working on before being interrupted (Orbæk, Gaard, 

Fabricius, Lefevre, & Moller, 2015). Additionally, the clinical environment itself is rich with 

cues, increasing the possibility that nurses who were interrupted will receive appropriate 

reminders (Grundgeiger & Sanderson, 2009). For example, a nurse who was interrupted 

before administering IV medication can be reminded by the numerous IV equipment around 

the hospital to return to the task of administering IV medication. 

Given the uncertainty surrounding the relationship between interruptions and 

medication errors, implementing interventions to reduce/remove interruptions seem like an 

unusual step. Still, it is possible to make an argument that such interventions are useful as 

quiet clinical environments can be desirable. However, I will argue in the next section that 

attempting to reduce/remove interruptions using these interventions is not always a good idea. 

Unintended negative consequences. Attempts to reduce/remove interruptions have 

sometimes produced unintended negative consequences. A study illustrating the possibility of 
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unintended negative consequences was done by Nelms et al. (2011). They wanted to test an 

intervention that involved: (a) having someone else answer phone calls and attend to other 

interruptions while a nurse was administering medication, (b) a medication administration 

checklist, and (c) having nurses wear brightly coloured sashes as a sign that they should not 

be interrupted. After the intervention, Nelms et al. found that the staff in the hospital had 

become habituated to the sashes, reducing the sashes' effectiveness. Additionally, the 

requirement that nurses should not be interrupted meant that the work of other staff was 

affected. For example, a social worker reported having issues with coordinating patient 

discharges as she had to wait to discuss discharges with nurses. 

Similarly, Yoder et al. (2015) tested an intervention that involved: (a) clearly marked 

quiet areas to retrieve and prepare medications, (b) a checklist for medication 

preparation/administration, (c) educating others on the need to avoid interruptions, (d) having 

nurses wear vests that indicate they should not be interrupted. At the end of the study, Yoder 

et al. found an increase in reported errors, although the statistical significance of this increase 

is unknown, as they did not test for it. Despite the increase in errors, participants perceived a 

decrease in errors. Additionally, the unit manager indicated that the intervention led to an 

increase in patient satisfaction, and wanted to continue with it. Both the participants' 

perception of a decrease in errors, and the manager's inclination to continue with the 

intervention is problematic. After all, the intervention does not appear to work, and seems to 

produce the unintended negative consequence of an increase in errors. Therefore, it is not 

always a good idea to reduce/remove interruptions using these interventions. Additionally, the 

reduction/removal of interruptions can affect the benefits of interruptions as well, as will be 

shown next. 

Benefits of interruptions. Initiatives to reduce/remove interruptions may end up 

removing beneficial interruptions. Studies showing a correlation between interruptions and 

medication errors can make it seem like interruption is a negative phenomenon (Cottney & 
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Innes, 2015; Flynn et al., 1999; Westbrook et al., 2018; Westbrook, Woods, et al., 2010). 

However, interruptions can have positive effects too (Grundgeiger & Sanderson, 2009; 

Hopkinson & Jennings, 2013; Sasangohar, Donmez, Trbovich, & Easty, 2012). For example, 

Sasangohar et al. identified five categories of interruptions, namely: (a) environmental, (b) 

patient-related, (c) organisational, (d) technological, and (e) internal. They concluded that 

except for internal interruptions (e.g. stress, cognitive fatigue), interruptions in the other 

categories can have both positive and negative effects. For example, while overhead pages 

(classified as an environmental interruption) can be distracting, pages can also be used to 

direct healthcare practitioners to patients that need help. Similarly, while face-to-face 

communication has the potential to be distracting, such communications can convey 

important work information or warn other healthcare practitioners of an error. 

The argument that interruptions can have positive effects is supported by some 

documented instances of interruptions benefitting clinical work. In two separate studies, 

Henneman et al. (2010; 2006) reported that nurses were using interruptions as a tool to 

prevent medical errors. For example, a nurse who noticed a mistake made by a colleague 

would approach the colleague and make a subtle recommendation, allowing the colleague to 

save face, and avoiding the development of anxiety or mistrust in patients. Nurses also 

mentioned asking a colleague to step outside for a conversation as another method of 

interrupting to prevent errors. 

Aside from being a tool to prevent errors, interruptions are also used as a tool to 

facilitate workflow. A series of semi-structured interviews with physicians and nurses 

revealed that interruptions were used to: (a) interrupt colleagues for advice, (b) save time, (c) 

move forward in work process, (d) deal with urgent or important matters, (e) prevent errors, 

and (f) provide necessary information (Berg, Florin, et al., 2016). Likewise, an observational 

study conducted by my colleagues noted that some work functions in an intensive care unit 

could not be completed without an interruption (McCurdie et al., 2017). For example, they 



24 

recounted an incident where a nurse need to administer medication to a patient, but was 

unable to do so without an order from the registrar. Therefore, an interruption was necessary 

to obtain the medication order. Similarly, one observational study noted that interruptions 

were positively associated with doctors' seniority, which led the authors to conclude that 

interruptions were being used to obtain advice from senior doctors (Walter, Raban, Dunsmuir, 

Douglas, & Westbrook, 2017). In fact, Walter et al. observed that senior doctors actively 

encouraged such interruptions. 

Since interruptions can have benefits, interventions aimed at reducing/removing 

interruptions have the potential to affect these benefits and/or produce unintended negative 

consequences. For example, Freeman et al. (2013) noted that after implementing a No 

Interruptions intervention, some patients were actively asking other staff to not interrupt the 

nurses administering medication, which can be problematic. Some nurses interrupt their 

colleagues to make a subtle recommendation to prevent errors (Henneman et al., 2006), which 

they might find difficult to do if patients are actively stopping them from interrupting. Despite 

the benefits of interruptions, some researchers continue to implement interventions to 

reduce/remove interruptions (e.g. Aguirre et al., 2015; Connor et al., 2016; Dall’Oglio et al., 

2017; Flynn et al., 2016; Saxton & Cahill, 2017; Westbrook et al., 2017; Yoder et al., 2015). I 

will argue in the next section that the continued use of such interventions can be problematic, 

as these interventions are implicitly based on a model that does not fit with the role 

interruptions actually play in clinical work. 

Interruptions science implicit use of the barrier model. Numerous research has 

been done on interruptions interventions (e.g. Abdelmalak et al., 2016; Aguirre et al., 2015; 

Anthony et al., 2010; Capasso & Johnson, 2012; Connor et al., 2016; Conrad et al., 2010; 

Craig et al., 2013; Dall’Oglio et al., 2017; Durham et al., 2016; Federwisch et al., 2014; Flynn 

et al., 2016; Fore et al., 2013; Freeman et al., 2013; Huckels-Baumgart, Niederberger, et al., 

2017; Williams, King, Thompson, & Champagne, 2014). Generally, the goal of the 
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researchers in these studies was to test the effectiveness of their interventions in 

reducing/removing interruptions. Therefore, they tend to focus more on empirical data than 

theoretical frameworks. One notable exception is a study by Nelms et al. (2011), who used 

Watson's caring theory to guide their intervention development. 

A few researchers do study the phenomenon of interruptions from a theoretical 

perspective. For example, Grundgeiger and Sanderson (2009) proposed using a theory from 

cognitive psychology, known as prospective memory theory, to understand the impact of 

interruptions on healthcare practitioners. They also suggested the possibility of using Reason's 

Swiss cheese model as a theoretical framework to eliminate uninformative interruptions, or 

interruptions during highly vulnerable tasks, and the use of Hollnagel's functional resonance 

accident model to explain that interruptions can have positive or negative outcomes due to 

performance variability. Another researcher that studied interruptions from a theoretical 

perspective used the ideas of distributed cognition and communication-computation 

continuum to identify interruptions that may be better served with informational displays or 

computer-mediated communication (Mamykina et al., 2017). Generally, these papers used 

theories to: (a) provide possible explanations on why an interruption might lead to an error, or 

(b) identify and classify interruptions that can be replaced. However, there is one angle that 

has yet to be explored from a theoretical perspective, which is the implicit safety model that 

interruptions interventions researchers have, and the implications of using this safety model 

on interruptions intervention research. This implicit safety model held by many interruptions 

interventions researchers is known as the barrier model. 

The barrier model is used in safety science research to refer to a particular way of 

thinking and managing risks. Specifically, the model suggests that safety can be achieved if 

barricades are placed between sources of risks (e.g. interruptions), and areas of vulnerability 

(e.g. nurses administering/preparing medication) (Haddon Jr, 1968). While performing a 

critical analysis of the barrier model, Hollnagel suggested that there are four types of barriers, 
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namely: (a) physical, (b) functional, (c) symbolical, and (d) incorporeal (Hollnagel, 2008). 

Generally, Do Not Disturb or No Interruptions interventions can be placed into one of these 

four barrier categories, as will be shown in chapter 4.  For example, symbolic barriers use 

signs to convey particular meanings to someone to influence their actions, such as reminders 

and/or some form of clothing with some variance of the phrase “Do Not Disturb” written on 

them to prevent interruptions (Aguirre et al., 2015; Ching, Long, Williams, & Blackmore, 

2013; Conrad et al., 2010; Craig et al., 2013; Dall’Oglio et al., 2017; Federwisch et al., 2014; 

Flynn et al., 2016; Fore et al., 2013; Freeman et al., 2013; Nelms et al., 2011; Pape, 2003; 

Relihan, O’Brien, O’Hara, & Silke, 2010; Sasangohar, Donmez, Easty, & Trbovich, 2015; 

Scott, Williams, Ingram, & Mackenzie, 2009; Tomietto, Sartor, Mazzocoli, & Palese, 2012; 

Verweij, Smeulers, Maaskant, & Vermeulen, 2014; Westbrook et al., 2017; Williams et al., 

2014; Yoder et al., 2015). 

Although the implicit use of the barrier model is popular among many researchers, as 

demonstrated by the numerous studies cited above, using the model requires researchers to 

consider interruptions as a source of risks. As demonstrated earlier, interruptions are not 

always a source of risk, as interruptions can provide multiple benefits such as allowing 

healthcare practitioners to ask for advice, or prevent errors (Berg, Florin, et al., 2016; 

Henneman et al., 2010, 2006; Walter et al., 2017). 

Additionally, one study has found that whether an interruption is seen as wanted or 

unwanted depends on many factors, such as the context of the nurse being interrupted, and the 

content of the interruption (Klemets & Evjemo, 2014). For example, nurses in the study 

working in the thorax department stated that they deal with patients with severe heart injuries 

most of the time. Therefore, they consider every call on their wireless phones from these 

patients to be high priority. Clearly, nurses want to be interrupted in this scenario. Conversely, 

a nurse working in the infection department stated that s/he is unlikely to attend to an 

interruption if the interruption happened while s/he was changing a wound dressing for a 
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patient. In this instance, an interruption is unwanted. The findings of Klemets and Evjemo is 

consistent with that of Colligan and Bass (2012), whose semi-structured interviews with 

nurses revealed that nurses considered some interruptions to be so important that these 

interruptions are given high priorities (i.e. wanted). An example of a high priority interruption 

is communications with itinerant staff such as consultants. 

Given that interruptions can be wanted in one scenario, and unwanted in another 

scenario, it does not make sense to permanently classify interruptions as a source of risk, and 

place barriers between interruptions and nurses. Instead of using the barrier model, which 

conceptualises interruptions as a source of risk, it is necessary for interruptions interventions 

researchers to consider adopting other safety models for their research. In the next section of 

this thesis, I will cover some of these models. 

Safety Models 

This thesis is inspired in part, by two prominent safety models in safety science. The 

first model is high reliability organisations, while the second model is resilience engineering. 

High Reliability Organisations 

Research into high reliability organisations began with a group of researchers from the 

University of California, generally know as the Berkeley group (Bourrier, 2011). The 

Berkeley group noticed that some organisations were able to consistently produce high 

performance, despite being engaged in highly complex operations under trying conditions that 

should have caused these organisations to fail at some point (Rochlin, La Porte, & Roberts, 

1998). Such organisations are known as high reliability organisations. These organisations 

were studied by the Berkeley group to understand the contributing factors behind their 

success. The success of high reliability organisations attracted the interest of Karl Weick, an 

organisational psychologist, who also contributed some of his own ideas to the literature. 

Over the course of their research, both the Berkeley group and Karl Weick developed their 

own models regarding the contributing factors to the success of high reliability organisations. 
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The models of both groups are similar in some ways, yet different in others, as will be shown 

in chapter 3. For the purposes of this section, I will focus on an idea in high reliability 

research that helped inspire this thesis. 

Deference to expertise. Both the Berkeley group and Karl Weick considered 

deference to expertise to be an important contributing factor to high reliability organisations' 

success (Rochlin et al., 1998; Weick & Sutcliffe, 2007). Deference to expertise refers to the 

tendency for high reliability organisations to push decision making to the people who are 

most suited to make the decision, regardless of formal authority (Roberts, 1990). A popular 

example of deference to expertise is Rochlin et al. (1998) observation that even the most 

junior soldier on the flight deck of an aircraft carrier has the ability to suspend flight 

operations without clearing the suspension with their superiors. High reliability organisations 

allow this as events on flight decks can happen so quickly that it is not always possible to go 

through the chain of command. 

The idea of deference to expertise led me to consider the possibility of letting nurses 

manage interruptions themselves, instead of imposing an intervention on them. As mentioned 

earlier, interruptions can be wanted in one scenario, but unwanted in another scenario. 

Therefore, it seems difficult (if not impossible) to decide how interruptions should be 

managed on an a priori basis. Additionally, nurses have demonstrated that they can 

manipulate the clinical environment to assist them in dealing with interruptions (Grundgeiger 

et al., 2010; Orbæk et al., 2015). 

Nurses have also demonstrated that they do engage in some form of assessment to 

decide if an interruption is appropriate. For example, after a series of observations and 

interviews, Rivera (2014) noted that nurses engage in a quick cost-benefit assessment to 

determine if it is suitable to interrupt another nurse. Some of the factors that nurses 

considered before interrupting another nurse are: (a) interruptee's workload, (b) task 

interruptee is engaged in, (c) content of interruption, and (d) potential consequences after the 
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interruption. Similarly, Colligan and Bass (2012) found that nurses engaged in some form of 

risk and efficiency assessment when deciding if they should attend to an interruption. As part 

of the assessment, nurses considered: (a) the possibility and severity of errors, (b) if it would 

be more efficient to handle the interruption immediately, (c) reason for the interruption, (d) 

the task that they are currently engaged in, and (e) previous experiences.  

Since it is difficult to decide on an a priori basis regarding how interruptions should be 

handled, and nurses have demonstrated that they can manipulate the clinical environment and 

engage in various forms of assessment to handle interruptions, deferring to nurses' expertise 

when it comes to interruptions seems like a reasonable choice. Therefore, I will explore this 

possibility in parts of my thesis, as will be seen in chapter 2 and chapter 5. The idea of 

deference to the expertise of nurses also got me to consider another complementary idea 

proposed by resilience engineering research, which will be elaborated below. 

Resilience engineering 

Resilience engineering is a paradigm for safety management which emerged from the 

works of various authors who have attempted to conceptualise and produce recommendations 

to manage the issue of human error (Le Coze, 2016). Broadly speaking, resilience engineering 

focuses on helping people cope with complexity while under pressure to produce successful 

performances (Woods & Hollnagel, 2006). The traditional safety paradigm has been about 

restricting human performances to prevent human performances from degrading well 

designed safe systems (Braithwaite, Wears, & Hollnagel, 2015). In other words, performance 

variability is seen as undesirable. 

Conversely, resilience engineering proposes (among other things) that performance 

conditions are always underspecified, and it is necessary for individuals to make adjustments 

to match demands and available resources (Leonhardt, Hollnagel, Macchi, & Kirwan, 2009). 

In other words, except for very simple situations, proponents of resilience engineering 

consider formalised descriptions of work such as policies, regulations, and procedures to be 
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generally incomplete (Leonhardt et al., 2009; Woods & Hollnagel, 2006). For example, 

healthcare activities today are intractable due to the complexity and unpredictability of care 

settings, meaning it is impossible to develop policies, regulations, or procedures to cater to all 

the different circumstances that might arise in daily clinical work (Braithwaite et al., 2015). 

Therefore, a premise of resilience engineering is that humans must adapt their performances 

according to the different circumstances that they encounter to achieve success. In other 

words, performance variability is desired. 

The idea of the traditional safety paradigm viewing performance variability as 

undesirable, while resilience engineering viewing performance variability as desirable, led me 

to consider the possibility of applying resilience engineering to interruptions interventions 

research. As mentioned earlier, there has been a proliferation of interventions to 

reduce/remove interruptions (e.g. Abdelmalak et al., 2016; Aguirre et al., 2015; Anthony et 

al., 2010; Capasso & Johnson, 2012; Connor et al., 2016; Conrad et al., 2010; Craig et al., 

2013; Dall’Oglio et al., 2017; Durham et al., 2016; Federwisch et al., 2014; Flynn et al., 2016; 

Fore et al., 2013; Freeman et al., 2013; Huckels-Baumgart, Niederberger, et al., 2017; Nelms 

et al., 2011). These interventions strike me as a form of restriction on performance variability. 

After all, interruptions have been used as a tool to prevent errors, facilitate workflow, 

or seek advice (Berg, Florin, et al., 2016; Henneman et al., 2010, 2006; McCurdie et al., 2017; 

Walter et al., 2017). For example, I mentioned earlier an incident where a nurse needed to 

administer medication to a patient, but was unable to do so without an order from the registrar 

(McCurdie et al., 2017). Under normal circumstances, the medication would be ordered 

beforehand, so that nurses can immediately administer the medication when necessary. 

However, for this instance, the doctors were worried about the patient's condition, and wanted 

to ensure that the need for the medication was reviewed prior to it being administered. 

Therefore, the doctors chose not to pre-order the medication. In this scenario, the doctors 

chose to divert from the norm by not pre-ordering the medication due to the patient's unique 
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circumstances. In response to this different situation, the nurse had to interrupt the registrar 

for the medication. Arguably, interruptions can be a tool that healthcare practitioners use to 

cater to all different circumstances that might arise in daily clinical work. 

The idea that interruptions can be a tool for healthcare practitioners to adapt to the 

complex and unpredictable clinical setting led me to think that it is important to find out 

nurses' perception of interruptions and contemporary interruptions interventions. While it is 

possible that nurses like interventions to reduce/remove interruptions as these interventions 

provide them with a quiet work environment, it is also possible that nurses might see these 

interventions as a form of restriction that makes it difficult for them to do their job. Therefore, 

I will explore nurses' perception of interruptions and contemporary interruptions 

interventions, as will be seen in chapter 5. 

Summary of the Thesis Chapters 

The purpose of this thesis is to: (a) highlight the issue of unintended negative 

consequences in interruptions interventions research, (b) apply theories from safety science to 

interruptions science research, and (c) examine differences in perception between nurses and 

researchers regarding interruptions and interruptions interventions. Therefore, the structure of 

this thesis is as follows. 

In chapter 2 of this thesis, I conducted a systematic review of unintended negative 

consequences produced by interruptions interventions. In chapter 3, I reviewed some of the 

prominent safety models in safety science research. The insights that I gained from this 

review was then applied in chapter 4, which highlighted interruptions interventions research 

implicit focus on the barrier model, and the possible issues associated with such a focus. I also 

proposed several novel research avenues in chapter 4 by highlighting how different safety 

models conceptualise interruptions in different ways. 

In chapter 5 of this thesis, I found some support for my claims in chapter 3. 

Specifically, many nurses revealed in the survey that they like to have their right to block, 
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defer, or reject interruptions legitimised, suggesting that they prefer researchers to defer to 

nurses' expertise when it comes to interruptions management, instead of researchers deciding 

on an a priori basis how interruptions should be managed. Additionally, nurses revealed that 

they considered the urgency/safety of the situation when deciding if they should interrupt a 

colleague, and that common interruptions in their units/wards involve answering questions or 

dealing with/helping others. This revelation suggests that interruptions are used as a tool to 

resolve the different circumstances that might arise in daily clinical work. In chapter 6 of this 

thesis, I list the theoretical and practical contributions that this thesis has made to 

interruptions science research. 

The following four chapters in this thesis is set up as a standalone book chapter or 

paper. Each chapter will begin with a supplementary introduction to explain the rationale for 

the paper, and conclude with a section that explains the contributions of the book chapter or 

paper to the research aims. The book chapter and papers in this thesis are the product of 

collaboration with other researchers. Therefore, the contributions of each author are listed at 

the start of each chapter.  
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Chapter 2: A Systematic Review of Unintended Negative 

Consequences  
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Foreword for Chapter 2 

This thesis is part of a grant project funded by the Australian Research Council that is 

meant to study interruptions during medication preparation/administration. The impetus 

behind this grant was due to a study by Westbrook et al. (2010), which indicated that 

interruptions was associated with medication errors during medication 

preparation/administration. This finding has been used by numerous studies to justify their 

attempts at eliminating/reducing interruptions (e.g. Aguirre et al., 2015; Nelms et al., 2011; 

Prakash et al., 2014; Tomietto et al., 2012; Verweij et al., 2014) 

However, the finding of Westbrook et al. (2010) is only correlational. In other words, 

there could be other reason(s), such as a third mediating factor, that might explain the 

relationship between interruptions and medication errors. Additionally, past research has 

indicated that interruptions can be beneficial as well (Henneman et al., 2010, 2006; Walji, 

Brixey, Johnson-Throop, & Zhang, 2004) 

There was a total of three PhD candidates associated with this project, including 

myself. Broadly speaking, the first candidate's project focused on observing and 

understanding interruption's role in daily clinical work, while the second candidate's project 

focused on laboratory experiments to determine if there is an association between 

interruptions and medication errors. 

While trying to develop my own project that was sufficiently different from the works 

of the other candidates, I came across Tomietto et al. (2012) study. They wanted to test an 

intervention to remove/reduce interruptions, which was quite similar to many other Do Not 

Disturb/No Interruptions interventions studies. However, Tomietto et al. explicitly stated in 

the title of their paper that the results of their study were paradoxical, as staff interruptions 

increased after the intervention. Furthermore, the timing of interruptions changed as well, 

occurring more often during medication preparations, which Tomietto et al. considered to be 

more delicate, instead of medication verification. This prompted me to investigate if other 
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studies have reported similar results, which led me to studies such as Craig et al. (2013), 

Federwisch et al. (2014), and Yoder et al. (2015), all of which have reported some form of 

unintended negative consequences. Therefore, I concluded that unintended negative 

consequences might be a problem with interruptions interventions. 

Initially, this chapter took the form of a viewpoint article, where I highlighted several 

prominent instances of unintended negative consequences, and suggested that a new approach 

to studying interruptions and developing interruptions interventions is necessary. However, 

the chapter was rejected for publication, with one reason being that the chapter was not 

sufficiently scientific. Therefore, I later chose to conduct a systematic review of unintended 

negative consequences with interruptions interventions as it would allow me to investigate 

and find out the full extent of unintended negative consequences, provide a comprehensive 

documentation of this issue for the interruptions science community, and appear more 

scientific. 

A definition of unintended negative consequences is necessary for a systematic review 

of unintended negative consequences. However, the development of a definition was fraught 

with difficulties, due to the complex nature of the issue. For example, some researchers do not 

explicitly state their goals or hypotheses in their papers. Therefore, it seems difficult to argue 

that these studies have found unintended consequences. Eventually, I decided to assume that 

all interruptions interventions studies have the aim to reduce interruptions and/or medication 

error, and defined unintended negative consequences using the theory of Diffusion of 

Innovation (Rogers, 2003). It is my hope that this chapter will highlight the need for 

researchers to be more aware of some of the potential issues associated with interruptions 

interventions, and perhaps convince some researchers to consider taking their research in new 

directions, as outline in the chapter.  
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Abstract 

Many healthcare organisations are complex systems operating within complex environments. 

