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ABSTRACT

Objective Fatal errors can occur in intensive care units
(ICUs). Researchers claim that information integration at
the bedside may improve nurses’ situation awareness
(SA) of patients and decrease errors. However, it is
unclear which information should be integrated and in
what form. Our research uses the theory of SA to
analyze the type of tasks, and their associated
information gaps. We aimed to provide
recommendations for integrated, consolidated
information displays to improve nurses’ SA.

Materials and Methods Systematic observations
methods were used to follow 19 ICU nurses for 38 hours
in 3 clinical practice settings. Storyboard methods and
concept mapping helped to categorize the observed
tasks, the associated information needs, and the
information gaps of the most frequent tasks by SA level.
Consensus and discussion of the research team was
used to propose recommendations to improve
information displays at the bedside based on information
deficits.

Results Nurses performed 46 different tasks at a rate of
23.4 tasks per hour. The information needed to perform
the most common tasks was often inaccessible, difficult
to see at a distance or located on multiple monitoring
devices. Current devices at the ICU bedside do not
adequately support a nurse’s information-gathering
activities. Medication management was the most
frequent category of tasks.

Discussion Information gaps were present at all levels
of SA and across most of the tasks. Using a theoretical
model to understand information gaps can aid in
designing functional requirements.

Conclusion Integrated information that enhances
nurses” Situation Awareness may decrease errors and
improve patient safety in the future.

Patients in intensive care units (ICU) are especially
at risk of errors due to the complexity and severity
of their medical conditions.® A source of error may
be ICU nurses’ high workload requirements. They
are often engaged in more than one task at a time,
and working under significant perceptual, cogni-
tive, and physical overloads.” ® Nurses have called
repeatedly for integrated displays or systems to ease
their workload.* ® Yet the information required for
such integrated displays is not yet known. The
purpose of this study was thus to develop recom-
mendations for integrated information displays for
frequent ICU nursing tasks based on the theory of
situation awareness (SA).
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BACKGROUND AND SIGNIFICANCE

Patient safety and medical errors

A high number of deaths in US hospitals have been
shown to be preventable.® Patients in ICU are
especially at risk of errors due to the complexity
and severity of their medical conditions." Roths-
child et al” found a rate of 80.5 adverse events and
91.3 serious medical errors including two fatal
incidents per 1000 intensive care patient days in
a 2005 study. The authors also found that 61.4% of
the serious errors were associated with medication
ordering or the execution of medication treatment;
14.8% were with communication. These rates are
considerably higher when compared with the rate
of adverse events found in other clinical areas, such
as Brennan ez al® (3% in acute care), Nuckols e al’
(9% incidents at an academic and a community
hospital), and Thomas et a/’® (2.9% inpatient
environment).

Nursing and information overload

ICU nurses move constantly while obtaining and
delivering information, supplies, and medications."!
They are often engaged in more than one task at
a time, and working under significant perceptual,
cognitive, and physical overloads.? ® In addition,
nurses need to be aware of patients’ treatment
goals, family, possible untoward effects of treat-
ments and medications, and upcoming procedures.
Nurses are responsible for the monitoring and
detect changes in physiological functions on
a minute-by-minute basis.'? Finally, nurses must
document their work, give medications, and
provide care coordination.’

The fact that the information nurses use to
conduct these various tasks is located in many
different places and in many different forms™
contributes significantly to information overload.
For example, the information needed to regulate
a patient’s hemodynamic status requires the (elec-
tronic) medical record, the patient’s physiological
monitor, infusion pumps, and the ventilator.
Cognitive load increases as nurses attempt to
integrate these disparate sources of information
and, as a result, so does the risk of errors. What is
needed is information to be organized around tasks
in a way that would support the formation of
accurate situation mental models.

Integrated information displays

The number of devices that nurses need to use
in the ICU, and the increasingly complex treat-
ment plans with many different medications
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significantly increases monitoring needs. This two-pronged
demand implies that integrated information displays are
increasingly more important. By integrated displays, we refer to
both a high level of information integration, for example, the
combined display of multiple variables in one shape, as well as
to system level aggregation of information, for example,
combining information from pertinent multiple sources in one
location.

