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Abstract: According to the COVID-19, development of various medical software based on IoT(Internet of Things)
was accelerated. Especially, interest in a central software system that can remotely monitor and control ventilators
is increasing to solve problems related to the continuous increase in severe COVID-19 patients. Since medical
device software is closely related to human life, this study aims to develop central monitoring system that
can remotely monitor and control multiple ventilators in compliance with medical device software devel-
opment standards and to verify performance of system. In addition, to ensure the safety and reliability
of this central monitoring system, this study also specifies risk management requirements that can iden-
tify hazardous situations and evaluate potential hazards and confirms the implementation of cyberse-
curity to protect against potential cyber threats, which can have serious consequences for patient safety.
As a result, we obtained medical device software manufacturing certificates from MFDSMinistry of Food
and Drug Safety) through technical documents about performance verification, risk management and
cybersecurity application.The purpose of this study is to conduct a usability assessment to ensure that
ergonomic design has been applied so that the ventilator central monitoring system can improve user sat-
isfaction, efficiency, and safety. The rapid spread of COVID-19, which began in 2019, caused significant
damage global medical system. In this situation, the need for a system to monitor multiple patients with
ventilators was highlighted as a solution for various problems. Since medical device software is closely
related to human life, ensuring their safety and satisfaction is important before their actual deployment
in the field. In this study, a total of 21 participants consisting of respiratory staffs conducted usability
test according to the use scenarios in the simulated use environment. Nine use scenarios were conducted
to derive an average task success rate and opinions on user interface were collected through five-point
Likert scale satisfaction evaluation and questionnaire. Participants conducted a total of nine use scenario
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tasks with an average success rate of 93% and five-point Likert scale satisfaction survey showed a high
satisfaction result of 4.7 points on average. Users evaluated that the device would be useful for effectively
managing multiple patients with ventilators. However, improvements are required for interfaces asso-
ciated with task that do not exceed the threshold for task success rate. In addition, even medical devices
with sufficient safety and efficiency cannot guarantee absolute safety, so it is suggested to continuously
evaluate user feedback even after introducing them to the actual site.
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Table 1. Classification of participants

Classification Code Age Experience
P1 50 to 60 years 30 years
P2 40 to 50 years 12 years
P3 30 to 40 years 6 years
P4 30 to 40 years 1 years
P5 40 to 50 years 12 years
P6 40 to 50 years 16 years
P7 40 to 50 years 20 years
P8 40 to 50 years 18 years
P9 40 to 50 years 15 years
P10 30 to 40 years 4 years
Participants P11 30 to 40 years 10 years
P12 30 to 40 years 6 years
P13 30 to 40 years 14 years
P14 30 to 40 years 5 years
P15 30 to 40 years 5 years
P16 30 to 40 years 14 years
P17 40 to 50 years 17 years
P18 40 to 50 years 16 years
P19 30 to 40 years 8 years
P20 30 to 40 years 5 years
P21 30 to 40 years 9 years
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Table 3. Procedure of usability test

No. Procedure Description
1 Screening - Check the criterion for recruiting participants
2 Training - Provide guidance on test to participants in advance
3 Test - Conduct safcisfactiqn evaluation o )
Record all interactions of the participants, use errors, and task completion
4 Survey -Survey related to improvements of user interfaces
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Author

Average of task

Title
success rate

Usability assessment of Versius, a new robot-assisted surgical device for use

Fiona Haig et al. [14] . - 90%
in minimal access surgery
Usability Testing of a Patient-Centered Mobile Health App for Supporting

Jessica Rochat et al. [15] and Guiding the Pediatric Emergency Department Patient Journey Mixed 97.4%
Methods Study

Marissa Bird et al. [16] A noygl hospl.tal-to-home system for children with medical complexities 80%
usability testing study

. .. Effect of virtual reality and test environment on user experience, usability, o
Niels Hinricher et al. [17] and mental workload in the evaluation of a blood pressure monitor 8%
Templier, F. et al. [18] Evaluation of the ventilator-user interface of 2 new advanced compact 85.6%

