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Abstract
Background: Clinical alarm system safety is a national patient safety goal in the United States. Physiologic monitors are
associated with the highest number of device alarms and alarm-related deaths. However, research involving nurses’ use of
physiologic monitors is rare. Hence, the identification of critical usability issues for monitors, especially those related to patient
safety, is a nursing imperative.
Objective: This study examined nurses’ usability of physiologic monitors in intensive care units with respect to the effectiveness
and efficiency of monitor use.
Methods: In total, 30 nurses from 4 adult intensive care units completed 40 tasks in a simulation environment. The tasks were
common monitoring tasks that were crucial for appropriate monitoring and safe alarm management across four categories of
competencies: admitting, transferring, and discharging patients using the monitors (7 tasks); managing measurements and monitor
settings (23 tasks); performing electrocardiogram (ECG) analysis (7 tasks); and troubleshooting alarm conditions (3 tasks). The
nurse-monitor interaction was video-recorded. The principal investigator and two expert intensive care units nurse educators
identified, classified, and validated task success (effectiveness) and the time of task completion (efficiency).
Results: Among the 40 tasks, only 2 (5%) were successfully completed by all the nurses. At least 1-27 (3%-90%) nurses
abandoned or did not correctly perform 38 tasks. The task with the shortest completion time was “take monitor out of standby”
(mean 0:02, SD 0:01 min:s), whereas the task “record a 25 mm/s ECG strip of any of the ECG leads” had the longest completion
time (mean 1:14, SD 0:32 min:s). The total time to complete 37 navigation-related tasks ranged from a minimum of 3 min 57 s
to a maximum of 32 min 42 s. Regression analysis showed that it took 6 s per click or step to successfully complete a task. To
understand the nurses’ thought processes during monitor navigation, the authors analyzed the paths of the 2 tasks with the lowest
successful completion rates, where only 13% (4/30) of the nurses correctly completed these 2 tasks. Although 30% (9/30) of the
nurses accessed the correct screen first for task 1 and task 2, they could not find their way easily from there to successfully
complete the 2 tasks.
Conclusions: Usability testing of physiologic monitors revealed major ineffectiveness and inefficiencies in the current
nurse-monitor interactions. The results indicate the potential for safety and productivity issues in completing routine tasks. Training
on monitor use should include critical monitoring functions that are necessary for safe, effective, efficient, and appropriate
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monitoring to include knowledge of the shortest navigation path. It is imperative that vendors’ future monitor designs mimic
clinicians’ thought processes for successful, safe, and efficient monitor navigation.
(JMIR Nursing 2021;4(1):e20584) doi: 10.2196/20584
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Introduction
Background
Closely observing the physiologic condition of critically ill
patients is an essential and complex task that involves the use
of sophisticated, computerized, and alarm-equipped physiologic
monitors [1]. Research shows that an excessive number of false
alarms (86%-99.5%) from physiologic monitors leads to a
phenomenon called alarm fatigue [2-8], which further results
in nurses having to respond to an average of 150-400 alarms
per patient per day in intensive care units (ICUs) [9] and, more
startlingly, ignoring alarms or inappropriately turning off alarms
[10]. The Joint Commission and the Food and Drug
Administration (FDA) attributed fatal alarm-related incidents
to alarm fatigue [11,12]. As a result, The Joint Commission’s
2014 National Patient Safety Goal NPSG.06.01.01 mandated
improving the safety of clinical alarm systems [13]. This study
examined critical patient safety and usability problems related
to physiologic monitors used by nurses in 4 adult ICUs. This
study describes physiologic monitor use and alarm management
effectiveness and efficiency—two goals of usability [14-16].
Self-perceived competence and nurse satisfaction with the use
of monitors—a third goal of usability—was described elsewhere
[17].

Gap in Knowledge
Physiologic monitors, mostly heavily used by nurses, were
associated with the highest number of alarms and alarms-related
deaths in the FDA’s Manufacturer and User Facility Device
Experience database and in previous research studies [12].
However, research involving nurses’ use of physiologic monitors
is rare. The identification of critical usability issues for monitors,
especially those related to patient safety, is a nursing imperative.
The poor usability of physiologic monitors was one of the main
themes identified by nurses in a recent study where changes in
default alarm settings and standardized in-service education on
monitor use were insufficient to improve the safety of the alarm
system [10]. Nurses stated that the complexity of navigating
monitors to manage parameters and alarm settings negatively
affects the appropriate management of clinical alarms, threatens
the timely recognition and response to lethal alarms, and induces
high levels of frustration and unsafe workarounds among nurses
[10]. Usability is a national priority for health care software.
The 2012 Institute of Medicine report “Health Information
Technology and Patient Safety: Building Safer Systems for
Better Care” identified software usability as a critical attribute
for patient safety [18]. However, little information is available
about medical device usability, especially for nurses and
specifically for clinical alarms management.
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Study Aims
The specific aims of this simulation-based usability study are
directed toward the effectiveness and efficiency of bedside
physiologic monitors and alarm management. The aims are
consistent with usability attributes identified by the Institute of
Medicine and human factor and usability engineering
frameworks [14,15,18]. During observations of ICU nurses’
interactions with bedside physiologic monitors in a simulated
environment, the study aims to: (1) examine successful task
completion in the navigation of monitors (effectiveness), (2)
examine the nurses’ thought processes during monitor navigation
(effectiveness), (3) calculate the time required by nurses to
navigate the monitors to perform different tasks (efficiency),
and (4) calculate the number of clicks or steps it requires nurses
to complete a monitor navigation task (efficiency).