Nurses have called repeatedly for integrated systems to ease
their workload and help them reach clinical transformation.” ® A
survey among nurses at 25 leading acute care facilities across the
USA found ‘that existing systems are often splintered, unable to
interface and require multiple logins to access or enter data’.* In
addition, nurses want access to these integrated systems from
the point of care, which is most often at the bedside.* Such
integrated displays have the potential to ‘improve staff effi-
ciency, accelerate decisions, streamline workflow processes, and
reduce oversights and errors in clinical practice’.” '°

Earlier research has shown that integrated graphical displays
of multiple patient variables can improve decision-making and
decrease cognitive load.'® For example, anesthesiologists detect
significant changes faster using an integrated display compared
with traditional displays,” '® and displays that combine and
graphically present information speed up the detection of
adverse events, improve the accuracy of diagnosis, and decrease
mental workload."” Stationary dashboards at the nurses’ station
have limited utility because nurses move frequently.

However, research is not yet available to guide the develop-
ment of integrated displays. Integrated information displays are
currently rarely available in the medical domain. Lacking inter-
operability between devices as well as the poor understanding of
requirements prevent manufacturers from offering solutions
improving the work situation at ICU.

Situation awareness

SA theory links the complexity of mental models with task
performance?® Endsley®® identified three levels of SA: (1)
perception, (2) comprehension, and (8) projection. Success at the
higher levels depends on the success of the lower levels. Perception
means that the user is aware of the current state of the system,
for example, a variable of the system (a nurse can see the systolic
value of the blood pressure or can visually assess respiratory
distress). Comprehension refers to the user’s understanding of
implications of the perceived variables of the system, for example,
the meaning of the variable (a nurse might understand that the
blood pressure is lower than it should be, considering the patient’s
condition or that the respiratory distress is new or particularly
severe). Projection depicts the user’s expectation of consequences
for the system and its future developments, for example, the
implication of a variable (a nurse might anticipate that if nothing
changes to stop the fall in blood pressure, the patient could go
into shock or that the respiratory distress might be due to an
allergic reaction that must be treated immediately). Although SA
does not directly address action, it focuses on the information
needed to understand the situation at each level.

Identifying requirements that support all levels of SA will
guide designs that minimize mental load and prevent errors due
to misjudgment of a situation. Although the theory has rarely/
not been applied to studying information gaps during nursing, it
is a useful method to parse out the lower level issues of
perception from the higher cognitive functions of sense-making
and reasoning.

The objective of this study was to develop recommendations
for integrated information displays for ICU nurses based on the
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theory of SA. Nurses gather information from a multitude of
sources as they work and must integrate them mentally in order
to get the ‘big picture’.!* We aimed to: (1) identify the frequency
of ICU nursing tasks; (2) identify information needs associated
with high-frequency tasks for each level of SA; and (3) create
requirements for improved information access to increase
nurses’ SA during high frequency tasks.

MATERIALS AND METHODS

The methods described below are presented for each research
aim. Before beginning the study, we received institutional review
board approval from all three sites.

Aim 1: frequency of ICU nursing tasks

Nineteen ICU nurses participated from three sites, a large
academic center (n=10), an academically affiliated Veterans
Administration hospital (n=>5), and a large community hospital
(n="5) participated. The sample size was based on the recom-
mendations of Holtzblatt er al*! to observe at least four users per
job role. We selected a convenience sample. Nurses could then
agree to participate.

The observation team consisted of a biomedical informaticist
with a nursing background, an information design student,
a bioengineering student, and two psychology/human factors
students. At each site, a team of two conducted the observation
(a scribe to record field notes and an interviewer). Training was
conducted until observation procedures were accomplished
consistently.

Procedures were an adapted form of participant observation.?
The team wrote extensive field notes. During each of the 19 2-h
observations, two team members followed a nurse and asked
each person to explain the actions they were performing, and to
state their goals during each task as they would towards an
apprentice. The team asked clarifying questions and prompted
the nurse to continue talking. No questions were asked in times
of high workload in order not to jeopardize patient safety.
Nurses were followed into the patient room, to the central
nursing station, and into the medication storage room, but not
when nurses left the ICU or requested privacy. Time periods
were selected to be mainly in the timeframe between 08:00 and
12:00 hours, because a previous study found that most errors
occur during this time period.”® The team met within 24 h of
the observations. The scribe read each field note aloud and the
observer entered each activity and associated notes into an Excel
spreadsheet. The team used cued recall® to reconstruct the
situation in case of unclear notes and discussed each situation
until agreement was reached.