Such complexity means that interventions to reduce workplace interruptions can produce 

unintended negative consequences. The purpose of this paper is to perform a systematic 

review of the existing literature on interruption interventions for instances of unintended 

negative consequences, using the Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) guidelines, and to suggest potential avenues for future research. 

The search was conducted on the databases CINAHL Plus, Embase, MEDLINE, PsycINFO, 

and Web of Science, and restricted to interruption intervention studies during medication 

administration/preparation. Out of 1,444 papers found, 33 studies met the criteria, and 15 of 

these studies reported unintended negative consequences such as: (a) counter-intuitive effects 

on interruptions or medication errors, (b) interventions being unsustainable, (c) nurses feeling 

uncomfortable, (d) impact on other staff, (e) nurses having to explain the intervention to 

others, (f) difficulty with extra steps, and (g) a variety of other effects. Well-meaning 

interruption interventions can lead to unintended negative consequences. To move forward, 

we suggest that future research should: (a) clarify the relationship between interruptions and 

medical errors, (b) acknowledge the limitations of randomised controlled trials, (c) examine 

the possibility of self-regulation of interruptions among healthcare practitioners, and (d) adopt 

ideas from resilience engineering.  
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Introduction 

Rationale 

Many healthcare organisations are complex systems operating within complex 

environments. Designers of interventions in healthcare need to consider these sources of 

complexity (Hollnagel, 2014; Perrow, 1984). For example, Power et al. (2004) found that 

complex environmental factors can thwart well-meant interventions. Their initial plans to 

conduct reproductive health intervention classes in Zimbabwe were challenged by a complex 

combination of factors including: (a) a culture that frowns upon public discussions of sex, (b) 

abuses carried out by teachers which led to an erosion of trust, (c) the classes being given low 

priority as they were non-examinable, (d) a lack of resources and support, and (e) the 

intervention being designed for an urban setting. 

Such complexity means that unintended consequences—and sometimes accidents—can 

be expected within these organisations (Perrow, 1984). Seemingly insignificant elements can 

interact in unforeseeable ways to produce unimaginable outcomes. When such outcomes 

include failures, a typical response is to add more components or regulations to reduce the 

potential for recurrence. 

Such responses can be seen in research on workplace interruptions. Results from some 

studies indicate that interruptions are positively associated with medication errors (Cottney & 

Innes, 2015; Flynn et al., 1999; Westbrook et al., 2018; Westbrook, Woods, et al., 2010). 

However, a clear demonstration of a direct causal connection between interruptions and errors 

remains elusive (Coiera, 2012; Grundgeiger & Sanderson, 2009; Hopkinson & Jennings, 

2013). Furthermore, other studies have found either no relationship between interruptions and 

medication errors, or an inverse relationship (Berdot et al., 2012; Blignaut et al., 2017; 

Kalisch & Aebersold, 2010; Scott-Cawiezell et al., 2007; Thomas et al., 2017). Despite the 

uncertainty surrounding the relationship between interruptions and medication errors, 

interventions to reduce or eliminate interruptions have been developed. These interventions 
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take various forms, such as introducing signage to reduce interruptions (e.g. a Do Not Disturb 

vest) or more regulations (e.g. a checklist with a series of procedures that nurses should 

follow) (Anthony et al., 2010; Pape, 2003; Tomietto et al., 2012). However, these 

interventions increase a system’s complexity and could lead to additional mishaps or 

unintended consequences (Perrow, 1984). 

Objective 

The purpose of this paper is to perform a systematic review of existing interruption 

interventions literature for instances of unintended consequences, using the Preferred 

Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines.(Liberati et 

al., 2009) For the purposes of this review, we focus on interruption interventions during 

medication preparation/administration. Accordingly, we identified various instances of 

interventions to remove interruptions during medication preparation/administration that have 

resulted in unintended consequences, before concluding with ideas on how our understanding 

of the impact of interruptions might progress without falling prey to some of the unintended 

negative consequences identified. 

Method 

Protocol and Registration 

We did not register the protocol for this review. 

Eligibility Criteria 

Our search was restricted to journal articles written in English, focusing on intervention 

studies that examined either interruptions, medication errors, or both, with nurse participants 

during medication preparation/administration. 

Information Sources 

The search was conducted on the databases CINAHL Plus, Embase, MEDLINE, 

PsycINFO, and Web of Science in October 2017.  
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Search 

The terms (interrupt* and interven* and medica* and (adminis* or prepar*) not mental 

not trauma* not cancer not HIV) were used. The first author then reviewed the title and 

abstract of the papers to determine their relevance to this review. Several papers that fell 

under the scope of the review but that were not listed in the databases were added by the first 

author. Lastly, the first author reviewed the reference lists of all the papers that fell under the 

scope of the review to search for additional relevant papers. This led to the current list of 33 

papers. The process is shown in Figure 2. 

Figure 2. Process of selecting papers for analysis 

 

Study Selection 

Papers were excluded if they were not interruption interventions studies during 

medication preparation/administration involving nurses. 

Number of records identified through database searching

1,444

Number of studies included in this review

33

Number of studies with unintended negative consequences

15
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Data Collection Process/Data Items 

A definition of unintended negative consequences was produced to categorise the 

papers into one of two mutually exclusive categories: (a) no unintended negative 

consequences were found, or (b) unintended negative consequences were found. We followed 

a previous study on unintended consequences and used Diffusion of Innovations theory to 

develop a definition for unintended negative consequences (Campbell, Sittig, Ash, Guappone, 

& Dykstra, 2006). Diffusion of Innovations theory suggests that there are three dimensions to 

consequences: anticipated versus unanticipated, direct versus indirect, and desirable versus 

undesirable (Rogers, 2003). For the purposes of this study, unintended negative consequences 

were defined as unanticipated and/or undesirable consequences caused directly or indirectly 

by the intervention. Non-events, such as an intervention having no observable effect, were not 

considered to be unintended negative consequences. Since not all researchers clearly state 

their aims or hypotheses in their studies, we also assumed that interruption interventions 

studies generally aim to reduce interruptions and/or medication error.  

Using this definition, the first author reviewed and attempted to classify all 33 papers. 

When the first author experienced difficulties with classifying a particular paper, he would 

consult both the second and third author. For example, Anthony et al. (2010) reported in their 

study that pharmacy personnel who needed access to patients’ medication bins complied with 

the intervention and did not interrupt nurses preparing medication at these bins. Instead, these 

personnel stood near the bins and waited for their turn, which led Anthony et al. to suggest 

that these personnel might distract nurses preparing medication, or cause nurses to rush their 

medication preparation. 

The first author had difficulties deciding if the suggestion of nurses being distracted or 

rushing medication preparation should count as an unintended negative consequence. While 

the suggestion is certainly plausible, Anthony et al. (2010) did not appear to further explore in 

their study if nurses were indeed distracted or rushed their medication preparations. After 
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consulting with the second and third author, all three authors decided to classify Anthony et 

al’s. study as having found unintended negative consequences. Our conclusion was based on 

Anthony et al’s statement that they did not consider pharmacy personnel standing near 

patients’ medication bins as an interruption as they did not expect this phenomenon to 

happen, and therefore did not account for it in their study design. The review of 33 

interruption interventions studies led to 15 studies that were classified as having found 

unintended negative consequences. 

Results 

Synthesis of Results 

Table 1 shows the 33 studies reviewed, the type of hospital unit studied, whether there 

were unintended consequences or not, and the nature of those unintended consequences. We 

did not make judgments about the design of the studies because the purpose of this systematic 

review was to focus on unintended negative consequences, instead of the quality and primary 

findings of these studies. The unintended consequences include counter-intuitive effects on 

interruptions or medication errors, interventions being unsustainable, nurses feeling 

uncomfortable, impact on other staff, nurses having to explain the intervention to others, 

difficulty with extra steps, and a variety of other effects. In the following sections we describe 

these effects. 

Counter-intuitive Effects on Interruptions or Medication Errors 

Results from a study examining one variation of a Do Not Disturb intervention in a 

medical/surgical unit, surgical unit, oncology unit, and an orthopaedic/stroke unit showed that 

after the intervention was applied, the duration of interruptions increased rather than 

decreased for both the medical/surgical unit and the oncology unit (Craig et al., 2013). The 

reason for the increase was that interrupters persisted in their interruptions to get their 

concerns resolved, to avoid interrupting their colleagues again later. Given that empirical 

evidence from both the laboratory and the field suggests that people are less successful at 
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resuming an original task after longer interruptions (Boehm-Davis & Remington, 2009; 

Grundgeiger et al., 2010), the longer interruptions introduced a risk factor. 

Researchers in one study introducing a noise-reducing headset in a medical-surgical 

unit, a medicine progressive care unit, and a medical intensive care unit, noted an increase in 

the percentage of potential distractions after the intervention (Wolak, Hill, Ball, & Culp, 

2017). However, both the statistical significance of this increase and its impact on clinical 

performance is unknown. 

Lastly, researchers introducing a Do Not Disturb intervention in a medical unit with 

nurses and student nurses discovered an increase rather than decrease in medication errors, 

although the statistical significance of the increase is unknown (Yoder et al., 2015). Despite 

the increase in medication errors, participants in the study stated that they believed there was 

a reduced risk of medication errors due to the intervention. 



44 
 

Table 1. Summary of results. 

Paper Type(s) of hospital unit(s) Kind of unintended negative consequences 

(Abdelmalak et al., 2016) Not stated Not applicable 

(Aguirre et al., 2015) Medical oncology Not applicable 

(Anthony et al., 2010) Intensive care Pharmacy personnel waiting for nurses in the 

No Interruptions Zone might be a distraction. 

(Bennett, Harper-Femson, Tone, & 

Rajmohamed, 2006) 

General medical Pharmacy technicians find interacting with 

patients to be stressful, and reported a decrease 

in satisfaction. They also perceived a potential 

transfer of risk to them. 

(Capasso & Johnson, 2012) Not stated Not applicable 

(Colligan, Guerlain, Steck, & Hoke, 

2012) 

Paediatric acute  Not applicable 

(Connor et al., 2016) Cardiac intensive care, acute care cardiac Not applicable 
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Paper Type(s) of hospital unit(s) Kind of unintended negative consequences 

(Conrad et al., 2010) Progressive care Not applicable 

(Craig et al., 2013) Medical/surgical, surgical, oncology, 

orthopaedic/stroke 

Duration of interruptions increased. 

(Dall’Oglio et al., 2017) Medical-surgical, cardiac surgery step-down, 

neo-natal intensive care, post neo-natal 

intensive care, medical 

Not applicable 

(Durham et al., 2016) Acute care, neuroscience intensive care Not applicable 

(Federwisch et al., 2014) Pulmonary-medical Do Not Disturb signs were being ignored. 

(Flynn et al., 2016) Progressive cardiac care A drift back to former practices. 

(Fore et al., 2013) Medical/oncology Not applicable 

(Freeman et al., 2013) Cardiac and thoracic step-down Nurses use of Do Not Disturb lanyards 

decreased, and No Interruptions Zone became 

a place to gather and chat. Nurses also refused 
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Paper Type(s) of hospital unit(s) Kind of unintended negative consequences 

to wear the lanyards due to discomfort, and the 

possibility of waking up patients at night. 

(Huckels-Baumgart, Baumgart, 

Buschmann, Schupfer, & Manser, 

2017) 

Medical, surgical Not applicable 

(Huckels-Baumgart, Niederberger, et 

al., 2017) 

Medical Not applicable 

(Nelms et al., 2011) Medical nursing Staff had become habituated to the Do Not 

Disturb sash. The sash also delayed the work 

of others. Nurses also had to explain the sash 

to others, defeating its purpose. 

(E. E. Nguyen, Connolly, & Wong, 

2010) 

Adult medical/surgical Not applicable 
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Paper Type(s) of hospital unit(s) Kind of unintended negative consequences 

(Pape, 2003) Medical-surgical nursing Nurses were wearing the Do Not Disturb vests 

longer than necessary. 

(Pape, 2013) Medical-surgical nursing Not applicable 

(Pape et al., 2005) Nursing Not applicable 

(Prakash et al., 2014) Ambulatory chemotherapy Not applicable 

(Relihan et al., 2010) Acute medical admissions Not applicable 

(Sasangohar et al., 2015) Cardiovascular intensive care Nurses did not comply 68% of the time 

because they were unaccustomed to the extra 

step. 

(Saxton & Cahill, 2017) Intensive care, telemetry, 

nephrology/transplant/metabolic, medical-

surgical, medical-surgical/stroke. 

Not applicable 
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Paper Type(s) of hospital unit(s) Kind of unintended negative consequences 

(Scott et al., 2009) Acute medical, specialist cardiology, surgical 

urology 

Not applicable 

(Tomietto et al., 2012) Surgical There was also a change in the type 

interruptions, and a change in the timing of the 

interruptions. 

(Verweij et al., 2014) Neurology, neurosurgery, combined unit with 

dermatology, ophthalmology, and ENT 

Nurses had concerns with their image after 

wearing the Do Not Disturb tabard, and were 

concerned about possible hygiene issues as 

well. Nurses also reported that the tabard 

attracts attention from patients and visitors. 

(Westbrook et al., 2017) Medical, surgical Nurses seem to think that the vests were 

physically uncomfortable, and fewer than 50% 

of nurses state that they would voluntarily wear 

the vests. 
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Paper Type(s) of hospital unit(s) Kind of unintended negative consequences 

(Williams et al., 2014) Surgical progressive care Nurses did not wear the vests, in part due to 

feelings of embarrassment, and considered 

putting on the vests to be an interruption. 

(Wolak et al., 2017) Medical-surgical, medicine progressive care, 

medical intensive care 

Increase in potential distractions, although the 

clinical and statistical significance of it is 

unknown. 

(Yoder et al., 2015) Medical Increase in medication errors, although the 

statistical significance is unknown. Medication 

administration for other nurses were delayed. 
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Interventions Being Unsustainable 

After the end of one 18-month study of a Do Not Disturb intervention in a progressive 

cardiac care unit, researchers observed a drift back to former practices (Flynn et al., 2016). 

Likewise, investigators implementing a similar intervention in a cardiac and thoracic step-

down unit reported a near-identical outcome, with nurses decreasing their usage of the Do 

Not Disturb lanyards, and the No Interruptions Zone slowly becoming a place for healthcare 

practitioners to gather and chat (Freeman et al., 2013). Furthermore, researchers testing a Do 

Not Disturb intervention involving a Do Not Disturb sash and incorporating a “centering” 

strategy (e.g. taking a few deep breaths) in a medical nursing unit, also revealed that staff 

working in the unit had become habituated to the sash, causing it to lose its effectiveness as a 

symbol to stop interruptions (Nelms et al., 2011). 

Nurses Feeling Uncomfortable 

One implementation in a cardiac and thoracic step-down unit of the Do Not Disturb 

intervention using illuminated lanyards resulted in some nurses refusing to wear the lanyards 

due to feelings of discomfort, as well as the possibility of waking patients during the night 

shift (Freeman et al., 2013). A similar issue was reported by Westbrook et al. (2017) in their 

randomised controlled study of a Do Not Disturb intervention in four medical and four 

surgical units. Fewer than 50% of nurses in the intervention units stated that they would 

voluntarily wear the Do Not Disturb vests, or would support the wearing of the vests 

becoming hospital policy, probably due to nurses thinking that the vests were physically 

uncomfortable. 

Likewise, efforts to implement a Do Not Disturb tabard in a neurology, neurosurgery, 

and combined ward resulted in protests from some nurses, who voiced concerns over their 

image, because they thought that they looked unprofessional and conveyed an unfriendly 

impression while wearing the tabard. Nurses were also concerned with the possibility of 

hygiene problems (Verweij et al., 2014). The above findings are consistent with those of 
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Williams et al. (2014) who found that nurses in a surgical progressive care unit did not wear 

the Do Not Disturb vests provided to them, in part due to feelings of embarrassment.  

Affecting Other Healthcare Practitioners 

A few nurses in one study conducting in a medical nursing unit were observed wearing 

Do Not Disturb sashes for longer than was necessary, imposing on other staff by delaying the 

latter’s ability to get their own work done (Nelms et al., 2011). Nurses in this study also 

reported having difficulties covering for their colleagues when their colleagues were wearing 

Do Not Disturb sashes, since the large size of the unit made it difficult for nurses to have the 

information necessary to take over the duties of their colleagues.  

Similarly, the implementation of a Do Not Disturb intervention in a medical unit with 

nurses and student nurses resulted in some nurses wearing the Do Not Disturb vests even 

when they should not, delaying medication administration for other nurses (Yoder et al., 

2015). Pape (2003) also noted that nurses in a medical-surgical nursing unit were wearing a 

Do Not Disturb vest longer than necessary. 

One attempt at reducing interruptions in two general medical units involved the 

decentralisation of medications, storing them in wall-mounted cupboards in patients’ room 

rather than in a central location (Bennett et al., 2006). Pharmacy technicians reported a 

decrease in satisfaction after the intervention because they now had to interact with patients, 

as well as manage a potential transfer of risk to themselves since they need to be more careful 

in stocking the medication cupboards. In another study in a pulmonary-medical unit, 

researchers noticed that their Do Not Disturb signs were ineffective right from the start 

because other staff tended to ignore the signs (Federwisch et al., 2014). 

Nurses Having to Explain the Intervention to Others 

One nurse in a medical nursing unit pointed out during a focus group meeting that she 

had to constantly explain the Do Not Disturb sash to patients and their families, as well as to 

other healthcare practitioners, defeating the purpose of the intervention (Nelms et al., 2011). 
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This finding converges with nurses’ feedback from another study conducted in a neurology 

unit, neurosurgery unit, and a combined unit. They stating that although the Do Not Disturb 

tabard was a good idea, the tabard attracted attention from patients and visitors, distracting 

nurses from their medication task (Verweij et al., 2014). 

Difficulty with Dealing with an Extra Step 

Investigators testing an intervention that required nurses in a cardiovascular intensive 

care unit to turn on a Do Not Disturb light during important tasks found that nurses did not 

comply with their intervention 68% of the time, because they were unaccustomed to the extra 

step in their routine (Sasangohar et al., 2015). Likewise, researchers conducting informal 

discussions with some nurses in another study revealed that aside from embarrassment, 

nurses considered the additional step to put on a Do Not Disturb vest to be an interruption 

(Williams et al., 2014). Thus, no nurses in the surgical progressive care unit were observed to 

have used the vest. 

Others 

Besides those mentioned above, other types of unintended consequences were 

observed. Investigators of a No Interruption Zone intervention in two intensive care units 

found that pharmacy personnel wanting to restock medication had to wait for nurses who 

were in the middle of medication preparation (Anthony et al., 2010). The researchers 

speculated that if nurses were aware of pharmacy personnel waiting in the background they 

could lose concentration or feel the need to rush their medication preparation. 

Researchers in another study conducted in a surgical unit found that both the type and 

timing of interruptions changed after a Do Not Disturb intervention (Tomietto et al., 2012). 

Before the intervention, most of the interruptions occurred during the verification phase 

before the intervention and were due to missing medication or materials. After the 

intervention, however, most of the interruptions occurred during the preparation phase, which 
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the researchers deemed to be more vulnerable, and were due to questions from other staff 

members. 

Discussion 

The studies reviewed demonstrate that some well-meaning interventions by researchers 

to reduce or eliminate interruptions, with the intention of reducing the likelihood of medical 

errors, have led to unintended negative consequences. Given the nature of unintended 

consequences, there may be further unintended consequences that have not been reported, or 

have not been noticed. Such results should be concerning to both nurses and patients, as 

nurses are being asked to engage in interventions that may not work for them, while patients 

may be exposed to more unnecessary risks. For researchers, these results indicate that a more 

nuanced approach to investigating the impact of interruptions and interventions is needed 

(Grundgeiger & Sanderson, 2009; Hopkinson & Jennings, 2013). Below we examine some 

possible ideas to progress research in interruptions while minimising the possibility of 

unintended negative consequences. 

Clarifying the Relationship 

A first way forward is to clarify the relationship between interruptions and clinical 

errors. The drive to reduce or eliminate interruptions hinges on the concern that interruptions 

may cause clinical errors (Cottney & Innes, 2015; Flynn et al., 1999; Westbrook et al., 2018; 

Westbrook, Woods, et al., 2010). However, several researchers' reviews of contemporary 

evidence on the relationship between interruptions and clinical errors suggest that in the 

clinical context this relationship is correlational, relatively weak, and the factors that connect 

interruptions with clinical errors have yet to be clarified (Grundgeiger & Sanderson, 2009; 

Hopkinson & Jennings, 2013). Furthermore, investigators in other studies have either found 

no relationship between interruptions and medication errors, or an inverse relationship 

(Berdot et al., 2012; Blignaut et al., 2017; Kalisch & Aebersold, 2010; Scott-Cawiezell et al., 

2007; Thomas et al., 2017). Understanding this relationship would require investigators to go 
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beyond study designs that simply establish a correlation between interruptions and clinical 

errors. 

One approach to understanding the relationship between interruptions and clinical 

errors is to investigate the effect that interruptions have on a healthcare practitioner’s 

cognitive processes. Prospective memory theory can be used to guide such investigations 

(Grundgeiger & Sanderson, 2009). Initial investigation regarding the effect of interruptions 

on cognitive processes can be done in controlled environments, such as laboratories. The 

insights gained from studying interruptions under controlled conditions can then be used to 

guide investigation into interruptions and cognitive processes in clinical environments. After 

all, the clinical environment is vastly different from a laboratory, and as argued in the next 

section, findings in a laboratory setting may not necessarily apply when exposed to the 

clinical environment. 

Another approach is to identify the situational or mediating factors that may connect 

interruptions to clinical errors. In a study on healthcare practitioners’ work management 

strategy, Walter, Li, Dunsmuir, and Westbrook (2014) found that healthcare practitioners 

choose their strategy based on a range of factors. For example, when faced with a second 

(potentially interrupting) task, healthcare practitioners working in wards were more likely to 

multitask, whereas practitioners working in the ED were more likely to switch their attention 

to the secondary task. For practitioners in the wards, factors that may connect interruptions to 

clinical errors could come from the cognitive demands generated from multitasking. 

Conversely, the factors that may connect interruptions to clinical errors for practitioners in 

the ED could be due to practitioners forgetting to resume the primary task after attending to 

the secondary task. 

Acknowledge the Limitations of Randomised Controlled Trials 

A second way forward is to recognise that interruptions research should accommodate 

the fact that healthcare systems are highly complex, and to acknowledge the limitations of 
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randomised controlled trials in studying such complexity. Although it is often acknowledged 

that healthcare systems are complex (Coiera, 2012; Plsek & Greenhalgh, 2001; Rivera-

Rodriguez & Karsh, 2010), the challenges of complexity are not woven into the structure of 

investigations performed. For instance, a recent literature review by Raban and Westbrook 

(2014) concluded that the evidence for the effectiveness of contemporary interruptions 

interventions is weak, and that controlled trials are necessary to ascertain their efficacy. 

Certainly, many interventions to reduce interruptions have been designed in a way that 

does not isolate the unique effect of reducing interruptions. For example, barcode scanning 

was introduced during Connor et al’s (2016) study on reducing interruption. Thus, it is 

difficult to determine if the observed reduction in medication errors is due to the introduction 

of barcode scanning, or Connor et al’s interruption intervention. Besides having an 

intervention to reduce interruptions, Prakash et al. (2014) also implemented other 

interventions such as including visual timers, which were meant to help nurses control the 

speed of medication administrations. The introduction of other interventions makes it difficult 

to assess if the reduction in medication errors is due to these other interventions, or the 

reduction of interruptions. 

However, the call for better-controlled interventions by Raban and Westbrook (2014) 

is based on a premise—that interruptions cause clinical errors—that may not be valid. The 

negative effects of interruptions on task performance has been established in laboratory 

conditions (Altmann et al., 2014; Bailey & Konstan, 2006; Einstein et al., 2003). Therefore, it 

is reasonable to think that interruptions can cause clinical errors. 