Methods
Setting, Design, and Sample
The target units of this usability study were adult ICUs at a
705-bed university teaching hospital in the southwestern part
of the United States. The ICUs were transplant and cardiac (37
nurses, 26 beds), surgical and trauma (55 nurses, 30 beds), neuro
(28 nurses, 26 beds), and medical (53 nurses, 26 beds) units.
The 4 ICUs have an annual admission rate of 5000 patients.
After the approval by the institutional review board and
following the recommendations by Faulkner for sample size in
usability research [19], this interventional study used a
convenience sample of 30 nurses from all the 4 ICUs. The study
was conducted in a simulated environment using one of the ICU
beds, a case scenario, a Philips IntelliVue MX800 bedside
monitor, and a Philips IntelliVue Information Center iX central
station monitor. The monitors are currently used in all the ICUs
and have complex information systems that are capable of
capturing, displaying, and storing waveforms; parameters and
alarms; and include many menus, buttons, and icons for user
navigation.

Description of Tasks
The usability testing methods described here are congruent with
the widely accepted usability techniques related to user tasks
and outcome measures [14-16,18]. The principal investigator
of the study and 3 expert ICU nurse educators created a short
case scenario followed by 12 updates and/or changes in the
patient’s medical condition and asked nurses to complete 40
tasks. Each update and/or a change in the patient’s medical
condition was followed by a set of specific tasks. The case
scenario, updates and/or changes in the patient’s medical
condition, and the associated tasks were evaluated for face
validity by 3 expert ICU nurses who assessed the
appropriateness and complexity of tasks using a checklist and
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were piloted in the simulation environment for content, timing,
and any methodological issues. Tasks were typical across all
the ICUs and represent common monitoring tasks that are critical
for appropriate monitoring and safe alarm management. Sowan
and colleagues identified these tasks as a basic set of
competencies for appropriate and safe monitoring operations
[17]. The tasks targeted the following competencies and
navigation actions [17]:
1.

2.

3.

4.

Admit, transport, and discharge patients using the monitors.
Patient information needs to be correctly entered into the
monitor for it to select the appropriate algorithm and
calculate hemodynamic, oxygenation, and ventilation
parameters for safe alarm limits. Nurses also need to know
how to connect the monitor’s cables for multiparameter
monitoring when a patient is admitted. The case scenario
included 7 tasks in this category.
Manage measurements and monitor’s settings. After setting
up the monitor and admitting a patient to the monitor, most
of the nurses’ time is usually directed toward managing
measurements and monitor’s settings. Examples include
selecting the appropriate parameters for the patient
condition, customizing measurement, and setting alarm
limits to patient specific (ie, deactivating unnecessary
parameters, setting the appropriate paced mode), adjusting
the alarm volume and screen brightness, and adjusting the
speed and size of the waves. The case scenario included 23
tasks.
Perform electrocardiogram (ECG) analysis. Performing a
12-lead ECG includes entering an order into the monitor,
storing and sending the 12-lead ECG to the central monitor,
and exporting the 12-lead ECG to the cardiology
management system. The case scenario included 7 tasks
related to the competency of analyzing the ECG.
Troubleshoot alarm conditions. Nurses are expected to
troubleshoot common technical alarms (such as a lead-off
alarm) and to follow the unit policy when they are
troubleshooting alarms. The case scenario included 3 of
these tasks.

Study Procedure
Participation sessions were scheduled individually and
video-recorded. Two expert nurse educators served as the
moderators for the testing sessions and prepared the monitors
based on the case scenario and tasks. Upon arrival, each
participating nurse received a testing packet with a unique ID.
The packet included directions for participation, a demographic
form, the case scenario, and the tasks nurses need to execute
using the monitors. Updates and changes in the patient medical
condition in the testing packets were presented in a random
order with the associated tasks on a separate page. Nurses were
directed to complete the tasks in the order received and to think
aloud for 3 tasks where no monitor-nurse interaction was
possible (mentioned below). Nurses were asked to complete all
the tasks, including those they did not know how to perform
and indicate whether and when they would like to give up trying
to perform a task. The moderator guided the nurse through the
testing process, reminded the participant to think aloud when
necessary, video-recorded the testing session, and printed the
reports of the monitor settings before and after participation.
https://nursing.jmir.org/2021/1/e20584/

XSL• FO
RenderX

Sowan et al
Because, in real life, nurses use the bedside monitors to set
parameters and manage alarms, in this simulation study,
efficiency and effectiveness of task completion were based on
navigating the bedside monitor. The central station monitor was
used to print reports of the settings of the bedside monitor preand postparticipation to measure the effectiveness of task
completion.