Three members of the observation team then categorized field
notes describing nurse activities from the field notes into 46
groups according to common activity characteristics by going
through an iterative process of discussion. The task groups
emerged from the observation data and new categories were
added as needed; no template was used. Groups were developed
and improved during the categorization process, and subse-
quently reviewed and named by three outside experienced ICU
nurses. The 46 information groups were aggregated by the
research team into five categories and validated independently
by an ICU nurse manager and an additional three ICU nurses
through discussion and consensus.

2

Aim 2: frequent task information needs for each level of SA
Gaps in information that nurses needed but was not directly
available to complete a task were identified in two ways based
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on the field notes: (1) a change in location occurred for the
purpose of acquiring that information, or (2) if a nurse noted
verbally that the information was not available.

Missing information was then assigned to one of the levels of
SA by the authors using the following criteria. Perceptional
challenges (SA level 1) were identified when information was
difficult to see or was not available at the location needed.
Comprehension (understanding) challenges (SA level 2) were
identified when several pieces of information had to be
combined, or nurses were not sure about the accuracy or type of
information. Projection challenges (SA level 3) were identified
when information was missing to predict future developments,
to understand the implications of current events, or to deter-
mine what options would be best.

Aim 3: recommendations for enhancing SA for frequent task
categories

To envision opportunities and improvements for design in
information flow, the ‘fit’ between the tasks, the technology, and
the individual have to be taken into account simultaneously.
Data analysis based only on information categorization some-
times reveals only category-specific challenges but might miss
larger problems that span over multiple categories.

An affinity diagram®' was used to consolidate the large
amounts of observational data. We built the framework by
organizing observations into a wall-sized hierarchical diagram,
and grouping the data into key issues under labels indicating the
user’s needs. The team attached field notes and comments to
a wall and sorted them by relatedness, comparable goals, similar
tasks, and related problems, and added memos summarizing
similarities (see figure 1). Then a research nurse, a clinical
interface specialist, and the observation team members ‘walked
the wall’?! reading through the descriptive notes and identi-
fying tasks with missing information. Opportunities and ideas
regarding improved information availability, improved commu-
nication, and other functions of the integrated display were
recorded on post-it notes and attached to the affinity diagram.
Ideas for recommendations were based on observed and imputed
information gaps as identified through the affinity diagram
building process. Recommendations were later discussed in the
research team to select feasible options and eliminate ideas that
might be less helpful for nurses. This process was iterative and
consensual. Opportunities for improvement were ordered and
enhanced based on information needs identified in the previous
steps by one of the authors (SHK).

Figure 1 Affinity diagram to identify
recommendations for enhancing nurses’
situation awareness. Data were
grouped into key issues under labels
indicating the user's needs, and
recommendations were identified
subsequently.
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RESULTS

Our findings are organized according to the three research aims:
(1) the frequency of ICU nursing tasks; (2) information needs
associated with high-frequency tasks for each level of SA; and
(3) requirements for integrated displays to increase nurses’ SA.

Aim 1: frequency of ICU nursing tasks

A total of 890 individual field notes was recorded during the
observations and classified into 46 different tasks. These tasks
were combined into five categories. Table 1 shows the five
categories and their frequency. Using this taxonomy, nurses
performed on average 23.5 tasks per hour. Patient awareness
included tasks connected to physical and laboratory-based
patient monitoring and related alarms.

Table 2 shows all 46 tasks per category and their hourly
frequency. The most frequent tasks were charting, checking/
signing medication, and administering medication. The table
includes tasks that were performed by the observed nurses—
even the ones that are not normally considered a part of their job
roles, such as extubation. Communication tasks were most
frequent and included communicating with persons, peers and
notes. Medication management tasks were the second highest
frequency. Examples included checking and signing medication
orders, medication administration, acquiring medication, and
checks for intravenous compatibility. Patient awareness tasks,
the third highest frequency, included assessing patients,
checking alarms or instruments. Organization tasks included
preparing, checking, and setting up equipment for procedures
and awaiting pending events, for example, admissions.
Direct patient care tasks included supporting the patient in
activities of daily life, suctioning, bathing, oral care, and tube
feeding.

