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Workflow, Turbulence, and Cognitive 5
Complexity

Bonnie Mowinski Jennings

Introduction

The concept of workflow is problematic when applied to nurses and clinical prac-
tice. Flow suggests smoothness and continuity. Rather than smooth, nurses’ work is
inherently turbulent; the flow is nonlinear (Phillips 2018), disorderly, unstable
(Gleick 1987), and “irregular” (Cornell et al. 2011, p. 410). Turbulence is evident as
nurses move among patients throughout the shift as well as to and from centralized
work areas such as the nurses’ station and medication rooms (Cornell et al. 2010;
Jennings et al. 2011; Potter et al. 2004; Tucker and Spear 2006). Turbulence is the
unifying characteristic in the patterns of work complexity identified by Ebright and
colleagues (Ebright et al. 2003). The importance of scrutinizing turbulence was
affirmed by Browne and Braden (2020), who noted, “managing turbulence rather
than patient needs is becoming a priority for nurses” (p. 184). Turbulence is per-
petuated by the highly unpredictable nature of nurses’ work. For example, nurses
know that patient admissions will occur, but it is difficult to anticipate when they
will happen (Jennings et al. 2013). Although medication administration seems
orderly and predictable, it is filled with turbulence (Jennings et al. 2011), thereby
altering workflow. As the workflow turbulence increases, the cognitive work of
nursing becomes increasingly complex. The focus of this chapter, therefore, relates
to workflow, turbulence, and cognitive complexity.
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Workflow, Turbulence, and Cognitive Complexity: Specific
Linkages with the QHOM

The primary construct from the QHOM (Mitchell et al. 1998) showcased in this
chapter is the system (organization and microsystem). Workflow and turbulence are
major concepts within the system construct. Features of turbulence with the most
robust evidence for illustrating its effect on nurses’ work include interruptions,
handoffs, and patient turnover. By reframing the client construct within the QHOM
as the nurse, the way is opened to address the cognitive (mental) workload and
resulting cognitive complexity that often stem from a turbulent workflow. To date,
interventions to improve nurses’ work (e.g., smoothing workflow and mitigating
turbulence) remain few. Those interventions that have been tried (i.e., not interrupt-
ing medication administration) have not had an enduring effect in making the sys-
tem better and reducing nurses’ cognitive complexity.

Consequently, the focus in this chapter is on describing the characteristics within
the system (turbulence and workflow) and the client (nurses’ cognitive workload and
complexity) that affect nurse outcomes (work stress and cognitive failures) (Fig. 5.1).
Interventions will receive only brief mention. Nursing has been known as a high-stress
profession since the 1960s (Menzies 1960). The role of turbulence as a potential con-
tributor to work stress is a new slant on nurses’ work conditions. Therefore, the chapter
aims to depict the nature of nurses’ work in the twenty-first century by exploring work-
flow, turbulence, cognitive workload, and cognitive complexity in acute care settings.

System

Organization, Microsystem
Turbulence, Workflow

Interventions Qutcomes (Nurse)
Mitigating Turbulence Work Stress
Smoothing Workflow Cognitive Failure

Client (Nurse)

Cognitive Workload
Cognitive Complexity

Fig. 5.1 Framework for workflow, turbulence, and cognitive complexity
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System Characteristics
Workflow

The workflow concept originated in the early 1900s as factory managers sought to
remove bottlenecks and improve efficiency in manufacturing plants (Derksen 2014).
According to the dictionary, workflow is a “sequence of steps involved in moving
from the beginning to the end of a work process” (https://www.meeriam-webster.
com/dictionary/workflow). Cain and Hague (2008) proposed that workflow includes
a set of tasks grouped chronologically into a process and the people and resources
needed to complete the tasks. Thus, workflow suggests a pattern that is repeatable
such as the work done on an assembly line. Some quality improvement initiatives
are designed to enhance workflow. For instance, “lean” is a set of principles adapted
from The Toyota Production System that focus on ways to eliminate waste, espe-
cially wasted time (i.e., waiting), by standardizing practices (Lawal et al. 2014).
Despite the usefulness of importing principles from other industries (e.g., airlines,
manufacturing), healthcare is less predictable than machines where parts and inter-
connections work linearly. Instead, healthcare is a human system with people as the
parts, not bolts and screws. Variation is thus inherent in healthcare because of the
human element.

Workflow in Healthcare

As a human system, healthcare is considered a complex adaptive system (CAS)
where unpredictability, nonlinearity, and surprises prevail (McDaniel et al. 2003;
Plsek 2001). In CASs, the unexpected is normative (Plsek 2001). Features of CASs
are chaos (Plsek 2001), disorder, instability (Gleick 1987), and nonlinear flow,
yielding similarities to turbulence (Phillips 2018). Although commonly used, turbu-
lence is an unsolved problem in physics with tremendous practical importance; the
most important flows are turbulent (Phillips 2018). Therefore, it is conceivable that
turbulence reflects workflow in healthcare systems.

The lack of smooth workflow in healthcare often stems from poorly designed
systems. System problems that impede workflow or facilitate turbulence were
termed “operational failures” by Tucker (2004) and “performance obstacles” by
Gurses et al. (2009). Such problems illustrate why Carayon and colleagues stated,
“The entire [healthcare] work system needs to be well designed for optimal per-
formance” (Carayon et al. 2007, p. i54), emphasizing that patient safety is about
the system. Similarly, Karsh and colleagues advocated for system redesign to
improve performance and reduce hazards, highlighting that systems need to sup-
port the healthcare professionals who are delivering care (Karsh et al. 2006). The
need to support staff who work in healthcare systems is at the heart of a recent
report from the National Academy of Medicine that focuses on clinician burnout
and professional well-being (National Academies of Sciences, Engineering, and
Medicine 2019).