transport ventilators
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Table 5. Task list
Use Scenario NO Task Risk
Patient Task 1 Search for registered devices. 1
Register Task 2 Add the patient monitoring display in the first column of the first row. 1
Task 3 Change the screen to the max-number patient monitoring screen. 1
Dl\i/?gézy Task 4 Move the patient display you are monitoring by one space to the right. 1
Task 5 Automatically align the patient displays you are monitoring by bed number. 1
Task 6 Open the Zoom-in screen. 1
Task 7 Check the ventilation mode is V-ACV. 2
Zoom In Task 8 Stop the waveform. 1
Task 9 Check the graph data by moving the lines on the stopped waveform. 1
Task 10 Close the Zoom-in screen. 1
Numeric Task 11 Open the Numeric parameter settings window. 1
Parameter Task 12 Change the PEEP button to the VE MIN button. 3
Settings Task 13 Close the Numeric parameter settings window. 1
Task 14 Open the Waveform settings window. 1
Wsagtif?ém Task 15 Change the Volume button to the Empty button. 3
Task 16 Close the Waveform settings window. 1
Task 17 Set the volume of the alarm to level 3. 2
Task 18 Check the visual and auditory alarms that are occurring. 3
Task 19 Pause the audible alarm for two minutes. 3
Algfriagjs ifc(ierﬁgs Task 20 Open the Parameter alarm settings window. 1
Task 21 Change the upper limit of VE MIN to 15. 3
Task 22 Close the Parameter alarm settings window. 1
Task 23 Disable the audible alarm. 4
Task 24 Open the Trend review window. 1
Task 25 Change PEEP to VE MIN 1
Task 26 Check the data from the past hour in the table. 3
Trend Review Task 27 Check the table for data at the desired time zone by arbitrarily moving the vertical line. 1
Task 28 Check the table for the most recent data. 3
Task 29 Download the data for the parameters you want for the day to a chart file. 2
Task 30 Open the chart file and check the graph. 1
Task 31 Close the Trend review window. 1
Task 32 Check out recent events for the entire patient. 3
Task 33 Open the Event review window. 1
Event Review  Task 34 Check out the events that have occurred to date. 3
Task 35 Check the details of the most recent event in the patient’s events. 3
Task 36 Close the Event review window. 1
Patient Discharge Task 37 Discharge the patient. 1
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Failure of monitor display renders instrument Life-threatening Task 12

. L 1 3 3

inoperable. injury Task 15
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or stored. injury as
Task 34
Task 35

Audible or visual alarm not generated when it Llfe-thlqeatemng 1 3 3 Task 18

should have been. injury

User creates a condition that prevents audible alarm Death 1 4 4 Task 19

from that prevents audible alarm from being heard. Task 23

If a user sets incorrect alarm range not appropriate to ;. .

a patient condition, the clinician may not be aware of Llfe-ti}rlllqlelitemng 1 3 3 Task21

danger of the patient caused by the failure of alarm. Jury
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Table 7. Success rate by use scenario

Success rate of task

Success rate of

Use scenario NO .
C CI NC Success Rate scenario
Patient Register Task 1 16 ! § 81% 86%
Task 2 19 0 2 90%
Task 3 18 1 2 90%
Display Mode Task 4 21 0 0 100% 87%
Task 5 15 0 6 71%
Task 6 20 0 1 95%
Task 7 21 0 0 100%
Zoom In Task 8 17 0 4 81% 92%
Task 9 19 0 2 90%
Task 10 20 0 1 95%
Task 11 16 0 5 76%
Numeric Parameter Task 12 18 2 1 95% 90%
Settings
Task 13 21 0 0 100%
Task 14 21 0 0 100%
Waveform Setting Task 15 21 0 0 100% 100%
Task 16 21 0 0 100%
Task 17 13 2 6 71%
Task 18 21 0 0 100%
Task 19 19 1 1 95%
Parameter Alarm Task 20 19 1 1 95% 93%
Settings
Task 21 21 0 0 100%
Task 22 21 0 0 100%
Task 23 16 3 2 90%
Task 24 21 0 0 100%
Task 25 20 1 0 100%
Task 26 21 0 0 100%
Trend Review Task 27 20 ! 0 100% 99%
Task 28 21 0 0 100%
Task 29 16 3 2 90%
Task 30 21 0 0 100%
Task 31 21 0 0 100%
Task 32 21 0 0 100%
Task 33 21 0 0 100%
Event Review Task 34 21 0 0 100% 100%
Task 35 21 0 0 100%
Task 36 21 0 0 100%
Patient Discharge Task 37 19 0 2 90% 90%

2.M 8 2F
BrHAo] 24T g

A
=

i
S

KeX

2 Fof AME BrHeIA

)AL Hro g AT AFE 027} uhEl Yol Table

8ol AJA|

t3ic}. Patient Register Y Display Mode AJL ¢

[€)