Aim 2: frequent task information needs for each level of SA

Table 3 shows details on missing information for each level of SA
for the high frequency task categories ‘communication’, ‘medi-
cation management’, and ‘patient awareness’—infrequent cate-
gories ‘organization’ and ‘direct patient care’ are excluded.
Perceptional challenges (SA level 1) shown in the first part of the
table were often caused by unavailable information or infor-
mation that was hard to discriminate. Challenges for nurses’
comprehension (SA level 2) shown in the middle were largely
a result of the need to combine multiple pieces of information
from different locations, inaccurate or unclear information, or
correct performance of procedures was unknown. Challenges for
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Table 1 Observed hourly frequency of task categories

Category of nursing work Tasks per hour
Communication 8.6

Medication management 5.7

Patient awareness 5.3
Organization 2.0

Direct patient care 1.9

nurses’ projection (SA level 3) shown in the bottom of the table
were mainly based on either missing or inaccurate information
needed to predict future developments.

Table 2 Task frequency and categories of nursing work
Category of

nursing work Task Tasks/h
Communication Chart 1.7
Talk to the patient 1.0
Check/sign orders 0.9
Talk with relatives 0.9
Communicate with a physician 0.8
Relay information to another nurse 0.8
Communicate with another nurse to 0.6
Organize workflow
Ask another nurse for advice 0.5
Communicate with respiratory therapist 0.4
Participate in rounds 0.3
Communicate with unit clerk 0.2
Socialize with another nurse 0.2
Call pharmacy 0.2
Record nursing note 0.1
Total 8.6
Medication Check medication order/sign order 1.6
management Administer medication 1.6
Assess currently administered intravenous 15
Medication
Acquire medication 0.8
Check medication compatibility 0.2
Record nursing note 0.1
Total 5.7
Patient awareness Patient assessment 1.1
Nurses rounding (at a glance assessments) 1.1
Assess reason for alarm 1.0
Measure urine output 0.6
Record nursing note 0.7
Assess wounds 0.2
Draw arterial blood sample 0.2
Assess patient’'s mental orientation 0.2
Assess restraints 0.1
Perform spontaneous breathing trial 0.03
Assess endotracheal tube position 0.03
Total 5.3
Organization tasks Set up equipment (intravenous pump, 1.4
ventilator...)
Check equipment 0.5
Await pending task, for example, Admission 0.2
Total 2.0
Direct patient care Support patient in activities of daily life 1.2
(eg, eating, drinking, toileting...)
Suction patient’s airways 0.4
Bath 0.1
Perform oral care 0.1
Administer tube feeding 0.1
Pull catheter 0.03
Extubate 0.03
Total 1.9
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In the following section, we make recommendations for
improving SA based on the categories of missing information
identified above.

Aim 3: recommendations for enhancing SA for frequent task
categories

Information gaps were identified for the most frequent cate-
gories ‘communication’, ‘medication management’, and ‘patient
awareness’. The less frequent categories of ‘organization’ and
‘direct patient care’ were excluded because insufficient infor-
mation gaps were observed during these tasks and to keep the
work focused. Recommendations are organized by the respective
SA level for which they address challenges: perception,
comprehension, and projection.

Enhancing communication

The perceptional challenge of finding communication partners
involved long searches across the whole ICU. These communi-
cation tasks with other providers could be improved by estab-
lishing methods of information sharing from any location,
including inside the patient’s room. During the study we
observed that at one ICU a voice communication system was
available to some nurses, which increased the number of inter-
ruptions compared with the ICU without such a system. During
asynchronous communication tasks, nurses’ comprehension if
a message was received could be improved through additional
features. Such additional feature should allow clinicians to
affirm receipt, to accept responsibility for a task, to target more
than one recipient, and to be able to search, sort, and retrieve
strings of exchanges. These communication design attributes
should be included in the design of future technology.

To address challenges in the nurses’ SA projection as well as
the care teams’ shared awareness of the patient, clinicians
should easily be able to include/attach/link to selected patient
data such as particular data from the patient monitor or the
electronic medical record as part of the communication. These
attributes could also be applied to patient requests, physician’s
verbal comments, and even components of shift reports.