Outcome Measurements
The main outcome measures were effectiveness and efficiency
in monitor use. Effectiveness was related to the success of
completing the tasks in the case scenario and understanding the
thought processes for task completion. Efficiency was concerned
with the time of task completion and the number of clicks/steps
taken for task completion.

Effectiveness
The principal investigator and 2 expert ICU nurse educators
viewed all the videos and identified, classified, and validated
successful task completion. The reports of parameters and alarm
limits that were printed by the moderator from the central station
monitor before and after each testing session were also used to
validate the changes made by the participating nurse while
judging the success of task completion. Furthermore, the nurse’s
inability to complete a task was recorded as an unsuccessful
completion of a task.

Efficiency
Efficiency was measured by the time of task completion (aim
2) and the number of clicks/steps taken for task completion (aim
3). Different screens and paths of navigation within the monitor
are available to allow nurses to interact with the monitor. Nurses
are expected to always select a short navigation path for task
completion to enhance productivity and response to alarms.
Understanding the navigation path of software is critical for
identifying factors that may contribute to errors, efficiency, and
catastrophic usability problems (eg, lack of responsiveness of
the monitor to the change intended by nurses). The principal
investigator and 2 expert ICU nurse educators viewed all the
videos for the recorded start and end times for each task and
determined efficient pathways for task completion. The time
for each task started from the time the nurse started interacting
with the monitor. In total, 3 of the 40 tasks did not require
monitor navigation; therefore, efficiency was limited to 37
navigation-related tasks.

Data Analysis
Descriptive statistics were used to describe the sample
characteristics and main study outcomes. The success of task
completion and time were presented for each task. Simple
regression analysis was used to measure the association between
the number of clicks/steps taken per task and time in seconds
for task completion.

Results
Nurse Characteristics
A total of 30 nurses participated in the simulation study. The
majority of the nurses were from neuro ICU (14/30, 47%) and
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surgical trauma ICU (11/30, 37%), females (25/30, 83%),
full-time employees (18/30, 60%), with less than 3 years of
experience in their ICU (19/30, 63%), had 3 or more years
working as a nurse (17/30, 57%), and had not received training
on the monitors within the last 2 months (25/30, 83%).

Effectiveness of Task Completion
Among the 40 tasks, only 2 (5%) were completed correctly by
all the 30 nurses (ie, “take the monitor out of standby” and
“verify noninvasive blood pressure [NBP] is set to every 15
min”). At least one (1/30, 3%) nurse abandoned or did not
successfully perform 38 tasks. In total, 50% (15/30) to 90%
(27/30) of the nurses could not successfully complete 8 tasks.
The tasks with the lowest successful completion rates were
“explain how to change resuscitation status in the monitor”
(completion rate was 3/30, 10% nurses;); “adjust screen
brightness to 7” (4/30, 13% nurses); “record a 25 mm/s ECG
strip of any of the ECG leads” (4/30, 13% nurses); “troubleshoot
the source of alarm by making sure X2 (transport monitor) is
synched correctly to bedside monitor” (6/30, 20%); “verify the
source of alarm is from MAP (mean arterial pressure) and
systolic and change source if needed” (9/30, 30%); “disconnect
the X2 and place bedside monitor on standby” (12/30, 40%);
“troubleshoot false ECG alarms on the monitor” (15/30, 50%);
and “change NBP MAP lower limit to 65” (15/30, 50%).
To understand the nurses’ thought processes during monitor
navigation, the authors analyzed the paths of the 2 tasks with
the lowest successful completion rates, where only 13% (4/30)
of the nurses completed correctly: “record a 25 mm/s ECG strip
of any of the ECG leads” and “adjust screen brightness to 7.”
Multimedia Appendix 1 shows 2 correct paths followed by
nurses who took 6 and 7 steps to “record a 25 mm/s ECG strip
of any of the ECG leads.” Based on the correct paths, the key
steps for task completion were taskbar and recording.
Multimedia Appendix 1 also shows the analysis of the first 3
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steps performed by the nurses who unsuccessfully completed
the task. For example, 27% (8/30) nurses started the task by
accessing the xheart rate (HR) waveform screen, 20% (6/30)
started by taskbar, and 10% (3/30) started by HR numeric. The
most common second step (15/30, 50% of the nurses) was
scrolling back and forth for 1, 2, 3, or 4 times. It appears that
these nurses were trying to find the best screen to click next to
record a 25 mm/s ECG strip. Some nurses also accessed 12-lead,
capture 12-lead, capture ECG, and setup ECG as a second step
(5/30, 17%). Capture 12-lead and setup ECG were also clicked
by 33% (10/30) nurses as a third step for task completion.
Similarly, for “adjust screen brightness,” the key screen for a
successful path was user interface, which can be accessed after
the main setup screen. Although 30% (9/30) of the nurses who
unsuccessfully completed this task accessed the main setup first,
they unsuccessfully scrolled back and forth or accessed
equipment as their second step to change the screen brightness.
The main setup was accessed in the first (9/30, 30%), second
(2/30, 6%), and third (2/30, 6%) steps by nurses, but it appears
that nurses did not know what to click next to adjust brightness.