However, the clinical environment is different from a laboratory, and nurses have been 

shown to manipulate the clinical environment to assist them in managing an interruption 

(Grundgeiger et al., 2010; Orbæk et al., 2015). Therefore, it is plausible that the relationship 

between interruptions and clinical errors is more nuanced, and require careful investigation. 

Using randomised controlled trials to study interruption interventions may ignore the 
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subtleties in the relationship between interruptions and clinical errors, and eliminate 

systematic factors that moderate the impact of interruptions or interventions. Such a 

recommendation does not fully take into account the inherent complexity in healthcare 

systems. It is also possible that interventions based on these ideas may open the way to 

unintended negative consequences and blocked work flows (Gao, Rae, & Dekker, 2017). 

Self-regulation Among Healthcare Practitioners 

A third way forward is to find an alternative to developing interventions that reduce or 

eliminate interruptions. One option would be to let healthcare practitioners decide for 

themselves if they should interrupt or if they want to be interrupted, and assist them in 

making such decisions, as some interruptions may be related to high priority tasks. Although 

letting healthcare practitioners self-regulate their interruptions may seem unacceptably ad 

hoc, it may let practitioners adapt to complex or highly specific situations. For example, after 

a series of semi-structured interviews, simulations, and observations of interruptions to 

nurses, Colligan and Bass (2012) concluded that situations that appear similar can differ in 

important ways. They found that when interrupted, nurses reported using both risk and 

efficiency assessments to decide if the secondary task was of a higher priority that needed to 

be attended to immediately. Examples of high priority tasks include providing medications to 

patients who need them urgently, responding to alarms, or communicating with itinerant staff 

who might otherwise be difficult to reach. 

Likewise, in a study on nurses and patients in a Norwegian hospital, Klemets and 

Evjemo (2014) found that the context of the nurse being interrupted, and the context of an 

interruption, affected whether the interruption was seen as wanted or unwanted. Specifically, 

nurses working in the thoracic department usually treated an interruption from patients as a 

high priority task needing immediate attention, given that most patients in the department had 

severe heart injuries. Conversely, nurses from other departments reported feeling stressed 
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when patients who were not their primary responsibility interrupted them, as they were not 

familiar with the clinical conditions of these patients.  

In addition, some healthcare practitioners are aware of the potential negative effects of 

interruptions and regulate themselves accordingly. Through a series of observations and 

open-ended interviews, Rivera (2014) found that nurses in an intensive care unit generally 

engaged in a cost-benefit analysis to decide if they should interrupt a colleague. Similarly, 

Weigl, Muller, Zupanc, Glaser, and Angerer (2011) found that physicians who were 

communicating with a patient or a colleague were less likely to be interrupted by another 

physician.  

In summary, the above four studies suggest that the question of how to handle 

interruptions in healthcare is highly complex and dependent on many factors, such as the 

current task in which the interruptee is engaging, and what the interruption is about. Given 

the complexity of clinical work, it may not be feasible or realistic to decide on an a priori 

basis when an interruption should or should not happen (except perhaps for life-and-death 

situations). Therefore, instead of creating interventions to reduce or eliminate interruptions, 

perhaps we should consider letting healthcare practitioners decide for themselves how 

interruptions should be managed, and providing them with the means to make such decisions. 

An example of a tool that can help healthcare practitioners make decisions would be a call 

system that allows recipients to know the reason for a call (Klemets & Toussaint, 2016). 

Resilience Engineering 

A final way forward is to consider adopting ideas from a resilience engineering 

approach (Gao et al., 2017). Resilience engineering proposes that the best way to create a safe 

system is to focus on facilitating successful performances as frequently as possible 

(Hollnagel, 2015). Rather than trying to decide which interruptions are positive and which are 

negative, and trying to eliminate the negative, investigators would accept interruptions as part 

of how work is done, and help healthcare practitioners manage interruptions by studying past 
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instances of successful cases. For example, one study reported that doctors failed to return to 

their primary tasks 18.5% of the time after being interrupted (Westbrook, Coiera, et al., 

2010). This means that doctors did return to their primary tasks 81.5% of the time after an 

interruption. A resilience engineering approach could involve examining factors that led to 

the doctors returning to their primary task, to facilitate more of these instances. 

Conversely, we could look at the possibility of removing the need for interruptions. 

This may be achieved by identifying the source of interruptions and managing it pre-

emptively. For example, Craig et al. (2013) found that one of the most frequent interruptions 

encountered by nurses during medication administration was gathering supplies. Therefore, 

one way of removing such an interruption would be to ensure that medication administration 

areas are well-stocked with supplies. However, there are still potential unintended negative 

consequences—for example, the need to keep medication administration areas well-stocked 

may increase the workload for some staff members. For example, Federwisch et al. (2014) 

implemented bedside rounding at the start of each shift in an attempt to forestall common 

interruptions, but the intervention was resisted by some of the healthcare practitioners who 

thought it did not offer any additional benefit, and added to their workload. 

In summary, there are various methods to increase the ability of healthcare 

practitioners to handle interruptions. The method to be used is likely to be dependent on the 

context of the hospital or the ward (e.g. types of interruptions experienced, nature of nurses’ 

work), as an intervention that works for one environment may not work for another 

environment that is facing a different issue with interruptions. 

Limitations 

There are several limitations of this review. First, there is a risk of bias within the 

individual studies selected. Unintended consequences, by their definition, refer to outcomes 

that are unforeseen. Therefore, it is possible that some studies failed to discover unintended 

consequences because researchers did not foresee the need to measure or examine particular 
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variables. Alternatively, it is possible that researchers did not report some observed 

unintended consequences as they did not consider it to be a problem that needs to be 

highlighted. Second, there is a risk of bias in the studies published. Research has shown that 

studies with positive results are more likely to be published (Dwan, Gamble, Williamson, & 

Kirkham, 2013; Franco, Malhotra, & Simonovits, 2014). Hence, it is possible that 

interruptions interventions studies that display some semblance of positive results are 

published differentially. Third, these studies were reviewed and classified based on the 

authors’ definition of unintended negative consequences. Therefore, it is subjective and open 

to disagreements. Fourth, the studies reviewed were limited to interruption interventions 

during medication preparation/administration. Including interruption intervention studies in 

other contexts, such as pre-anaesthesia care or pharmacy, might paint a different picture of 

unintended negative consequences (Binobaid, Almeziny, & Fan, 2017; Filer, Beringuel, 

Frato, Anthony, & Saenyakul, 2017). Fifth, the initial selection of 33 articles was only done 

by the first author. Therefore, there may be some issues with reliability. 

Conclusion 

In conclusion, this paper contributes to current interruptions research by 

demonstrating that many well-meaning interventions produce unintended negative 

consequences. Such consequences may be due to several factors, such as much interruptions 

research being based on the premise that interruptions can cause medical errors, which may 

not be valid (Grundgeiger & Sanderson, 2009; Hopkinson & Jennings, 2013), unawareness of 

how complex systems thinking might be applied to healthcare systems, and implicit 

acceptance of inappropriate safety models (Gao et al., 2017). Researchers should also 

investigate the potential for self-regulation of interruptions among healthcare practitioners, 

and use ideas from resilience engineering to develop interventions where warranted.  
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Afterword for Chapter 2 

Although I did consider unintended negative consequences to be an issue in 

interruptions interventions research, I was still surprised that as many as 15 out of 33 studies 

reported unintended negative consequences. Additionally, given the nature of unintended 

consequences, it is possible that there are some negative consequences produced by 

interruptions interventions that have not been noted by researchers. Therefore, this thesis 

contributes to interruptions science by highlighting the severe nature of unintended negative 

consequences. The frequency of unintended negative consequences, together with the 

ambiguity surrounding the relationship between interruptions and medication errors, and the 

unusual belief that randomised controlled trials are the way forward even though such trials 

are unsuitable considering the complexity of healthcare systems, led me to consider the need 

for new approaches to interruptions research. 

On a side note, I have been asked to comment on the current state of interruptions 

interventions research, and possible issues associated with documenting medical errors. With 

regards to the current state of research, I think that more examination regarding how these 

interventions affect medication errors is necessary, as not all studies measure medication 

errors (e.g. Dall’Oglio et al., 2017; Huckels-Baumgart, Niederberger, et al., 2017; Sasangohar 

et al., 2015; Saxton & Cahill, 2017; Westbrook et al., 2017). Since researchers tend to cite 

safety as a reason for reducing interruptions, omitting medication errors as an outcome 

variable is inappropriate. 

Additionally, I think that there is a need for more diverse discussions regarding 

interruptions interventions. Although some studies have either found such interventions to be 

ineffective, or have reported mixed results (e.g. Craig et al., 2013; Federwisch et al., 2014; 

Tomietto et al., 2012; Yoder et al., 2015), there seems to be little acknowledgement or 

discussions among interruptions interventions researchers regarding these studies. 
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On the issues associated with documenting medical errors, it has been pointed out to 

me that two possible contributing factors to the ambiguity surrounding interruptions and 

medication errors are: observers not having the required expertise to assess medical errors, 

and sensitivity with error reporting.  

With regards to observers not having the required expertise, I have looked through my 

references, and found that this is not the case. Generally, observers in studies on medication 

errors are nurses, pharmacists, or final phase nursing students. In one study, a clinical 

pharmacologist was enlisted as well (Westbrook, Woods, et al., 2010) Therefore, I think it is 

reasonable to assume that these observers have the required expertise to assess medical 

errors. Hence, I do not think that lack of expertise is a plausible explanation. 

Conversely, sensitivity to error reporting is a plausible explanation. Such sensitivity 

has been noticed in some studies as well (Federwisch et al., 2014; Huckels-Baumgart, 

Baumgart, et al., 2017). For example, Federwisch et al. reported that some nurses did not 

report errors that were discovered. One reason provided by nurses was that the error was 

intercepted in time, and no harm was caused. Therefore, I think that this is an issue that 

warrants further investigation in future studies.  
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Foreword for Chapter 3 

Originally, the editors for the book approached my supervisor, Professor Sidney 

Dekker, to contribute a chapter summarising some of the prominent safety models in 

contemporary safety science research. My supervisor considered this as an opportunity for 

me to familiarise myself with the various prominent safety models in safety science, some of 

which might be applicable to interruptions science. Therefore, I was given the opportunity to 

write this chapter. 

The production of this chapter has been both illuminating and frustrating. Some safety 

models, such as safety drift, are straightforward (Dekker, 2011a). Therefore, I had no issues 

with reviewing them. Conversely, I found it difficult to review high reliability organisations. 

Both the Berkeley group and Karl Weick had their own ideas regarding characteristics that 

contributes to high reliability. Therefore, I experienced difficulties in trying to figure out 

what exactly is a high reliability organisation. Additionally, while Karl Weick explicitly 

prescribed five characteristics that an organisation should develop to achieve high reliability, 

the Berkeley group's research on high reliability organisations are mostly descriptive 

(Rochlin, 1999; Rochlin et al., 1998; Weick & Sutcliffe, 2007). The descriptive nature of the 

Berkeley group's work meant that I sometimes had to decide for myself if a particular set of 

description should count as a characteristic of high reliability organisations.  
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Abstract 

Approaches to safety have often considered the “human” factor in an organisation or 

operation as a major contributor to unwanted outcomes. The view of “human” as a problem 

leads to responses that involve trying to exert more control over people. While these may 

make intuitive sense for some, research suggests that such a view may not be valid as there 

are an enormous number of other factors (many of which are beyond control of the human at 

the sharp end) that are behind the creation of success and the occasional failures. This chapter 

begins with a review of normal accident theory, before using complexity science to fill out 

the problematic nature of the notion of “human error”. It then discusses one of the prominent 

problems associated with complexity, safety drift. Lastly, this chapter looks at various 

proposed solutions (e.g. resilience engineering) by which a healthcare system can manage 

complexity and perhaps reduce the potential harm to patients.  
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Introduction 

Approaches to safety have often considered the “human” factor in an organisation or 

operation as a major contributor to unwanted outcomes. Most responses to this “problem” 

involve trying to exert more control over people (Dekker, 2015). This can happen through the 

generation of policies, guidelines, and prescriptions, and of course the enforcement of 

procedures. While these may make intuitive sense for some, research suggests that such a 

view may not be valid as an extensive focus on failures creates the erroneous impression of 

humans as a liability, and ignores the many other instances of humans contributing to success 

and resilience (Rankin, Lundberg, Woltjer, Rollenhagen, & Hollnagel, 2014). Not only are 

people crucial in the creation of safety in the messy details of everyday work, there are also 

an enormous number of other factors (many of which are beyond control of the human at the 

sharp end) that are behind the creation of success and the occasional failures. 

Normal Accident Theory 

With the rapid advancement of technology, many organisations today are complex 

systems, and these systems interact with an equally (if not more) complex environment 

(Hollnagel, 2014; Perrow, 1984). Complexity has been argued to render these organisations 

accident prone in two ways. First, minor failures between multiple components within a 

system can interact in incomprehensible or difficult-to- follow ways to produce a larger 

failure. Second, the complexity of these systems makes it difficult for any one individual to 

fully comprehend every single process involved in keeping the system functional (Hollnagel, 

2014; Rochlin et al., 1998). Therefore, when an accident occurs, operators within the system 

may find it difficult to remedy the situation. Most retrospective responses to such issues rely 

on adding more components or layers of defences, such as an extra alarm or another backup 

power generator. However, this only adds to the system’s complexity and might lead to even 

more unintended interactions and consequences. Given that failures involving complex 
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component interactions are unusual and often unforeseen, they are not considered when we 

attempt to determine the probability of an accident occurring. Therefore, it is likely that the 

actual probability is much higher than we think. 

Of course, not all organisations or surgical operations may encounter accidents since 

they are loosely coupled (Perrow, 1984). In such systems, the continued functioning of a 

component is rarely dependent on the functioning of other components (Hollnagel, 2009a; 

Perrow, 1984). For instance, the performance of a medical faculty in a university is rarely 

dependent on the performance of the business faculty. This is not the case for tightly coupled 

systems such as the operating room, where the function of the surgeon depends greatly on the 

function of another component such as the anaesthesiologist, and thus an issue with one of 

them is likely to lead to an issue with the other. In turn, other personnel (e.g. nursing and the 

recovery room staff) who rely on them will experience disruption to their work as well. These 

disruptions and issues may interact with one another in an unforeseeable manner, causing an 

accident. In sum, organisations that operate using systems that are both complex and tightly 

coupled will likely experience an accident and numerous near misses at some point in time 

(Barach & Small, 2000; Perrow, 1984). These accidents are an expected by-product of a 

complex and tightly coupled system, and therefore seen as “normal”. Hence the term normal 

accident theory. 

Complexity Science 

Some might still argue that accidents are a result of human error (Levitt, 2014; 

Topham, 2013). This section discusses complexity and explains why blaming accidents on 

human error alone may be a simplistic approach that misses the bigger picture. We will look 

at the underlying assumptions, and argue why these assumptions may not be realistic, 

especially in a medical or surgical setting. 

The perception of accidents as the simple product of human error usually contains at 

least four underlying assumptions. First, it assumes that the system involved solely operates 
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in a linear manner (Dekker, Cilliers, & Hofmeyr, 2011). In other words, A only causes B, B 

only causes C, and so on. Second, it assumes that since the system operates in a linear 

manner, it therefore follows that with sufficient knowledge, an operator within the system can 

or should be able to predict the outcome of their actions. Therefore, when an adverse event 

occurs, such as a wrong-sided surgery, the surgeon is often blamed for not having anticipated 

the outcome. Third, it assumes that the linear manner in which the system operates means 

that it is possible for one to reverse the linear process to discover the cause of an accident. In 

other words, since C is only caused by B and B is only caused by A, this means that A is the 

source (or root cause) of the problem. Fourth, it assumes that it is possible for investigators to 

collect all the information necessary to form a true story of what exactly happened to give 

rise to the adverse event. 

However, these assumptions may not be realistic, especially in the domain of 

healthcare and in highly complex surgical microsystems (Mohr et al., 2003). There are many 

examples which indicate that not all systems operate purely in a linear manner. For instance, 

the performance of a nurse in a hospital is potentially influenced by a plethora of factors like 

the nurse’s case load, whether there is a staff shortage, the type of observation charts used, 

the noise level and lighting within the wards, and whether the nurse is interrupted (Chatterjee, 

Moon, Murphy, & McCrea, 2005; Ebright, Patterson, Chalko, & Render, 2003; Leape, 1994; 

Walsh-Sukys, Reitenbach, Hudson-Barr, & DePompei, 2001; Westbrook, Woods, et al., 

2010). Likewise, the performance of a surgeon can be affected by factors such as 

interruptions, fatigue, and stress levels (Eastridge et al., 2003; Wetzel et al., 2006; 

Wiegmann, ElBardissi, Dearani, Daly, & Sundt, 2007). 

Since the healthcare system operates in a complex manner, it stands to reason that the 

second assumption of outcomes being predictable is likely to be false. A complex system like 

healthcare is likely to experience a huge amount of interactions, some of which are non-

linear, among all of its components (Coiera, 2012; Reason, 1995; Robson, 2015). These 
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interactions can take a range of forms, such as the interactions between staffs across multiple 

disciplines or small physiological changes within a patient interacting to cause major 

disruptions in the patient’s health. Systems of such complexity mean that it is impossible for 

any one individual to fully comprehend all the tasks necessary to keep it functional 

(Hollnagel, 2014; Rochlin et al., 1998). Given the complexity and interactivity involved, 

outcome prediction is near impossible. 

Following from the above, the third assumption is likely to be false as well. Since the 

healthcare system is immensely complex and highly interactive, finding out the factors 

contributing to an accident is not as easy as simply reconstructing a linear process (Dekker et 

al., 2011). Moreover, not all accidents have a cause, as discovered during the investigation 

into the accidental shooting of two US Black Hawk helicopters by two US fighter jets. This 

shooting is thought to have happened due to the many local units each developing their own 

procedures and routines to manage local demands. The development of local procedures and 

routines is a normal occurrence, as the original plans do not always suit the local situation. 

However, the differences in procedures and routines among the various units made it difficult 

for these units to act smoothly and successfully in a tightly coupled situation, leading to the 

shooting (Dekker, 2011a; Snook, 2002). Lastly, this assumption also depends on the accident 

investigator being given full access and the ability to gather all the necessary information to 

reconstruct an accurate picture of the accident. As will be argued below, it is highly unlikely 

for that to happen. 

The fourth assumption regarding an investigator being able to gather all the necessary 

information to reconstruct an accurate picture of the adverse event is likely to be an invalid 

assumption, for the following reasons. First, systems that are highly complex and interactive 

tend to continuously evolve, thereby retarding any attempts at retrospective analysis 

especially for an outsider unfamiliar with the nuance changes in complex systems (Leveson, 

2011). Second, a huge amount of information might be lost or difficult to obtain in the course 
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of accident investigations since one’s behaviour can be influenced by a multitude of factors, 

such as unwritten routines or subtle oral or behaviour influences by other supervisors or staff 

members (Vaughan, 1999). 

Third, research has shown that memory is unreliable and highly context dependent 

(Itsukushima, Nishi, Maruyama, & Takahashi, 2006; Lindsay, 1990; Loftus & Palmer, 1974; 

Ramirez et al., 2013). The way in which a question is phrased has the capacity to alter 

answers and memories. Furthermore, people are also susceptible to incorporating 

misinformation from various sources into their memory of an accident. Thus, this might 

hinder or at least affect attempts at information gathering and increase the chance of hindsight 

bias (Woods, Dekker, Cook, Johannesen, & Sarter, 2010). 

Lastly, the process of reconstructing a representation of an accident is at risk of 

succumbing to the hindsight bias (Woods et al., 2010). Given that the outcome of an accident 

is already known, it is easy for accident investigators to determine which behaviour or 

decision led to the accident and wonder why the people involved failed to notice the same 

things. In doing so, the challenges that these people faced are trivialised and the bigger 

picture, that such accidents are mostly the product of complex and interactive systems, is 

missed. 

In summary, attributing adverse events to human error hinges on the four assumptions 

being valid. However, these assumptions are unrealistic in complex and interactive systems 

like healthcare. Rather than looking at accidents using a linear approach, we should perhaps 

follow in the footsteps of high-reliability organisations (see section “Principles of High 

Reliability”) and adopt a systems approach instead, which is well suited for complex settings 

such as in surgical setting. Essentially, this approach takes the view that an individual failure 

is a symptom of a larger problem within the system, which enables organisations to learn 

from their mistakes and improve the system (Dekker & Leveson, 2015; Rochlin, 1999; Weick 

& Sutcliffe, 2007). 
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It should be noted that such an approach does not mean that humans are entirely 

blameless, as there are scenarios in which pursuing individual responsibility might be 

necessary (Steiner, 2006). However, most errors are arguably committed by proficient and 

well-meaning operators who possess a finite capacity (as do all humans) and who face 

numerous challenges when carrying out their duties (Wachter & Pronovost, 2009; Woods et 

al., 2010). Thus, the focus here should not be on punishing them, but to examine the means of 

improving the system in order to alleviate some of their difficulties and attenuate future 

adverse events (Dekker & Leveson, 2015; Wachter & Pronovost, 2009). 

Safety Drift and Procedural Violations 

Safety Drift 

Healthcare systems are vastly complex and set in an environment that is equally (if 

not more) complex (Hollnagel, 2014; Perrow, 1984). Besides consisting of a multitude of 

individual components (e.g. doctors and nurses, technological artefacts, regulatory pressures), 

systems of such complexity also possess subsystems (e.g. anaesthesiology team, general 

surgery team) that are working to achieve their own goals (Woods et al., 2010). These goals 

are not always compatible, however, resulting in conflicts that need managing. Those 

involved would have to make decisions based on the situation and some of these decisions 

might require the sacrificing/trade-off of safety to achieve a particular production goal or to 

live up to other duties (Amalberti, Auroy, Berwick, & Barach, 2005; Dekker & Pruchnicki, 

2014). Typically, this trade-off does not yield any immediate negative consequences (Dekker, 

2011b). Therefore, those involved would be misled into assuming that the trade-off is 

acceptable, and it becomes part of the normal process. When another conflict emerges, and 

another trade-off is made with no adverse results, this second trade-off might be once again 

be assumed to be acceptable and becomes part of the normal process. This process (known as 

normalisation of deviance) will repeat itself, slowly nudging the system towards greater risks 

until an adverse event takes place. 
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Despite the risks involved, those within the system are unlikely to be aware of this 

drift to failure as signs are typically only noticed by those outside of the system (e.g. accident 

investigators) after an accident has occurred (Dekker, 2011a). To those within the system, 

seemingly poor decisions in hindsight are actually rational, given the contemporaneous 

circumstances (Woods et al., 2010). While seemingly a bad phenomenon, the drift away from 

safety is not necessarily a negative indicator of an organisation’s performance (Dekker, 

2011a). Rather, it is simply a by-product of a complex system adapting to the challenges from 

both within itself and the environment. The challenge is to ensure that the clinicians involved 

understand the role and importance of these trade-offs (i.e. clinical sensemaking) (Barach & 

Phelps, 2013). 

Features of Drift 

So what are the elements that contribute to a system drifting towards failure? At 

present, it is theorised that at least five factors are involved, namely (a) scarcity and 

competition, (b) decrementalism, (c) sensitivity to initial conditions, (d) unruly technology, 

and (e) contribution of protective structure (Dekker, 2011a). 