Improving medication management

A particular salient set of information deals with medication
management. Current SA perceptional challenges include the
awareness of the changes of the medication orders. These orders
are tightly integrated with patients’ physiological status.
Currently, nurses must log on to the separate electronic health
record and electronic medication administration record to assess
fully the patients’ status and treatment plan. Consolidating this
information and making it automatically available to the nurse
on an integrated display inside the patient’s room would improve
awareness of medication management, eliminate frequent logins
and wrong medication administration, and facilitate the
comprehension of any changed or new medication orders for
assigned patients. To ensure the patient’s privacy, the integrated
display should automatically detect the nurse’s presence, for
example, using proximity badges or similar technology—and
only show information while a nurse is present. Furthermore, an
integrated display could increase the nurses’ perception by
showing whether a medication is available in the unit’s medi-
cation room or in the pharmacy. To enhance the projection of
potential medication side effects and adverse events, the display
could show intravenous compatibility with the currently
administered medication and possible adverse effects of the new
medication. Finally, perceptional challenges included the lack of
being able to monitor intravenous medication checks ‘at a glance’
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Table 3 Challenges in the frequent task categories by levels of situation awareness

Task Missing information

Perception challenges

Location of communication partner (the exact location of nurses was hard to identify or the location of a needed physician was not known)

Remaining time of currently infusing medication (medication labels and intravenous pump font size too small to read from doorway)

Results of recently drawn lab values, for example, blood gas (only respiratory therapists were informed about recent critical blood gas results)

Required values for charting (nurse memorized vitals to chart them at the EMR outside of the patient's room and sometimes forgot the numbers)

Nurse wants to talk to a physician or other who is currently busy, and does not know when the communication partner will be available

Communication » Current contact information of the patient’s relatives
» Understanding requests from patients
>
Medication » Ordered infusion rate and time
management » Medication administration protocol
» Delivery status of ordered medication in medication storage room
» Value of last blood sugar measurement
» Due time of scheduled medication orders (login and multiple clicks required)
>
Patient awareness » Waveform label (yellow and green were hard to discriminate)
» Alarming value on monitor (hard to discriminate due to blue background)
>
» Vital sign values (font too small to read from doorway)
Comprehension
challenges
Communication » Awareness of change in patient status by other involved clinicians
» Recently changed alarm and device settings by other clinicians
>
Medication » Changes in current medication orders
management » Purpose of current medication regime
» Was unsigned medication administered by previous shift?
» In-line compatibility of new and currently administered medication
» Specific administration instructions for new medication
» Maximum intravenous infusion rate (catch up with delayed drug delivery)
Patient awareness > Assessment needs for patients with rare illnesses
» A device is alarming, but not sure how severe the problem is
» Patient’s current mental and physical state
» Condition of patient and alarms while at another location
> Patient development and trend over the last hours
Projection challenges
Communication >
» Nurse is explaining the plan of care to patient's family and is not sure of the current care goals
Medication » Risk of possible adverse effects due to currently administered medication
management > Expected trajectory of impact of medication treatment
Patient awareness » Future prognosis of patient

EMR, electronic medical record.

from the patient’s doorway. Medication monitoring would be
improved by providing information regarding the medication
name, delivery rate, and time until empty, as well as basic vital
signs in a large font readable from the doorway.

Including medication management activities would improve
efficiencies. Figure 2 demonstrates a compression between the
current situation and a simulated situation in which informa-
tion is integrated. In the integrated state, medication orders,
intravenous compatibility, and adverse effects are all available at
the bedside. Having integrated information could reduce the
number of times nurses walk between work stations from as
frequent as five trips to as few as two per medication adminis-
tration. In fact, some of the observed ICU had the medication
administration record and medication database located outside
of the patient’s room as shown in the sequence in figure 2A. If
the nurse is inside the patient’s room (1) and decides to check
whether a new medication needs to be given, an electronic
medical record outside of the room needs must be consulted—a
perception challenge (2). A new medication must be obtained
from the medication storage room (3). To check if the new
medication can run through the same intravenous line as one of
the current medications, the nurse must remember the current
medication (4) and check the intravenous compatibility in
a reference system online—a projection challenge (5a). Further-
more, the nurse must check if the new medication might cause
adverse effects that need to be monitored (5b), then administers
the medication (if compatible) and checks the patient’s vital
signs on the monitor—a comprehension challenge of the
patient’s reaction (6). In this scenario the nurse has made five
trips. In the integrated scenario, figure 2B, the nurse gets notified

J Am Med Inform Assoc 2012;19:583—590. doi:10.1136/amiajnl-2011-000678

through the integrated information display about a new
scheduled medication (perception), if it would be available at the
medication storage room and was compatible with current
medication (projection) (1). The nurse gets the medication from
the medication storage room (2), administers it and checks the
patient’s reaction on the monitor (comprehension) (3). This
scenario would require nurses to take only two trips.

