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Abstract: Cardiopulmonary resuscitation (CPR) is an emergency procedure performed on a person
experiencing cardiac arrest to manually preserve brain function until spontaneous breathing and
blood circulation can be restored. If performed timely and properly, it can improve the survival
rate of a person experiencing cardiac arrest. The promotion of CPR has always been an important
task for countries around the world. Countries around the world often hold relevant study camps
and seminars to improve the public’s awareness of CPR. On the basis of this rationale, this paper
proposes an interactive teaching aid kit for CPR that uses a CPR manikin and tutoring software to
facilitate CPR learning among trainees. The CPR manikin is equipped with sensors that determine
whether the CPR steps are performed correctly. Data from the sensors are sent to the tutoring software
through wireless transmission. The software provides video demonstrations and textual instructions
concerning the standard CPR procedure. In this software, the interactive interface displays real-time
information about the trainee’s CPR process, such as information on the CPR step being performed
and the number of chest compression and breaths given. Thus, this teaching aid kit allows trainees to
learn CPR without an instructor. This system may enable CPR to become a readily learnable skill for
the general population.

Keywords: cardiopulmonary resuscitation (CPR); sensor; interactive interface; teaching aid

1. Introduction

Cardiopulmonary resuscitation (CPR) is an emergency procedure performed on a
person experiencing cardiac arrest to manually preserve brain function until spontaneous
breathing and blood circulation can be restored. CPR is not a single technique; it encom-
passes a series of assessments and interventions [1]. Cardiopulmonary resuscitation (CPR)
has been widely practiced since the clinical utilization of closed chest massage was first
reported in 1960 [2]. Patients receiving CPR within 4 min of a cardiac arrest and advanced
cardiac life support (ACLS) within 8 min of the life-threatening condition exhibit a survival
rate as high as 43% [3]. According to data from the American Heart Association (AHA),
more than 135 million deaths due to cardiovascular diseases are registered in the world
each year [3]. Therefore, promoting CPR and developing a robust emergency care strategy
can reduce mortality rates caused by this condition.

In 2020, the International Consensus on CPR and Emergency Cardiovascular Care
Science with Treatment and Recommendations, which is developed by the International
Liaison Committee on Resuscitation (ILCOR), published updated recommendations and
guidelines for CPR [4]. In the ILCOR resuscitation guidelines, the supports of the important
relationship between quality of CPR and resuscitation outcomes have been highlighted [4,5],
and two key recommendations are the use of real-time audiovisual feedback as a means
to maintain CPR quality and the importance of early initiation of CPR by bystanders [6].
Therefore, in order to raise awareness of the importance of CPR in early childhood educa-
tion [7], mandatory training of schoolchildren would be an important measure [8,9]. On
the other hand, the introduction of CPR training in schools has been also advocated by the
World Health Organization [8]. To equip students with the skills and knowledge necessary
to prevent deaths from cardiac arrest, the Ministry of Education (MoE) of Taiwan required

Processes 2022, 10, 1515. https:/ /doi.org/10.3390/pr10081515

https://www.mdpi.com/journal /processes


https://doi.org/10.3390/pr10081515
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/processes
https://www.mdpi.com
https://orcid.org/0000-0003-2289-5709
https://doi.org/10.3390/pr10081515
https://www.mdpi.com/journal/processes
https://www.mdpi.com/article/10.3390/pr10081515?type=check_update&version=2

Processes 2022, 10, 1515

2 of 21

educational institutions at the secondary level or above to launch CPR training programs
for would-be CPR instructors, and that all students should receive a total of 4 h of CPR
education in each academic year. This will enable them to learn, apply, and master CPR
and thus receive CPR certification. As of now, 85% of students at the secondary level or
above should receive CPR education, and that 90% of school nurses and nursing teachers
should receive CPR training and repeat it once at least every 2 years.