Efficiency in Task Completion
Efficiency analysis focused on the time to successfully complete
the task because among nurses who could not successfully
perform the task, some nurses gave up quickly, whereas others
spent more time trying to complete a task. Tables 1-4 present
the mean time and range (in min:s) for successful task
completion. The tables include the time to complete 37 (vs 40)
tasks. Time was not recorded for the following 3 tasks because
they were explained by nurses during the simulation and they
required no to minimal monitor-nurse interaction: (1) “what
would you do if you had INOP (inoperative or technical) alarm
and didn’t know how to troubleshoot it,” (2) “explain how to
change the resuscitation status in the monitor,” and (3) “explain
how to discharge a patient from the monitor.”

Table 1. Mean time for task completion (min:s) for admission, discharge, and transfer-related tasks (N=30 nurses).
Task

Task completion time
Mean (SD)

Range

0:02 (0:01)

0.01-0.08

30 (100)

Disconnect the X2 and place bedside monitor on standby

0:08 (0:08)

0:02-0:59

12 (40)

Select the correct patient profile

0:11 (0:06)

0:02-0:32

22 (73)

Reconnect X2 and readmit the patient to the bedside monitor

0:20 (0:16)

0:05-1:15

26 (87)

Set up the cables for each A-lineb and CVPc

0:27 (0:17)

0:06-1:28

26 (87)

Admit the patient into the monitor

1:11 (0:29)

0:31-2:02

28 (94)

Take the monitor out of standby
a

a

Successfully completed tasks, n
(%)

X2: name of the transport monitor.

b

A-line: arterial line.

c

CVP: central venous pressure.
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Table 2. Mean time for task completion (min:s) for managing measurements and monitor settings-related tasks (N=30 nurses).
Task

a

Task completion time

Successfully completed tasks, n
(%)

Mean (SD)

Range

Adjust alarm volume to be quieter

0:03 (0:02)

0:02-0:09

23 (77)

Print parameters’ limits for all active alarms

0:04 (0:03)

0:01-0:15

27 (9)

Verify that NBPa is set to q15 min

0:05 (0:03)

0:02-0:16

30 (100)

Pause ABPb/ARTc alarm while A-lined is being inserted

0:06 (0:06)

0:01-0:30

24 (80)

Identify on the screen for how long the alarm will be paused

0:07 (0:06)

0:02-0:28

26 (87)

Deactivate ART alarm

0:09 (0:05)

0:04-0:30

28 (93)

Verify vitals are displayed: NBP, Tempe, RRf, SpO2g

0:09 (0:10)

0:02-0:53

26 (87)

Adjust RR waveform size up

0:10 (0:06)

0:05-0:33

24 (80)

Display the missing vitals

0:10 (0:09)

0:02-0:32

26 (87)

Turn on QRSh volume on SpO2 and turn off the volume

0:13 (0:06)

0:06-0:33

26 (87)

View upper/lower limits of active parameters

0:13 (0:07)

0:03-0:36

27 (90)

Adjust alarm volume to be louder

0:13 (0:11)

0:02-0:42

25 (83)

Change wave speed on SpO2 to be faster

0:14 (0:09)

0:02-0:37

19 (63)

Change paced mode to off

0:14 (0:20)

0:01-1:27

19 (63)

Change upper and lower values of heart rhythms

0:15 (0:06)

0:06-0:40

29 (97)

Change upper or lower blood pressure limits to patient specific

0:23 (0:09)

0:11-0:52

27 (90)

i

Verify source of alarm is from MAP and systolic

0:26 (0:26)

0:07-1:25

9 (30)

Change NBP MAP lower limit to 65

0:30 (0:28)

0:03-1:26

15 (50)

Adjust screen's brightness up to 7

0:37 (0:12)

0:28-0:54

4 (13)

On X2j, change SpO2 to Resk

0:38 (0:19)

0:13-1:27

17 (57)

Verify waveforms for A-line/CVPl parameters are displayed

0:38 (0:55)

0:04-4:03

22 (74)

Turn A-fibm and irregular HRn to off

0:42 (0:18)

0:20-1:26

16 (54)

NBP: noninvasive blood pressure.

b

ABP: arterial blood pressure.

c

ART: alternative arterial.

d

A-line: arterial line.

e

Temp: temperature.

f

RR: respiratory rate.

g

SpO2: peripheral capillary oxygen saturation.

h

QRS: a name of a wave in the electrocardiogram.