Patient awareness

To increase nurses’ perception of the patient’s vital signs on the
patient monitors, and the subsequent comprehension of
potential changes, pertinent information should be visible and
easily readable from the room doorway. In addition, to allow
a nurse perceiving and comprehending the state of his or her
other patient (normally located in a different room), relevant
alarms and vital signs with significant deviations should be
automatically shown at the nurses’ present location in a way
that ensures the nurses’ comprehension that this information is
about the other patient. To allow predictions in the patient’s
development during drug administration improve titration of
medications to the desired effect, direct review of the patient’s
past vital signs alongside the respective past drug delivery rate
is recommended.

DISCUSSION

We found that nurses experience significant challenges in navi-
gating and integrating their information environment. Informa-
tion gaps exist at all three levels of SA, in particular for frequent
nursing tasks. Nurses’ SA perception was challenged by the
visibility of essential information, either because it was not easily
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A Distributed
information
(current)

Patient
monitor

B Integrated
information
(recommended)

Patient bed

Integrated
display

Medication
storage

room

Figure 2 Example for reduced physical workload by the results of the intervention to display integrated information at the bedside to increasing the fit
between medication administration and technology by introducing an integrated information display at the bedside: When administering medication (A)
a nurse travels up to five trips with the currently used displays (B) if an integrated display at the patient’s head bedside would consolidate information,

a nurse would only take two trips.

accessible (eg, drug—drug compatibility, or drug—disease and
drug—patient interactions) or because it was simply difficult to
see at a distance as the nurse moved around the ICU. In addition,
our observations showed that audible information was enveloped
into background noise and so was not accurately perceived.
Comprehension was also not well supported. To understand the
correlation between the patients’ status and current treatments,
nurses needed to gather and integrate information from multiple
devices such as the vital signs monitor, intravenous pumps, the
ventilator, and electronic medical records simultaneously.
Furthermore, equipment settings were often altered by others
without notification, so nurses spent significant time double-
checking settings, orders and clinical notes for congruency.
Finally, SA projection was often difficult because information
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about the risk of adverse events or the likelihood of successful
treatment required communication about care goals, expected
results from treatments and the rate of change of key informa-
tion. This kind of high-level information was not often available
and took considerable effort to acquire.

Some of our task categories overlap with the categories as
defined by other research: direct care, organization, medication
management, and patient awareness.'® > 2 However, when
compared with the work of Hendrich et a/'® our work could
show the relevance of information communication for nurses.
We defined a communication category—with the focus on
exchange of information and included documentation as we
thought the main purpose of documentation was communi-
cating information.

J Am Med Inform Assoc 2012;19:583—590. doi:10.1136/amiajnl-2011-000678
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Our results are congruent with nursing theories that address
nursing actions. The nursing intervention lexicon and taxonomy
of Grobe et al?® identifies seven categories of nursing interventions
based on a qualitative analysis of nursing statements. Their
categories of ‘care need determination’ and ‘care vigilance’ are
comparable to our category called ‘patient awareness’. Their cat-
egory entitled ‘care environment management’is similar to our
‘organization’ category. In addition, informatics theories were not
a part of the early work of Grobe et al”® but the early work of
Graves and Corcoran®” and the model of human—computer int-
eraction of Staggers and Parks,?® as well as later work by Stag-
gers®® represent the device interaction components of ICU nurses’
work. The informatics research organizing model of Effken,*
which takes into account nursing practice, cognitive decision-
making, context and the patient’s health in a broad sociotechnical
perspective, is closest to this work. The current work expands the
work cited above because it focuses on information gaps, deter-
mines critical information for integrated displays based upon
frequent nursing tasks, and uses SA as a theoretical basis.

Concerning the information needs of nurses, our work expands
current knowledge by listing detailed information deficits. Other
research supports findings that nurses need to perform extensive
information gathering,® * %2 that their awareness of the patient
and treatment is sometimes challenged,? **~*° current devices do
not support them adequately,® ** * and similarly demands for
improved information access,” ? *® and improved communica-
tion.?* 3 % However, expanding current knowledge, our research
provides specific details about which information is missing
during frequent task categories. We could identify specific infor-
mation needs of nurses that are currently not sufficiently met
and challenge the different levels of nurses’ SA. This information
advances current knowledge about current information deficits
and can be used during the development and improvement of
medical devices and information systems.