Scarcity and competition refer to an organisation experiencing a lack of resources, 

and facing intense competition (Dekker, 2011a). Rasmussen suggested that a typical 

organisation has to work within three boundaries, the first being economic, the second being 

safety, and the third being workload (Rasmussen, 1997). Working beyond the economic 

boundary means that the organisation would not be able to maintain itself financially, while 

crossing the safety boundary means that the organisation’s operation is highly dangerous (e.g. 

patient’s well- being may be endangered). Lastly, exceeding the workload boundary means 

that the people and/or the technologies within the organisation are no longer capable of 

carrying out their work. As mentioned earlier, organisations generally drift away from the 

safety boundary to satisfy production pressure since the loss of safety is rarely felt while the 

reaching (or not reaching) of production pressure is tangible (Dekker & Pruchnicki, 2014). 
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Decrementalism means that an organisation moves to the edges of the safety boundary 

over a series of small steps (instead of instantaneously), as it attempts to meet production 

pressure, as explained earlier (Dekker, 2011a). This should not be confused with 

normalisation of deviance, which refers to trade-offs made in response to abnormal situations 

(e.g. high demands) being seen as the new norm. 

Sensitivity to initial conditions (otherwise known as the butterfly effect) essentially 

argues that seemingly small factors in a system’s starting conditions can lead to large failures, 

as these factors interact in novel ways to give birth to unintended consequences, pushing an 

organisation towards the edge of the safety boundary (Dekker, 2011a). Unruly technology 

refers to the gap that exists between how designers of a technology think it will work, and 

how the technology actually works when exposed to the environment (Dekker, 2011a; 

Wynne, 1988). For instance, the introduction of poorly designed health information 

technology in some hospitals has been argued to cause issues such as (a) making it difficult 

for physicians to gain a proper understanding of a patient’s condition, and (b) producing 

reports that lack information value, due to the technology’s insistence of using standard 

phrases (Ash, Berg, & Coiera, 2004). 

The last factor is the contribution of protective structure, which suggests that the 

protective structure that was deliberately created to keep the operation safe can end up 

contributing to a drift towards failure (Dekker, 2011a). One example is a safety or 

governance department that, through its generation of many different layers of defence and 

guidelines, actually contributes to complexity, thereby rendering real sources of risk less 

visible to the sharp end users. 

Possible Means to Reduce Potential for Drift 

Despite the potential for drift to result in unwanted consequences, a definitive solution 

to reduce an organisation’s potential for drift does not appear to exist. Nonetheless, this 
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section will be devoted to the exploration of some of the ideas in the hopes that some would 

find it useful. 

As suggested earlier, signs of drift are not always obvious to those within the 

organisation (Dekker, 2011a). Therefore, one plausible approach of reducing an 

organisation’s potential for drift is to study how decision makers make sense of the 

information environment (e.g. why they take in certain bits of information and ignore others) 

as well as how they make and rationalise their decisions (Rasmussen & Svedung, 2000). 

However, this may not be a fruitful endeavour since an organisation’s drift into failure is 

usually only known after an accident has occurred and any knowledge gleaned might be 

specific to that accident and have little applicability in other contexts. 

Arguably, a decision maker must pay attention to multiple sources of information and 

invite doubt to make the best possible decisions (Weick, 1993). But this may be an idealistic 

notion as decision makers may be bombarded with an enormous amount of information, 

which would require a long time to process, and immense cognitive resources (Dekker, 

2011a). Furthermore, tell-tale signs of drift may be weak or unbelievable, and hence go 

unnoticed (Dekker & Pruchnicki, 2014). 

Another potential approach would be to move the organisation away from the safety 

boundary, reducing the likelihood that it will be crossed and produce an accident 

(Rasmussen, 1997). Examples include reducing production pressure or investing in proven 

safety methods. However as with the above, expecting an organisation to reduce production 

pressure might be wishful thinking. Even if an organisation chooses to invest in proven safety 

methods, it is highly likely that production pressure will follow this increase as staffs would 

be expected to produce a greater output with the same resources (i.e. be more efficient) 

(Dekker & Pruchnicki, 2014). 

In sum, while there has been several suggestions on ways to diminish an 

organisation’s potential for drift, these suggestions each come with their own caveat. 
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Nevertheless, this does not mean that it is impossible to reduce an organisation’s drift 

potential since there may be other solutions that have yet to be explored. For example, 

Rochlin and his colleagues have observed that the various subsystems on board a naval 

aircraft carrier were able to balance multiple constraints and pressures to consistently produce 

smooth performances (Rochlin et al., 1998). Perhaps an in-depth study on how these 

subsystems co-operate and negotiate with one another might yield some useful information. 

Procedural Violations 

As argued earlier, drift is not an indicator of an organisation’s failing, but a sign of it 

adapting (Dekker, 2011a). It can appear in many forms, such as procedural violation (also 

known as workarounds). Workarounds appear to be frowned upon as it deviates from rules 

and regulations, which some consider sacred (Spear & Schmidhofer, 2005). Such a viewpoint 

may have its merits, for deviations from rules and regulations have resulted in unwanted 

results. For instance, it was argued that non-compliance with rules and regulations 

contributed to an incident where the wrong patient was given an invasive procedure. 

However, it might be a mistake to assume that all forms of procedural violations are 

bad. For example, one form of medical guidelines in the USA specified the use of 

levofloxacin for community- acquired pneumonia (Mandell et al., 2007). But others have 

suggested that a physician should not always follow these guidelines as levofloxacin is an 

expensive form of antibiotics that not all patients can afford, and not having antibiotics could 

lead to patients’ conditions worsening (Perry & Fairbanks, 2015). To avoid this outcome, 

physicians need to deviate from the rules and regulations and prescribe a different and more 

affordable form of antibiotics. Furthermore, each patient has their own unique co-morbidities 

and medical history, making it near impossible to create a set of guidelines to address each 

case. Under such circumstances, physicians should be allowed to act as they see fit instead of 

being penalised for not complying with procedures. In other words, procedural violation may 

not always be a bad thing as it captures the local wisdom of the providers. 
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Stretching the Limits of Adaptive Capacity 

As argued above, healthcare organisations have to adapt to multiple constraints both 

within itself and the environment (Dekker, 2011a; Woods et al., 2010). One way of doing so 

would be to stretch its adaptive capacity. Adaptive capacity refers to a system’s ability to 

adjust its actions in response to high production pressure, such as a hospital temporarily using 

stretchers or chairs in the hallways when there are insufficient beds to accommodate a sudden 

spike in demand (Bergstrom et al., 2009; Wears, Perry, & McFauls, 2007). When a system 

attempts to adapt itself to handle a particular type of disruption, it will inevitably become less 

adept at handling other types of disruptions (Woods & Branlat, 2011). When these other 

disruptions actually happen, the system’s adaptive capacity will be tested and failure is a real 

possibility. Since failure is an unwelcome result, it is therefore important for a system to 

know where it stands in terms of its adaptive capacity, the type of problems that can arise in 

an adaptive system, and the means of stretching this finite resource if necessary (Woods & 

Wreathall, 2008). For a system to figure out where it stands in terms of adaptive capacity, it 

should possess at least the following three characteristics: (a) capacity to reflect on how well 

it has adapted, (b) awareness to know what it is adapting to, and (c) changes within its 

environment (Woods & Branlat, 2011). 

There are three potential ways by which an adaptive system can break down (Woods 

& Branlat, 2011). The first is decompensation, which essentially refers to a system’s adaptive 

capacity being unable to keep up with a disruption that has occurred. In the initial phases of 

decompensation, the system automatically attempts to compensate when a disruption takes 

place and is somewhat successful in doing so, hence masking the problem as it continues to 

fester. Eventually, the system’s adaptive capacity would be drained, causing a sudden 

collapse and failure. 

The second issue is one that has been discussed earlier, namely the possibility of 

various subsystems having conflicting goals with one another, leading to each subsystem 
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taking actions that may benefit them individually but limits the system’s adaptive capacity 

(Woods & Branlat, 2011). The final possibility is that the system may persist in using 

outdated practices even though the environment has changed and despite the introduction of 

new practices. 

Given the importance of adaptive capacity in ensuring that a surgical system remains 

functional, it is therefore necessary to figure out the means of stretching this finite resource to 

avoid a system failure (Woods & Wreathall, 2008). One plausible way might be to stay 

sensitive to indicators that the system is silently compensating for disruptions and to take 

remedial actions immediately when these indicators display abnormal signs (Woods & 

Branlat, 2011). However, this might not be an easy task since it requires one to be able to 

successfully differentiate between good adaptive behaviours (e.g. workarounds to increase 

efficiency) and bad adaptive behaviours (disruptive behaviours that indicate that the system is 

on the path to failure).  

Resilience 

A second means of dealing with constraints and complexities would be to apply the 

principles of resilience engineering. Resilience is defined as the ability of a system to adapt 

its functioning prior to, during, or following any changes or disruptions to sustain regular 

operations under all conditions (Hollnagel, 2009b). The key term in the definition is adapt, 

meaning that resilience is about the system’s ability to adjust its functioning to meet 

challenges. A system that is able to sustain regular operations under all conditions is not 

necessarily resilient, since this can be easily achieved via inefficient means such as 

stockpiling an absurdly large amount of resources (e.g. having multiple empty wards in a 

hospital in case of an emergency). Hence, adaptation is important. 

However, some form of excess resources may still be necessary for the system to 

draw upon in times of need, meaning that not all excess resources should be removed under 

the pretext of efficiency (Woods & Wreathall, 2008). Therefore, one possible problem with 



78 

resilience engineering would be the difficulty in determining whether a set of spare resources 

should be removed for efficiency or retained to achieve resilience. Whether a system can 

successfully manage this is likely to depend on how it implements and sustains the four 

pillars of resilience. For example, if a system is proficient in predicting future threats (one of 

the four essential pillars of resilience), it should be able to determine if the extra resources 

available would be useful in helping it achieve resilience by allowing it to better meet 

challenges, or if the extra resources are a hindrance as it prevents the system from operating 

efficiently. 

Four Pillars of Resilience 

Given the apparent benefits of resilience (i.e. able to handle disruptions), healthcare 

systems might consider adopting at least some of its principles. Currently, it is argued that a 

resilient system should possess four key abilities, namely (a) the ability to respond to 

disruptions, (b) the ability to monitor ongoing developments, (c) the ability to predict 

potential threats and opportunities, and (d) being able to learn from both failures and success 

(Hollnagel, 2010). 

For a system to be able to respond to disruptions, it should come up with a list of 

potentially disruptive events and develop a set of possible responses to these events, so that it 

may react appropriately in a timely manner when the disruption occurs (Hollnagel, 2009b). 

For the list to be effective, the disruptive events that are being included should be rigorously 

examined on a frequent basis to ensure their relevance and timeliness. 

In terms of developing a set of responses, the system needs to be able to verify its 

effectiveness as well as consider appropriate means of maintaining such responses 

(Hollnagel, 2009b). As mentioned above, having an absurdly large amount of excess 

resources (e.g. dozens of empty beds) might be an effective response, but it is certainly not 

efficient and is costly to maintain in the long run. 
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For a system to have the capacity to monitor ongoing developments, a list of valid and 

reliable indicators needs to be developed and continuously monitored (Hollnagel, 2009b), in 

other words, an organisational dashboard of indicators that can consistently yield useful 

information. An example of a poor indicator would be the number of human errors 

committed, since it depends on unrealistic assumptions and misses the bigger picture, as 

argued earlier. 

Additionally, these indicators are unlikely to always remain relevant, and thus should 

be constantly revised and updated (Hollnagel, 2009b). A clear set of guidelines is necessary 

to guide this revision process as the typical approach is to simply revise the indicators after an 

accident has occurred. Such an approach is inadvisable because of two reasons, namely (a) it 

holds the unrealistic expectation that indicators should be able to predict all adverse events, 

which is unlikely to happen due to complexity, and (b) revisions based on this approach 

usually do not yield effective solutions due to a heavy focus on face validity. Aside from the 

above, the development of suitable monitoring indicators requires the consideration of other 

factors as well, such as the predictive value of the indicators, the means by which the 

indicators are measured, and whether the information provided by the indicators refer to 

temporary or permanent events. 

To determine if a system is capable of predicting both potential threats and 

opportunities, the assumptions that it holds about the future should be examined (Hollnagel, 

2009b). If a system perceives the future to be a replication of the past, or that past events can 

be used to deduce future events, then the system is unlikely to possess the ability to predict 

potential threats or opportunities as the past may not always be a good indicator of the future 

(Dekker & Woods, 2009; Hollnagel, 2009b). If a system perceives future events to be a 

phenomenon caused by the complexity and interactions both within itself and the 

environment, then it might be able to successfully predict potential threats and opportunities. 
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Lastly, a resilient system might display the willingness to learn from both failures and 

successes, since both types of events arguably share the same underlying processes save for 

the recovery from failure (Hollnagel, 2009b). Academics studying resilience have argued for 

the importance of studying success as it provides useful information for the occurrence of 

failures, the rationale being that there are no magical processes that only manifests 

themselves when an accident happens, but otherwise remain dormant (Hollnagel, 2010; 

Mumaw, Roth, Vicente, & Burns, 2000). Instead, if an accident happens, it is likely that the 

underlying causes have been around for a while and are only made obvious by the accident. 

Furthermore, understanding how success happens and investing in it can not only reduce the 

possibility of things going wrong, but can potentially increase productivity as well. For a 

system to truly be resilient, all four components are thought to be essential. However, the 

importance of each component in a particular system generally depends on the system in 

question and is highly context dependent. 

Limitations of Resilience 

Despite the positive sides to resilience engineering, it still possesses some limitations 

which could mitigate its effectiveness. Many of its recommendations are vague and thus 

hinder attempts at implementing them. For example, it recommends that a resilient system 

should develop both a list of plausible disruptive events and a set of responses to these 

disruptions (Hollnagel, 2009b). However, it may not always be clear as to which events 

should be included on the list, and which events should be excluded. 

Moreover, as a system seeks to improve its performance in dealing with a particular 

set of disruptive events, it will inevitably experience some form of setback in dealing with 

other types of events (Woods & Branlat, 2011). Therefore, when these other types of events 

do happen, failure becomes a real possibility.  
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Principles of High Reliability 

Concept and Characteristics of High Reliability 

Despite the problems mentioned above, some complex and tightly coupled 

organisations have been able to defy the odds and limit failures, yet consistently produce high 

performance (Rochlin et al., 1998). Such organisations are said to possess high reliability. In 

an attempt to understand how these organisations managed such a feat, different groups of 

researchers have studied these organisations and identified different sets of characteristics 

which they believe might be the key. The lists that these researchers came up with share 

several similarities, but possess some differences as well. Therefore, this section will first 

discuss the common characteristics before looking at the differences observed. 

Common Characteristics of High Reliability 

The first characteristic of high-reliability organisation is their proactive approach 

towards risk management. Rather than aiming to prevent failures, which would be an 

impossible enterprise, these organisations choose to make allowances within their systems for 

them (La Porte, 1994; Rochlin, 1999; Weick & Sutcliffe, 2007). Additionally, they obsess 

over failures and regard them as symptoms of a larger problem within the organisation. As 

such, personnel are encouraged to (a) report errors (and are rewarded for doing so), (b) learn 

from near misses, (c) avoid being overconfident, and (d) be aware of the potential for small 

failures to interact and produce an exponentially larger failure. 

The second characteristic of high-reliability organisation is their appreciation of the 

complexity involved in the daily operations of the organisation, and knowing that they can 

never fully comprehend it (Rochlin, 1999; Weick & Sutcliffe, 2007). Therefore, they do not 

become overconfident but instead continue to remain hyper-vigilant for possible disruptions. 

Furthermore, they understand that the system’s complexity means that it is impossible for a 

single individual to fully master every single task needed to keep the organisation operational 
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(Rochlin et al., 1998). Therefore, tasks are broken down into smaller tasks, with a specific 

group attending to each smaller task. 

The third characteristic of high-reliability organisation is their deference to experts 

instead of authority (Rochlin et al., 1998; Weick & Sutcliffe, 2007). In this case, experts do 

not refer to those with the most experience, as experience may not always be the best 

indicator of expertise. Instead, expert here refers to the person who has the specific set of 

knowledge needed to respond appropriately to the situation at hand, regardless of the person’s 

authority (Roberts, Stout, & Halpern, 1994). 

Different Characteristics 

As mentioned in the introduction to this section, some differences exist between the 

two lists of characteristics of a high-reliability organisation. By differences, we mean that one 

group of academics have proposed a particular characteristic (e.g. continuous learning) as a 

contributing factor to high reliability, while another group of academics have not. 

The first characteristic is the habit of continuous learning. While on board an aircraft 

carrier, Rochlin and colleagues observed that personnel of high-reliability organisations are 

continuously learning, with new methods of work constantly being introduced, and 

conventional means always being scrutinised for flaws (Rochlin et al., 1998). However, this 

does not mean that procedures are always changing. Rather, new methods are only accepted 

after its benefits are proven. 

The second characteristic is constant communication among personnel, even when 

there is a lull in activities (Rochlin, 1999). Such behaviours not only keep communication 

channels open and help everyone to stay updated, but they also permit trust to grow and 

experienced members of the team to spot signs that might indicate potential trouble. 

The third and final characteristic is the display of sensitivity to the needs and 

requirements of those working at the front line (Weick & Sutcliffe, 2007). As stated above, 

healthcare organisations today operate under incredibly complex and regulatory situations, 
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meaning those at the front line of the organisation are required to adapt to changing 

circumstances on a frequent basis in order for the organisation to operate safely. Conversely, 

those who work at the back end are typically temporally and spatially removed from the front 

line and hence have a limited understanding of what is actually happening at the sharp end 

(Hollnagel, 2014). High- reliability organisations are aware of this and therefore attempt to be 

sensitive to the needs of the front line to close this gap. 

Limitations 

While the works on high-reliability organisations have produced fascinating and 

useful information that all organisations can apply, they are not without flaws. A common 

criticism of studies on high-reliability organisations is that they have been focusing mainly on 

unique organisations like the Navy or air traffic control, and hence the applicability of 

principles gleaned from these organisations to other settings remains to be seen (Lekka, 2011; 

Waller & Roberts, 2003). Furthermore, these unique organisations often do not face 

production pressure unlike other organisations in domains like healthcare, where medical 

staff have to attend to a large number of patients in a small amount of time and where 

technology continues to curb their autonomy (Marais, Dulac, & Leveson, 2004). Hence, it 

may be unrealistic to expect organisations with these constraints to achieve high reliability 

(Boin & Schulman, 2008). 

Such concerns are certainly valid, and while a few studies have displayed some level 

of success in applying high-reliability principles in a healthcare setting, many questions 

remain unanswered and hence additional empirical research is necessary (Frankel, Leonard, 

& Denham, 2006; Madsen, Desai, Roberts, & Wong, 2006; Sanchez & Barach, 2012). For 

example, Madsen and his colleagues found that although their implementation of high-

reliability principles improved the performance of a paediatric intensive care unit, medical 

staff from other departments resisted the change. Furthermore, these improvements were 

abandoned when the implementers left the unit. Therefore, further research could examine the 
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optimal means of introducing high-reliability principles with minimal resistance, as well as 

looking at ways of ensuring that these principles are sustained in the long run. This means 

addressing the barriers to culture and organisational change that can get in the way of moving 

towards higher reliability of care (Barach, 2016). 

Besides facing different challenges (e.g. production pressure), high-reliability 

organisations and normal organisations may also differ in other ways, which could make the 

application of high-reliability principles difficult. One instance would be personnel selection. 

Given the stringent nature of the recruitment practices used by air traffic control and the 

Navy, it is plausible that the personnel within these organisations are not representative of the 

personnel that one might find in a typical organisation (‘Federal Aviation Administration. 

Aviation Careers’, 2015; ‘United States Naval Academy. Admissions’, n.d.). 

Also, a study in Germany discovered that individuals low in agreeableness, 

neuroticism, and openness to experiences were more likely to choose military service over 

community service (Jackson, Thoemmes, Jonkmann, Lüdtke, & Trautwein, 2012). This might 

mean that individuals with particular personality traits are more likely to join the Navy, and 

these traits in turn make it easier for the Navy to achieve high reliability. This is purely 

conjuncture, given that the study was conducted in Germany, whereas the studies on high 

reliability in the Navy were carried out in the USA. Extensive empirical studies are needed to 

determine if there is any truth to the speculation. 

Surgical Microsystems 

Aside from the teachings of high reliability, the idea of surgical microsystems has 

been touted as another possible contender for those seeking to manage the various constraints 

in the domain of healthcare while maintaining a high level of performance (Nelson et al., 

2002; Sanchez & Barach, 2012). According to Sanchez and Barach, the concept of 

microsystems originated from Quinn’s works regarding intelligent enterprises (Quinn, 1992; 

Sanchez & Barach, 2012). In the domain of healthcare, a microsystem refers to a small group 
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of individuals delivering a service to a particular group of patients for a certain purpose. For 

example, a surgical ICU can be considered as a microsystem as it is made up of a group of 

people (e.g. healthcare practitioners and the patients’ family) working together to care for the 

patient with the goal of helping the patient recuperate. It is proposed that the microsystems 

are the building blocks of a system and thus any attempts at improving the healthcare system 

to cope with the multitude of constraints should begin at this micro level (Nelson et al., 

2002). 

Characteristics of Surgical Microsystems 

Sanchez and Barach suggest that a good surgical microsystem should possess the 

following principles, some of which are similar to the principles of high reliability (Sanchez 

& Barach, 2012). First, there should be an acknowledgement of the fallibility of humans, and 

the acceptance of accident (or errors) as normal. Instead of pursuing individual responsibility 

when something goes wrong, it should focus on the complex systemic factors behind the 

incident. 

Second, a good microsystem needs to possess chronic unease, a state where an 

individual (or in this case, a microsystem) is concerned that potential risks are not being 

properly managed (Fruhen, Flin, & McLeod, 2013; Sanchez & Barach, 2012). It has been 

suggested that such an unease is useful as it keeps people alert to possible dangers and 

reduces the potential for complacency. Third, it is essential that communication channels 

remain open and dissenting views are not swept aside. Additionally, workers should be 

provided with proven tools that can help reduce the potential for errors. One example might 

be the redesign and usage of clinical charts that were specially designed to be user friendly 

using applied human factor principles (Christofidis, Hill, Horswill, & Watson, 2013). 

Fourth, the reporting of errors and near misses should be encouraged, and the learning 

value of near misses needs to be appreciated (Sanchez & Barach, 2012). Fifth, patients should 

not be excluded from communication channels and in face communication needs to be 
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designed around the needs of the patient care with the focus on co-producing exceptional 

outcomes with the patients (Barach & Berwick, 2003). In other words, when a patient is 

erroneously exposed to danger, a good surgical microsystem should pay attention to the 

patient’s side of the story in order to gain a better understanding and learn from this safety 

breach. Lastly, effective microsystems need to base their system on proven human factor 

principles to optimise performance, support staff engagement, and attenuate impact of errors 

and other constraints such as providing nurses with user-friendly clinical charts (Christofidis 

et al., 2013; Jensen & Barach, 2003; Mohr & Barach, 2006; Sanchez & Barach, 2012). 

