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Abstract: The purpose of this study is to conduct a summative evaluation of the usability of a general-purpose ventila-
tor to determine whether it can be used for its intended purpose in the intended environment by the intended user and
to find possible errors in use. The importance of ventilators has increased due to the accelerated aging of the population
and the impact of the pandemic. In addition, patients who require ventilators are often in critical condition, so even a
small error in use can be fatal. Therefore, it is important to ensure that the ventilator has sufficient stability and can be
used satisfactorily without inconvenience to the user. In this study, we conducted a usability test with 17 respiratory
nurses with more than 3 years of experience using the ventilator. We analyzed the task success rate, satisfaction, and
opinions of the intended users while going through a total of 17 scenarios. Satisfaction was captured through an ASQ
questionnaire and subjective opinions were captured through a detailed opinion questionnaire. The results showed a
high level of satisfaction with an average score of 6.3 for the use scenarios. Evaluators expressed satisfaction with the
overall visibility and versatility of the features, but noted that improvements were needed for calibration tasks with
low task success rates. As the calibration method is different from other equipment, it was suggested that specific
explanations of the calibration method and the picture that appears when calibrating are needed, and that if relevant
training is provided, the equipment can be used without problems. If the usability evaluation is not limited to secur-
ing efficiency and satisfaction from the intended users, but also continuously receives feedback from users to prepare
for use in emergency environments such as pandemic situations, it will be very helpful to seize opportunities such
as emergency authorization in future situations, and ultimately contribute to patient safety by reducing use errors.

Key words: Medical device, Usability Test, General-purpose ventilator, Scenario evaluation
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Table 1. List of Device Types for Which Human Factors Data Should be Submitted for Review

Product Code

Ablation generators LPB, OAD, OAE, OCM, OCL
Anesthesia machines BSZ
Artificial pancreas systems 0Z0, 0ZP, 0ZQ
Auto injectors KZE, KZH, NSC
Automated external defibrillators MKJ, NSA
Duodenoscopes FDT
Gastroenterology-urology endoscopic ultrasound

. IDG
systems with channels
Hemodialysis and peritoneal dialysis systems FKP, FKT, FKX, KDI, KPF, ODX, ONW
Implanted infusion pumps LKK, MDY
Infusion pumps FRN, LZH, MEA, MRZ
Insulin delivery systems LZG, OPP
Negative - pressure wound therapy OKO, OMP
Robotic catheter manipulation systems DXX
Robotic surgery devices NAY
Ventilators CBK, NOU, ONZ
Ventricular assist devices DSQ, PCK

2. HofAp Al g
Table 2. Participants details

Classification Code Age Experience Devices with experience
N1 30s 10+ years NPB, Servo-I, Galileo, Drager
N2 40s 10+ years G5, NPB, Servo-1
N3 30s 3 ~ 5 years G5, NPB, Servo-I, Galileo
N4 30s 5~ 10 years Hamilton, G5, PB980, Servo-i
N5 30s 3 ~ 5 years Servo-I, G5, PB840, PB980
N6 30s 5~ 10 years G5, viasys, PB, Servo-I, Servo-s
N7 30s 5~ 10 years Galileo, NPB, G5, Servo-i
N8 40s 10+ years Galileo, G5, NPB, Servo-i
Particiapants N9 30s 10+ years Servo-I, G5, PB
N10 40s 10+ years Hamilton, PB840, Galileo
N11 30s 5~ 10 years Drager, Hamilton, Resmed
Ni12 40s 5~ 10 years G5, PB, Servo-i
N13 30s 5~ 10 years Servo-s, Servo-1I, G5, PB980
Ni4 30s 10+ years G5
Ni15 20s 5~ 10 years G5, Hamilton, SAVINA
Ni16 30s 5~ 10 years G5, PB, Servo-1, NPB,
N17 30s 10+ years G5, Servo-I, NPB, Galileo
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Table 3. Evaluation Environment

Factor Environment
Place Usability evaluation room 1
Temperature 18~23°C
Humidity 35~T74%
Illuminance 50-1501x

E 4. S B7H AR
Table 4. Procedure of usability test

NIRRT,

J3 1. 9718
Fig. 1. Evaluation Environment
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No Element Description
1 Introduction to Introduce the assessment to participants and obtain their consent to participate in the
participants usability test
2 Training Train the participant on the test device.
Evaluation progress Participants work on the task based on the prompts they’re given, while observers observe
3 and satisfaction and record the participants.
ratings Participants rate their satisfaction with each task as they progress through the test.

After completing the test, the participant completes a questionnaire about specific features
of the ventilator.