Nevertheless, turbulent workflow prevails in healthcare settings. Altered work-
flow has been linked to surgical errors (Wiegmann et al. 2007). Moreover, even
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when systems are redesigned and the desired goals achieved, there may also be
unintended, undesirable consequences. Such unintended consequences are illus-
trated by investigators who assessed hospital redesign focused on enhancing patient-
centeredness (Mikesell and Bromley 2012). Along with making the hospital more
patient centered, the changes also created many inconveniences for the staff, espe-
cially nurses: Walking and telephone interruptions increased; time at the bedside
and face-to-face exchanges with both patients and coworkers decreased (Mikesell
and Bromley 2012).

Regardless of system redesign, the idea of workflow for nurses is an oxymoron.
“There is little ‘flow’ in nurse workflow” (Cornell et al. 2010, p. 366); “nurse work-
flow actually lacks flow” (Myny et al. 2012, p. 432). Instead, nurses’ work is char-
acterized by work complexity patterns (Ebright et al. 2003) and as noted earlier, the
unifying characteristic in these patterns is turbulence. To understand nurses’ work
it, therefore, becomes vital to understand turbulence.

Turbulence

Turbulence is a term commonly used in meteorology, oceanography, mathematics,
physics, and engineering. In these fields, turbulence characterizes irregularities in
flow, such as the up and down currents that may be experienced in an airplane or the
choppy seas sometimes experienced on a ship or sailboat. Organizations face turbu-
lence too when changes occur that are “nontrivial, rapid, and discontinuous”
(Cameron and Kim 1987, p. 225). Turbulence is further evident when change
exceeds an organization’s ability to adapt (McCann and Selsky 1984).

Turbulence in Healthcare

More than 35 years ago, Strauss and colleagues noted that hospital work was intrin-
sically complex and unpredictable (Strauss et al. 1997). Before the 1980s, acute
care hospitals were regarded as placid settings, whereas in the 1980s, these same
settings were considered turbulent (Beekun and Ginn 1993). The turbulence in the
external healthcare environment (e.g., health policies, financing, and regulations)
contributed to turbulence in the internal healthcare environment, those conditions
within healthcare settings—both at the organizational and unit level (microsystem).

Turbulence in the External Environment
Acute care hospitals were confronted with turbulence in the 1980s when massive
external changes were implemented to deal with the skyrocketing cost of healthcare
(Bazzoli et al. 2004). The turbulence was primarily due to alterations in healthcare
financing and restructuring. The financing changes (i.e., prospective vs. retrospec-
tive payment) imposed a business model onto the health systems; the restructuring
efforts shifted patients from inpatient to outpatient settings (e.g., ambulatory sur-
gery; Jennings 2008a).

The effects of hospital restructuring exerted a profound influence on the regis-
tered nurse’s (RN) work role (e.g., less time for direct patient care), workload (a
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complex combination of higher patient acuity, scheduling, and fluctuating census),
and control over work (bureaucratic hierarchy vs. professional, collegial control;
Norrish and Rundall 2001). Turbulence has persisted: ongoing, “nontrivial, rapid”
(Cameron and Kim 1987, p. 225) changes remain normative in twenty-first-century
healthcare. In 2020, major upheaval was experienced in the external environment
when the COVID-19 outbreak was deemed a pandemic by the World Health
Organization (WHO 2020). The coronavirus pandemic exemplifies how external
turbulence may yield turbulence within the internal healthcare environment.
Although some external forms of turbulence may be inevitable, others can be
reduced, potentially reducing their internal environment effects.

Turbulence in the Internal Environment

Although organizational turbulence is important, the focus here is on the unit level
(microsystem) “where the work happens; it is where the ‘quality’ experienced by the
patient is made or lost” (Berwick 2002, p. 84). Work at the unit level in acute care
settings is described as occurring in a hyperdynamic, turbulent environment where
nurses’ workflow is “irregular” (Cornell et al. 2011, p. 410).

Tucker and Spear (2006) referred to the “staccato pace” (p. 650) of nurses’ work,
suggesting that workflow is choppy, not smooth: nurses switched among patients
about every 11 min. They switched among locations about 13 times/hour (Tucker
and Spear 2006). Choppy workflow suggests turbulence. In a decade-old character-
ization of turbulence in the acute care environment, Jennings (2008b) suggested that
communication and workload were the major components comprising turbulence.
Communication included interruptions, handoffs (where information might be lost),
and noise. Workload included large patient assignments, patient turnover (admis-
sions, discharges, transfers), and equipment/supply issues. In a later study, Cornell
et al. (2011) connected turbulence to cognition by raising questions about how tur-
bulence features affect critical thinking and the cognitive workload nurses must
manage. In Jennings’ characterization of turbulence, cognitive workload per se was
not addressed (Jennings 2008b). Rather, ideas related to cognitive workload (i.e.,
decision-making, cognitive stacking, simultaneous demands, unfamiliar work, time
pressure) were parsed into the communication and workload components, illustrat-
ing the interplay among these workplace characteristics.