CPR education can be disseminated through different methods. As early as elementary
school, students learn about CPR through videos, and through this teaching method,
students gain an adequate understanding of the emergency procedure [6]. To enable the
general public to apply CPR in a cardiac emergency, the digital learning methods for CPR
are also becoming more and more diverse [10-27]. Some of the works are the technological
solutions when teaching and practicing CPR technique [10-15], and some of the works
are the medical applications of virtual reality topic [16-20]. Some studies have proposed
approaches that enable students to learn CPR without an instructor, such as the applications
of the interactive game, serious game, VR, and AR [10,16-31]. As performing CPR requires
a focus on precision, it is essential to assess the precision of CPR maneuvers initiated
through measurement devices such as a Kinect-based system and Leap Motion [10,25-27].
This system uses a camera to determine whether CPR maneuvers are correctly performed;
however, it needs to be more interactive. To address this limitation, a Kinect-based system
with sensors and augmented reality functionality has been developed [27]; this system
reduces the need for the trainee to adopt instinctive learning or to seek instruction from
others. Due to the recent COVID-19 pandemic, VR is one of the alternative training options
that has gained attention regarding CPR training [28]. Kuyt et al. emphasize the widespread
use of VR in medical education and CPR because VR has shown to enhance performance
and increase engagement [29]. Jeffers et al. developed and tested an augmented reality head
mounted display chest compression (CC) feedback system (AR-CPR) designed to provide
real-time CC feedback and guidance [30]. Stumpf et al. aim to develop and validate an
application for smartphones which can provide real-time audiovisual and haptic feedback
on determinants of CPR quality [31].

Automated real-time feedback devices have been considered a potential tool to im-
prove the quality of CPR. Although many researches have supported the usefulness of
such devices during training, do automated real-time feedback devices improve CPR
quality [32]? In that paper, the authors aim to assess the effectiveness of artificial real-time
feedback devices for improving CPR performance during training, simulation and real-life
resuscitation attempts in the adult and pediatric population [30,33-38]. In the conclusion
of that paper, the use of automated real-time feedback devices enhances skill acquisition
and CPR performance during training of healthcare professionals is proposed. Thus, we
can know the automated real-time feedback devices could improve CPR quality. Although
the cost of the automated real-time feedback device is higher compared with the CPR
learning software on the market, such as interactive games, serious games, VR, and AR,
the hardware operation can have more practical interactive learning effects. Through the
automated real-time feedback device, the user can instantly know whether the operation is
correct or not, and then adjust the action of CPR operation. For this reason, everyone can
use the automated real-time feedback device learn the CPR operations of self-learning.

On the basis of previous studies, this paper presents an interactive teaching aid kit
for CPR that uses a CPR manikin and tutoring software to facilitate CPR learning among
trainees. The manikin is equipped with sensors that measure data on CPR maneuvers
and sends the measurement data to the tutoring software through wireless transmission.
Subsequently, the interactive user interface (UI) of the tutoring software displays real-time
information to the trainee about how CPR steps are initiated and whether CPR maneuvers
are performed accurately. Such interactive learning reduces the time required to familiarize
oneself with the CPR manikin and allows the trainee to self-learn CPR by accessing video
demonstrations, textual instructions, and tips through the interactive Ul The software
enables not only instruction modes but also Practice and Assessment modes. In the Practice
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mode, the trainee can practice the CPR steps they are unfamiliar with. In the Assessment
mode, the trainee is evaluated according to the criteria developed by Chinese Emergency
Medicine Educator Association. Once a CPR test is completed, the test result appears in the
numerical format and indicates whether the trainee has passed the test. The trainee can
access previous test results to check the score obtained and the number of errors made in
each test. These records provide the trainee with an understanding of the CPR steps they
must improve on. The trainee can practice these steps in the Practice mode.