4 Survey

Participants will also be interviewed about any errors that occurred during the task and

any other questions they may have.
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Table 5. Hazards and Hazardous Situation (Source : Ministry of Food and Drug Administration Medical Device Information
Portal Adverse Event Information)

Hazard

Hazardous Situation

Cable

*The dial to adjust the inspired oxygen concentration (Fi02)

is loose and unusable.

* Display shaking phenomenon due to clearance due to loosening of fixing screw

+ 02 cell failure alarm sounds and test cannot proceed

+The film connector cable from the board to the display panel is loosely connected, causing the screen to not appear.

0O, Sensor

+ 02 Sensor not measuring
* Equipment self-test fails before use

+ Calibration failed due to defective oxygen sensor
* Continuous high oxygen alarm (02%) sounds during use

* A lower O2 level is output than the O2 level set by the ventilator.

+The value of inspired oxygen concentration (FiO2) in the air is not properly adjusted during use on patients.

Battery

* Low battery alarm even though battery is present

Filter

*When using a nebulizer, the drug is absorbed into the exhalation filter, causing clogging.
+ Expiratory filter clogging due to prolonged use and deposition of foreign substances.
*The exhalation filter is clogged due to penetration of contaminants from drugs and the external environment.

E 6. 131990 2 SR AHEA 1 0]5 BT AZDA D AR A

Table 6. Hazards and Hazardous Situation(Source : U.S Food and Drug Administration Manufacturer and User Facility Device

Experienc

e Database)

A2 79 HloleHo] )

Hazard

Hazardous Situation

02 Calibration

* During patient use, O2 calibration fails and fraction of inspired oxygen (FiO2) appears low.

Touch Screen *The bottom half of the touch screen is unresp

calibration according to the service manual, but

onsive, so I cleaned the screen and performed touch
it did not work.

Alarm malfunction *0O2 Failure alarm occurred while using the de

Tank on the cart, but the alarm persisted.

vice, replaced the connector on the wall with the O2

Device Turn Off

*The device automatically switched to the standby screen and the patient died. Investigation

revealed that it was a human error due to user error.

User Carelessness *Even though the patient took off the mask

occurred, the device alarm was not heard.

arbitrarily and a low pressure/low volume alarm
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Table 7. Severity score
Score Severity level Explanation of severity
1 Negiligible Temporary inconvenience or temporary unpleasantness
2 Minor Temporary injury or damage that does not require medical or surgical intervention.
3 Serius/Major Injury or damage that requires medical or surgical intervention
4 Critical Causes permanent damage or irreparable injury
5 Catastrophic/Fatal Fatal Consequences
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Table 8. Test Scenario

Use Scenario No. Task Critical Task Severity

Taskl Get information about the breathing circuit. 2

Task2 Get information about general precautions.
Check IFU

2
Task3 Get information about managing your products. 2
2

Task4 Get information about accessories.

Anchoring
the cart

—

Task5 Your device's casters are currently unlocked. Please secure the wheels.

Task6 Connect a bacteria filter to the intake port. \ 3

Connecting Connect one end of the short intake tube to the bacteria filter and the
Breathing Task7 other end to a port on the humidification chamber installed on the 2
Circuit medical thermostat.

Task8 Attach the test lung to the flow sensor connected to the dual limb.

Task9 Power on your device.
Task10 Point to the battery level. 1

Select PROX.FLOW from Calibration and connect the breathing circuit
as shown in the figure on the device screen.

Setting

Task11

Task12 Perform a calibration.

Task13 When your progress reaches 100%, finalize your calibration.

Select the item in Calibration as Circuit, and connect the breathing
circuit as shown in the device screen to perform the calibration.

< | 2| 2| <=

Task14

Calibration When you reach 50% progress, press the Proceed to Calibration button to
Task15 . . : N
continue calibration.

The current calibration failed. Please perform the calibration again with N

Task16 the correct method.

When you reach 50% progress, press the Proceed to Calibration button to N

Task17 continue calibration.

Task18 When your progress reaches 100%, finalize your calibration. v 3
Task19 Admit a new patient. 1

Pat.ient Check out the information below
Register Task20 - Limb Type : Dual 1
- Mask Type : ET Tube

Task21 Change your breathing mode to P-ACV.
Task22 Start treatment.
Task23 After making changes to the breathing mode parameters, apply (start) them. \

Breathing
Mode

Measurement Task24 Change Pmean to LE.
information  Tagk25 Point to the I:E ratio.
Task26 Change the BWF to 5 ml/Kg.
Task27 Change the Nebulizer Type to Micro Pump.
Task28 Change the third waveform (Volume) to SpO2.
Task29 Change the graph speed to Fastest.
Task30 Freeze the graph.