Sources of Turbulence in Nurses’ Work

Although little research has been done for the explicit purpose of examining turbu-
lence in acute care settings, there is evidence that turbulence disrupts patient safety
and quality care. In the 1990s, Salyer (1995) conducted the first known exploration
of turbulence in acute care. Nurses on units with more turbulence—defined as
higher patient turnover and fluctuating patient acuity—had poorer communication
and interpersonal relationships (Salyer 1995). Poor communication is a factor in
sentinel events (Comprehensive Accreditation Manual for Hospitals 2013) and pre-
ventable adverse events (Gosbee 1998). Poor interpersonal relationships impair
teamwork (Chap. 10); together, good communication and teamwork can advance
system safety (IHI Multimedia Team 2017). In this way, turbulence may diminish
the quality of care.
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In 2007, Bosco (2007) completed a secondary analysis using data from the
Impact of Unit Characteristics on Patient Outcomes (IMPACT) study where turbu-
lence serendipitously emerged as a latent variable (Verran et al. 2003). The investi-
gators represented turbulence as a composite variable comprised of five constructs:
(a) the number of patients per day on a unit, (b) accessibility of needed resources,
(c) distance required to access resources, (d) responsiveness of support services, and
(e) perceived environmental uncertainty. Bosco (2007) found that turbulence
directly affected medication errors and patients’ perception of being well cared for,
further suggesting a link between turbulence, quality care, patient safety, and patient
outcomes.

Jennings et al. (2011, 2013) sought to understand better how turbulence affected
patients and staff by conducting an ethnographic study on inpatient medical and
surgical units. Medication administration (Jennings et al. 2011) and patient turnover
(Jennings et al. 2013) were related to, and at times the source of, turbulence; both
were also strongly tied to patient safety and quality care.

Most recently, Browne and Braden (2020) initiated a study to develop a prelimi-
nary measure of nursing turbulence in critical care. Their work was prompted by a
belief that workload, which does not have a standard definition, was inadequate to
encompass all nursing activities. Although there are questions about how turbulence
was operationalized, the initial findings illustrated that turbulence and workload are
separate concepts, thereby contradicting the conceptual assertion that turbulence is
a characteristic of nurses’ workload (Swiger et al. 2016). Refinement of the relation-
ship between turbulence and workload warrants further exploration as the turbulent
healthcare environment (i.e., lack of smooth workflow) appears to elevate nurses’
cognitive workload (Cornell et al. 2011; Myny et al. 2012). Greater cognitive work-
load contributes to the cognitive complexity of nurses’ work. Primary sources of
turbulence for which the evidence is most robust include interruptions, handoffs,
and patient turnover. Also, nurses may use workarounds to overcome system imped-
iments created by turbulence to get the work done.

Interruptions

Interruptions are characteristic of nurses’ work (Jennings et al. 2011) and a signifi-
cant source of turbulent workflow. More than 20 years ago, it was noted that “being
‘interrupted’ is an unremarkable and normative experience of nursing practice and
one that is taken for granted” (Waterworth et al. 1999, p. 165). More recent explora-
tions illuminating the inseparability of the tasks comprising nurses’ work under-
score that nursing remains inherently and highly interruptive (Hopkinson and
Weigand 2017; Jennings et al. 2011).

Most interruptions (similar although not synonymous terms are distractions and
disruptions) are communication and relationship driven (Reed et al. 2018). They are
a product of healthcare workers’ preference to communicate synchronously, face to
face or via the telephone (Coiera and Tombs 1998; Edwards et al. 2009; Fairbanks
et al. 2007; Parker and Coiera 2000). They also are a product of verbal interactions
with patients (Rivera-Rodriguez and Karsh 2010; Weigl et al. 2017) and patients’
families (Rivera-Rodriguez and Karsh 2010).
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Technology represents a communication modality that serves as a significant
source of interruptions (Chap. 6). Some technologies facilitate human communica-
tion (e.g., mobile work phones, patient intercoms). Other technologies communi-
cate with nurses by alarming (e.g., physiological monitors, bar code medication
administration [BCMA], intravenous infusion pumps; Powell-Cope et al. 2008;
Zuzelo et al. 2008). These technologies exert “a profound impact on workflow”
(Aarts et al. 2007, p. S4). When alarms are continually sounding, nurses may expe-
rience sensory and cognitive overload, referred to as alarm or alert fatigue
(Sendelbach and Funk 2013), which may increase cognitive workload (Woods and
Patterson 2001).

Although concerns with patient safety have yielded an emphasis on the poten-
tially harmful effects of interruptions, it is essential to remember that there are ben-
efits as well (Grundgeiger and Sanderson 2009; Hopkinson and Jennings 2013; Li
et al. 2012; Rivera-Rodriguez and Karsh 2010). For instance, interruptions may
direct attention to avoiding a medication error or creating a pause that might other-
wise have yielded an error. Thus, reducing or stopping interruptions is unrealistic
and perhaps even unwise. For the most part, however, interruptions are viewed as
undesirable.

The Anatomy of an Interruption

Interruptions are highly complicated phenomena due, in part, to the many compo-
nents comprising an interruption. Components include the complexity of the pri-
mary task, the duration of the interruption (longer interruptions have a bigger
impact), the type of interruption, when the interruption occurs in the task sequence
(interruptions that occur at the beginning of a task are the least disruptive; Couffe
and Michael 2017; Magrabi et al. 2011), and whether memory prompts are used to
facilitate recovery after an interruption (Coiera 2012). Additional considerations
surrounding interruptions include the complexity of both the primary and interrupt-
ing tasks, the similarity of the primary and interrupting tasks, and the interruption’s
modality (e.g., face to face or a device alarm; Magrabi et al. 2011).