To prioritize task-specific support through new devices, our
hourly frequencies of ICU nursing tasks add to the literature.
Different to the percentages of nursing time spent for different
tasks, as identified by Hendrich er al,'® these findings allow
prioritizing new device development for tasks that are
performed frequently by nurses.

When using the SA taxonomy to categorize information needs
and to derive opportunities for the development of new inte-
grated displays, devices better support the user’s work. Situa-
tional awareness is the key to be able to act adequately and
continuously assess the importance, urgency and details of tasks
and combine them to a workflow. Nurses continuously need to
react adequately on changes in the patients’ status, to call
a doctor in critical situations and to organize the less important
tasks around urgent tasks. Therefore, our identification of
requirements for integrated displays for nurses, based on the
framework of SA, could lead to the development of better
devices—devices that improve nurses’ understanding, planning
and execution of their daily work and lead to a higher awareness.

Implications

Integrated displays would better support nurses as they perform
medication management tasks, provide more efficient informa-
tion exchange between care providers, and enhance nurses’ SA
and context-sensitive decision-making.

Implications for error

We found that current devices at the ICU bedside do not
adequately support nurses’ activities. Such inadequate support
might contribute to the high number of errors found by previous
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research, such as the high number of serious errors (61.4%) of
Rothschild er al” associated with medication management, and
the 14.8% related to inadequate reporting or communication.
Improving communication of clinical goals of care might
significantly improve care, efficiency, and decrease errors. In one
study, only 10% of ICU staff understood the goals of care on
a daily basis; after implementation of a daily white board, 95%
of the staff reported understanding the goals of care. One result
was a significant decrease in the days of stay by 1.5 days.* In
another study, the quality of the nurse—physician communica-
tion was significantly related to medication errors overall.*?
Finally, communication between physicians and nurses was
involved in 43% of errors.”® The rate of errors peaked after shift
changes and rounds,”® and nurses were found to forget what
they were looking for while moving from one patient room to
another.?

Implications for design

The results of this study support the need to incorporate critical
information into bedside displays that go beyond the content of
the monitor itself. Information should be organized around
medication tasks, communication of critical information, and
patient awareness to support efficient information exchange.
Medication management tasks are performed frequently, and
involve significantly more complex information needs than are
met by current devices. Therefore, medication management
information should be extremely accessible, including instant
access to orders, notifications whenever orders have been
changed, medication compatibility, medication-specific moni-
toring needs, and likely adverse side effects.

Synchronous communication between nurses and physicians
increases shared knowledge and nurses’ understanding of the
patients’ state.** Particularly important is a shared display
regarding the location of other clinicians, access information,
and timing for assumed responsibilities.

Limitations/comment on methods

Our results are based on an adaptation of the participant
observation method, questionnaires, and brainstorming to
define design implications and recommendations based on
theory. Other researchers have used cognitive work analysis*' 42
or expert consultation to identify requirements for nurses’
bedside displays.’? ** ** Cognitive work analysis might have
resulted in more in-depth findings than our results but would
have been more intrusive for nurses’ workflow. An expert
consultation method might have limited results to problems
the users could recall without being in the context of work,
a method that could have significant bias.?’ Our methods have
the advantage of integrating across three institutions with
a variety of nurses and time slots. Similar to cognitive work
analysis, we looked at the tasks nurses performed, the decisions
they made, information searching behavior, and the overall
context in which they performed their work. A limitation of
the study is that the results were not validated by member
checking. This study is also limited due to a restricted
geographical area and a relatively few number of nurses, who
were not selected randomly.

Future studies might include observations during the night
shifts when accessibility of doctors and colleagues might be
more limited, and different communication and decision support
needs could prevail. Future work could additionally use our
identification of tasks and information needs as a foundation to
apply the fit between individuals, task, and technology frame-
work or incorporate a model of work analysis® or workload
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theory as the conceptual basis. Future research should focus on
the detailed design of such integrated systems, to provide
manufacturers with concrete design guidelines combining the
‘what” with the ‘how’.

CONCLUSION

Current cognitive support for nurses’ tasks is suboptimal—
essential information is missing at the point needed, and even
when it is present, the information is not integrated at the task
level. The information environment does not keep pace with the
constantly changing condition of the patient and team
membership. The result is deficits at all levels of SA and an
increased likelihood of errors. Our recommendations are directly
linked to our theory-based observations and further the devel-
opment of devices that better suit the users’ needs.
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