System menu

Graph

Task31 Unfreeze a frozen graph.
Task32 Select the suction type as Closed.
Task33 Stop Suction.

Task34 Let the nebulizer run for 30 minutes.

Suction menu

DN || N || === N[N [DND[w ||

Point to a measurement of a characteristic of the patient's lungs, such as

Tools menu  Task35 .
flow rate or resistance.

Task36 Stop the nebulizer. 1
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Table 8. continued

Use Scenario No. Task Critical Task Severity
Task37 Perform one forced breath. 1
Task38 Make sure you have one forced breath. 2
Hotkey
Task39 Perform a screen lock. 1
Task40 Unlock the screen. 1
Quick
settilgfys for Task41 Change the RR to 4 BPM. \ 3
parameters
Task42 Change the alarm volume to 1. \
Task43 Check the audible cues that are currently occurring and snooze the alarm.
Alarm Setup View the visual signals that are currently occurring and point to the areas
Taskad where the visual signals and alarm messages are occurring. 2
Task45 Change the lower bound of RR to 2. \ 3
f;iﬁf; Task46 Check all alarm messages that have occurred to date. 2
Power off Task47 Power off your device. 2
AA| e =t B a4 = g 9 SQ HAAES A 230 et BjAA AFER YERLE ASES A
By AL 4= ofB] a1 o 9 BAIE R Bl A ek g
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Scenario Success rate
B Scenario Success Rate  =====Test goal

100%
] |
80%
70%
60%
50%
40%
30%
20%
10%

0%
Scenl Scen2 Scen3 Scen4 Scen5 Scen6 Scen7 Scen8 Scen9 ScenlOScen1lScen12Scen13Scen14 Scen15 Scenl6Scen17

8 2 AYe|e H5E
Fig. 2. Scenario Success rate
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Table 9. After Scenario Questionnaire Questions

No. Question
Q1 Overall, I am satisfied with the ease of completing the tasks in this scenario.
Q2 Overall, I am satisfied with the amount of time it took to complete the tasks in this scenario.

Q3 Overall, I am satisfied with the support information when completing the tasks.
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Fig. 3. ASQ Questionnaire Results
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Table 10. Satisfaction with critical tasks and number of use error
Scenario No. Critical Task Occurrence Satisfaction
Connecting
Breathing Task 6 Connect a bacteria filter to the intake port. 1 6.69
Circuit
Task 11 S.elec.t PROX.FLQW from Calibration apd connect the breathing 12 5.99
circuit as shown in the figure on the device screen.
Calibration Select the item in Calibration as Circuit, and connect the
Task 14 breathing circuit as shown in the device screen to perform the 6 5.29
calibration.
Breathing Task 23 After making changes to the breathing mode parameters, apply 3 6.02
Mode (start) them.
Quick settings
for key Task 41 Change the RR to 4 BPM. 3 6.81
parameters
Alarm Setup Taks 45 Change the lower bound of RR to 2. 7 6.00

1. 2 Fa Ao oieh AR 2F9 oA
Table 11. Examples of Observed Use Error For Critical Task

Scenario Observed Use Error

Failed to connect to breathing circuit
Calibration An error occurred when the calibration was performed without properly removing the intake/exhaust
tubing or when the calibration button was pressed immediately without connecting the flow sensor.

Can't find a menu to change my breathing mode.

Breathing Mode Changed parameters failed to take effect because the OK button was not pressed

After changing the value, press the OK button once, and then press the X button to disable the change.

Alram Setup Can’t find the Alarm Setup button

17
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Table 12. Detailed Scenario Comments

No. Survey

Participants Opinion

1 Opinion about IFU Check

Lots of redundancy and line-by-line descriptions make it hard to read

The calibration method is different from other equipment, so it is inconvenient,

2 Opinion about Calibration

but if you get used to it, it will be fine.
Figure descriptions are insufficient, and the size of the figure could be larger

Fast compared to other equipment.

3 Opinion about setting

A detailed battery level is good.

4 Opinion on how to shut down a device

Because shutting off the ventilator is a complete end to treatment, it's a good
idea to ask one more time if you want to shut it down.

Opinion on how to secure a cart with
a ventilator on it.

It would be nice if it was made more sturdy and larger, as there is a risk of
breakage of the casters if it is used frequently in a hospital or in an emergency.

or changing the value of a setting.

Opinion on the overall Ul of the system When changing a setting value, it's frustrating to have to press confirm twice
instead of finishing the action with a single touch.
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