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Background: The poor ergonomic design of patient monitoring systems can cause user errors and patient harm. This paper
presents the results of a comparative usability study based on user experience and the results of a user pref-
erence survey.

Material/Methods: We conducted a usability study of 3 patient monitoring systems: Mediana M50, Philips IntelliVue MP70, and
Philips IntelliVue MX700. Thirty-nine Coronary Care Unit nurses and 19 Pulmonology and Allergy Care Unit
nurses participated in this usability study. User experience was assessed with the Post-Study System Usability
Questionnaire and the National Aeronautics and Space Administration Task Load Index. A user preference sur-
vey was conducted to evaluate the subjective medical device design preferences for the M50 system’s user
interface.

Results: Nurses from the Coronary Care Unit recognized a higher system usability for the MP70 than the M50 (P=0.001)
system, and a lower workload for the MP70 compared with the M50 (P=0.005) system. There was no signifi-
cant (P>0.05) difference in perceived system usability and workload between the M50 and MX700 systems for
the nurses from the Pulmonology and Allergy Care Unit. Nurses preferred to activate the arrhythmia alarms ex-
cept for the ST alarms and missed the beat alarm. They also preferred having a wave freeze function, standby
mode, and early warning scoring function, which provides a signal for a patient’s deterioration in health.

Conclusions: The study provides valuable data on a user interface evaluation based on user experience and preference. The
outcome of this study will be helpful for designing next-generation patient monitors with improved patient
safety.
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Material and Methods

A patient monitoring system is a device that monitors a pa-
tient’s condition by measuring the patient’s biological data in
a variety of patient care settings in a hospital and is one of the
important components in an Intensive Care Unit (ICU) [1]. This
device measures the patient’s biological data, including inva-
sive blood pressure, electroencephalogram (EEG), electrocar-
diogram (ECG), carbon dioxide (CO2) gas measurements, and
transcutaneous oxygen saturation (SPO2) and provides visible
and audible alarms when hazardous conditions are detected [2].

In the ICU, doctors and nurses do not treat only one patient
at a time [3,4], typically complex and error-prone equipment
is used, and there is too much patient data for one person
to effectively process [5]. The high workload required by the
medical staff can be the root cause of medical errors [6]. The
evaluation of workload is a key point in user interface stud-
ies designed for higher levels of comfort, satisfaction, and ef-
ficiency in the workplace and has become an increasingly im-
portant tool in system evaluations [7].

In addition, experts in patient safety confirm that adverse
events are often caused by poorly designed user interfaces
that do not consider the end user’s capabilities and limita-
tions and that defects in user interfaces are the root cause of
adverse events [8-10].

Usability needs to be considered when designing user interfac-
es of medical devices and systems to facilitate their use and
prevent usage errors, and the evaluation of a medical device’s
user interface can be achieved by usability testing [11,12]. The
U.S. Food and Drug Administration (FDA) requires human fac-
tor engineering to be applied to product design and develop-
ment processes to meet minimum use safety requirements,
and usability testing of medical devices has become increas-
ingly important in recent years [13].

The primary purpose of this study was to compare and evalu-
ate the user experience of ICU nurses with the Mediana M50,
Philips IntelliVue MP70, and Philips IntelliVue MX700 patient
monitoring systems used with patients admitted to the ICU.
A user preference survey was also conducted to evaluate the
subjective medical device design preferences for the graphical
user interface of the M50 system. The study provides valuable
data on a user interface evaluation based on workload, system
usability, and user preference. It is expected that the results
of this study will contribute to improving safety by identify-
ing user requirements for usability improvement and reduc-
ing device use errors through usability evaluation.

Devices

The 3 tested patient monitoring systems were the M50
(Mediana Co., Ltd., Gangwon-do, KOREA), MP70 (M8007A,
Philips Medical Systems, Orlando, FL, USA), and MX700 (Philips
Medical Systems, Orlando, FL, USA). The Philips MP70 and
MX700 are products that have been used for a long time in
the ICU. The M50 is a domestic product that was for compar-
ison with market leader equipment in this study. The Philips
IntelliVue MP70 is a bedside monitor of patient vital signs; the
Mediana M50 monitors the ECG, heart rate, noninvasive blood
pressure, arterial pressures, Sp02, pulse rate, and respiration
rate; and the Philips IntelliVue MX700 is a bedside patient
monitor that is a live video monitor of vital signs. Since the
patient monitoring systems undergo a training process along
with explanations of each manufacturer’s product usage when
the product is installed in the ICU, staff training was conduct-
ed according to the level of each system. Also, in this study,
there is no difference in the competency levels required for
each system, as we focused on monitoring the ECG of patients.