Conclusions 

Rapid technological advancement has led to organisations becoming complex systems 

and dealing with a complex environment, making accidents a normal part of operations 

(Hollnagel, 2014; Perrow, 1984). Arguments that these accidents are caused by human errors 

hinge on several unrealistic assumptions being valid, and do not address the complexity in 

today’s surgical world (Dekker et al., 2011). Such complexity creates multiple challenges and 

constraints for both the system and its subsystems, which forces them to adapt in ways that 

could cause a drift towards failure (Dekker, 2011a; Dekker & Pruchnicki, 2014; Woods et al., 

2010). To manage these issues, systems can learn to stretch their adaptive capacity, attempt to 

become more resilient, apply the same principles as high- reliability organisations, and/or 

learn from clinical microsystem wisdom (Hollnagel, 2009b, 2010; Rochlin, 1999; Rochlin et 

al., 1998; Sanchez & Barach, 2012; Weick & Sutcliffe, 2007; Woods & Branlat, 2011; 

Woods & Wreathall, 2008). While each of these ideas come with their own limitations, they 

are nevertheless an excellent starting point for anyone seeking to improve performance and 

safety in the surgical care of patients across the perioperative continuum.  
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Afterword for Chapter 3 

This chapter was written early in my candidature. Looking back, I would have 

avoided the strong focus on the four pillars of resilience engineering. Although the four 

pillars are an important part of resilience engineering, there are other ideas that resilience 

engineering can offer. For example, resilience engineering is also based on the premise that 

performance conditions are always underspecified, meaning it is necessary for individuals or 

organisations to adjust what they are doing to match demands and available resources 

(Leonhardt et al., 2009). Using this idea, interruptions can then be seen as a tool used by 

nurses to adjust their performance. Similarly, despite some of the difficulties with figuring 

out what is a high reliability organisation, I still think that the high reliability perspective can 

offer a unique perspective of interruptions. It has been pointed out to me that high reliability 

organisations encourage open communication, going against the general goal of interruption 

researchers, which is to restrict interruptions (i.e. communication), at specific points in time. 

Despite this contradiction, I still think that the high reliability perspective can offer a unique 

perspective of interruptions. 

Although other safety models exist, they are not mentioned here for the following 

reasons. First, the editors of this book chapter were the ones who provided me with the list of 

safety models that they want me to review for this chapter. Second, as mentioned in chapter 

4, the barrier model is not suited to deal with the complex accidents found in today’s world. 

Therefore, the model is not mentioned here. Third, there is another safety model, known to 

some as safety culture, and others as safety climate, that might be suitable for complex 

accidents. However, I did not mention this model in my thesis, for reasons that are mentioned 

in the foreword of chapter 4. 

On a side note, this chapter was originally written for a book on surgery. If I were to 

write this chapter with interruptions and medication preparation/administration in mind, I 

would not have included a section on surgical microsystems. Both surgical microsystems and 
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high reliability principles share a number of ideas, such as having open communication, and 

being sensitive to anomalies. However, unlike surgical microsystems, high reliability 

principles have resilience as one of its core ideas, which can lead to new ways of 

conceptualising interruptions and interruptions interventions, as will be shown in chapter 4. 
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Foreword for Chapter 4 

I thought that it was important for the interruptions science community to consider 

new approaches when it comes to studying interruptions and medication errors. After my 

literature review of safety models in chapter 3, I chose to consider high reliability 

organisations, safety drift, and resilience engineering as possible alternative approaches. I 

chose these models as I think each of these models offer a unique perspective on the 

phenomenon of interruptions. 

Initially, I included another safety model, known as safety climate, in this chapter. 

Essentially, safety climate can be defined as employees’ perception of whether the 

organisation prioritises safety, and it has been suggested that creating a positive safety 

climate can lead to employees being more willing to engage in safety practices, thereby 

increasing safety (Zohar, 2014).However, I later removed this model as a reviewer 

commented that: 

many readers will conflate 'safety climate' with 'safety culture', about which there has 

been far too much vague discourse. It's not that culture / climate in an organization is 

not an important factor in determining performance, but rather that it has been used 

and misused in so many ways as to be virtually meaningless. In addition, it is by no 

means clear that organisational or unit cultures or climates can be changed at will. 

After some consideration, I decided that the reviewer's comment made sense, as I did had 

trouble trying to differentiate between safety climate and safety culture research.  
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Abstract 

Interruptions are thought to be significantly associated with medication administration errors. 

Researchers have tried to reduce medication errors by decreasing or eliminating interruptions. 

In this article, we argue that interventions are often (perhaps unreflectively) based on one 

particular model of risk reduction—that of barriers placed between the source of risk and the 

object-to-be-protected. Well-intentioned interventions can lead to unanticipated effects 

because the assumptions created by the risk model are not critically examined. In this article, 

we review the barrier model and the assumptions it makes about risk and risk 

reduction/prevention, as well as the model's incompatibility with work in healthcare. We 

consider how these problems lead to interruptions interventions with unintended negative 

consequences. Then, we examine possible alternatives, viz organizing work for high 

reliability, preventing safety drift, and engineering resilience into the work activity. These all 

approach risks in different ways, and as such, propose interruptions interventions that are 

vastly different from interventions based on the barrier model. The purpose of this article is to 

encourage a different approach for designing interruptions interventions.  
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Introduction 

In a recent article, Dall'Oglio et al (2017) studied a set of interventions to prevent 

workplace interruptions during medication administration. The interventions included yellow 

sashes worn by nurses, specially marked medication preparation areas, and signs urging 

patients and families not to interrupt nurses administering medication. This study is the latest 

of many attempt to reduce medication errors by discouraging interruptions. The idea that 

workplace interruptions are positively associated with medication errors is supported by other 

studies in healthcare settings (Flynn et al., 1999; Westbrook, Woods, et al., 2010). Data from 

controlled laboratory studies support this proposition as well (Bailey & Konstan, 2006; 

Einstein et al., 2003; Li, Blandford, Cairns, & Young, 2008). Given the association between 

workplace interruptions and medication errors, researchers have tried to reduce medication 

errors by decreasing or eliminating interruptions (Aguirre et al., 2015; Anthony et al., 2010; 

Pape, 2003). 

Like all workplace interventions meant to reduce risk, these attempts make particular 

assumptions about the nature of work and about the nature of the risk posed to the work. The 

effectiveness of these interventions is therefore dependent on the appropriateness of those 

assumptions. In this article, we argue that interruptions interventions are generally based on 

one particular model of risk management, which involves placing barriers between risks and 

objects-to-be-protected. Using this model can lead to unintended consequences as the model 

imports assumptions, of which researchers of interruptions intervention may be unaware. 

Interruptions research frequently only examines a limited amount of outcome 

measures—such as interruptions rate itself (Aguirre et al., 2015; Anthony et al., 2010; Craig 

et al., 2013; Fore et al., 2013; Pape, 2003). Many intervention studies reported unintended 

consequences—changes to variables other than those intended to be influenced by the 

intervention. Unintended consequences are reported to include the following: (a) increase in 

medication errors (although the statistical significance of this is unknown) (Yoder et al., 
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2015), (b) increase in staff interruptions (Tomietto et al., 2012), (c) low compliance rates 

(Sasangohar et al., 2015), and (d) increase in dissatisfaction among other healthcare 

practitioners (Bennett et al., 2006). Unintended consequences, by their very nature, are 

difficult to rigorously measure and analyze. However, unintended consequences are reported 

often enough to call into question the viability of interruption interventions. 

The purpose of this article is to encourage an active reflection on the possible 

nature(s) of the risk posed by interruptions that ostensibly has to be managed. We first review 

the barrier model, its application in interruptions interventions, and arguments against the 

model. Then, we examine possible alternatives to the barrier model and their applicability to 

interruptions interventions research. These alternatives are the following: (1) organizing work 

for high reliability, (2) preventing safety drift, and (3) engineering resilience into work 

activity. These alternatives conceptualize risk in different ways, for example, as weaknesses 

in social organization, gradual normalization of deviant practices, or a level of behavior 

variability that is inadequate for responding to conditions outside the learned routine. None of 

these alternatives lend itself (or are even responsive) to putting a barrier in place. They 

therefore call into question current views about the risk posed by interruptions and the means 

of managing that risk. 

Barrier Model and its Prevalence in Interruptions Interventions 

The barrier model suggests that safety is achievable if barricades are placed between 

sources of risk (e.g., interruptions) and areas of vulnerability (e.g., nurses who are 

administering medication) (Haddon Jr, 1968). In a critical analysis of the barrier model, 

Hollnagel (2008) indicated that barriers can be physical, functional, symbolic, or incorporeal 

in nature. The interruptions literature contains many examples of all four barrier archetypes. 

Physical barriers achieve safety by materially blocking the transportation of mass, 

energy, or information from one place to another. In interruptions interventions research, this 

takes the form of having nurses close the door to a patient's room to create a temporary quiet 
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space where interruptions (i.e., transportation of information) are blocked (Relihan et al., 

2010). Another form is a dedicated room for medication preparations (Huckels-Baumgart, 

Baumgart, et al., 2017; Tomietto et al., 2012). 

Functional barriers impose one or more conditions that have to be met before an 

action can be taken. For example, some interruptions interventions studies require a secretary 

to vet phone calls to medication administration nurses to ensure that only urgent phone calls 

get through (Ching et al., 2013; Craig et al., 2013; Federwisch et al., 2014; Freeman et al., 

2013; E. E. Nguyen et al., 2010). 

Symbolic barriers use signs to convey particular meanings to someone to influence 

their actions, such as signs and/or some form of clothing with some variance of the phrase 

“Do Not Disturb” written on them to prevent interruptions (Aguirre et al., 2015; Ching et al., 

2013; Conrad et al., 2010; Craig et al., 2013; Dall’Oglio et al., 2017; Federwisch et al., 2014; 

Flynn et al., 2016; Fore et al., 2013; Freeman et al., 2013; Nelms et al., 2011; Pape, 2003; 

Relihan et al., 2010; Sasangohar et al., 2015; Scott et al., 2009; Tomietto et al., 2012; Verweij 

et al., 2014; Westbrook et al., 2017; Williams et al., 2014; Yoder et al., 2015). Interventions 

that declare particular areas of a ward to be “No Interruptions Zone” are another example of 

symbolic barriers (Anthony et al., 2010; Ching et al., 2013; Dall’Oglio et al., 2017; Flynn et 

al., 2016; Freeman et al., 2013; Pape, 2013; Prakash et al., 2014; Williams et al., 2014; Yoder 

et al., 2015). 

Lastly, incorporeal barriers refer to rules and procedures that block certain actions 

from being carried out, such as procedures stating that other nurses should not interrupt the 

nurse who is administering medication (Pape, 2013; Relihan et al., 2010). 

Although the barrier model is widely used in interruptions interventions studies, its 

effectiveness is debatable. Several researchers have argued that stopping workplace 

interruptions from happening may not be a good idea (McCurdie et al., 2017; Rivera, 2014; 

Sasangohar et al., 2012). Workplace interruptions can offer benefits such as: (a) allowing a 
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healthcare practitioner to gain information, (b) directing attention to patients who need 

immediate attention, or (c) allowing inexperienced nurses to get help. 

Through a series of observations and interviews, Klemets and Evjemo (2014) 

discovered that whether an interruption is wanted or unwanted depends on many factors, such 

as the context of the nurse being interrupted, and the content of the interruption. Likewise, 

Colligan and Bass' (2012) interviews with nurses revealed that nurses considered some 

interruptions as so important that they should be addressed immediately. To decide whether 

they should attend to an interruption, nurses mentally assess (a) the possible risks, (b) 

whether it would be more efficient to block the interruption or to attend to it immediately, (c) 

the context of the interruption and the task that the nurse is currently engaged in, and (d) their 

previous experiences. To decide whether to interrupt, nurses in a further study engaged in a 

quick cost-benefit analysis to assess the interruptibility of their colleagues and whether the 

interruption would add value (Rivera, 2014). 

The previous studies indicate that the fundamental barrier model assumption—that 

interruptions are always a “threat” to “normal work” – does not hold. Interruptions can be 

unwanted and therefore a potential threat in one context, but wanted (or needed) and 

therefore not a potential threat in another context. Hence, it makes little sense to classify 

interruptions as always a threat and use barriers to block them. In the following sections, we 

introduce three alternative safety models and outline their implications for interruptions 

research. 

Organizing Work for High Reliability 

Organizations that continuously produce successful results despite difficult 

circumstances with high likelihood of failure are known as high-reliability organizations 

(HROs) (Rochlin et al., 1998). Ideas from HRO research have been implemented in 

healthcare settings (Cooper et al., 2016; Hines, Luna, Lofthus, Marquardt, & Stelmokas, 
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2008; Roberts, Madsen, Desai, & Van Stralen, 2005). These ideas have not been applied to 

interruptions interventions research, but that does not mean they have no relevance. 

People working in HROs are said to be sensitive to daily operations, meaning they are 

perceptive to potential anomalies (Weick & Sutcliffe, 2007). From a HRO perspective, 

workplace interruptions have the potential to be a source of information that allows people in 

an organization to notice anomalies before these anomalies get out of hand. For instance, 

nurses in one study revealed that they had sometimes made a subtle recommendation to a 

colleague when they realized that the colleague was about to commit an error (Henneman et 

al., 2006). Cases such as these suggest that variables such as content of an interruption and 

frequency of interruptions can provide useful information on happenings within a ward. 

Similarly, a nurse in another study commented on how some interruptions cannot be rejected 

because of their importance and that inexperienced nurses may not always understand the 

importance of these interruptions (Sorensen & Brahe, 2014), adding weight to the idea that 

interruptions can be a useful tool for nurses to spot potential anomalies. 

Individuals within HROs also display a commitment to resilience (Weick & Sutcliffe, 

2007). Resilience is defined as the ability of an organization to either remain in or return to a 

stable state of operations during or after a crisis (i.e., ensuring that errors do not disable daily 

operations) (Hollnagel, 2009b). In terms of interruptions interventions research, resilience 

can be developed in nurses through means such as visual timers, which allow nurses to 

continue to administer intravenous push medications despite interruptions (i.e., remain in a 

stable state of operations) (Prakash et al., 2014). Resilience can also be developed through 

methods such as reminder signage, which can be used to prompt nurses to check important 

parameters after an interruption to ensure that nurses did not miss anything (i.e., return to a 

stable state of operations). 

Those working in HROs have the tendency to defer to expertise rather than authority 

(Weick & Sutcliffe, 2007). In other words, decision making is pushed to the persons who are 
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most suited to make the call, regardless of their place in the hierarchy (Roberts, 1990). 

Applying the idea of deference to expertise in interruptions intervention research can mean 

letting nurses decide for themselves how interruptions should be managed. Because the value 

of an interruption is dependent on many factors (Colligan & Bass, 2012; Klemets & Evjemo, 

2014; Rivera-Rodriguez & Karsh, 2010), it can be difficult to decide how interruptions 

should be managed on an a priori basis. Application of an HRO model suggests that we 

should defer to the expertise of nurses instead. After all, nurses have demonstrated that they 

have their own interruption-handling strategies. One such strategy involves holding onto 

artefacts (e.g., syringes) that are relevant to their primary task while attending to an 

interruption, so that they will remember to return to the primary task (Grundgeiger et al., 

2010). Another strategy involves nurses placing marks on medicinal products that they are 

about to work on, so that they will know where they stopped when they were interrupted 

(Orbæk et al., 2015). 

In sum, ideas in HRO research teach us to see interruptions as a potential source of 

information that allows a ward (or even a hospital) to be sensitive to daily operations and spot 

anomalies. High-reliability organization research also teaches us to develop resilience in 

nurses by providing them with useful tools that allow them to either continue their work 

despite interruptions or easily return to their work after an interruption. Lastly, HRO research 

teaches us to consider deferring to the expertise of nurses when it comes to interruptions 

management. 

Managing Safety Drift 

Safety drift proposes that individuals in complex systems will make trade-offs to 

manage goal conflicts, which over time can lead to accidents (Dekker, 2011a). Factors that 

are speculated to be associated with safety drift include the following: (a) scarcity, (b) 

decrementalism, and (c) contribution of the protective structure. Scarcity refers to the lack of 

resources such as time, whereas decrementalism refers to reasonable small changes made 
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over time to manage goal conflicts having the potential to cause big events. Contributions of 

the protective structure refer to policies or guidelines meant to manage risks. 

For example, a study of drug rounds in a ward observed that several drug rounds often 

occur simultaneously in the ward, but there was only one set of keys (i.e., scarcity) to access 

controlled drugs (Kreckler, Catchpole, Bottomley, Handa, & McCulloch, 2008). The 

restriction of access to controlled drugs is a form of protective structure. However, such 

restrictions created goal conflicts among nurses administering medication. A trade-off to 

manage such conflicts can mean interrupting a colleague who is in the middle of medication 

administration. These trade-offs do not always produce a negative consequence and are 

generally reasonable (i.e., decrementalism), leading to their normalization (Dekker, 2011a). 

When a nurse does not see any negative consequences stemming from her interruption of a 

colleague for the keys, she may assume that interruptions are acceptable and see no harm in 

interrupting her colleagues in the future, and she may continue to do so until an accident 

happens. 

A proposal to reduce the chance of accidents happening due to drifts is to study the 

information environment that healthcare practitioners use for decision making and understand 

how the information environment supports and justifies the decisions made (Dekker & 

Pruchnicki, 2014; Rasmussen & Svedung, 2000). Nurses have their own rationales for 

interrupting a colleague and in deciding whether or not to accept an interruption. Researchers 

should learn these rationales and use this information to design interventions that can support 

nurses in making better-informed decisions. In studying nurses' decision-making process and 

interruptions management methods, Klemets and Evjemo (2014) found that nurses were not 

always well equipped to judge the urgency of patients' calls, leading to difficulties in deciding 

whether they should stop their current task to attend to patients' calls. Therefore, the authors 

suggest that patients' calls can include some information regarding the call, allowing nurses 

to evaluate the urgency of the call. 
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Engineering Resilience into a Healthcare System 

Resilience is defined as the ability for a system (e.g., a hospital) to adjust its 

functioning before, during, or after a disruption, to continue performing as required while 

facing continuous stresses (Hollnagel, 2009b). The key concept in the definition of resilience 

is adjustment, not continued functioning, because continued functioning can be easily 

achieved through inefficient means such as stockpiling an absurd amount of resources, for 

example, having multiple empty wards in a hospital in case of an emergency. Applying 

resilience engineering concepts to interruptions research can mean seeing interruptions either 

as a disruption or an adjustment to handle disruptions. 

If interruptions are seen as a disruption, a resilience engineering approach would 

entail helping healthcare practitioners continue their primary task despite an interruption or 

helping healthcare practitioners easily return to their primary task after an interruption. As 

stated in the previous section on organizing work for high reliability, developing resilience 

can take the form of visual timers or reminder signs (Prakash et al., 2014). 

Another way of viewing interruptions in healthcare is to consider interruptions as a 

solution to a problem—a way to adjust work. The idea of interruptions as a solution to a 

problem is backed by some evidence in current interruptions literature and is worth exploring 

further. For example, a recent study discovered that rate of interruptions increased with 

doctors' seniority, indicating that interruptions were often used to seek advice from senior 

doctors (Walter et al., 2017). Interruptions can also (a) warn healthcare practitioners of 

impending negative events (Sasangohar et al., 2012; Walji et al., 2004), (b) be used to 

manage operational failures (Tucker & Spear, 2006), (c) bring attention to higher priority 

tasks (Laxmisan et al., 2007), (d) solve problems such as missing drug keys or other clinical 

issues (Kreckler et al., 2008; Rivera, 2014), (e) allow information sharing and coordination 

(Berg, Kallberg, et al., 2016; V. Nguyen, Okafor, Zhang, & Franklin, 2014; Rivera-

Rodriguez & Karsh, 2010), (f) create opportunities to educate patients (Prakash et al., 2014), 
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(g) allow work to proceed (McCurdie et al., 2017), and (h) prevent medication errors (Hayes, 

Power, Davidson, & Jackson, 2014; Henneman et al., 2010, 2006). 

Rather than asking how interruptions should be prevented or managed, we should be 

asking why interruptions occur and whether these reasons for occurrences need to be acted 

upon. For example, if healthcare practitioners are interrupting to prevent medication errors 

from medical students (Henneman et al., 2006), this may indicate that students either require 

additional training or the curriculum needs to be revised. Conversely, interruptions that are 

used to seek advice (e.g., bed allocation or patient treatment plan) from senior doctors may 

not need to be acted upon (Walter et al., 2017), because these interruptions may simply be 

how work is done in a healthcare setting. 

Conclusion 

An association between workplace interruptions and medication errors has led to the 

development of interventions involving the barrier model (Aguirre et al., 2015; Flynn et al., 

2016; Hollnagel, 2008; Pape, 2003). It is questionable as to whether the barrier model is a 

good way to approach the issue of workplace interruptions in healthcare, given that such 

interruptions do provide some benefits (McCurdie et al., 2017; Rivera, 2014; Sasangohar et 

al., 2012), and can be considered valuable in some contexts (Colligan & Bass, 2012; Klemets 

& Evjemo, 2014; Rivera, 2014). This article suggests various alternative safety approaches, 

which may be useful. 

Researchers who are considering incorporating high-reliability principles into 

interruptions research can consider means of using workplace interruptions as a potential 

source of information that enables nurses to notice anomalies. Enhancing nurses' resilience to 

interruptions by allowing them to remain in a stable state of operations via means such as 

visual timers is another idea that is worth considering (Prakash et al., 2014). Deferring to the 

expertise of nurses by letting them decide for themselves how interruptions should be 

managed is another recommendation of high-reliability principles. 
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If one is interested in reducing the chance of accidents happening via safety drift, they 

can study nurses' rationale when it comes to interrupting a colleague or deciding whether or 

not to accept an interruption and use this information to develop interventions that will 

support nurses' decision-making process. One plausible idea is to provide nurses with some 

information regarding an interruption, so that they can make well-educated decisions on 

whether or not to accept the interruption (Klemets & Evjemo, 2014). 

Researchers who want to engineer resilience into nurses' work can consider enhancing 

nurses' capacity to manage or recover from an interruption. Alternatively, researchers can see 

interruptions as a tool nurses use to solve problems and act on these problems instead. 

Like the barrier model, the approaches examined here are not necessarily perfect nor a 

perfect match to the intricacies of a particular healthcare workplace. However, these 

approaches demonstrate that there are viable alternatives to the barrier model. Adopting ideas 

from different safety models may increase the efficacy of safety interventions. All safety 

models have their own assumption regarding the nature of work and safety. Without 

conscious reflection of these assumptions, we risk producing unintended consequences with 

our interventions.  
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Afterword for Chapter 4 

This chapter contributes to the interruptions science community by highlighting an 

implicit model that interruptions interventions researchers have been holding, and exposing 

some of the flaws associated with this model. The chapter also contributes by providing 

researchers with alternative models that have not been suggested before, which can lead to 

new avenues for research. 

For example, the teachings of resilience engineering would suggest that an 

intervention should enhance nurses’ capacity to manage or recover from an interruption. 

Currently, research into interruption recovery in the healthcare domain is limited, as most 

research on interruption recovery focuses on the aviation domain. However, the findings in 

the aviation domain do not necessarily work well when imported into a healthcare setting.  

Studies on interruption recovery in the aviation domain indicate that users’ primary 

task is centered around interacting with a computer. This interaction is two-way, with users 

using a computer to monitor a variety of information to detect critical changes or make 

decisions (Sasangohar et al. 2014; Scott et al. 2006; St John et al. 2005). These decisions are 

then programmed into the computer, which acts on these decisions. Since users are 

consistently interacting with a computer, a typical interruption recovery intervention involves 

programming the computer to provide users with cues or a visual summary of past events. 

Thus, after an interruption, users will find it easier to reorient themselves to the primary task, 

and keep up with changes that happened while they were attending to an interruption. 

Conversely, nurses work differently. Tasks such as medication 

preparation/administration, do not require nurses to interact with a computer to the same 

degree as users in the aviation domain. Typically, nurses use a computer to verify that they 

are preparing/administering the correct medication(s) to the right patient. Concerns over the 

impact of interruptions on nurses generally stem from the possibility that nurses making a 

mistake while performing the physical act of preparing/administering medication. In such 
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cases, cues or visual summary on a computer screen is unlikely to help. Therefore, there is a 

need for new avenues of research into interruptions, focusing specifically on healthcare. In 

the next chapter of this thesis, I will explore some of these new avenues.  
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Foreword for Chapter 5 

 During my research, I noticed several differences in perspectives between nurses and 

interruptions researchers. First, while conducting a study on interruptions, a colleague of 

mine approached a nurse to discuss an interruption which the nurse received only moments 

before. Interestingly, the nurse replied that she did not consider that event to be an 

interruption. This incident led me to wonder if nurses and researchers hold different 

perspectives on what an interruption is. One study had a human factors researcher and a 

nursing researcher tabulate the number of interruptions nurses experienced, and found that 

both researchers arrived at vastly different numbers, even though they were observing the 

same nurses (Potter et al., 2005). I thought that this finding provides additional evidence that 

there might be a difference in perspectives between nurses and researchers on what an 

interruption is. I consider it important to investigate such differences, as understanding if this 

difference exists can prove invaluable. For example, this difference in defining interruptions 

may explain why some interruptions interventions do not work. Nurses may not consider 

particular interactions to be an interruption, and therefore continue with these interactions. 