Regardless of the components comprising an interruption, all interruptions share
three attributes: (a) intrusion of a secondary, unplanned, unscheduled task; (b) a
break in continuity when the primary task currently in progress is suspended unex-
pectedly before its completion; and (c) the resumption of the primary task after the
interruption (Brixey et al. 2007). An often overlooked feature of interruptions is that
they occur internally; people can choose to acknowledge or ignore an interruption
regardless of the interruption source (e.g., people, telephones, alarms; Brixey et al.
2007; Jett and George 2003; Rivera-Rodriguez and Karsh 2010). Such choices often
come easier for more experienced nurses (Patterson et al. 2011).

An important feature of interruptions involves the temporal context of nurses’
work. When time is fixed, such as with shift lengths, interruptions compete for time,
potentially contributing to a sense of feeling hurried and fostering the use of work-
arounds (Brown 2019; Coiera 2012). Over 20 years ago, Perlow (1999) referred to
time pressure at work, the sense of having too much to do and not enough time to
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do it, as “time famine” (p. 57). More recently, Krichbaum et al. (2011) addressed
how unexpected occurrences during a nurse’s shift create a sense of time scarcity.

Nevertheless, managing time in the context of an interruption-filled environment
is accomplished by task-switching and multitasking, both of which affect cognition.
Task-switching involves shifting from one task to another (Rubinstein et al. 2001;
Walter et al. 2014). For instance, a nurse might stop medication administration to
answer a question from a family member. By contrast, multitasking involves doing
more than one task at a time (Mark 2015; Morgan et al. 2013; Walter et al. 2014).
For instance, a nurse might continue with medication administration while answer-
ing a mobile work telephone call.

Multitasking is more common than task-switching. Findings from a US study
showed that nurses on inpatient units used multitasking 34% of the time (Kalisch
and Aebersold 2010). Findings from an Australian study showed that of 28,809
tasks observed among nurses on inpatient units, 800 involved task-switching and
4482 involved multitasking (Walter et al. 2014). This amount of multitasking
equates to dealing with 14.1 multitasking events/hour (Walter et al. 2014), close to
twice the number of task-switching events. Multitasking has many additional con-
siderations. These include whether the multitasking is voluntary (internally moti-
vated; the individual chooses) or forced (externally prompted) and the task
modalities involved (e.g., button pressing, visual, auditory; Douglas et al. 2017).
Issues surrounding task-switching and multitasking further reveal the turbulent
nature of nurses’ workflow.

Interruptions, including task-switching and multitasking, may create a percep-
tion of higher workload (Grundgeiger and Sanderson 2009; Myny et al. 2012),
including higher cognitive workload (Rivera-Rodriguez and Karsh 2010). The
causal chain, however, remains unclear. For instance, is it that more interruptions
leave workers with perceptions of higher workloads, or is it that higher workloads
yield more chances for being interrupted (Coiera 2012; Weigl et al. 2012)?

Handoffs
Numerous terms are used for care transition events (e.g., handoff, handover; Cohen
and Hilligoss 2010). From their critical literature review, Cohen and Hilligoss
(2010) proposed handoff as the prevailing term defining it as “the exchange between
health professionals of information about a patient accompanying either a transfer
of control over, or of responsibility for that patient” (p. 494). The care transition
itself alters workflow and, if ineffective, these communication events create patient
safety risks (Dracup and Morris 2008; Gandhi 2005; Kohn et al. 2001; Ong and
Coiera 2011; Wachter and Shojania 2005). The information exchange inherent to
handoffs raised concerns with The Joint Commission in 2006 (Friesen et al. 2008).
Because of the potential safety risks associated with inadequate communication
during handoffs and the complexity involved in handoff communication, patient
handoffs were earmarked as a potential sentinel event (The Joint Commission 2017).
Adequate communication, however, is complex and involves more than passing
along information. The information must be correct, complete, and understood by
the receiver (Hilligoss and Cohen 2011). Thus, a handoff is not a one-way
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communication event but rather a conversation in which there is “active co-con-
struction of an understanding of the patient” (Cohen et al. 2012, p. 4). Also affecting
communication is whether the exchange occurs between individuals from the same
profession or between individuals with different professional backgrounds (Chap.
10). Nurses, for instance, tend to focus on the “big picture” using “broad and narra-
tive” descriptions (Leonard et al. 2004, p. i86); physicians tend to focus on bullet
points of critical information (Leonard et al. 2004). This chapter focuses on hand-
offs between nurses, both within-unit handoffs, typically referred to as shift reports,
and between-unit handoffs, or intrahospital transfers.

Shift report is a frequently studied, routinely occurring within-unit handoff
where nurses ending their shift handoff responsibilities and patient information to
nurses starting their shift. Report at shift change creates an anticipatable pause in
the usual workflow. The flow of report information, however, is altered by inter-
ruptions during the reporting process and high noise levels, such as when a report
occurs in a central place like the nurses’ station (Staggers and Jennings 2009).
Turbulent workflow is also typical during shift reports because oncoming nurses
rarely receive reports from a single nurse due to how patient assignments are
made. The flow of shift reports becomes choppy or turbulent as nurses go “through
a process of ‘finding’ each other” to give and receive a report (Staggers and
Jennings 2009, p. 395). Shift length (e.g., 12 h, 8 h) also adds to the turbulent
workflow of shift report. In one of the few investigations in which varied shift
schedules were addressed (i.e., a mixture of 8- and 12-h shifts), the schedules
were viewed as “disjointed and confused” (Kalisch et al. 2008, p. 134) and an
impediment to handoffs.