Design

This study was conducted independently at 2 ICUs located at
Severance Hospital (Seodaemun-gu, Seoul, Republic of Korea)
and Yongin Severance Hospital (Yongin-si, Gyeonggi-do, Republic
of Korea). Severance Hospital conducted a study comparing
the M50 and MP70, and Yongin Severance Hospital conduct-
ed a study comparing the M50 and MX700. For each patient
monitor installed in the ICU, participants were required to com-
plete the U.S. National Aeronautics and Space Administration
Task Load Index (NASA-TLX) and Post-Study System Usability
Questionnaire (PSSUQ) after completing their ICU duty. User
preference was evaluated only for the design of the M50 equip-
ment. The patient monitoring device installed in the ICU target-
ed all patients who were hospitalized at the investigation site
and needed ECG monitoring, rather than a specific disease or
patient’s condition. However, patients with burns, long-term
cortisone treatment, severe heart failure after surgery, me-
chanical auxiliary heart or ECMO, or implantable defibrillator,
and severely ill patients during the end of life were excluded.

Participants

Participants in this study were recruited from the ICUs in 2
hospitals who voluntarily participated in this study through
informed consent. Intensive care nurses were selected as the
target group of this study since they are the major daily users
of patient monitors at Severance Hospital. Thirty-eight nurs-
es from the Coronary Care Unit at Severance Hospital and 19
nurses from the Pulmonology and Allergy Care Unit at Yongin
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Severance Hospital of Yonsei University participated in the ven-
tilator usability test. The nurses in the ICU who participated in
this study had a degree in nursing from a 4-year university and
had worked in the ICU for an average of 7 years. They had clin-
ical expertise and knew how to use and operate patient mon-
itoring systems. The participants’ information was coded and
held in confidence with the test results. Before starting the test,
all participants were asked to sign the participant consent form
and were made aware of the anonymity of their responses.

Ethics

This study was approved by both the Institutional Review Board of
Yonsei University Health System, Severance Hospital (No: 1-2021-
0030) and the Institutional Review Board of Yonsei University
College of Medicine, Yongin Severance Hospital (No: 9-2021-0080).

User Experience

User experience was evaluated through perceived system us-
ability and workload [14].

Perceived system usability was measured by the PSSUQ [15],
which consisted of 16 questions that assessed the users’ per-
ceived satisfaction with a product or system by an overall score,
with 3 subscales: system usefulness, information quality, and
interface quality [15-17]. In healthcare, the PSSUQ has been
used to evaluate radiotherapy [14], clinical monitoring [18],
anesthesia [19], and telerehabilitation systems [20]. The out-
come of the PSSUQ is a score that ranges from 1 to 7, in which
lower scores indicate greater satisfaction with the perceived
system usability [15,17,21]. Each factor also provided a “not
applicable” option and a freeform text section for detailed
feedback [18]. The score for each factor was determined by
averaging the responses to the appropriate questions [17,18].

Workload was evaluated by the NASA-TLX [22,23], which re-
lies on 6 subscales that are associated with workload, includ-
ing mental demand, temporal demand, physical demand, per-
formance, effort, and frustration [14,22]. This is a validated
and commonly used instrument in human factors engineer-
ing [24,25]. Although it was originally designed for aeronau-
tics, the NASA-TLX has been widely used in healthcare [23] to
evaluate medical devices such as a radiotherapy system [14],
ventilators [21,26-28], infusion pumps [29], and physiologi-
cal monitoring displays [30]. The result of the NASA-TLX is a
score from 0 to 100, in which a higher score refers to a high-
er mental workload and a more difficult user interface [28].