Second, observations from several interruptions studies indicate that nurses have their 

own interruptions management strategies, which is vastly different from the Do Not 

Disturb/No Interruptions interventions prescribed by researchers, as mentioned earlier 

(Grundgeiger et al., 2010; Hor, Iedema, & Manias, 2014; Orbæk et al., 2015; Rivera, 2014). 

The findings of these studies led me to wonder if there are other interruptions management 

strategies used by nurses that have not been documented. I consider it important to document 

such information as nurses' interruptions management strategies can provide useful insights 

into how nurses think about interruptions, and possibly new ideas for interruptions 

interventions, if such interventions are necessary. 

Additionally, the observation that nurses manage interruptions differently from 

researchers' prescribed approach also led me to wonder about nurses' perceptions of the 
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numerous interruptions interventions that have been developed. After all, there have been 

some reports of nurses not wanting to participate in some interruptions interventions due to 

reasons such as finding the intervention to be an additional task, or concerns about their 

image (Westbrook et al., 2017; Williams et al., 2014), to name a few. However, such reports 

are sparse as few researchers investigate nurses' perceptions on No Interruptions 

interventions, to our knowledge. Hence, I wanted to expand the knowledge of the 

interruptions science community in this area by finding out nurses' perception of all known 

interruptions interventions to date. I consider it important to investigate nurses' perception of 

interruptions interventions as the information gained might explain why some interventions 

produce unintended negative consequences, or the types of interventions researchers should 

focus on.  
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Abstract 

Background: Interruptions are perceived to be associated with medication errors, leading to 

the development of interventions to reduce/remove interruptions. However, such 

interventions are not always effective, likely due to a mismatch between many researchers' 

imagining of how work is done in a healthcare setting versus how work is actually done. 

Objective: The purpose of this study is to investigate nurses' perception of interruptions, 

nurses' perception of current interruptions interventions, and nurses' interruptions 

management strategies, to uncover any differences between nurses and researchers. 

Method: We developed a survey to collect information such as: (a) nurses' demographic 

information, (b) nurses' view on interruptions definitions, (c) nurses' interruptions 

management strategies, and (d) nurses' view on contemporary interruptions interventions. We 

enlisted the help of 10 nursing organisations to distribute the survey to their members. 

Results: There is some agreement between nurses and researchers, but several differences 

exist. First, researchers focus heavily on consequences when defining interruptions, whereas 

nurses tend to lean towards causes. Second, many nurses consider interruptions as something 

that requires them to make a risk and/or efficiency assessment, whereas many researchers 

seem to see interruptions as something to be reduced/removed. Third, despite the popularity 

of No Interruptions interventions, nurses in our study generally do not approve of such 

interventions. Conversely, there appears to be relatively little research into interventions 

supported by nurses in our study.  

Conclusion: Our study demonstrates various differences between nurses and many 

researchers. Such differences may explain why some interruptions interventions are not 

effective.  
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Introduction 

Background 

Recently, Huckels-Baumgart, Niederberger, Manser, Meier, & Meyer-Massetti (2017) 

tested a set of interventions to reduce interruptions during medication preparation and double-

checking. Such attempts to reduce or even entirely prevent interruptions are known as nNo 

Interruptions interventions, and have been around for a while, probably due to the belief that 

interruptions during medication administration lead to medication errors (Anthony et al., 

2010; Cottney & Innes, 2015; Dall’Oglio et al., 2017; Flynn et al., 1999; Pape, 2003; 

Westbrook et al., 2018; Westbrook, Woods, et al., 2010). However, such interventions are not 

always effective in reducing interruptions and/or medication errors, and may even lead to 

unintended negative consequences (Craig et al., 2013; Tomietto et al., 2012; Yoder et al., 

2015). Such unintended negative consequences may be due to a mismatch between nurses' 

and researchers' perceptions on interruptions. 

Mismatches in Perceptions on Interruptions. 

The findings of some interruptions studies suggest that there may be some mismatch 

between nurses and many researchers in their perceptions of interruptions. Differences over 

the definition of an interruption is one such mismatch. In an ethnographic study, a human 

factors researcher and a nursing researcher counted the number of interruptions experienced 

by registered nurses (Potter et al., 2005). Both researchers followed the same registered nurse 

at the same time. However, due to different perspectives between both researchers regarding 

what is an interruption, there was a large difference in the number of interruptions observed 

by the two researchers. The human factors researcher counted 261 interruptions, whereas the 

nursing researcher counted 151 interruptions. 

Differences in definitions of interruptions is not only limited to those with different 

occupational backgrounds. One study invited 14 individuals with a nursing background to a 
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group-based activity aimed at selecting interventions to reduce unnecessary interruptions 

(Laustsen & Brahe, 2015). The researchers reported having to get participants to clarify 

among themselves their interpretation of an interruption, suggesting that the definition of an 

interruption varies even among those with a nursing background. Such differences should not 

be surprising, as Berg et al. (2016) found that whether an interruption is perceived as 

disturbing or non-disturbing is dependent on at least ten factors, such as a healthcare 

practitioner’s current state of mind, the relevance of the interruption, and the priority level of 

the primary task, to name a few. Since numerous factors can influence one’s perception of an 

interruption, Berg et al. argued that even the same type of interruption can be perceived as 

disturbing in one instance, and non-disturbing in another. It is possible that an interruption 

that is perceived as non-disturbing may not even be considered an interruption by some 

healthcare practitioners. 

Differences in definitions of interruptions may not be the only mismatch. Another 

possible mismatch is the perceived importance of interruptions to daily clinical work. 

Eradicating interruptions during medication administration may be impractical, considering 

how work is actually done in a healthcare setting (Hayes et al., 2014). One study reported a 

decrease in the frequency of interruptions after implementing a No Interruptions intervention, 

but an increase in the duration of interruptions (Craig et al., 2013). The researchers suggest 

that the duration increased because interrupters persisted with their interruptions until the 

issue was resolved to avoid interrupting later. Such behaviours suggest that interruptions play 

an important role in daily clinical work, as healthcare practitioners interrupted nurses even 

when they were told not to. This notion is supported by the results of an observational study, 

which found that some tasks in an intensive care unit cannot be completed without an 

interruption (McCurdie et al., 2017). The most common cause of interruptions in the study 

was related to patient care, meaning attempting to reduce/prevent interruptions via No 

Interruptions interventions may cause patient care to suffer. 
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Alternative Interventions 

Given the importance of interruptions to daily clinical work and the potential to 

compromise patient care when implementing No Interruptions interventions (Craig et al., 

2013; Hayes et al., 2014; McCurdie et al., 2017), researchers should examine other methods 

for managing interruptions. One approach is to look at how nurses themselves manage 

interruptions (Gao et al., 2017). Previous research have demonstrated that they have their 

own interruptions management strategies, such as: (a) performing a quick cost-benefit 

assessment, (b) creating temporary protected spaces to avoid being interrupted, (c) holding 

onto artefacts to remind themselves to return to their primary task, and (d) placing marks on 

medicinal products to remind themselves where they stopped (Grundgeiger et al., 2010; Hor 

et al., 2014; Orbæk et al., 2015; Rivera, 2014). Understanding how nurses actually manage 

interruptions, and helping them do so, may result in better interventions than a No 

Interruptions intervention. 

Objective 

Past research suggests that there is a possibility that nurses and researchers each have 

their own definitions of an interruption. Therefore, our first research objective is to 

investigate what counts as an interruption for nurses, and whether there is a mismatch 

between nurses’ and researchers’ perception of an interruption. Since nurses have 

demonstrated that they have their own interruptions management strategies, our second 

research objective is to investigate the interruption management strategies that nurses use in 

everyday practice. Part of nurses' interruptions management strategies involve deciding when 

to interrupt a colleague. Thus, our third research objective is to investigate the factors that 

influence a nurse’s decision to interrupt. Due to the potential importance of interruptions to 

daily clinical work, and the potential issues associated with implementing No Interruptions 

interventions, our fourth research objective is to investigate and find out some of the common 

interruptions that nurses experience. Our fifth research objective is to investigate nurses’ 
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perception of the practicability of current No Interruptions interventions for their work, while 

our sixth research objective is to investigate nurses’ perception of the practicability of other 

interruptions interventions for their work. 

Method 

Participants and Procedures 

We approached 17 different nursing organisations in Australia to request their 

assistance in distributing the survey to their members, and 10 nursing organisations agreed to 

do so. The organisations were: (a) Australasian Cardiovascular Nursing College, (b) 

Australian & New Zealand Orthopaedic Nurses Association, (c) Australian College of 

Critical Care Nurses, (d) Australian College of Emergency Nursing, (e) Australian College of 

Neonatal Nurses, (f) Australian College of Nursing, (g) Australian College of Perianaesthesia 

Nurses, (h) Cancer Nurses Society of Australia, (i) College of Emergency Nursing 

Australasia, and (j) Renal Society of Australasia. 

Ethics approval was given by Griffith University. The following information was sent 

to each of the 10 nursing organisations, which distributed it to their members: an introduction 

letter, a participant information sheet, and a link to the online survey (hosted on Qualtrics). A 

copy of the survey can be found in Appendix A. Information on the potential participant 

population can be found in Table 2. Participation was restricted to nurses working in 

Australia who engage in medication preparation/administration at least once a week. 
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Table 2. Number of members in each organisation who received the survey 

Nursing organisation Number of members who received the 

survey 

Australasian Cardiovascular Nursing College 203 

Australian & New Zealand Orthopaedic Nurses Association 250 

Australian College of Critical Care Nurses 570 

Australian College of Emergency Nursing Unknown* 

Australian College of Neonatal Nurses 876 

Australian College of Nursing 7,500 

Australian College of Perianaesthesia Nurses 737 

Cancer Nurses Society of Australia 1,004 

College of Emergency Nursing Australasia 1,388 

Renal Society of Australasia 1,920 

* Australian College of Emergency Nursing posted the survey on their website. Hence, we 

have no idea how many people received the survey 

Survey Design 

Participants' demographic data, such as age, gender, years of professional experience 

as a nurse, type of ward they work in, frequency of engaging in medication 

preparation/administration, and types of medication preparation/administration they engaged 

in, were collected. Once a draft of the survey was finalised, we asked some of our nursing 

colleagues to review a draft. We also asked a nursing professor at our university to provide 

her feedback. Minor changes to the survey was made based on the feedback received. 
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Interruptions definition. An open-ended question was used to find out nurses' 

definition of an interruption, before we asked nurses for their opinion on a range of themes 

used in many researchers' definition. We deliberately arranged the questions in this order to 

avoid the possibility of nurses being influenced by researchers' definitions, and the survey did 

not allow nurses to return to the open-ended question after they had progressed to the 

researchers’ definitions. 

To find the themes in researchers’ definitions of interruptions, we conducted a 

literature review using the search terms (interrupt* and nurs* and (medica* or healthc*) not 

mental not trauma* not cancer not HIV not abort* not heart not protein not disease not infect 

not thera*) in the databases CINAHL Plus, Medline, PsycINFO, and Web of Science in 

August 2016. A total of 74 interruption papers were identified. We searched through these 

papers to locate their interruption definition, and extracted relevant themes from these 

definitions using open coding. In the survey, we asked nurses to rate their agreement (on a 

scale of one to five) with these themes. 

Interruption management. To understand how nurses manage interruptions, we 

asked nurses to consider interruptions as "an event or request requiring your attention that 

may cause you to temporarily break off your current task if you divert your attention to the 

event or request. Examples of an interruption include colleagues asking you a simple 

question, or needing help with a patient". We chose to impose a definition with examples at 

this point, to ensure some coherence in nurses' answers about their management strategies. 

Using this definition, nurses were asked to list up to two methods that they or their colleagues 

use to manage an interruption during medication preparation/administration, and to explain 

the rationale behind these methods. We also asked nurses to list up to two factors that they 

consider when deciding whether to interrupt a colleague, and their reasoning for considering 

these factors. Lastly, we asked nurses to list the top three interruptions in their wards. 
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Interruption interventions. To understand nurses' perception of current interruption 

interventions, we conducted a literature review using the search terms (interrupt* and 

interven* and medica* and (adminis* or prepar*) not mental not trauma* not cancer not HIV) 

in the databases CINAHL Plus, Medline, PsycINFO, and Web of Science in November 2016. 

A total of 29 interruption intervention studies were identified. We read these studies to 

understand the interventions tested, and used open coding to extract relevant themes. We then 

asked nurses to rate the effectiveness of these interventions (on a scale of one to five) to 

understand nurses' perception of current interruption interventions. At the end of the survey, 

nurses were asked if they had any additional comments that they would like to add regarding 

current interruption interventions, and were given space to input any comment.  

Data Analysis 

Quantitative analysis. The survey data were downloaded from Qualtrics and 

imported into Microsoft Excel 2016. Questions that were analysed quantitatively include 

nurses' demographic information, nurses' agreement with the themes extracted from 

researchers' definition of an interruption, and nurses' perception of the effectiveness of 

current interruptions interventions. Excel functions were used to determine the percentage of 

nurses who agreed or disagreed with a theme. 

Qualitative analysis. To analyse how nurses themselves define interruptions, we 

made use of an ‘axial coding paradigm model’ recommended by Strauss and Corbin (1990). 

Themes were identified from nurses' responses, and the themes were placed in one of three 

categories. Two categories (causal conditions and context) were directly taken from the 

paradigm model. Causal conditions refer to events or incidents that lead to the occurrence of 

an interruption, whereas context refers to properties relating to being interrupted. The 

remaining category (consequences) was slightly modified from Strauss and Corbin's 

paradigm model to include outcomes of causal conditions. For example, if a nurse considers 

interruptions to be phone calls during medication administration that distract her, the phone 
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call would be a causal condition, medication administration would be the context, and the 

distraction would be a consequence.  

The remaining open-ended questions were analysed via open coding. The questions 

asked about: (a) nurses' interruptions management strategies, (b) factors that nurses consider 

before deciding if they should interrupt a colleague, (c) top interruptions in their wards, and 

(d) any other comments. We also used the TagCrowd word cloud application 

(https://tagcrowd.com/) to analyse word frequency. We then compared word frequency 

results with our findings from coding the data, to determine if the themes that we identified 

from coding the data converge with the results of the word frequency analysis. 

Results 

Sample Description 

A total of 313 nurses attempted the survey, and 215 of them completed the whole 

survey. The remaining 98 nurses answered at least one non-demographic question.  

For privacy reasons, we asked nurses to select their age from a list of age ranges. A 

breakdown of the number of participants by each age range is in Table 3. For gender, 282 

participants were female, 23 participants were male. Most participants, 238 (76%), had more 

than ten years of professional experience.  

A breakdown of the type of wards in which participants work can be found in Table 4. 

Despite our use of an Australian Institute of Health and Welfare report to guide the selection 

of possible unit/ward options (Australian Institute of Health and Welfare, 2016), many 

participants chose ‘others’ when asked to select the unit/ward that they work in. Of the 88 

participants who chose others, most of them (56, 18%) work in cancer/oncology related 

units/wards. 
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Table 3. Number of participants in each age range 

Age range Number of participants Percentage 

18-22 2  1% 

23-27 10 3% 

28-32 34 11% 

33-37 30 10% 

38-42 20 6% 

43-47 44 14% 

48-52 46 15% 

52+ 124 40% 

Declined to state 3 1% 

TOTAL 313 100% 
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Table 4. Breakdown of participants by ward type 

Unit/Ward type Number of participants Percentage 

Aged care 2 1% 

Child and family health 1 0% 

Community nursing 2 1% 

Critical care 46 15% 

Emergency 63 20% 

Maternity care 3 1% 

Medical 43 14% 

Mixed medical/surgical 12 4% 

Others (56, 18% in oncology) 87 28% 

Paediatric 8 3% 

Palliative care 6 2% 

Peri-operative 25 8% 

Rehabilitation and disability 1 0% 

Surgical 14 4% 

TOTAL 313 100% 

 

Nurses' Perception of Researchers' Interruptions Definitions 

Between 305 and 307 nurses responded to questions 15 to 17 asking them to rate their 

agreement with various themes extracted from researchers' definitions of interruptions. A 

detailed breakdown of nurses' responses to each theme can be found in Table 5. Generally, 

nurses agreed with the following themes in the definitions: (a) pausing a task and returning to 

it later, (b) pausing a task and failing to return to it later, (c) having to start a secondary task, 

(d) leaving an area, (e) unplanned, (f) unexpected, (g) uncontrollable, (h) external, (i) 
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synchronous, (j) happens while they were in the middle of communicating with someone 

else, (k) disruption in focus, (l) information overload, (m) cognitive fatigue, and (n) causes a 

delay in task, and (o) disrupts task outcome. 
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Table 5. Nurses' level of agreement with themes found in researchers' definitions of interruptions 

Themes Strongly 

disagree 

Disagree Neutral Agree Strongly 

agree 

Pause the current task (and return to it later) 2% 1% 1% 32% 65% 

Pause the current task (and you fail to return to it later) 2% 7% 4% 28% 60% 

Finish the current task (so that you do not have to return to it) 22% 28% 19% 21% 11% 

Start a new task in addition to your current task 2% 7% 8% 40% 43% 

Leave the area 3% 4% 5% 30% 58% 

Unplanned 1% 2% 6% 42% 50% 

Unexpected 1% 3% 7% 41% 49% 

Uncontrollable 2% 6% 9% 40% 44% 

Internal to you 11% 23% 22% 31% 13% 

External to you 1% 1% 3% 44% 52% 

Synchronous 1% 3% 8% 44% 45% 

Longer than 5 seconds 5% 10% 25% 32% 27% 

Happening while you are in the middle of a communication 1% 0% 5% 47% 47% 
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Themes Strongly 

disagree 

Disagree Neutral Agree Strongly 

agree 

Disrupts your focus 0% 0% 1% 33% 65% 

Leads to a flow of information that is greater than you can manage 0% 6% 9% 36% 48% 

Creates a feeling of being tired, annoyed, and a reluctance to 

continue with your current task 

2% 13% 16% 36% 33% 

Causes a delay in a task that you are working on 0% 0% 3% 39% 58% 

Disrupts the outcome of your task (e.g. causes a less than ideal 

outcome) 

0% 2% 8% 34% 55% 
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Nurses' Definitions of Interruptions  

Themes identified from nurses’ definitions of interruptions (question 14) were placed 

in one of three categories (causal conditions, context, and consequences). A total of 305 

nurses provided their definition. 

Causal conditions. The causes found in nurses' definition of an interruption can be 

broadly divided into 11 themes. The most common causes mentioned by nurses are having to 

deal with questions and/or people talking when defining an interruption. A list of the 11 

causes can be found in Table 6, with examples of statements made by nurses.
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Table 6. Causal conditions in nurses' definition of an interruption 

Causal conditions Examples Number of nurses who 

mentioned 

Percentage1 

Questions/talking from staff This might be a nurse asking a question, a doctor wanting to 

book a patient in, the admin team calling me to the phone, a 

pharmacist wanting to clarify a treatment, a relative asking 

questions, the patient asking (non-medication related) questions. 

113 37% 

Questions/talking from 

patients/relatives 

This might be a nurse asking a question, a doctor wanting to 

book a patient in, the admin team calling me to the phone, a 

pharmacist wanting to clarify a treatment, a relative asking 

questions, the patient asking (non-medication related) questions. 

99 33% 

Dealing/helping staff In my case I am a supervisor but also have a patient load, so the 

interruptions could be a co-worker having problems getting IV 

access in an emergency. 

60 20% 

Phone calls/pagers Emergency MET calls in which colleagues has to leave to attend 

and I need to care for 2-3 ICU patients instead of 1. 

59 19% 
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Dealing/helping 

patients/relatives 

Patient waking and trying to remove ET tube or leave bed. 58 19% 

Emergency/urgent The patient or the one next door may experience a sudden 

deterioration event. 

39 13% 

Alarms/bells An alarm going off for a baby. 35 11% 

Others The power might go out. 22 7% 

Work-related tasks Transferring a patient. 19 6% 

Noise - 14 5% 

Not able to carry out work Equipment deficiency 14 5% 

1 Percentage values do not add to 100% because each nurse may have mentioned more than one causal condition. 
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Context. A total of 48% nurses mentioned being engaged in another task while 

defining an interruption, while 21% nurses mentioned some form of medication-related 

activity. Meanwhile, 7% nurses mentioned their thought process. 

Consequences. When defining interruptions, 26% nurses mentioned having to stop 

what they are doing, while 22% nurses mentioned having their focus diverted. Another 

common consequence mentioned by 14% of nurses is being distracted by the cause of the 

interruption. 

Word frequency analysis of nurses' definition of an interruption. Results from the 

word frequency analysis of nurses' definition of an interruption, from the 305 nurses 

responding, can be found in Figure 3. There were 63 mentions of questions, 60 mentions of 

asking, and 29 mentions of talking, supporting our analysis that the most common causes 

mentioned by nurses are having to deal with questions and/or people talking. The word task 

was mentioned 117 times, while the word medication was mentioned 94 times, and the word 

drug was mentioned 26 times. Therefore, our analysis that nurses generally mentioned being 

engaged in another task or medication-related activity while defining an interruption is 

supported. The words stop and distract were mentioned 48 times and 35 times respectively. 

This is consistent with our finding that some nurses mentioned having to stop what they are 

doing, or mentioned being distracted. 
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Figure 3. Word frequency analysis of nurses' definition of an interruption. Larger words were 

mentioned more often, and the numbers next to the words indicate the number of times the 

word was mentioned. 

 

Interruption Management 

Interruption management strategies. In total, 221 nurses responded to questions 19 

and 20 that asked them to list up to two interruptions management strategies, for a total of 

416 responses. Common (i.e. at least 30 nurses mentioned it) interruptions management 

strategies listed by nurses can be found in Table 7, along with examples provided by nurses. 

Completing the primary task first or evaluating the interruption’s urgency before acting were 

the most common strategies mentioned. Generally, nurses cite safety as a reason when using 

these interruption-handling strategies. For example, nurses state that they will complete their 
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primary task before attending to an interruption, as they were concerned that they might make 

a mistake if they were to leave their primary task. Similarly, nurses state that they would 

redirect the interruption to someone else to avoid making mistakes on their primary task.
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Table 7. Some common interruptions management strategies listed by nurses 

Strategies Examples Number of 

nurses who 

mentioned 

Percentage1 

Complete primary task before 

attending to interruption 

Explain we are in the middle of medication preparation and will be 

free shortly. 

79 36% 

Evaluate urgency of interruption 

before deciding on action 

Ask the colleague if their business is urgent or if it can wait until 

the current task is completed. 

61 28% 

Asking interrupter to wait - 38 17% 

Redirecting interruption Refer person interrupting to another staff member or the shift 

coordinator. 

37 17% 

Requesting not to be interrupted Ask the person to stop talking at that point in time until the current 

task is completed. 

30 14% 

1 Percentage values do not add to 100% because each nurse may have mentioned more than one strategy.
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Word frequency analysis of nurses' interruptions management strategies. Results 

from the word frequency analysis of nurses' interruptions management strategies for the 221 

responding nurses can be found in Figure 4. The most common word was task, which was 

mentioned 137 times. The words finish and complete were mentioned 65 times and 62 times 

respectively, for a total of 127. This supports our open coding results, which suggests that 

nurses generally try to complete their primary task before attending to an interruption. 