Templates for standardizing handoffs pertain primarily to shift report handoffs.
Yet, these must be viewed with caution because of differing informational needs and
expectations among nurses giving reports, nurses receiving the report, and the
nurse’s level of experience (Carroll et al. 2012; Welsh et al. 2010). Standardized
communication protocols are exemplified by the well-known SBAR (Situation,
Background, Assessment, Recommendation; Cornell et al. 2013) and the more
recently developed I-PASS (Illness severity, Patient summary, Action list, Situation
awareness and contingency plans, and Synthesis by the receiver; Starmer et al.
2014, 2017). Although various regulatory agencies recommend standardizing hand-
offs, the need for a two-way conversation and co-construction with the patient
argues against rigid standardization (Hilligoss and Cohen 2011).

Handoffs related to intrahospital transfers involve nurses from different units; a
nurse from the sending unit reports to a nurse on the receiving unit. Between-unit
handoffs vary based on where the patient is coming from and going to (e.g., from
intensive care to acute care; Ong and Coiera 2011). Between-unit handoffs are
highly unpredictable because, unlike shift reports, they do not occur at a designated
time (Hilligoss and Cohen 2013). Between-unit transfers and their associated hand-
offs, therefore, create disruptions in care and workflow (Blay et al. 2017; Jennings
et al. 2013). Although between-unit handoffs have more layers of complexity than
shift report handoffs, between-unit handoffs have received less attention in the
literature.
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Communication is especially prone to compromise during between-unit hand-
offs because patients are moving across unit (Hilligoss and Cohen 2013) and depart-
mental (Ong and Coiera 2011) boundaries, “from one entire clinical microsystem to
another” (Beach et al. 2017, p. 1190). Staff from different clinical microsystems do
not know each other very well, or at all. The staff from each unit is unaware of what
is occurring on the other unit. Also, the nurses involved in the handoff are not co-
located, often communicating via telephone, and unable to observe body language.

Regardless of whether nurses are on the sending or receiving units (Ong and
Coiera 2011), the turbulent workflow exhibits common properties that alter nurses’
work. For instance, delays occur when a nurse on the receiving unit is not available to
take the sending unit report. Delays may prolong a patient’s stay on the sending unit,
disrupting the workflow on that unit, as well as possibly hurrying through the hand-
off when it finally occurs, potentially yielding a less complete and accurate report
(Abraham and Reddy 2010). Microsystem culture also comes into play. Emergency
department (ED) nurses, for example, strive to move patients quickly to be ready for
the arrival of more acute patients (Rosenberg et al. 2018). Also, the rapid movement
of patients from the ED to inpatient beds is regarded as a quality indicator (www.
ihi.org/resources/Pages/Measures/TimefromEDtolnpatientBEdmedian.aspx). Thus,
the goals of the ED microsystem may contribute to turbulence on the admitting unit.

The layers of complexity associated with between-unit transfers also involve
whether an intermediary is a part of the information exchange. Charge nurses or
clinical leaders, for example, may give or take a report, passing the information
from or to the bedside nurse (Whittaker and Ball 2000). In these instances, impor-
tant information often is lost, yielding inadequate handoffs (Lin et al. 2013).

Patient Turnover

Patient arrivals and departures also create disruptions and contribute to turbulent
workflow (Blay et al. 2017, 2014). However, patient turnover—admissions, dis-
charges, and transfers—is a major component of nurses’ work. When patient turn-
over is high, workload increases (Myny et al. 2012; Park et al. 2016), and nursing
care may become fragmented (Lin et al. 2013).

Much of the interest in patient turnover relates to staffing (Chap. 4). Although the
midnight census is commonly used to reflect staffing needs, in a review article, Park
et al. (2016) concluded that the midnight census was inadequate because it could
lead to understaffing. There also is not a standard way to measure patient turnover
rates. Moreover, turnovers vary by day of the week, time of day, and unit type (Park
et al. 2016). For instance, Jennings and colleagues found that patient turnover rates
were 1.6 times higher on a surgical unit than a medical unit (Jennings et al. 2013).
In practical terms, there were times when surgical nurses cared for twice as many
patients as suggested by the number of patients at the beginning and end of their
shifts because their entire set of patients had turned over—all five or six patients
were discharged, and five or six new patients were admitted (Jennings et al. 2013).
These findings illustrate that different nursing specialties may be exposed to differ-
ent turbulence sources from patient turnover. For instance, despite the high turnover
in the surgical unit, they could better predict when most patients would arrive based
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on the operating room schedule. On the medical unit, by contrast, the number of ED
and direct admissions was “predictably unpredictable” (Jennings et al. 2013, p. 558).

Misconceptions and nuances involving patient turnover include that the events
are not equivalent: they vary by type, whether they can be anticipated, the intensity
of the work involved, and the turnover event’s timing (Jennings et al. 2013).
Evaluating turnover type showed that admissions were more turbulent than dis-
charges. There were subtypes within admissions that varied based on how the
patient entered an inpatient unit—direct admissions, ED, postanesthesia care, or a
transfer from another floor. Direct admissions created the greatest turbulence; they
were likened to “a code” because of workflow disruption. Anticipating patient turn-
over was possible with discharges; they were known in advance, offering nurses
some ability to plan their shift. The turnover event’s intensity was related to what
tasks were done before the patient reached the unit and how many were left for the
admitting nurse to complete. The fiming of turnover events made a difference in the
degree of the turbulent workflow. Turnovers that occurred proximate to shift report
created tremendous turbulence—these events were usually admissions with patients
moving from one microsystem to another (e.g., ED to acute care). Admissions that
were clustered in quick succession, rather than staggered, also were more disrup-
tive. Moreover, regardless of when it occurred, each turnover event was associated
with a handoff, creating the potential for a communication failure.