User Preference

User preference was derived from a survey of 13 questions re-
lated to specific functions and graphical user interface, alarm
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pattern and pitch, alarm occurrence criteria, and arrhythmia
alarm activation. Each question provided several options to
choose from and a freeform text section. When each option had
a higher selected percentage, its user preference was higher.

Data Analysis

The analyses were performed using the statistics software IBM
SPSS Statistics 26 (IBM Corp, Armonk, NY, USA). For the results
of the user experience, descriptive statistics (mean, standard
deviation, median, Q1, and Q3) were presented for the overall
score and subscales. The results of user preference were ex-
pressed as a percentage for each item. Differences between the
user experiences of the patient monitoring systems were ana-
lyzed through independent 2-sample t test or a Mann-Whitney
U test. The figures are represented as the form of mean +SD
or median (Q1-Q3), where P<0.05 was considered significant.

Results

User Experience

Table 1 shows the results of the system usability evaluation
and statistical comparison of the Mediana M50 and Philips
MP70 systems. The results of the Mann-Whitney U test com-
paring the PSSUQ scores of the M50 and MP70 show a sta-
tistically significant difference in system usefulness (P=0.001)
and interface quality (P<0.001). Information quality was com-
pared with an independent 2-sample t test, and there was a
significant difference in the scores of the Mediana M50 and
the Philips MP70 (P=0.044) systems. There was a statistical-
ly significant difference in overall PSSUQ scores between the
MP70 and M50 (2.19 [1.88-2.56] vs 2.84 [2.20-3.29]; P=0.001).

Table 2 shows the results of the system usability evaluation
and statistical comparison of the Mediana M50 and Philips
MX700 systems. The results of the independent 2-sample ¢
test on the PSSUQ scores for the M50 and MX700 systems,
including usefulness (P=0.391) information quality (P=0.555),
interface quality (P=0.091), and overall PSSUQ score (P=0.299),
show no statistically significant difference between the sys-
tem usability scores of the 2 devices.

Table 3 shows the results of the comparison of workload be-
tween the Mediana M50 and Philips MP70 systems. The results
of the Mann-Whitney U test comparing the TLX scores of the
Mediana M50 and Philips MP70 systems, including physical
demand (P=0.119), temporal demand (P=0.870), and frustra-
tion (P=0.355), did not show a significant difference in scores;
however, there was a statistically significant difference in the
scores for mental demand (P=0.019), performance (P=0.009),
and effort (P=0.045). Thus, the TLX score of the M70 was
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Table 1. Post-Study System Usability Questionnaire (PSSUQ) score and comparison results for the Mediana M50 and Philips IntelliVue
MP70 in the Coronary Care Unit at Severance Hospital.

Severance Hospital (n=39)

PSSUQ (overall) 2.84 (2.20-3.29) 2.19 (1.88-2.56) 422.0 0.001

* Because the data were normally distributed, the independent 2-sample t test was performed; ** Because the data were not
normally distributed, the Mann-Whitney U test was performed. # P values were determined with the independent 2-sample t test and
Mann-Whitney U test for continuous variables.

Table2. Post-Study System Usability Questionnaire (PSSUQ) score and comparison results for Mediana M50 and Philips IntelliVue
MX700 in the Pulmonology & Allergy Care Unit at Yongin Severance Hospital.

Yongin Severance Hospital (n=19)

System usefulness 3.07+1.12 2.68+0.80 0.868 0.391
Information quality 292:106 275081 0s%6 0555
interface qualty 326:107 268:085 1739 0091
CPssUQ (overal) 3056105 269074 103 0299

* Because the data were normally distributed, the independent 2-sample t test was performed; ** P values were determined with the
independent 2-sample t test for continuous variables.

Table 3. National Aeronautics and Space Administration Task Load Index (NASA-TLX) workload scores and comparison results for
Mediana M50 and Philips IntelliVue MP70 in the Coronary Care Unit at Severance Hospital.