Similarly, the word wait was mentioned 83 times, supporting our finding that a common 

interruptions management strategy used by nurses is to ask the interrupter to wait. 

Conversely, the word urgent was mentioned 21 times, while the word emergency was 

mentioned 10 times. The low number of mentions for urgent and emergency is inconsistent 

with our open coding findings, which suggests that 28% (out of 221) of nurses considered the 

urgency of the situation before deciding on an interruptions management strategy. There is 

also little mention of redirecting interruptions or asking not to be interrupted in the word 

frequency analysis. One contributing factor that we noticed is that the way nurses' phrase 

their responses can be quite diverse, even though the underlying theme is the same. For 

example, nurses may use words such as assess, prioritise, and urgency while discussing the 

need to size up a situation before deciding on an interruptions management strategy, instead 

of words such as urgent and emergency. Thus, a word frequency analysis might not detect 

some of these themes. 
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Figure 4. Word frequency analysis of interruptions management strategies. Larger words 

were mentioned more often, and the numbers next to the words indicate the number of times 

the word was mentioned. 

 

Factors to Consider Before Interrupting 

Coding of common factors noted. In questions 21 and 22, nurses were also asked to 

list up to two factors that they consider before deciding whether, or not, to interrupt a 

colleague. A total of 215 nurses responded to this question, for a total of 397 responses. A list 

of common (i.e. at least 30 nurses mentioned it) responses can be found in Table 8, along 

with examples provided by nurses.
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Table 8. Some common factors nurses consider before interrupting 

Factors Examples Number of 

nurses who 

mentioned it 

Percentage1 

Urgency or safety of the situation I don’t interrupt drug calculations unless life is being threatened 

(i.e. drugs are needed for life saving maneuvers instantly). 

170 79% 

Task the interruptee is engaging in If the drug calculation is irrelevant. 36 17% 

If an immediate response is necessary Is the interruption time sensitive? 31 14% 

1 Percentage values do not add to 100% because each nurse may have mentioned more than one factor
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Word frequency analysis of factors to consider. The most frequently used word for 

factors to consider before interrupting is patients, which was used 63 times. Together, the 

words safety, urgency, and urgent were mentioned 86 times, which supports our finding that 

79% of nurses consider the urgency or safety of the situation before interrupting. Results of 

the word frequency analysis can be found in Figure 5. 

Figure 5. Word frequency analysis of factors to consider. Larger words were mentioned more 

often, and the numbers next to the words indicate the number of times the word was 

mentioned. 

 

Top Interruptions 

Top interruptions in nurses' ward. A total of 216 nurses responded to question 23 

that asked them to list the top three interruptions in their wards, leading to a total of 636 
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responses. Information on some of the more common (i.e. at least 30 nurses have mentioned 

it) responses can be found in Table 9. 

Table 9. Top interruptions in nurses' wards 

Top interruptions Number of nurses who 

mentioned it 

Percentage1 

Questions/talking from staff 153 71% 

Dealing/helping staff 117 54% 

Questions/talking from 

patients/relatives 

111 51% 

Dealing/helping patients/relatives 97 45% 

Phone calls/pagers/intercom 80 37% 

Alarms/bells 53 25% 

Emergencies 44 20% 

1 Percentage values do not add to 100% because each nurse may have mentioned more than 

one interruption. 

Word frequency analysis of top interruptions. The most frequently used word by 

the 216 responding nurses was patient, which was used 158 times. The high use of patient is 

not surprising, as nurses tend to use patient when they are talking about attending to call bells 

or emergencies. Generally, the results of the word frequency analysis are consistent with our 

open coding findings. Taken together, the words answer, asking, communication, 

conversation, enquiries, questions, talking, and verbal were mentioned 157 times, supporting 

our claim that questions/talking were a significant source of interruptions. Similarly, the 

words assistance, help, and requests were used a total of 73 times, supporting our finding that 
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dealing/helping others were a common source of interruptions. Words such as alarms, bells, 

calls, telephones, and emergencies were frequently mentioned too, which is consistent with 

our open coding findings that these factors are common sources of interruptions. 

Figure 6. Word frequency analysis of top interruptions. Larger words were mentioned more 

often, and the numbers next to the words indicate the number of times the word was 

mentioned. 

 

Interruption Interventions 

Between 217 and 220 nurses responded to questions 24 to 27 asking them to rate the 

effectiveness of interruptions interventions. A detailed breakdown of nurses' responses to 

each intervention can be found in Table 10, categorised into No Interruptions interventions 

and other interventions. Within each category, the interventions are listed in order of their 
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popularity, with the most popular intervention listed first. We determined the popularity of an 

intervention based on the percentage of nurses who stated that an intervention is either 

effective or very effective. Generally, nurses positively evaluated the effectiveness of 

interventions such as (a) having other staff assist in managing interruptions, (b) allowing 

nurses to reject, block, or defer interruptions, (c) education on the importance of not being 

interrupted, (d) discussions on when it is okay to interrupt, and (e) speaking aloud. They 

evaluated most of the No Interruptions interventions as less effective. 
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Table 10. Nurses' perception of the effectiveness of interruptions interventions proposed in research studies 1 

Intervention Very 

ineffective 

Ineffective Neutral Effective Very 

effective 

No Interruptions interventions      

No Interruptions physical barrier 8% 23% 19% 41% 9% 

No Interruptions procedure 12% 30% 25% 28% 5% 

No Interruptions attire 15% 33% 21% 25% 5% 

No Interruptions symbol 11% 34% 28% 25% 3% 

Other interventions      

Having other staff help manage your interruptions 1% 8% 13% 52% 26% 

Legitimising the right for you to defer interruptions 

until a more convenient time 

5% 6% 12% 61% 17% 

Allowing you to reject or block interruptions 3% 8% 16% 57% 16% 

Education on the importance of no interruptions 2% 8% 22% 50% 18% 

Discussions on when it is okay to interrupt 2% 11% 23% 50% 14% 
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Intervention Very 

ineffective 

Ineffective Neutral Effective Very 

effective 

Speaking aloud 4% 15% 18% 49% 14% 

Pre-emptively handle interruptions 4% 14% 28% 44% 11% 

Standardised workflow 4% 10% 32% 47% 7% 

Medication administration checklist 7% 13% 26% 45% 9% 

Push some tasks to a different time 6% 11% 30% 45% 8% 

Coordination of schedules among staff 5% 16% 29% 41% 9% 

Giving people tools that help them do their current task 

at the same time as the interrupting task 

8% 16% 31% 37% 8% 

Reminder signage 6% 16% 33% 38% 5% 

Centering 7% 17% 34% 34% 8% 

Teaching lessons on how to respond to interruptions 8% 21% 31% 31% 9% 

Decentralised medication cupboards 11% 25% 26% 31% 7% 

Change layout of medication room 9% 21% 36% 26% 8% 

Improve access to information 10% 24% 36% 27% 3% 

2 
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Further Comments from Nurses 

Summary of nurses' responses regarding any comments they made. The last 

question of the survey allowed nurses to provide any comments. In total, 124 nurses 

responded to this question. Some of the more common responses can be found in Table 11. 

Since the number of nurses who responded to this question is significantly lower, we chose to 

list responses that have been mentioned by at least 15 nurses, instead of the usual 30.
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Table 11. Nurses' comments 

Nurses' comments Examples Number of 

nurses who 

mentioned it 

Percentage 

Interruptions can be difficult to avoid, 

or are frequent 

Without workspace redesign, this department will not be able to stop 

interruptions a room of 24 ICU level patients, constant admissions, 

monitor alarms, rounds, visitors ,staff talking,  phones ringing ,and 

doorbell ringing all in 1 room - noise reduction is a priority but 

cannot be stopped and therefore distractions will also continue. 

34 27% 

Nurses should know how to manage 

interruptions, and to be assertive 

Nurses do not need any further paperwork or checklists It comes 

down to feeling confident enough in your own practice and being 

assertive to manage these. Some nurses are not able to work through 

interruptions as they are not assertive enough to protect their own 

workload environment. Communication techniques and 

assertiveness training for those who need it should be implemented 

by management. This should be discussed in every nurses PAD 

26 21% 
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annual assessment and then further training provided to those that 

need it. Not all nurses need further training in this. 

Education on the potential harmful 

effects of interruptions 

I think it is important to acknowledge the person interrupting you in 

a non-aggressive/agitated way. Most of the time I am interrupted it 

is because the person doesn't realise they are interrupting me or they 

have something urgent to be said. I would not want a colleague or 

patient to ever feel worried there might be backlash for interrupting 

me for something needing my urgent attention. Patients and 

colleagues also need to know it is important to focus on risky tasks 

such as medication administration and this is not a time for 

interruption unless it is for safety reasons. 

23 19% 

Type of setting affects interruptions Babies aren't going to control their interruptions, so strategies for 

how to manage them would perhaps work best. 

17 14% 

Workspace/workflow redesign Without workspace redesign, this department will not be able to stop 

interruptions a room of 24 ICU level patients, constant admissions, 

monitor alarms, rounds, visitors, staff talking, phones ringing, and 

16 13% 
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doorbell ringing all in 1 room - noise reduction is a priority but 

cannot be stopped and therefore distractions will also continue. 
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Word frequency analysis of any comments. The results of the word frequency 

analysis can be found in Figure 7. Generally, the findings of the word frequency analysis 

provided some support for our open coding results. Words such as assertive and education 

were mentioned several times, supporting our findings above that popular sentiments among 

nurses involve assertiveness and education. However, the word frequency analysis does not 

mention some ideas that several nurses expressed above, such as: (a) interruptions can be 

difficult to avoid, (b) type of hospital setting affects the type as well as frequency of 

interruptions, and (c) workspace or workflow redesign may be helpful. One possible 

explanation is that the way nurses' phrase their responses can be quite diverse, despite having 

similar themes. Thus, a word frequency analysis might not be able to capture some of these 

themes. 
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Figure 7. Word frequency analysis of any comments. Larger words were mentioned more 

often, and the numbers next to the words indicate the number of times the word was 

mentioned. 

 

Discussion 

Defining Interruptions 

The first research objective was to investigate what counts as an interruption for 

nurses, and whether there is a mismatch between nurses’ and researchers’ perception of an 

interruption. Nurses overwhelmingly agreed with 15 themes (out of 18) used by researchers. 

However, when asked to define interruptions, nurses used different themes. Specifically, 

nurses tended to include causes such as alarms or answering questions in their definition of 

an interruption. Additionally, nurses' inclusion of consequences in their definition of an 

interruption generally revolved around three themes: (a) stop what they are doing, (b) having 

their focus diverted, and (c) being distracted. Conversely, many researchers tend to heavily 

focus on consequences when defining interruptions, as seen from the 18 different themes 
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identified. Such differences may simply be due to researchers preferring abstract conceptions, 

whereas nurses prefer concrete examples. 

Alternatively, such differences may indicate a difference in nurses' and researchers' 

idea of an interruption, which may have implications for interruptions interventions research. 

For example, nurses might be unwilling to participate in an interruption intervention if they 

do not think that the intervention will address the interruptions that they receive. Another 

plausible explanation for the difference in defining interruptions is that both researchers and 

nurses have different considerations in mind when defining an interruption. While researchers 

define interruptions with the objective of conducting research, nurses may define 

interruptions based on things that they find disruptive to their daily work. If nurses were 

asked to define interruptions in the context of conducting research, it is possible that their 

definition would be more in line with that of researchers. 

Interruptions Management 

The second research objective was to investigate the interruption management 

strategies that nurses use in everyday practice. Nurses' responses to questions about 

interruption management indicate that they would finish their primary task before attending 

to the interruption, evaluate the urgency of the situation before deciding how to react, or 

block/defer/redirect the interruption if they need to focus on their primary task.  

These responses are consistent with a previous study conducted by Colligan and Bass 

(2012), who found that nurses engaged in both risk and efficiency assessments to decide if 

the secondary task was of a higher priority that needs to be attended to immediately. 

Likewise, Klemets and Evjemo (2017) noted that nurses’ willingness to respond to an 

interruption varies in different situations. They conducted a series of observations, focus 

groups, and interviews to collect data on nurses' work practices and call-handling strategies. 

They found that nurses' willingness to attend to a call varied according to the kind of 
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situation. In the first kind of situation, nurses were not engaged in an important task, and 

could leave the task without much consideration. An example of such a task is administrative 

work. In the second kind of situation, nurses were engaged in a task that s/he was unwilling 

to leave, such as assisting a patient to the bathroom, unless his/her presence was really 

required. In the third kind of situation, nurses would not leave unless there were an 

emergency. One example would be changing a highly sensitive wound dressing. Klemets and 

Evjemo’s findings suggest that nurses engage in some form of assessment when it comes to 

managing interruptions. 

Our third research objective was to investigate factors that influence a nurse’s 

decision to interrupt. When nurses were asked to list factors that they consider before 

interrupting a colleague, they generally listed the urgency/safety of the situation, the task the 

potential interruptee is engaging in, and whether an immediate response is needed. This 

finding converges with that of Rivera (2014), who found that nurses in an intensive care unit 

generally engaged in a cost-benefit analysis to decide if they should interrupt a colleague. 

Some factors that nurses were found to consider included the possibility of a medication error 

due to the interruption, the type of task the interruptee was engaged in, and potential time 

constraints on the interruption. 

Taken together, these findings suggest several conclusions. First, nurses see 

interruptions as something that requires them to make a risk and/or efficiency assessment. 

Second, nurses consider the urgency/safety of the situation before interrupting a colleague. 

These findings suggest that No Interruptions interventions may not be compatible with how 

nurses handle interruptions, given that No Interruptions interventions are intended to stop 

interruptions. Conversely, nurses seem to manage interruptions on a case by case basis. 

Therefore, these findings suggest a difference in perspective between many researchers and 

nurses regarding how interruptions should be managed. 
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Common Interruptions and Nurses Perception of Current Interruptions Interventions 

Our fourth research objective was to determine some of the common interruptions that 

nurses experience. Nurses reported that common interruptions include questions/talking from 

others, and the need to deal with/help others. These findings are consistent with McGillis Hall 

et al.’s (2010) observation that 58% of the interruptions that nurses experienced came from 

other staff, patients, and patients' families. Similarly, a study by Kosits and Jones (2011) 

revealed that 95% of interruptions experienced by nurses in an emergency department were 

related to face-to-face communication. A recent study by Craker et al. (2017) also indicates 

that other staff are a common source of interruptions. Given that common interruptions 

experienced by nurses involve answering questions and dealing with/helping others, this 

finding suggests that No Interruptions interventions may not be a suitable intervention, as the 

blocking of interruptions can affect the work of other nurses' and prevent nurses from getting 

help. 

Our fifth research objective was to investigate nurses’ perception of the practicability 

of current No Interruptions interventions for their work. Nurses' responses to questions 

regarding No Interruptions interventions—such as No Interruptions attire, procedures, or 

symbols—suggest that they were generally not enthusiastic about such interventions. Only 

28% to 33% of nurses considered them to be effective. The only exception was a No 

Interruptions physical barrier, where 50% of nurses thought that it would be effective. These 

results are consistent with earlier findings that nurses' reactions to such interventions are 

mixed. Studies of No Interruptions interventions have reported results such as (a) units 

discontinuing the use of No Interruptions interventions as they were either considered to be 

ineffective or lost their effectiveness over time, (b) nurses considering it problematic to wear 

the vests all the time, (c) difficulties in modifying patients' behaviour, (d) low compliance, (e) 

unintended consequences such as an increase in interruption rate or duration, and (f) nurses 
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not using the No Interruptions vest at all (Federwisch et al., 2014; Freeman et al., 2013; 

Nelms et al., 2011; Relihan et al., 2010; Sasangohar et al., 2015; Tomietto et al., 2012; 

Williams et al., 2014). However, nurses in certain studies have stated their approval of No 

Interruptions interventions, with one study even noting that nurses were unwilling to give up 

the No Interruptions vests (Anthony et al., 2010; Fore et al., 2013; Pape et al., 2005; Pape, 

2003, 2013; Sasangohar et al., 2015).  

Our sixth research objective was to investigate nurses’ perception of the practicability 

of other interventions. Nurses appeared to be more supportive of interventions such as (a) 

having other staff assist in managing interruptions, (b) allowing nurses to reject, block, or 

defer interruptions, (c) education on the importance of not being interrupted, (d) discussions 

on when it is okay to interrupt, and (e) speaking aloud. This is consistent with the sentiment 

expressed by nurses at the end of the survey, where they commented that interruptions can be 

frequent and difficult to avoid. Thus, nurses indicated that it is important for others to be 

educated on the potential harmful effects of interruptions, and for a nurse to be able to 

manage interruptions and be assertive. In a study testing an intervention where a 

documentation assistant was hired to help paediatricians with their workflow interruptions, 

paediatricians reported that their productivity, quality, and efficiency had increased (Weigl, 

Hoffmann, Muller, Barth, & Angerer, 2013). Therefore, this supports the idea that having 

other staff assist in managing interruptions may be a viable intervention. 

However, some nurses in other studies have expressed doubt regarding the 

interventions above. For example, nurses in one simulation study commented that they may 

not remember to engage in speaking aloud in the clinical environment (Prakash et al., 2014). 

Likewise, in two other studies, participants were against the idea of having others assist in 

managing interruptions due to difficulties in covering for one another (Federwisch et al., 

2014; Nelms et al., 2011). 
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Taken together, the above demonstrates a possible mismatch between nurses and 

many researchers in how interruptions should be addressed. No Interruptions interventions 

appear to be popular among researchers, as evident by the numerous studies shown above. 

However, nurses in our study generally did not consider No Interruptions interventions to be 

effective. Conversely, there appears to be little research into the kind of interventions 

supported by nurses in this study, such as the right to reject, block, or defer interruptions. 

Incidentally, it is notable that ‘very effective’ was not a mode response for any of the 

questions on intervention effectiveness. One possible explanation might be that nurses see 

interruptions as inevitable, and therefore are less likely to consider any interventions to be 

very effective. 

Future Research 

Although the nurses in our study generally do not judge No Interruptions 

interventions to be effective, it is important to acknowledge that nurses in other studies have 

expressed their approval of them (Anthony et al., 2010; Fore et al., 2013; Pape et al., 2005; 

Pape, 2003, 2013). Further research could investigate the reasons behind the different views 

regarding these interventions, and the potential effect of those interventions on important 

interruptions. For example, the implementation of No Interruptions interventions may deter 

nurses from interrupting, even if they have a good reason. 

Given nurses' strong support for the right to reject, block, or defer interruptions, future 

researchers can consider investigating whether training in such strategies helps nurses 

manage interruptions, and other nurses' (that are not in this study) perception of it. The value 

of an interruption depends on many contextual factors, making it difficult to decide how to 

manage them on an a priori basis (Gao et al., 2017). Hence, allowing nurses to decide how to 

manage the interruptions they receive might be a more robust strategy. However, a recent 

study indicated that some nurses were uncomfortable with the idea of blocking an 
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interruption, as it seems rude (Bower, Coad, Manning, & Pengelly, 2018). Therefore, it is 

possible that an intervention to allow nurses to manage interruptions themselves may only be 

partially successful. 

Limitations 

First, our sample size is only 2% of the population of nurses invited to participate. 

One possible explanation is that our survey was distributed via e-mail or electronic 

newsletters. Therefore, it is possible that some nurses did not open and read the e-mail. 

Additionally, it is possible that some of the recipients did not meet our requirements. For 

example, someone might be a member of one of the nursing organisation, but not a nurse. 

Second, most nurses in our study had more than ten years of experience, which may explain 

their preference towards interventions that give them more independence such as the right to 

reject/block/defer interruptions. Third, our sample size was heavily biased towards the 52 

years old and older age group, which is unlikely to be a representative sample. Fourth, the use 

of both quantitative and qualitative approaches in this study helps to reduce the possibility of 

the findings being distorted by our own interpretation, but it does not eliminate such 

problems. There is a continued need for researchers to listen to how nurses structure and 

solve problems such as interruptions. Fifth, the data were subjected to open coding by the 

first author only, which may have led to some subjectivity and potential unreliability. 

However, we have partially mitigated this by complementing our open coding analysis with 

word frequency analysis. Sixth, it is possible that respondents may find some of the 

questions, such as our explanation of an intervention, to be ambiguous, leading to different 

respondents having different interpretation of the questions. Seventh, it is possible that the 

examples provided in the survey may have biased participants into thinking about 

interruptions in a positive manner. 
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Conclusion 

No Interruptions interventions are often introduced in contemporary interruptions 

research, probably due to the belief that interruptions cause medication errors (Anthony et al., 

2010; Cottney & Innes, 2015; Dall’Oglio et al., 2017; Flynn et al., 1999; Pape, 2003; 

Westbrook et al., 2018; Westbrook, Woods, et al., 2010). However, such interventions are not 

always effective (Craig et al., 2013; Tomietto et al., 2012; Yoder et al., 2015), possibly due to 

differences between the perceptions of nurses and some researchers regarding: (a) what 

counts as an interruption, and (b) the role interruptions play in daily clinical work. Our study 

has highlighted some of these differences. We have also highlighted some differences 

between the types of interventions that many researchers expect to be effective, versus the 

types of interventions that nurses consider to be effective. Many researchers propose 

interventions that place barriers between nurses and interruptions, which is not always the 

best way to handle interruptions given that the value of an interruption varies with the 

situation (Gao et al., 2017). Conversely, nurses prefer interventions that educate others on the 

potential harmful effects of interruptions, or interventions that provide them with more 

autonomy. Knowledge of these differences between nurses and researchers can help assist in 

the development of future intervention, if such interventions are deemed necessary.  
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Afterword for Chapter 5 

This chapter provides some support for the idea that adopting alternative safety 

models such as high reliability organisations , safety drift, or resilience engineering for 

interruptions research is a viable approach. First, nurses indicated that the urgency/safety of 

the situation is an important consideration in deciding if they should interrupt a colleague. 

This suggests that nurses do use interruptions as a tool to manage daily clinical work, and is 

consistent with how interruptions can be conceptualised from a resilience engineering 

perspective. Additionally, safety drift proposes that individuals working in complex systems 

make trade-offs to manage goal conflicts, which is similar to nurses’ indication that they 

make some form of assessment to decide if they should interrupt a colleague. Therefore, 

safety drift is another viable safety model when it comes to studying interruptions. Second, 

nurses indicated that some of the common interruptions that they experienced include 

questions, and dealing with/helping others. Once again, this suggests that interruptions are a 

tool to manage daily clinical work. 

Third, nurses were generally not fond of Do Not Disturb/No Interruptions 

interventions. Instead, nurses liked the idea of having their rights to block, defer, or redirect 

interruptions to be legitimised, suggesting that nurses would prefer researchers to defer to 

their expertise when it comes to managing interruptions. After all, nurses also indicated in the 

survey that they tend to evaluate the situation before deciding how to respond to an 

interruption, suggesting that they manage interruptions on a case by case basis. The idea that 

nurses manage interruptions on a case by case basis is consistent with what was mentioned 

earlier, that interruptions can be wanted in one scenario, and unwanted in another scenario 

(Colligan & Bass, 2012; Klemets & Evjemo, 2014). Therefore, it may make more sense to 

defer to nurses' expertise when it comes to interruptions management, instead of developing a 

set of a priori rules. 
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On a side note, two issues have been pointed out to me. First, I should have asked 

nurses their opinion on whether they think interruptions cause clinical errors in my survey. 

After all, the lack of causation between interruptions and clinical errors is a significant 

argument in this thesis. Thus, nurses’ opinion on the relationship between interruptions and 

clinical errors would be insightful. In hindsight, I should have asked nurses their opinion on 

this matter. Second, some concern has been raised due to the low response rate to my survey. 