371



AT IAFARAN AT 2ZEG o) SIak A8 AT SR TR - 52§ A9 - A9
E 8 A 0F 3 0F Y
Table 8. Use error and reason of error
Use Scenario Task Participants Reason
Task 1 Pop-up of Top Menu approach
) Search for registered devices. P4, N1, N2, N15 is difficult.
Patient Tack 2
Register as )
Add the patient monitoring display in the first P4, N8 .Pop. up of Top Menu approach
is difficult.
column of the first row.
Task 3
Change the screen to the max-number patient P3, N2 _Pop.-u_p of Top Menu approach
o, is difficult.
Display monitoring screen.
Mode Task 5 . . . . P4, N1, N2, N7 Pop-up of Top Menu approach
Automatically align the patient displays you are S RGP
. N10, N11 is difficult.
monitoring by bed number.
Task 6 N15 Context Menu approach is
Open the Zoom-in screen. difficult.
Task 8 P1, N1, N6, N11 The button lacked intuition.
Stop the waveform.
ZoomIn  mack 9 s .
Check the graph data by moving the lines on the P5, N2 ’_I‘he VI.SI.blhty of the line is
insufficient.
stopped waveform.
Task 10 . N2 The button lacked intuition.
Close the Zoom-in screen.
) Task 11 P1, P4, P5, N2, Context Menu approach is
Numeric Open the Numeric parameter settings window. N11 difficult.
Parameter Tank 12
Settings as ; i
Change the PEEP button to the VE MIN button. N1 The text is unfamiliar.
Task 17 P1, P3, P4, P5, Context Menu approach is
Set the volume of the alarm to level 3. N2, N15 difficult.
tack 19 N The mesoing oo Bvtim
Parameter Pause the audible alarm for two minutes. SINg a s
Alarm unfamiliar.
Settings  Tagk 20 N2 Context Menu approach is
Open the Parameter alarm settings window. difficult.
Task 23 N1. N2 The visibility of the button is
Disable the audible alarm. ’ insufficient and text is unfamiliar.
Trend Task 29
Revi Download the data for the parameters you want for N1, N2 The text is unfamiliar.
eview .
the day to a chart file.
Patient  Task 37 . -
Discharge Discharge the patient. P4, N10 The text is unfamiliar.
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Table 9. Scenario satisfaction score

8H 2 AR Vo] gk BAISkE 71l Hside S
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A ol oS- Yol geb) o] 32 48T
© lEcE A we 4R Algo] wasits o4

Use Scenario NO Satisfaction evaluation Items Satisfaction score
Patient 1  Are you satisfied with the way you search for registered devices? 4.38+£0.74
Register 2 Do you think it is easy to add a patient monitoring display to a blank display? 4.71 £ 0.56

3 Do you think it is easy to change the number of arrangements on the screen? 4.62+0.74
Do you think it is easy to monitor the patient display in the form of
4 . 4.76 + 0.44
. max-number patient arrangement?
Display Mode — - - - -
5 Do you think it is easy to move the patient display to the desired location? 4.71+0.9
Do you think it is easy to automatically sort the patient monitoring
6 . . 4.9+ 0.44
displays in bed number order?
7 Do you think it is easy to zoom in on the patient monitoring display? 4.9+0.3
8 Are you satisfied with the function to stop the waveform? 4.67+0.58
Zoom In
Do you think it is convenient to check graph data by moving the lines on
9 4.57+ 0.68
the stopped waveform?
Numeéitf’i::lrg:zmeter 10 Do you think it is easy to change the type of numeric parameter? 4.62 £+ 0.59
Waveform Setting 11 Do you think it is easy to change the type of waveform data? 4.71 £ 0.64
12 Are you satisfied with the function to set alarm limits for individual patients? 4.9+0.3
Parameter Alarm Do you think it is convenient to change the value by clicking the arrow
- 13 U 4.81+0.4
Settings button or entering it directly?
14 Do you think it is easy to change the alarm volume? 4.76 + 0.54
15 Do you think it is easy to check data trends over time for individual patients? 4.62 £ 0.59
16 Are you satisfied with the function to drag and drop vertical lines to 457+ 0.81
) check data in the table for the desired time zone? ) :
Trend Review — - - -
17 Do you thmk it is easy to check the data in that time zone by selecting a 462+ 0.67
date and time?
18 Do you think it is convenient to export data trends in chart or Excel format? 4.71 £ 0.56
19 Do you think it is easy to check the events of all patients? 4.52+0.98
Do you think it is easy to check the events of individual patients that
. 20 4.81+0.4
Event Review have occurred so far?
Are you satisfied with the function to check details such as the time, type
21 4.57+0.98
and content of the event?
Patient Discharge 22 Do you think it is easy to discharge a patient? 4.52+0.75
Overall 23 Please evaluate the overall satisfaction of the device. 4.67+0.48
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Table 10. Summary of opinions by survey item

12 13 14 15 16 17 18 19 20 21 22 23

NO Survey Items

Opinions of users

Opinion on patient monitoring display

-Since the patient is identified by bed number, the way to
arrange the display is preferred to arrange automatically

1 alignment and arrangement in bed number.
g & -Since the number of patients in the intensive care unit is
usually around 15, 4 X 4 type display alignment is preferred.
2 Opinion on the ne ed for password identification This function is necessary for the safety of patients.
after setting ventilator mode and control parameters
3 Opinion on the function to display four recent Since the alarms go off very often in the intensive care unit,
alarms for all patients being monitored the recent alarms should be marked much more four.
4 Opinion on how to check trend data for individual  This function is useful because the flow of the patient’s
patients condition is important.
5 Opinion on the function to apply the alarm limits This function is useful and convenient that alarms can be

set by the system and the ventilator to each other

managed centrally

Opinion on the overall Ul of the system and the
6 improvements needed when compared to third-party
central monitoring system

Overall, it seems intuitive and very useful in terms of data
collection, and the function to monitor ventilators centrally
is easy to use.
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