Severance Hospital (n=39)

Mental demand 30.00 (20.00-41.25) 20.00 (10.00-30.00) 512.0 0.019
Physical demand 2670 (18.10-3330) 2000 (1000-3000) ssss 0119
Temporal demand 6085 (49587000 6000 (3000-80.00) 7250 0870
Performance 4915 (3458-6373) 3000 (2000-5000) 4840 0009
ot 3415 (2628-4043) 25.00 (150040000 saas 0045
Fustration 2500 (1248-33.73) 2000 (1000-30.00) 6505 0355
R 3017 (3479-4340) 35.00 (667-39.17) 4685 0005

* Because the data were not normally distributed, the Mann-Whitney U test was performed; ** P values were determined with the
Mann-Whitney U test for continuous variables.

statistically significantly lower than that of the M50 (35.00 TLX scores of the M50 and MX700 systems, including men-

[6.67-39.17] vs 39.17 [34.79-43.40]; P=0.005). tal demand (P=0.236), physical demand (P=0.246), temporal
demand (P=0.638), and TLX (P=0.627) did not show a statis-
Table 4 shows the results for workload and its statistical com- tically significant difference between the perceived workload

parison between the Mediana M50 and Philips MX700 systems. scores of the 2 devices.
The results of the independent 2-sample t test comparing the
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Table 4. National Aeronautics and Space Administration Task Load Index (NASA-TLX) workload scores and comparison results for
Mediana M50 and Philips IntelliVue MX700 in the Pulmonology & Allergy Care Unit at Yongin Severance Hospital.

Yongin Severance Hospital (n=19)

Mental demand 23.31+£10.36 28.16+15.29 -1.204 0.236
Physicaldemand 249¢1024 71161217 s 0246
Temporaldemand 636041989 647451961 0474 0638
Cperformance 6000 43007585 4000 30007000 1510 0542
CEffot 3000 21.65-4125) 3000 200030000 1580 o 0702
Fustration 2000 (1165-35.00 2500 2000-50000 1305 0324
> 3705041 38424750 0401 0627

* Because the data were normally distributed, the independent 2-sample t test was performed; ** Because the data were not normally
distributed, the Mann-Whitney U test was performed. # P values were determined with the independent 2-sample t test and the Mann-
Whitney U test for continuous variables.

A Language settings frequency B Language settings preference

[ English
[ Korean

M English
[ Korean

C Screen composition change D Language settings preference

W Waveform area

[ Parameter area

[l Top of the screen

[ Bottom of the screen

M Automatic change
[l Maintenance
I User's settings

Figure 1. Results of the Preference Survey of Patient Monitoring Devices display setting: (A) Frequency of setting the language
between English and Korean. (B) Language setting preference. (C) Changes in the screen composition according to the
detachment of the module. (D) The display position of the alarm message. (Excel, 16.0, Microsoft).
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A Audible alarm pattern B Pulse tone pitch change

M Pattern of median
[ Pattern of Philips

Il Change
[ No change

C (riteria for tachycardia and bradycardia alarm D Level of tachycardia and bradycardia alarm

W Alarm limit
[ Alarm limit £20 bpm

[l High level alarm
[ Low level alarm

Figure 2. Results of the Preference Survey of Patient Monitoring Devices alarm: (A) Preference for auditory alarm pattern. (B) Pulse
sound pitch changes according to SPO2 change. (C) Criteria for the occurrence of tachycardia and bradycardia alarms.
(D) Alarm level of tachycardia and bradycardia alarms. (Excel, 16.0, Microsoft).

The results of the Mann-Whitney U test comparing the PSSUQ The user preference was for the pulse tone pitch to change
TLX scores of the M50 and MX700 show that there was no sta- according to the SPO2 change; moreover, for the tachycardia

tistically significant difference in performance (P=0.542), ef- and bradycardia alarms, it was preferred for those to sound
fort (P=0.702), and frustration (P=0.324). immediately outside the alarm limit range. Users preferred

that the tachycardia and bradycardia alarm levels were high-
User Preference level alarms rather than low-level alarms.