2. Framework of the Interactive Teaching Aid Kit for CPR

The proposed interactive CPR teaching aid kit comprises a CPR manikin (consisting
of a manikin module, sensor module, and central processing unit (CPU) and interactive
CPR tutoring software (composed of a wireless transmission module and interactive Ul
module). Figure 1 is the framework of the teaching aid kit.

—» CPR manikin module
Teaching aid kit .
> for CPR manikin » Sensor module
Infcewcﬂve T.ea::hmg Aid L, PU module
Kit for Cardiopulmonary —
Resuscitation . Wireless transmission
Interactive CPR | | module
tutoring software L, Interactive interface
module

Figure 1. The framework of the teaching aid kit for CPR.

2.1. Teaching Aid Kit for CPR Manikin

The teaching aid kit for CPR manikin is divided into three units, namely the CPR
manikin module, the sensor module and the CPU module. The CPR manikin module,
which is Resusci Anne, allows to perform CPR steps. The sensor module detects whether
CPR steps are accurately performed. The CPU module measurement data received from
the sensor module delivers the computation results to the interactive CPR tutoring software
through wireless transmission.

In the CPR steps, we use “check, called, CABD”. It is based on the ILCOR resuscitation
guidelines in 2020. The steps are as follow: assess the responsiveness of the patient,
call for help, and perform the circulation, airway, breathing, and defibrillation (CABD)
sequence. Specifically, before starting CPR, check the patient’s responsiveness. If the
patient is unresponsive, call for help by dialing 911 immediately to reach a local paramedic
unit, and ask anyone nearby to look for an automated external defibrillator (AED). Before
an AED is retrieved and an ambulance arrives, perform CPR on the patient in CABD
sequence. “C” is for circulation: assess the presence or absence of oxygen circulation; if
the patient is not breathing, perform chest compressions on the heart. “A” is for airway:
place one hand on the forehead and the other hand under the tip of the chin to tilt the
patient’s head backward, thereby opening the airway. With the head in the tilt position,
clear any obstructions of the mouth. “B” is for breathing: perform artificial respiration
through 30 repeated chest compressions followed by two breaths at a rate of one breath
every second. “D” is for defibrillation: once an AED is available on scene, follow the
instructions for the AED to restore a normal heart rhythm. Once all cycles are completed,
check whether the patient has started to breath or regain consciousness. If the patient
has not regained to breath, continue chest compressions until an AED is retrieved. The
following is the process description of CPR.
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Check: Assess the patient’s responsiveness;

Call 911: If unresponsive, call for help;

Compressions: Give 30 gentle chest compressions at the rate of 100-120/min. Use
two or three fingers in the center of the chest just below the nipples. Press down
approximately one-third the depth of the chest (about 1 and a half inches);

e Airway: Open the airway using a head tilt lifting of chin. Do not tilt the head too
far back;

e  Breathing: Rescue breathing starts after the 30 compressions, when the airway is
open. Someone doing rescue breathing breathes for the victim by forcing air into the
lungs; and

e  Defibrillation: When the second rescuer returns, have them follow the AED prompts,
apply AED pads and help with CPR.

2.1.1. CPR Manikin Module

The CPR manikin module of Resusci Anne (Figure 2), which was named after a
12-year-old daughter who drowned in a beach and was developed by her father (a physician
and toy factory owner) to promote CPR. Resusci Anne has an automatically closing airway,
a movable neck, a realistic chest compression feeling, a chest that contracts naturally when
artificial respiration is performed, and a body in proportion to the actual human body.
Resusci Anne is designed in such manner that enables the trainee to learn how to apply
chest compression with proper strength and to acquire crucial CPR skills. The manikin
comprises an airway (to oral and nasal passages) and a thoracic cavity. When the trainee
tilts the head of the manikin backwards and breathes correctly into its mouth, the air inflates
its thoracic cavity. In this way, when the trainee applies chest compressions on the correct
position, the air is released from the cavity—an indication of a proper CPR procedure.

Figure 2. The manikin module of Resusci Anne.