Workarounds as a Sign of Turbulence
Articulation work refers to organizing tasks and workers’ efforts “in the service of
workflow” to overcome bottlenecks (Strauss 1988, p. 164). Articulation work is used
to manage time (Star 1991; Star and Strauss 1999; Strauss 1985, 1988). As time con-
tracts (i.e., more to do in a finite period), the importance of articulation work expands
(Hampson and Junor 2005). In more recent years, the idea of workarounds has
replaced the concept of articulation work as a way to consider system impediments
that obstruct workflow (Koopman and Hoffman 2003). Workarounds are ways to “cir-
cumvent or temporarily ‘fix’ an evident or perceived workflow block™ (Debono et al.
2013, p. 4). Thus, workarounds are a form of articulation work (Jennings et al. 2011).
Workarounds, however, tend to be viewed more negatively than positively
(Debono et al. 2013). The negative view of workarounds is illustrated in a comment
about bar code medication administration (BCMA), where deviations from pre-
scribed protocols were referred to as “violations or workarounds” (Koppel et al.
2008, p. 409). In an extensive analysis of BCMA, however, these same authors con-
cluded that shortcomings of the technology and workflow disruptions ‘“‘encourage
workarounds” (Koppel et al. 2008, p. 408). In general, automated technologies con-
tribute to workarounds (Koopman and Hoffman 2003) and workarounds accompany
the introduction of technology into healthcare (Ash et al. 2004; Novak and Lorenzi
2008; Patterson et al. 2002; Pingenot et al. 2009).

At the crux of workarounds is the need for nurses to save time, avoid waiting, and
overcome system inefficiencies to care for patients (Brown 2019). Thus, work-
arounds are not about bad actors, but clumsy system designs and turbulent work-
flow. Workarounds are best viewed as a sign of turbulence in the environment.
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“Understanding nurses’ practice and their perception of workaround behaviours is
at the heart of ... improve[ing] healthcare at the bedside, where care is delivered”
(Debono et al. 2013, p. 14).

Client Characteristics
Cognitive Complexity

Whereas workflow and turbulence are system characteristics, cognitive issues relate to
the mental demands required of nurses to manage the turbulent workflow (Baethge
and Rigotti 2013; Cornell et al. 2011; Grundgeiger and Sanderson 2009; Laxmisan
etal. 2007; Myny et al. 2012; Patterson et al. 2011; Rivera-Rodriguez and Karsh 2010;
Woods and Patterson 2001). More than the tasks per se, turbulence heightens the cog-
nitive workload that contributes to the cognitive complexity of nurses’ work. Nurses
“weave together the many facets of the [healthcare] service and create order in a fast
flowing and turbulent work environment” (Allen 2004, p. 279). As such, the “nature of
nursing practice ... involves covert cognitive behaviors as well as overt physical activ-
ities ...”” (Potter et al. 2004, p. 102). The covert behaviors equate to nurses’ invisible
work (Star and Strauss 1999). Invisible cognitive behaviors like “... attention switch-
ing ... decisions ... play the most critical role” in errors (Zhang et al. 2004, p. 194).

The literature addressing cognition is voluminous. This section is limited to con-
sidering the role of turbulence and altered workflow in creating cognitive complex-
ity. The invisible work of nursing—cognitive workload (mental effort) and cognitive
stacking—are cognitive challenges that illustrate the cognitive complexity of
nurses’ work.

Visible and Invisible Work

Nursing is often depicted as a set of visible tasks, many of which are portrayed as
straightforward and routine, although few are. The visible tasks overshadow much
of nurses” work, the work that is “hidden” (Star 1991, p. 270), reflecting a “tension
between formal task descriptions and overt ... ‘behind the scenes” work™ (Star and
Strauss 1999, p. 9). Nurses from neonatal, pediatric, and adult intensive care units
included invisible work, such as mental and temporal demands, as part of their sub-
jective workload (Tubbs-Cooley et al. 2018). In a synthesis of 54 publications, Allen
(2004) identified nurses’ overarching role as an intermediary. This role was less
visible than the tasks nurses accomplished in caring for individual patients.
Intermediary functions included managing the multiple agendas within healthcare
systems, managing interprofessional relationships, and serving as “information
broker[s]” (Allen 2004, p. 276).

Also, the simplistic view of nurses’ work as tasks disguises the cognitive com-
plexity often involved in completing each task. Medication administration exempli-
fies this complexity; more is involved than following the five rights (right patient,
drug, dose, route, time; Grissinger 2010). Moreover, medication work is not a dis-
crete task with identifiable beginnings and endings (Jennings et al. 2011). Instead,
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medication administration is inseparable from other nursing work because care activ-
ities are woven together as nurses strive to manage time well (Jennings et al. 2011),
thus increasing the cognitive complexity. Medication administration has mistakenly
been referred to as a procedural task executed automatically (Li et al. 2012). The idea
of automatic execution is refuted by findings from several studies in which nurses’
thought processes and clinical reasoning during medication administration were
identified (Dickson and Flynn 2012; Eisenhauer et al. 2007; Jennings et al. 2011;
Pingenot et al. 2009). Nurses must also manage interruptions during medication
administration (Biron et al. 2009; Dickson and Flynn 2012; Jennings et al. 2011),
including those arising from technology and physical space limitations (Jennings
et al. 2011). Strategies to “administer as many medications ‘on time’ as possible”
(Jennings et al. 2011, p. 1448) further illustrate that medication administration exem-
plifies the invisible, highly complex cognitive work that is embedded in a visible task.