The results of the patient monitoring device preference survey Figure 3 shows the preference survey results for the need for 6
are shown in Figures 1-4. Based on the results of the patient special functions. User preference scores showed that a wave
monitoring devices display setting preference survey, English freeze function standby mode and early warning scoring func-
was preferred for the language setting of the patient monitor- tions are necessary for specific functions of the patient moni-
ing system, and the frequency of use was also higher in English. toring system, except for the drug calculation function, and that
The respondents preferred to automatically change the screen a display is necessary for the non-measured parameter menu.
composition according to the detachment of the patient moni-

toring module. The most preferred location for the alarm mes- For the preferred settings for activating the arrhythmia alarm,
sage was the parameter area, followed by the waveform area, users preferred its activation for all situations except for missed
top of screen, and bottom of screen area. beat, ST high, ST low, and ST multi alarm, and irregular HR

alarm showed the same user preference for its activation and
As the results of the patient monitoring devices alarm prefer- deactivation (Figure 4).

ence survey showed, Philips’ sound patterns were preferred
over Mediana’s sound patterns for audible alarm patterns.
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Wave freeze funcion

Display non-measured parameter menu

Standby mode

Early Warning Scoring function

Drug calculation function

Acknowledging alarm function

0% 10% 20% 30%

Necessity for the specific function

40% 50% 60% 70% 80% 90%
M Necessary [ Unnecessary

100%

Figure 3. Results of the preference survey on the need for specific functions of patient monitoring devices. (Excel, 16.0, Microsoft).

100%

80%

60%

40%

20%

Arrhytmia alarm settings preference

M Enable [ Disable

Figure 4. Results of the preference survey on the setting of the arrhythmia alarm activation of the patient monitoring device. (Excel,

16.0, Microsoft).

Discussion

This usability study aimed to evaluate the difference in user ex-
perience for 2 Philips patient monitoring system models wide-
ly used in Korea and Mediana’s patient monitoring system and
to evaluate user interface design preferences. Previous stud-
ies have proven that the PSSUQ [15-17] and NASA-TLX [22,23]
have the capacity for evaluating the usability of medical de-
vices [14]. When the M50 was compared with the MP70 and
MX700, the MP70 showed a better perceived usability and

perceived workload, and there was no difference in the per-
ceived usability and workload of the MX700.

Through the user experience evaluation, the present study
showed that the design of the user interface can affect system
usability and workload [14,21]. For instance, regarding work-
load for the M50, because of its unfamiliar alarm pattern and
the inability to stop the alarm for 5 to 10 min, the continuous
sounding of its alarm was the cause for the higher score in
mental demand (Table 3). The lack of sensitivity of the M50’s
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touchscreen was also an important reason for a higher score
in effort (Table 3). System usability was also affected by in-
formation quality due to the decreased readability because of
the location, size, and color of alarm messages, and the inter-
face quality was affected by the unfamiliar design of the M50
compared to that of the Philips equipment.

These results can also be verified through the user prefer-
ence results for the user interface, and the preference survey
results can be used as formative evaluation data to improve
the user interface design of patient monitoring devices [31].
In the ICU, imaging tests such as computed tomography,
magnetic resonance imaging, and radiography are frequent-
ly needed to detect pathological changes in patients and to
plan treatment [32]; therefore, the standby mode function is
preferred. In the case of a drug calculation function, it would
be convenient for drugs that require the calculation of the in-
jection dose [33]; however, because it can be calculated with
a computer calculator, the user preference is to exclude it if
it makes the monitor too complicated. Even when an alarm
is acknowledged, it is preferable to have an acknowledging
alarm function that can temporarily stop the alarm because
frequent alarms can interfere with treatment [34]. Regarding
arrhythmia detection, which is important in the treatment of
cardiovascular diseases [35], for tachycardia and bradycardia
alarms for which the alarm limit range can be adjusted direct-
ly, it is preferable to set the alarm to sound immediately when
it is out of the range.

This study on 3 patient monitoring systems has several limi-
tations that should be discussed. First, the participants in our
study were nurses in the Coronary Care Unit and Pulmonology
and Allergy Care Unit, representing only some categories of
patient monitoring device users. Therefore, the results of
this study cannot be applied to other users. Second, a com-
parative study between 1 Mediana device and 1 Philips de-
vice was performed by each institution, so it was not possible
to conduct a comparative analysis between the 2 Philips pa-
tient monitoring devices. Third, compared with other usability
studies [14,21,28] comparing the 3 models, testing of patient
monitoring devices from 2 brands (Medinan and Philips), and
excluding General Electric’s patient monitoring device, may
not be sufficient. However, our intention was to compare it
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