i

MAP: mean arterial pressure.

j

X2: name of the transport monitor.

k

Res: respiration.

l

CVP: central venous pressure.

m

A-fib: atrial fibrillation.

n

HR: heart rate.
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Table 3. Mean time for task completion (min:s) for performing electrocardiogram analysis–related tasks (N=30 nurses).
Task

a

Task completion time

Successfully completed tasks, n
(%)

Mean (SD)

Range

Print ECGa report

0:03 (0:02)

0:01-0:15

27 (90)

Export ECG

0:04 (0:03)

0:01-0:21

27 (90)

Switch the primary lead to lead III

0:08 (0:04)

0:04-0:27

29 (97)

Perform 12-lead ECG, enter the order #

0:08 (0:08)

0:11-1:25

18 (60)

Show ECG analysis

0:10 (0:06)

0:01-0:09

20 (67)

Store and send ECG analysis

0:31 (0:17)

0:01-0:12

28 (93)

Record a 25 mm/s ECG strip of any of the ECG leads

1:14 (0:32)

0:27-1:39

4 (13)

ECG: electrocardiogram.

Table 4. Mean time for task completion (min:s) for performing troubleshooting alarms-related tasks (N=30 nurses).
Task

Successfully completed tasks, n
(%)

Mean (SD)

Range

0:21 (0:16)

0:03-0:53

15 (50)

Troubleshoot source of alarm by making sure X2b is synched to bedside 0:29 (0:14)

0:14-0:54

6 (20)

Troubleshoot false ECGa alarms on the monitor

a

Task completion time

ECG: electrocardiogram.

b

X2: name of the transport monitor.

The task “Take monitor out of standby” had the shortest
completion time (Table 1, mean 0:02, SD 0:01 min:s), whereas
the task “record a 25 mm/s ECG strip of any of the ECG leads”
had the longest completion time (Table 3, mean 1:14, SD 0:32
min:s). The task completion time range in Tables 1-4 provides
valuable information about the variation in time it took nurses
to successfully complete the tasks. For example, although the
task “verify waveforms for A-line (arterial line) or CVP (central
venous pressure) parameters are displayed” took nurses an
average of 38 s to successfully complete it (mean 0:38, SD 0:55
min:s), some nurses spent only 4 s to complete this task, whereas
other nurses spent as long as 4 min to complete it (Table 2).
Across nurses, the minimum total time for task completion for
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all 37 tasks was 237 s (3 min 57 s), whereas the maximum was
1962 s (32 min 42 s).
A linear regression analysis (Figure 1) of mean successfully
completed tasks (N=37) revealed that it took nurses 6.11 s per
additional click (or a step) on the monitor to perform a task
during monitor navigation (y=6.11−5.34, R2=0.78, P=.001).
Among task completers, some nurses completed a task in the
first attempt, whereas other nurses took more than one attempt.
Nurses who completed the tasks in the first attempt took an
average of 3.5 clicks (or steps) and 16.5 s per task as compared
with 8 clicks and 35 s per task for those who completed the
tasks in more than one attempt.
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Figure 1. Regression analysis of mean number of clicks taken per task and average time in seconds for a successful task completion (N=37 tasks).