2.1.2. Sensor Module

The sensor module consists of an analog piezoelectric ceramic shock sensor, thin-film
keyboard, ultrasonic sensor, pressure sensor, gyro sensor, atmosphere sensor, magnetic
sensors, and light-emitting-diode (LED) indicator bars. These sensors collect data on the
CPR maneuvers performed on the manikin by the trainee. These data are subsequently
delivered to the interactive tutoring software and used to determine whether the maneuvers
are properly performed.

1. Analog piezoelectric ceramic shock sensor

The analog piezoelectric ceramic shock sensor (Figure 3) is attached to both shoulders
of the manikin module. It detects whether the trainee has patted the shoulders of the
manikin to assess the patient’s responsiveness in a simulated cardiac arrest environment.
The circuit of the sensor remains open and—when the manikin is patted on the shoulder,
with the force of the patting delivered to the center of the sensor—switches to the closed
state, sending positive values (or zero values, if otherwise) to the CPU.
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Figure 3. The analog piezoelectric ceramic shock sensor.

2. Thin-film keyboard

Attached to a side of the abdomen of the manikin, where the trainee performs CPR,
the thin-film keyboard (Figure 4) allows the trainee to call an ambulance in a cardiac arrest
scenario. The trainee needs to press 911 and the pound key (#) on the keyboard to send out
a request for immediate medical attention. The keyboard has an 8-PIN connector.
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Figure 4. The thin-film keyboard.

3.  Ultrasonic sensor

Attached in the center of the chest below the nipple line, the ultrasonic sensor (Figure 5)
estimates the depth of chest compression and determines whether the trainee performs the
compression at a standard depth of up to 5 cm.

. Ping
P
Echo

Attached in the center of the chest above the nipple line the pressure sensor (Figure 6)
determines whether the trainee’s hands are placed correctly for CPR.

Figure 5. The ultrasonic sensor.

4.  Pressure sensor

Y

Figure 6. The pressure sensor.
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5. Gyro sensor

Installed in the head of the manikin, the gyro sensor (Figure 7) determines whether
the trainee, while performing the “A” (airway) step in the CABD sequence of CPR, presses
the forehead and lifts the chin in a manner that straightens the airway to send air into
the lungs.

B:
+Y By

Barometric Pressure

+Y

Bx

+X +X
Figure 7. The gyro sensor, hall magnetic sensor, and barometric pressure sensor.

6. Hall magnetic sensors

The hall magnetic sensors (Figure 7) are attached to the right side of the chest and the
left side of the abdomen, where AED pads are typically placed. The sensors are activated
during the “D” (defibrillation) step in the CABD sequence of CPR.

7. Barometric pressure sensor

Installed in the air bag of the manikin, the barometric pressure sensor (Figure 7)
determines whether the breath is successfully provided into the manikin (to expand the
thoracic cavity) during the “B” (breathing) step in the CABD sequence of CPR.

8. LED indicator bars

LED indicator bars are attached below each of the aforementioned sensors. They are
activated when a CPR step detected by a given sensor is performed. The bars help to
identify the CPR steps being performed and facilitate CPR training.

2.1.3. CPU Module

The Arduino Mega (Figure 8) is used as the CPU to collect measurement data from
all sensors, compute the data into useful information, and standardize the information
into a series of Bluetooth sequences to ensure that no data packets are lost. The CPU
sends the information through Bluetooth to the interactive CPR tutoring software, which
subsequently displays real-time feedback information in the form of graphs. These graphs
indicate the number of CPR movements repeated by the trainee and whether the trainee’s
hand position for CPR is correct.