Although a low response rate may mean that my quantitative results should be viewed with 

some scepticism, it does not affect my qualitative results. In qualitative research, saturation is 

key (Morse, 1995). Saturation is when no additional data that can be developed into new 

themes are found (Glaser & Strauss, 1967). Given that the themes found in the qualitative 

responses provided by nurses tend to be similar, I am confident that saturation has been 

achieved. Thus, I am confident in my qualitative findings. 
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Theoretical Contributions 

In this thesis, I made two theoretical contributions. First, I applied theories from 

safety science to interruptions science research. Second, I highlighted the problem of 

unintended negative consequences to the interruptions science community. 

Applying Safety Science Theories to Interruptions Science Research 

I am the first researcher to examine the implicit safety model that interruptions 

interventions researchers have, the implications of using this safety model on interruptions 

interventions research, and the application of alternative safety models to such research. 

Many studies testing interruptions interventions are implicitly based on the barrier 

model (Gao et al., 2017), which may be due to a lack of awareness among many interruptions 

researchers of other possible safety models that conceptualises interruptions in different 

ways. The idea of placing barriers between sources of risk and areas of vulnerability also 

make intuitive sense, which may be another reason behind the widespread adoption of the 

barrier model. In my thesis, I have highlighted the issue with the prevalent use of the barrier 

model in interruptions interventions research. Specifically, using the barrier model to guide 

intervention development would require seeing interruptions as a threat to be contain, which 

is not an accurate reflection of the role interruptions play in daily clinical work. The 

difference between many researchers' implicit safety model and the role interruptions play in 

daily clinical work may also be a contributing factor to the many unintended negative 

consequences discovered. 

Additionally, I introduced three different safety models, and show how the application 

of these models to interruption science would lead to different conceptualisation of 

interruptions (Gao et al., 2017). This theoretical application can have consequences for how 

future interruptions interventions research is conducted. The introduction of new safety 

models can help researchers view interruptions from different perspectives, and guide the 
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development of new interruptions research. From a resilience engineering perspective, one 

potential study is to study instances of nurses successfully managing interruptions, and 

perhaps impart knowledges gain to new nurses. From a HRO perspective, interruptions can 

be conceptualised a useful tool for nurses to spot potential anomalies. Therefore, one possible 

study would be to document instances where nurses spotted anomalies in daily clinical work 

due to interruptions. Such documentation would add to our knowledge of the role 

interruptions play in daily clinical work. Similarly, interruptions interventions based on a 

HRO perspective can involve deferring to the expertise of nurses by allowing nurses to 

manage interruptions themselves. Nurses have expressed their support for such an 

intervention, as demonstrated by the findings in chapter 5. 

Limitations in Interruptions Science and Unintended Negative Consequences 

Do Not Disturb/No Interruptions interventions appear to be fairly popular among 

many researchers, as demonstrated by the numerous studies done (e.g. Anthony et al., 2010; 

Craig et al., 2013; Huckels-Baumgart, Baumgart, et al., 2017; Huckels-Baumgart, 

Niederberger, et al., 2017; Pape, 2003; Tomietto et al., 2012; Verweij et al., 2014; Westbrook 

et al., 2017; Williams et al., 2014). However, it appears that few researchers are aware of the 

issues associated with these interventions, such as unintended negative consequences. Some 

early studies of interventions to reduce/remove interruptions have already observed 

unintended negative consequences (Bennett et al., 2006; Nelms et al., 2011; Pape, 2003). But 

these observations do not appear to have dampened researchers' preferences for such 

interventions, as these interventions continue to be implemented (Dall’Oglio et al., 2017; 

Huckels-Baumgart, Baumgart, et al., 2017; Westbrook et al., 2017). 

By conducting a systematic review on interruptions interventions, and demonstrating 

that a sizable number of Do Not Disturb/No Interruptions interventions have produced 

unintended negative consequences, I have highlighted the importance of this issue to the 
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interruptions science community. Bring this issue to their attention should lead to researchers 

being more careful in jumping on the Do Not Disturb/No Interruptions interventions 

bandwagon. At the very least, it should lead to researchers being more alert for potential 

unintended negative consequences. 

Practical Contributions 

In this thesis, I made the following practical contributions. First, I demonstrated that 

gaps exist between nurses and researchers when it comes to: (a) conceptualising 

interruptions, and (b) the value of interruptions to daily clinical work. Second, I have 

proposed possible areas for future research, which should be fruitful, especially when 

compared to No Interruptions interventions. 

Gaps in Conceptualising Interruptions 

First, based on nurses' responses to my survey, I suggested that nurses see 

interruptions as something that requires them to make a risk and/or efficiency assessment. 

Additionally, nurses consider the urgency/safety of the situation when deciding if they should 

interrupt a colleague. Conversely, interruptions researchers seem to consider interruptions as 

something to be reduced/removed, as demonstrated by the numerous interventions to 

reduce/remove interruptions (e.g. Abdelmalak et al., 2016; Aguirre et al., 2015; Anthony et 

al., 2010; Connor et al., 2016; Craig et al., 2013; Dall’Oglio et al., 2017; Federwisch et al., 

2014; Flynn et al., 2016; Fore et al., 2013; Freeman et al., 2013). Therefore, I have 

demonstrated that there is a difference in perception between nurses and researchers 

regarding their conceptualisation of interruptions. The knowledge that such a difference 

exists matter as it helps explain the various unintended negative consequences found. For 

example, although Craig et al. (2013) found a decrease in frequency of interruptions, they 

also found an increase in the duration of interruptions, which they suggested was due to 

nurses persisting with their interruptions until the interruptions was resolved. An explanation 
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for this observation is that nurses considered interruptions to be important to their work, and 

therefore continue to interrupt despite Craig et al. attempts at reducing interruptions. 

By identifying differences in perception between nurses and researchers, I have also 

provided the first step in helping both sides reconcile these differences. Such reconciliation is 

important as efforts to improve safety should involve understanding how those at the front 

line think and perform their work (Woods et al., 2010). 

Second, since nurses see interruptions as something that requires them to make a risk 

and/or efficiency assessment, and nurses have reported considering the urgency/safety of the 

situation before deciding if they should interrupt a colleague, these would suggest that 

interruptions play an important role in daily clinical work. If interruptions do not play an 

important role, nurses can simply not interrupt their colleagues, instead of having to bother 

with assessing the situation to see if an interruption is appropriate. Conversely, researchers' 

attempts at reducing/removing interruptions suggest that researchers underestimate the 

importance of interruptions in daily clinical work. 

By demonstrating that a difference exists between nurses and researchers regarding 

their perception on the importance of interruptions in daily clinical work, I have made the 

following practical contributions. First, knowledge of this difference can help researchers 

gain a broader understanding of the phenomenon of interruptions in healthcare, and a better 

understanding of nurses' thinking. Second, such knowledge can help researchers in 

developing new interventions that might be better fit with nurses' daily clinical work, if such 

interventions are necessary. 

Novel Research Ideas 

First, I have suggested legitimising the right for nurses to manage interruptions 

themselves. This is a novel idea (except, perhaps, for nurses themselves), as many 

interruptions interventions studies involve researchers imposing some form of interventions 
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on nurses (e.g. Abdelmalak et al., 2016; Aguirre et al., 2015; Anthony et al., 2010; Connor et 

al., 2016; Craig et al., 2013; Dall’Oglio et al., 2017; Federwisch et al., 2014; Flynn et al., 

2016; Fore et al., 2013; Freeman et al., 2013), instead of assisting nurses in managing 

interruptions themselves. The idea of allowing nurses to manage interruptions themselves 

appear to be popular, as demonstrated in chapter 5. A similar idea has been observed in the 

US Navy (Rochlin et al., 1998), where every soldier working on a navy carrier has the right 

to stop work, regardless of rank, if s/he thinks that the work is unsafe. However, I would 

argue that my idea to legitimise the right for nurses to manage interruptions themselves is 

novel, as it goes beyond simply stopping work. Instead, nurses are entrusted with the 

authority to assess and make decisions regarding everyday clinical workflow. 

Second, I have suggested that future research adopt ideas from contemporary safety 

science research, and examine instances where interruptions were successfully handled, 

instead of focusing solely on instances where interruptions lead to negative outcomes. To my 

knowledge, this idea has not been proposed before in the interruptions science community. 

By studying how interruptions were successfully handled, researchers can learn some of the 

contributing factors to successfully handling an interruption, and facilitate more of these 

instances. 

Limitations and Future Research 

Due to time and resource constraints, several interesting research questions were not 

explored in this thesis. First, it is unknown as to whether the unintended negative 

consequences discovered outweigh the benefits of current interruptions interventions. At 

present, it is difficult to determine if interruptions interventions benefit patient safety, as 

some studies do not include medication errors as an outcome measure (e.g. Dall’Oglio et al., 

2017; Huckels-Baumgart, Niederberger, et al., 2017; Sasangohar et al., 2015; Saxton & 

Cahill, 2017; Westbrook et al., 2017). 
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For some studies that do include medication error as a measure, it is unclear as to 

whether the decrease in medication errors can be attributed to the intervention. An example 

would be Connor et al. (2016), where the observed decrease in medical errors can be 

attributed to the introduction of barcode scanning, rather than their intervention. Of course, 

other studies such as Verweij et al. (2014) had medication errors as a measure, and there does 

not appear to be any confounding variables that might explain the decrease in medication 

errors. However, Verweij et al. did had issues with nurses not liking the intervention. 

Therefore, it is possible that nurses would stop participating in the intervention after the study 

is over, when researchers are no longer following nurses. These various unknown factors 

make it difficult to determine if the unintended negative consequences discovered outweigh 

the benefits of current interruptions interventions, and should be explored further. 

Second, the idea of legitimising nurses' right to manage interruptions themselves 

should be explored. The exploration can take the form of an experiment, where a group of 

nurses are allowed to manage interruptions themselves, while another group of nurses are 

given a Do Not Disturb/No Interruptions interventions. Researchers can then examine 

variables such as satisfaction, productivity, and medication errors to determine if legitimising 

nurses' right to manage interruptions is an appropriate intervention. Another related idea 

would be to examine if nurses’ age and experience affect nurses’ interruptions interventions 

preference. Although nurses in our survey stated that they generally prefer to manage 

interruptions themselves, our sample was heavily skewed towards older nurses. It is possible 

that younger nurses may actually prefer Do Not Disturb interventions. One more plausible 

research area would be to consider how well can a flat organisational structure coordinate 

daily clinical work on a larger scale (Nemeth et al., 2007), as the legitimisation of nurses’ 

right to manage interruptions would “flatten” an organisation’s hierarchy. 
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Third, researchers should conduct a study that documents instances where nurses 

successfully handled interruptions, which may help illuminate the ambiguous relationship 

between interruptions and medication errors. For example, results from this study may 

explain why some healthcare practitioners remember to return to their primary task after an 

interruption, while others do not. Such a study can involve an observer following nurses as 

they go about their daily work. The observer would then take notes on instances where nurses 

successfully handled an interruption, and perhaps supplement these notes by interviewing 

these nurses to gain some insight into their reasoning process.  

Fourth, the information gained from documenting instances where nurses successfully 

handled interruptions can be used to educate new nurses. For example, Orbæk et al. (2015) 

noted that some nursing students initially found it difficult to handle interruptions while they 

were working in the medication room, but eventually adapted to these interruptions. It is 

possible that teaching nursing students how other nurses successfully handled interruptions 

might help these nursing students to adapt faster. One possible study would be to divide 

nursing students into two different groups. One group would be educated on how other nurses 

successfully handled interruptions, while the second group would be the control group. 

Researchers can then examine variables such as anxiety, satisfaction, and likelihood of 

returning to primary task to determine if such education is useful. 

Fifth, as alluded to throughout this thesis, interruption is a highly complex 

phenomenon. Hence, there should be additional research into how an interruption is 

perceived by different people, under different context. The Dual Perspectives Method 

pioneered by McCurdie et al. (2017) is a useful tool for such research. Although McCurdie et 

al. used the method to study collaborative work patterns and intersecting work functions, the 

Dual Perspectives Method can be used to study other issues as well. One issue would be to 

further examine how nurses define interruptions, and how interruptions affect the work 
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relationship among healthcare practitioners. After an interruption has occurred, observers can 

question both the interruptor and interruptee to find out if, for example, they consider their 

action to be an interruption. Observers can also look at how interruptees actually handle an 

interruption versus how interruptees would like to handle an interruption. Some nurses have 

expressed difficulty in rejecting an interruption (Bower et al., 2018), meaning it is possible 

that an interruptee would like to reject an interruption, but feel complied to attend to it. 

Sixth, researchers can explore other possible attempts at reducing/eliminating 

interruptions. Admittedly, the idea of reducing/eliminating interruptions has been criticised in 

this thesis. However, current attempts at reducing/eliminating interruptions usually involve 

the same few methods, such as wearing a Do Not Disturb vest, or having a No Interruptions 

Zone. It is possible that there are other methods to reduce/eliminate interruptions without 

negative consequences. 

Seventh, this thesis focuses solely on interruptions in the context of medication 

preparation/administration by nurses. It is plausible that, for example, Do Not Disturb 

interventions are effective in other clinical context. Thus, further research regarding 

interruptions interventions in other clinical situations is necessary.  

Conclusion 

This thesis set out to: (a) highlight the issue of unintended negative consequences in 

interruptions interventions research, (b) apply theories from safety science to interruptions 

science research, and (c) examine differences in perception between nurses and researchers 

regarding interruptions and interruptions interventions. 

I have achieved the aim of highlighting the issue of unintended negative consequences 

by conducting a systematic review, which identified unintended negative consequences in 15 

out of 33 interruptions interventions studies. I have also successfully applied three different 

safety models to interruptions science research, which can help researchers conceptualise 
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interruptions in different ways, leading to new studies that can add to the knowledge of the 

interruptions science community. 

In terms of examining differences in perception between nurses and researchers, I 

have shown that: (a) nurses and researchers have some differences when it comes to defining 

interruptions, (b) nurses manage interruptions on a case by case basis, while researchers tend 

to prefer imposing a priori rules in the form of Do Not Disturb/No Interruptions 

interventions, and (c) nurses prefer interventions that provide them with more autonomy, 

compared to contemporary interruptions interventions that tend to restrict nurses' autonomy 

by dictating how they should react to interruptions. I consider my aims at examining 

differences in perception between nurses and researchers to be partially achieved, as there is 

still much work to be done in this area (e.g. if age and experience change nurses’ perception 

of interruptions). 

Still, the papers in this thesis will demonstrate that I have mostly achieved my aims 

with this thesis, and that I have made some meaningful contributions to interruptions science 

research. It is my hope that future researchers might conduct studies using some of the ideas 

mentioned in this thesis, and contribute to interruptions science research in their own ways.  
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Appendix A: Offline Copy of Survey 

Q2 Are you currently working in an Australian hospital? 

m Yes 
m No 

 

Q3 Thank you for your interest in this survey. However, this survey is for nurses who are 

currently working in an Australian hospital. 

Q4 Age range 

m 18 - 22 
m 23 - 27 
m 28 - 32 
m 33 - 37 
m 38 - 42 
m 43 - 47 
m 47 - 52 
m 52 + 

 

Q5 Gender 

m Male 
m Female 
m Other 

 

Q6 Years of professional experience as a nurse 

m Less than 1 
m 1 - 3 
m 4 - 6 
m 7 - 9 
m 10+ 
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Q7 What kind of ward or unit do you currently work in? 

m Aged care 
m Medical 
m Surgical 
m Peri-operative 
m Mental health 
m Mixed medical/surgical 
m Critical care 
m Emergency 
m Community nursing 
m Maternity care 
m Practice nursing 
m Rehabilitation and disability 
m Paediatrics 
m Child and family health 
m Palliative care 
m Others 

 

Q8 In the previous question, you selected others. Please state the ward or unit you currently 

work in. 

 

Q9 How often do you engage in medication preparation and/or administration? 

m Once every few weeks 
m Once a week 
m A few times a week 
m Every day 

 

Q10 What kind of medication preparation activities do you engage in (please check all that 

apply)? 

q Checking medication 
q Undertaking drug calculations 
q Retrieving tablets and mixtures for oral administration 
q Drawing up injections 
q Preparing intravenous (IV) infusions 
q Others 
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Q11 In the previous question, you selected others. Please list the other types of medication 

preparation activities that you engage in below. 

 

Q12 What kind of medication administration activities do you engage in (please check all that 

apply)? 

q Administering oral medications (tablets and mixtures) 
q Administering inhalation medications 
q Administering intramuscular injections 
q Administering intravenous injections 
q Administering intravenous infusions 
q Others 

 

Q13 In the previous question, you selected others. Please list the other  

types of medication administration activities that you engage in below. 

 

Q14 Nurses (like yourself) might experience interruptions as they go about  

their work. How would you define an interruption? 
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Q15 Below are some factors which researchers have considered to be part of the definition of 

an interruption. Please indicate how much you agree or disagree with each of the following 

factors. Something is an interruption if it causes you to: 

 Strongly 
Disagree Disagree Neutral Agree Strongly 

Agree 
Pause the 

current task 
(and return to 

it later) 

m  m  m  m  m  

Pause the 
current task 
(and you fail 
to return to it 

later) 

m  m  m  m  m  

Finish the 
current task 
(so that you 

do not have to 
return to it) 

m  m  m  m  m  

Start a new 
task in 

addition to 
your current 

task 

m  m  m  m  m  

Leave the 
area m  m  m  m  m  
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Q16 Something is an interruption if it is: 

 Strongly 
Disagree Disagree Neutral Agree Strongly 

Agree 
Unplanned m  m  m  m  m  
Unexpected m  m  m  m  m  

Uncontrollable m  m  m  m  m  
Internal to you 

(e.g. day 
dreaming) 

m  m  m  m  m  

External to you 
(e.g. an alarm 
going off, a 
colleague 

talking to you) 

m  m  m  m  m  

Synchronous 
(i.e. happens 
when you are 

doing your 
current task) 

m  m  m  m  m  

Longer than 5 
seconds m  m  m  m  m  

Happening 
while you are 
in the middle 

of a 
communication 
(e.g. talking to 
someone else) 

m  m  m  m  m  
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Q17 Something is an interruption if it: 

 Strongly 
Disagree Disagree Neutral Agree Strongly 

Agree 
Disrupts your 

focus m  m  m  m  m  

Leads to a 
flow of 

information 
that is greater 
than you can 

manage, 
causing an 

information 
overload and 

creating a 
degree of 

stress 

m  m  m  m  m  

Creates a  
feeling of 

being tired, 
annoyed,  and 
a reluctance 
to continue 
with your 

current task 

m  m  m  m  m  

Causes a  
delay in a task 

that you are 
working on 

m  m  m  m  m  

Disrupts the 
outcome of 

your task (e.g. 
causes a less 

than ideal 
outcome) 

m  m  m  m  m  

 

 

Q18 For now, interruptions will be defined as follows: An event or request requiring your 

attention that may cause you to temporarily break off your current task if you divert your 

attention to the event or request. 
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Examples of an interruption include colleagues asking you a simple question, or needing help 

with a patient. 

Q19 Please list up to two methods that you (or your colleagues) use to handle interruptions 

from someone during medication preparation/administration. Explain when and why you (or 

your colleagues) would use this method. 

First strategy 
When and why would you (or your colleagues) use this strategy? 

Q20  

Second strategy 
When and why would you (or your colleagues) use this strategy? 

 

Q21 Please list up to two factors that you consider when deciding whether, or not, to interrupt 

a colleague during medication preparation/administration. Explain why you consider these 

factors to be important. 

 

First factor 
Why is this factor important? 

 

Q22  

Second factor 
Why is this factor important? 

 

Q23 What do you think are the top three kinds/types of interruptions in your ward or unit? 

First source 
Second source 
Third source 
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Q24 One strategy to manage interruptions is to block them. Please rate how effective the 

following strategies might be if they were to be implemented in your unit or ward. 
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 Very 
ineffective Ineffective Neutral Effective Very 

effective 
‘No 

Interruptions’ 
attire (e.g. a 

vest with “Do 
Not Disturb” 

printed on it to 
indicate to 

others that you 
should not be 

disturbed) 

m  m  m  m  m  

‘No 
Interruptions’ 

physical 
barrier (e.g. a 

quiet room 
away from the 

busy areas) 

m  m  m  m  m  

'No 
Interruptions' 

procedure (e.g. 
management 

banning 
interruptions 

during 
medication 

administration) 

m  m  m  m  m  

No 
Interruptions 
symbol (e.g. 
displaying a 

sign with “Do 
Not Disturb” 
printed on it) 

m  m  m  m  m  

Speaking 
aloud (e.g. 
verbalising 

your actions to 
indicate to 

others that you 
are in the 

middle of an 
important task) 

m  m  m  m  m  
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Discussions on 
when it is okay 

to interrupt 
(e.g. setting 

boundaries and 
criteria on 

when it is okay 
to interrupt) 

m  m  m  m  m  

Education on 
the importance 

of no 
interruptions 

m  m  m  m  m  

Having other 
staff to help 

manage 
interruptions 
(e.g. other 
nurses to 

answer your 
phone while 

you are 
administering 
medication) 

m  m  m  m  m  

 

 

Q25 One strategy to manage interruptions is to remove interruptions at the source, so that 

they will not happen. Please rate how effective the following removing interruptions at the 
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source, so that they will not happen strategies might be if they were to be implemented in 

your unit or ward. 

 Very 
Ineffective Ineffective Neutral Effective Very 

Effective 
Change layout of 
medication room m  m  m  m  m  

Decentralised medication 
cupboards (i.e. having a 
medication cupboard in 
every patient’s room) 

m  m  m  m  m  

Improve access to 
information (e.g. having 
more information on the 

patient white board) 

m  m  m  m  m  

Pre-emptively handle 
interruptions (e.g. finding 

out the most common 
interruptions and 

managing them so that 
they do not occur during 

medication 
preparation/administration) 

m  m  m  m  m  

Push some tasks to a 
different time (e.g. 

Restocking drugs cabinets 
during off-peak hours) 

m  m  m  m  m  

Coordination of schedules 
among staff m  m  m  m  m  

 

 

Q26 One strategy to manage interruptions is to give people the methods and tools to handle 

interruption (e.g., timers to help you keep track of time during intravenous push while talking 
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with patient). Please rate how effective the following giving people the methods and tools to 

handle interruptions strategies might be if they were to be implemented in your unit or ward. 
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 Very 
ineffective Ineffective Neutral Effective Very effective 

Allowing you 
to reject or 

block 
interruptions 

m  m  m  m  m  

Legitimising 
the right for 
you to defer 
interruptions 
until a more 
convenient 

time 

m  m  m  m  m  

Teaching 
lessons on 

how to 
respond to 

interruptions 
(e.g. small 
laminated 
cards with 

guidelines on 
how to 

respond to 
interruptions) 

m  m  m  m  m  

Giving people 
tools that help 
them do their 
current task at 
the same time 

as the 
interrupting 
task (e.g., 

timers to help 
keep track of 
time during 
intravenous 
push while 
talking with 

patient) 

m  m  m  m  m  

“Centering” 
before 

medication 
administration 
(e.g. pausing 
to take a few 

slow deep 
breaths) 

m  m  m  m  m  
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Q27 One strategy to manage interruptions is to give people methods and tools to recover 

effectively after an interruption has finished. Please rate how effective the following giving 

people methods and tools to recover effectively strategies might be if they were to be 

implemented in your unit or ward. 

 Very 
Ineffective Ineffective Neutral Effective Very 

Effective 
Reminder 

signage (e.g. 
signs to 

remind you to 
check key 

parameters) 

m  m  m  m  m  

Standardised 
workflow m  m  m  m  m  

Medication 
administration 

checklist 
m  m  m  m  m  

 

 

Q28 Do you have any other comments regarding blocking, removing interruptions at the 

source, giving people the means to interruptions, or giving people the means to recover from 

an interruption? 