Discussion
Principal Findings
The past few years have witnessed a growing number of quality
improvement and interventional research studies directed toward
reducing alarm fatigue and improving alarm system safety
[10,20,21]. Efforts focused on pulse oximetry and physiologic
monitors, including tight versus loose peripheral capillary
oxygen saturation alarm strategy [20], patient-customized
monitoring bundles and thresholds [10,21-23], nurse education
[10], and utilization of patient profiles and updated bedside
visual reminders [23]. Although these efforts led to a significant
reduction in the number of nuisance alarms, the reduction was
insufficient to improve nurses’ attitudes toward alarms or their
perceptions of alarm fatigue in ICUs [10]. The complexity of
modern alarm devices requires usability testing for a safe and
efficient operation of medical devices [24]. To our knowledge,
this is the first study to examine the usability of physiologic
monitors, the number one device associated with sentinel events
in the FDA database, and the one with the highest number of
nonactionable alarms [11,12].
This study examined nurses’ effectiveness and efficiency in
completing 40 common tasks as nurses interacted with bedside
physiologic monitors. The results indicate the potential for
continued safety issues in completing the routine monitoring
tasks. Not a single nurse performed all the tasks correctly, and
some performed more than one incorrectly. Surprisingly and
perhaps even startlingly, many of these tasks represent routine
everyday-monitoring tasks such as, “verify certain vitals are
displayed on the monitor,” “view upper and lower limits of all
parameters,” “display missing vitals in the monitor,” “print
alarm parameters’ limits,” “verify that NBP is set to q 15 min,”
and “set up the cables for each A-line and CVP.” Other tasks
were critical to customizing parameters to be patient specific,
individualizing the monitoring process, eliminating over-and
https://nursing.jmir.org/2021/1/e20584/
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undermonitoring, decreasing the number of unnecessary alarms,
and thereby improving nurse safety and productivity in
monitoring and decreasing alarm fatigue. Examples of these
tasks are “change paced mode to off,” “switch the primary lead
to lead III,” “change upper and lower heart rhythms,” “select
the correct patient profile,” “change upper and lower blood
pressure limits to patient specific,” “turn atrial fibrillation and
Irregular HR to off,” “pause the ABP (arterial blood
pressure)/ART (alternative arterial) alarm while the line is being
inserted,” “change NBP MAP lower limit to 65 on the monitor,”
and “deactivate ART parameter.”
Some nurses were also unable to “admit the patient into the
monitor,” “reconnect X2 and readmit patient to bedside
monitor,” “take monitor out of standby,” and to “explain how
to discharge a patient from the monitor.” However, it is
important to note that these skills are context-specific. For
example, when this study was conducted, part of a nurse’s job
was to admit the patient into the monitor. This process was
recently streamlined, and patients are now admitted into the
monitor via our admission, discharge, and transfer department.
Similarly, all monitors are set to brightness level 5. Tasks such
as “adjust brightness of screen up to 7” might not be as
frequently used as other tasks; however, this is an important
design feature for screen visibility. In addition, the monitor
allows nurses to adjust the alarm volume, which is a critical
function to provide a quieter care environment, specifically
during the night shift, and improve patients’ Hospital Consumer
Assessment of Healthcare Providers and Systems scores.
However, 10 (out of 30) of our nurses were unable to perform
this task.
Regarding efficiency, there was a 30-min difference between
the shortest and longest times to correctly perform the 37
navigation-related tasks. The monitor allows nurses to perform
tasks using different navigation paths. Some paths are shorter
than others, but both types of paths are rated as correct in a
JMIR Nursing 2021 | vol. 4 | iss. 1 | e20584 | p. 7
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successful task completion. For example, a nurse admitted a
patient to the monitor using the following 5-click (or steps)
navigation path and completed the task in 31 s: “(1) patient
demographics, (2) admit patient, (3) MRN (medical record
number), (4) VIN # (visit identification number), and (5)
confirm,” whereas another nurse took 2 min 2 s to complete the
same task following a longer 11-click navigation path: “(1)
main setup, (2) taskbar, (3) arrow X1, (4) patient demographics,
(5) MRN #, (6) VIN #, (7) confirm, (8) last name, (9) first name,
(10) confirm, and finally (11) main screen.” Regression analysis
revealed that nurses took 6.11 s per additional click (or step)
on the monitor to successfully perform a task during monitor
navigation. Our results also suggest that training nurses on the
shortest navigation paths could save up to 30 min per nurse to
complete the 37 routine monitor navigation tasks examined
here.
The results also showed that some nurses followed a definitive
short path in correctly performing a task, whereas other nurses
successfully completed a task using multiple attempts, may be
as a “trial and error.” For example, one nurse followed the
following path to “change paced mode to off” and completed
the task in 2 s and 3 clicks: “(1) patient demographics, (2) paced
mode, and (3) off,” whereas another nurse used trial and error
to complete the same task as evidenced by entering and exiting
multiple screens searching for the parameter to be changed and
managed to complete the task in 27 s and 10 clicks: “(1) HR
waveform, (2) exit, (3) main setup, (4) equipment, (5) exit, (6)
main setup, (7) exit, (8) measurement, (9) paced mode, and (10)
off.” Nurses who successfully completed the tasks but performed
more than one attempt used on an average 5 extra clicks per
task and 18 extra s per task compared with those who completed
the tasks at the first attempt. These results reflect a lack of
familiarity with the task and the most efficient navigation path
in the monitor to complete tasks. This provides further evidence
for the need for detailed training on monitor use.
Nurse-monitor navigation is a complex cognitive process that
requires adherence to policies and procedures, a usable monitor
design, sufficient training on monitor functions, and the use of
clinical reasoning for appropriate monitoring to eliminate overor undermonitoring. Understanding this cognitive process is
critical for safe and appropriate monitoring. For example, all
the nurses who were unable to successfully complete “pause
the ABP/ART alarm while the line is being inserted” task
navigated to setup ABP or ABP numeric to complete the task.
It appears that nurses were expecting to complete the task from
the accessed screens (setup ABP or ABP numeric). This result
demonstrates the importance of designing a monitor’s functions
in a way that mimics clinicians’ thought processes for a
successful navigation. Analyzing the paths of the two tasks with
the lowest successful completion rates supported these results.
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For example, although almost half of the nurses accessed the
main setup during monitor navigation to adjust the screen
brightness, none of these nurses accessed user interface as a
subsequent step. Supporting the fact that nurses did not think
that brightness can be found under user interface screen.
Similarly, to record an ECG strip, many of the nurses navigated
12-lead, capture 12-lead, capture ECG, or setup ECG screens
instead of taskbar or HR numeric screens. In fact, it makes sense
to complete such a task under the screens visited by nurses.