Cognitive Workload

Cognition and cognitive abilities are features of cognitive workload. Cognition
involves intellectual activities like thinking, reasoning, or remembering (https://
www.merriam-webster.com/dictionary/cognitive) and thus relates to information
processing. Cognitive abilities involve three interdependent concepts: (a) attention
or deciding which stimuli to process and act upon (e.g., working memory; Couffe
and Michael 2017; Parker and Coiera 2000); (b) storing information for later
retrieval (Grundgeiger and Sanderson 2009; Li et al. 2012; Rivera-Rodriguez and
Karsh 2010); and (c) executive processes or goal-directed behavior (e.g., planning,
reasoning, problem-solving; Patterson et al. 2011; Sitterding and Ebright 2015).

Cognitive workload refers to short-term or working memory (i.e., attention),
where information is actively processed (Parker and Coiera 2000). The limits of
working memory were noted in Miller’s (1956) classic paper, where he suggested
that we can remember seven digits—plus or minus two. Along with its limited
capacity, working memory is limited in duration, with accuracy persisting for 20 s
or less (Parker and Coiera 2000). When working memory is taxed, in other words
when cognitive workload is high, errors are more likely (Reason 1990). Nursing
workload measures, however, typically focus on the number of patients assigned to
each nurse (Carayon and Gurses 2008; Holden et al. 2011; Swiger et al. 2016), a
metric that fails to consider cognitive workload.

Communication, time pressure, and cognitive shifts all contribute to nurses’ cog-
nitive workload. Communication events are defined as “any action taken in order to
relay information to another clinician” (Edwards et al. 2009, p. 630). Communication
may also occur as a part of multitasking, such as completing documentation while
talking (Edwards et al. 2009). As noted previously, communication is a major con-
tributor to interruptions. Both high communication load and interruptions create
demands on working memory (Parker and Coiera 2000).

Time pressure is also associated with increased cognitive workload and possibly
cognitive failure (Elfering et al. 2013). Woods and Patterson (2001) noted that as
operational tempo increases and situations become more critical, information pro-
cessing must also increase to keep pace with the activities, thereby increasing the
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cognitive workload and yielding greater cognitive complexity. For instance, Grayson
et al. (2005) found that nursing personnel, 84% of whom were RNs, reported more
errors when they perceived their work conditions as more hectic; errors were often
related to missing patient information.

Potter et al. (2004, 2005) added to the understanding of nurses’ cognitive work-
load by illustrating the repetitive pathways nurses traveled, the interruptions nurses
experienced, and the cognitive shifts that nurses had to make. For instance, while
observing one nurse caring for six patients over 10 h, investigators documented 128
links (physical movement between locations such as a patient’s room and the nurse’s
station), 43 interruptions, and 71 cognitive shifts. These observations illustrate the
challenge to short-term memory due to the cognitive shifts involved in task-
switching (Potter et al. 2004).

Cognitive Stacking

Ebright et al. (2003) identified three patterns in RN work performance: work com-
plexity, cognitive factors, and care management strategies. One care management
strategy was labeled “stacking” and defined as the nurses’ ability to “[move] on to
other activities to prevent downtime when not able to complete something because
of waiting ... or the inability to access resources” (Ebright et al. 2003, p. 636).
Stacking involves managing time and changing priorities. Nurses constantly shift
among tasks as they reorganize their work to avoid waiting (Biron et al. 2009;
Ebright et al. 2003; Hall et al. 2010; Jennings et al. 2011; Tucker and Spear 2006)
and to alter priorities based on patients’ clinical conditions (Ebright et al. 2003;
Patterson et al. 2011).

Potter et al. (2005) built on Ebright’s idea of stacking (Ebright et al. 2003) and
developed a way to calculate cognitive stacking to reflect the cognitive demands
nurses handle. Based on observations of seven RNs, Potter et al. (2005) determined
that nurses managed an average cognitive stack of 11 tasks and a maximum cogni-
tive stack of 16. Both the average and the maximum stack exceed Miller’s (1956)
magic number of working memory being able to handle seven plus or minus two,
illustrating that working memory is stressed if not exceeded because of the increased
cognitive workload. Although similar to a mental “to-do” list, a nurse’s cognitive
stack has more potential patient safety consequences (Patterson et al. 2011).

To advance the concept of cognitive stacking, Patterson et al. (2011) sought to
understand how RNs prioritize activities. They developed a 7-level hierarchy of
priorities among nursing tasks. Threatening clinical concerns were at the top of the
hierarchy, as were activities with high uncertainty (Patterson et al. 2011).
Experienced nurses prioritized differently than those with less experience. For
instance, they understood trade-offs better, such as how delaying some tasks could
increase the workload at the end of the shift (Patterson et al. 2011). More recently,
task juggling, which resembles stacking, is another term to help nurses stay on track
(Renolen et al. 2018). Juggling and stacking contribute to nurses’ cognitive com-
plexity and thus influence the outcomes of work stress and cognitive failure.
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Client (Nurse) Outcomes
Work Stress

Nursing has long been regarded as a stressful profession, largely due to the nature
of the work and the working conditions (Jennings 2008c). Stress is a complicated
phenomenon because it may be a stimulus, a response, or an interaction (Jennings
2008c). Consequently, various perspectives seek to explain stress, all of which note
that stress involves perception and interpretation of incidents in the work setting.
Lazarus and Folkman (1984), for instance, adopted a psychological stance stating
that stress is “a particular relationship between the person and the environment that
is appraised by the person as taxing or exceeding his or her resources and endanger-
ing his or her well-being” (p. 19).