Limitations
The study results should be interpreted considering the following
limitations. First, the study included a sample size appropriate
for usability studies. Nevertheless, the sample size was only
17.3% (30/173) of the 173 ICU nurses in all the 4 adult ICUs.
Including a stratified sample representing all ICUs could
improve the generalizability of the study. A criticism might be
that the convenience sample resulted in nurses with slower
efficiency time to participate in the study. However, we contend
that nurses who were not confident in using monitors would
not have self-selected to be in this study. A stratified sample
might cause even more variable efficiency and effectiveness
results. Second, monitoring policies are context-sensitive. For
example, in some hospitals, customizing parameters and alarm
limits to patient-specific ones is the job of a physician and not
a bedside nurse. Adherence to monitoring policy within a
specific context is important for a valid usability test; however,
it may limit the generalizability of the study. Third, vendors
may have their own terminologies built into their particular
monitors. For example, the term INOP alarm is specific to
Philips monitors and not applicable to the General Electric
monitors. Replicating this study in other hospitals would require
the use of appropriate terminologies that are applicable to the
medical device under study. Fourth, this study examined 40
common nurse-monitor navigation tasks. The rapid
advancements in technology may eliminate some of these tasks
or add to the list of tasks that nurses can perform using the
monitors in the future. Future researchers will want to reassess
the task lists.

Conclusions
Usability testing of physiologic monitors in this setting revealed
major ineffectiveness and inefficiencies in nurse-monitor
interactions. The results have implications for both safety and
productivity. Training on monitor use should include critical
monitoring tasks and functions that are necessary for safe and
appropriate monitoring as well as the shortest path to navigate
the monitor to increase nurse productivity and response to
alarms. An imperative is for vendors to design the monitoring
functions to mimic clinicians’ thought processes for a successful,
safe, and efficient monitor navigation.

Acknowledgments
This project was funded by the National Advisory Council of the School of Nursing at the University of Texas Health at San
Antonio, Sigma Theta Tau, and by the University Health’s Center for Clinical Excellence. The authors thank all ICU nurses who
participated in the simulation study and the nurse educators who validated the case scenarios and moderated the testing sessions.
Part of this study was originally presented as an abstract at the 2018 Society of Critical Care Congress.

https://nursing.jmir.org/2021/1/e20584/

XSL• FO
RenderX

JMIR Nursing 2021 | vol. 4 | iss. 1 | e20584 | p. 8
(page number not for citation purposes)

JMIR NURSING

Sowan et al

Conflicts of Interest
None declared.

Multimedia Appendix 1
Analysis of nurses’ thought processes during task completion.
[DOCX File , 15 KB-Multimedia Appendix 1]

References
1.

2.
3.
4.

5.
6.

7.

8.

9.
10.

11.
12.
13.
14.
15.
16.

17.

18.
19.
20.

21.