Work stress is at the crux of concerns about nurses’ work environment and
patient safety. Findings from two studies conducted in Switzerland showed that
conditions such as time pressure, cognitive demands, and workflow interrup-
tions contributed to high job stress (Elfering et al. 2006) and low job satisfaction
(Baethge and Rigotti 2013). Although turbulence per se was not mentioned in the
Swiss studies, the findings reflect that workflow issues and cognitive demands
contribute to work stress. One might surmise that reducing environmental turbu-
lence or diminishing nursing workflow irregularities could reduce some of nurses’
work-related stress.

Cognitive Failure

Cognitive failure refers to lapses in memory, perception, and action (Broadbent
et al. 1982), yielding “mistakes on everyday tasks that a person normally is capable
of completing without error” (Elfering et al. 2011, p. 194). Carrigan and Barkus
(2016) conducted a systematic review of 45 articles focused on healthy people (e.g.,
US military personnel, undergraduate students) who experienced cognitive failures
or “brain farts” (p. 30). From their review, Carrigan and Barkus noted a variety of
factors that contributed to cognitive failures—some were stable characteristics,
such as neuroticism and trait anxiety, and some were variable characteristics, such
as times of high stress and chaotic environmental conditions. High work stress and
turbulent workflow may predispose healthcare workers to cognitive failures.

Elfering et al. (2011) illustrated an association between job characteristics and
work-related cognitive failures among 96 nurses in 11 Swiss hospitals. As expected,
cognitive workload increased when task stressors (e.g., interruptions, time pressure)
increased, enhancing the likelihood of cognitive failure. In a second study involving
165 nurses in 7 Swiss hospitals, the investigators confirmed that workflow interrup-
tions (i.e., turbulence) were likely triggers of errors (Elfering et al. 2015). Elfering
et al. (2015) recommended work redesign to reduce cognitive failure and improve
patient safety.
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Implications and Future Directions

As showcased in this chapter, turbulent workflow is a significant characteristic of
the system within which nurses work. Turbulence adds to the cognitive complexity
of nurses’” work with the potential to contribute to work stress and cognitive failure.
The implications are clear. First, attention is needed to focus on how systems might
be redesigned to improve nurses’ workflow and reduce turbulence. Second, and
perhaps more immediately achievable, interventions are needed to improve nurses’
work (e.g., smoothing workflow and mitigating turbulence). Third, and very achiev-
able, is to increase simulation training in nursing education to better prepare student
nurses for the practice setting’s reality. Perhaps less time on learning bed baths and
more time learning to manage interruptions would alleviate some work stress and
cognitive failures.

Leaders at the organizational and unit levels need to be educated to recognize
workarounds and turbulence as warning signs and examine other data reflective of
turbulence. Patient turnover and handoffs are two such data points. Examining
patient flow resulting from turnover can pinpoint hours of the day when turnover is
least disruptive for all units involved, affording opportunities for optimizing work-
flow. Because handoffs are a companion to patient turnover, examining patient turn-
over might also improve information exchange during the handoff. As part of patient
turnover, early identification of patients for discharge and arranging for discharges
early in the day might be used as incentives.

New hospital construction needs to involve a cadre of individuals such as archi-
tects, human factors engineers, and practicing nurses to ensure that clunky features
within existing work systems are not replicated in new facilities. Healthcare leaders
and administrators need to participate in this work too, helping to design hospitals
of the future that are built to maximize efficiency and minimize turbulence. Any
additional costs associated with designing and constructing turbulence-reducing
hospitals must be weighed against the cost of continually recruiting nurses to replace
those who leave the workplace due to stress and burnout, as well as the cost associ-
ated with unsafe patient care.

It might also be helpful to develop measures of turbulent workflow; human fac-
tors engineers would be important allies in such endeavors. It seems there is suffi-
cient evidence, however, that the nurses’ work environment is turbulent. Thus,
rather than measure what seems like a given, it would be more beneficial to invest
time and resources into improving practice environments. Diminishing turbulence
was an explicit suggestion from Myny et al. (2012). More generally, Carayon and
Gurses (2008) recommended redesigning work systems to reduce nurses’ workload.
Even modest investments might yield substantial returns. For instance, mobile work
telephones were implemented to minimize nurses need to walk to a central nurses’
station to get or return telephone calls. What was not anticipated, however, was the
highly interruptive nature of mobile work telephones. These interruptions are one of
many examples of practices that need to be thought through more fully to minimize
unwanted consequences of work system redesign. Similarly, it is essential to
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determine whether care quality is affected by implementing interventions to improve
the practice environment (Swiger et al. 2017).

Finally, a word of caution for the future of existing measures of nurses’ work
environments (Chaps. 4 and 13); workflow and turbulence are not reflected in these
measures. Moreover, a family of measures was developed using data from the
1980s. Nursing practice has changed immensely since those measures were devel-
oped. The trio of measures are the Nursing Work Index (NWI; Kramer and Hafner
1989), the Nursing Work Index-Revised (NWI-R; Aiken and Patrician 2000), and
the Practice Environment Scale of the Nursing Work Index (PES-NWI; Lake 2002,
2007) (Chap. 4). The PES-NWTI is especially prominent because of its wide use
(Swiger et al. 2017; Warshawsky and Havens 2011). Therefore, leaders must con-
sider what work environment measures reflect about contemporary environments,
realizing that turbulence sources are not represented.

Workflow for nurses is an oxymoron—nurses’ work in a flow that is turbulent.
Although workflow is a significant issue within the nursing profession, there is little
evidence of remediating the turbulent working conditions. Practicing nurses deal
with turbulence from many sources. They use ingenious strategies to function as
best they are able for patients and themselves despite the turbulent workflow. To
keep nurses interested in acute care and bedside practice, it is imperative that we
reduce the turbulent flow that prevails in acute care settings, making them safer for
patients and better for the nurses who practice in them.
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