Sowan AK, Reed CC, Staggers N. Role of large clinical datasets from physiologic monitors in improving the safety of
clinical alarm systems and methodological considerations: a case from Philips monitors. JMIR Hum Factors 2016 Sep
30;3(2):24 [FREE Full text] [doi: 10.2196/humanfactors.6427] [Medline: 27694097]
Achour I, Nouira K, Trabelsi A. Reducing false alarms in intensive care units based on wavelets technology. Int J BioSci
Biotechnol 2012;4(2):11-120 [FREE Full text]
Gazarian PK. Nurses' response to frequency and types of electrocardiography alarms in a non-critical care setting: a
descriptive study. Int J Nurs Stud 2014 Feb;51(2):190-197. [doi: 10.1016/j.ijnurstu.2013.05.014] [Medline: 23810495]
Drew BJ, Harris P, Zègre-Hemsey JK, Mammone T, Schindler D, Salas-Boni R, et al. Insights into the problem of alarm
fatigue with physiologic monitor devices: a comprehensive observational study of consecutive intensive care unit patients.
PLoS One 2014;9(10):e110274 [FREE Full text] [doi: 10.1371/journal.pone.0110274] [Medline: 25338067]
Imhoff M, Kuhls S. Alarm algorithms in critical care monitoring. Anesth Analg 2006 May;102(5):1525-1537. [doi:
10.1213/01.ane.0000204385.01983.61] [Medline: 16632837]
Atzema C, Schull MJ, Borgundvaag B, Slaughter GR, Lee CK. ALARMED: adverse events in low-risk patients with chest
pain receiving continuous electrocardiographic monitoring in the emergency department. A pilot study. Am J Emerg Med
2006 Jan;24(1):62-67. [doi: 10.1016/j.ajem.2005.05.015] [Medline: 16338512]
Clinical alarms summit. Association for the Advancement of Medical Instrumentation (2001). 2011. URL: https://s3.
amazonaws.com/rdcms-aami/files/production/public/FileDownloads/Summits/2011_Alarms_Summit_publication.pdf
[accessed 2011-01-10]
ECRI Institute releases top 10 Health Technology Hazards Report for 2014. Diagnostic and Interventional Cardiology.
2014. URL: https://www.dicardiology.com/article/ecri-institute-releases-top-10-health-technology-hazards-report-2014
[accessed 2011-01-10]
From the AHAP blog: Joint Commission and FDA targarm fatigue. HCPro. 2011. URL: http://www.hcpro.com/
ACC-265320-4634/From-the-AHAP-Blog-Joint-Commission-and-FDA-target-alarm-fatigue.html [accessed 2021-01-11]
Sowan AK, Gomez TM, Tarriela AF, Reed CC, Paper BM. Changes in default alarm settings and standard in-service are
insufficient to improve alarm fatigue in an intensive care unit: a pilot project. JMIR Hum Factors 2016 Jan 11;3(1):e1
[FREE Full text] [doi: 10.2196/humanfactors.5098] [Medline: 27036170]
Medical device alarm safety in hospitals. Sentinel Event Alert. 2013. URL: http://www.jointcommission.org/assets/1/18/
SEA_50_alarms_4_5_13_FINAL1.PDF [accessed 2011-01-11]
FDA Patient Safety News: Show #106, January 2011. FDA. 2011. URL: https://www.webcitation.org/6bFBLdWA5
[accessed 2021-01-11]
National Patient Safety Goals. The Joint Commission. 2014. URL: http://www.jointcommission.org/assets/1/6/
HAP_NPSG_Chapter_2014.pdf [accessed 2021-01-11]
Nielsen J. Usability Engineering. In: Academic Press. San Diego, CA: Academic Press; 1993.
Schoeffel R. The concept of product usability. ISO Bulletin 2020:34-37. [doi: 10.1036/1097-8542.757603]
Defining and testing EMR usability: principles and proposed methods of EMR usability evaluation and rating. HIMSS
EHR Usability Task Force (2009). 2009. URL: https://mospace.umsystem.edu/xmlui/bitstream/handle/10355/3719/
DefiningTestingEMR.pdf?sequence=1&isAllowed=y
Sowan AK, Vera AG, Fonseca EI, Reed CC, Tarriela AF, Berndt AE. Nurse competence on physiologic monitors use:
toward eliminating alarm fatigue in intensive care units. Open Med Inform J 2017;11:1-11 [FREE Full text] [doi:
10.2174/1874431101711010001] [Medline: 28567167]
Institute Of Medicine. Health IT and patient safety: building safer systems for better care. Washington, DC: National
Academies Press 2011:-. [doi: 10.17226/13269] [Medline: 24600741]
Faulkner L. Beyond the five-user assumption: benefits of increased sample sizes in usability testing. Behav Res Methods
Instrum Comput 2003 Aug;35(3):379-383. [doi: 10.3758/bf03195514] [Medline: 14587545]
Warakomska M, Bachman TE, Wilinska M. Evaluation of two SpO alarm strategies dring automated FiO control in the
NICU: a randomized crossover study. BMC Pediatr 2019 May 06;19(1):142 [FREE Full text] [doi:
10.1186/s12887-019-1496-5] [Medline: 31060536]
Lewis CL, Oster CA. Research outcomes of implementing cease: an innovative, nurse-driven, evidence-based,
patient-customized monitoring bundle to decrease alarm fatigue in the intensive care unit/step-down unit. Dimens Crit Care
Nurs 2019;38(3):160-173. [doi: 10.1097/DCC.0000000000000357] [Medline: 30946125]

https://nursing.jmir.org/2021/1/e20584/

XSL• FO
RenderX

JMIR Nursing 2021 | vol. 4 | iss. 1 | e20584 | p. 9
(page number not for citation purposes)

JMIR NURSING
22.
23.

24.

Sowan et al

Poole S, Shah N. Incorporating observed physiological data to personalize pediatric vital sign alarm thresholds. Biomed
Inform Insights 2019;11:1178222618818478 [FREE Full text] [doi: 10.1177/1178222618818478] [Medline: 30675101]
Johnson KR, Hagadorn JI, Sink DW. Reducing alarm fatigue in two neonatal intensive care units through a quality
improvement collaboration. Am J Perinatol 2018 Nov;35(13):1311-1318. [doi: 10.1055/s-0038-1653945] [Medline:
29783270]
Sowan AK, Reed CC. A complex phenomenon in complex adaptive health care systems-alarm fatigue. JAMA Pediatr 2017
Jun 01;171(6):515-516. [doi: 10.1001/jamapediatrics.2016.5137] [Medline: 28394991]

Abbreviations
ABP: arterial blood pressure
A-line: arterial line
ART: alternative arterial
CVP: central venous pressure
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FDA: Food and Drug Administration
HR: heart rate
ICU: intensive care unit
INOP: inoperative or technical
MAP: mean arterial pressure
MRN: medical record number
NBP: noninvasive blood pressure
VIN: visit identification number
X2: name of the transport monitor
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