MADE IN
ITALY

Figure 8. The Arduino Mega.
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2.2. Interactive CPR Tutoring Software

The interactive CPR tutoring software is used to present the real-time user operation
information and give appropriate teaching and prompting, as shown in Figure 9. The inter-
active CPR tutoring software comprises the following modules: (1) wireless transmission
and (2) interactive interface. The wireless transmission module delivers all CPU-processed
data to the interactive interface module. The interactive interface module displays real-time
information about the CPR process to the trainee—such as the current CPR steps performed,
the number of chest compressions or breaths given, and whether AED pads are placed
correctly—as well as provides CPR instructions.

Figure 9. The interactive CPR tutoring software schematic.

2.2.1. Wireless Transmission Module

The wireless transmission module functions as the interface between the CPR manikin
and the interactive CPR tutoring software. It uses a Bluetooth module to send the CPU-
processed data to the interactive interface module.

2.2.2. Interactive Interface Module

The interactive interface module is the user interface of CPR manikin, and called
the interactive CPR tutoring software (Figure 10). This module displays the interactive
information with the device on a computer screen. The interface initially shows a home
page with the menu on the left-hand side (Figure 11). The menu includes the following
items: (1) the modes of “Instruction,” “Assessment,” and “Practice”; (2) “Help” (providing
instructions on how to operate the software); and (3) “Exit.” The interface comprises the
sections of “Menu,” “Video Instruction,” “Textual Instruction,” “Real-Time Graph,” and
“Bluetooth Sequence Display.”

The Menu section is located on the left-hand side of the interface, and the trainee has to
select the Instruction, Assessment, or Practice mode. “Start,” “Stop,” and “Exit” functions
are built into each mode. The video instruction section is located on the center-left of the
interface; it replays a demo clip about the CPR step being performed and hides the clip
only in the Assessment mode. The candidate can access the test result by entering his or
her name in the Assessment mode. The textual instruction section, which is located on the
upper-right of the interface, displays information on the CPR step being performed. The
information includes the number of chest compressions and breaths given by the trainee.
The Real-Time Graph section is located on the lower center-left of the interface; it receives
the CPU-processed data through the Bluetooth module and displays them as the trainee
performs CPR on the manikin. The Bluetooth Sequence Display section, located on the
right corner of the interface, monitors whether any Bluetooth packets related to the CPR
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steps are lost. If a Bluetooth packet related to a CPR step is lost, the section ignores the
data. Figure 12 presents all CPR steps and their corresponding sensors contained in the
proposed interactive teaching aid kit for CPR.

Interactive CPR tutoring software - O X

| € Interactive CPR tutoring software - o x|

Please select a mode from the menu.

Figure 11. The user interface of the interactive CPR tutoring software.
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*Tap the shoulder 2 times.
(Analog piezoelectric ceramic shock sensor)

¢|f unresponsive, call for help.
(Thin-film keyboard)

*Give 30 gentle chest compressions at the rate of 100-120/minute.
(Ultrasonic sensor)

*Open the airway using a head tilt lifting of chin.
(Gyro sensor)

*Rescue breathing starts after the 2 compressions.
(Barometric pressure sensor)

Breathing

*Apply AED pads and help with CPR.
(Hall magnetic sensors)

Defibrillahon

€E€€<€K

Figure 12. The CPR steps and their corresponding sensors.

1.  The instruction mode

The instruction mode (Figures 2-15) offers a comprehensive course on CPR and
introduces all the six steps in the emergency procedure. The steps are: (1) check (assess the
patient’s responsiveness), (2) call 911 (call for help), (3) circulation, (4) airway, (5) breathing,
and (6) defibrillation (the last four steps are named by the acronym “CABD”). In the first
step, the trainee pats the shoulders of the manikin to determine the patient’s responsiveness
in a simulated cardiac arrest environment. In the next step, the trainee presses on the pound
key of a keyboard to dial 911 to call for an ambulance. Once the second step is performed
correctly, the trainee performs 30 compressions—each at a depth of up to 5 cm—on the
center of the chest between the nipples. Thereafter, the trainee tilts the head of the manikin
backward for 5 s to allow the airway to remain open. The trainee subsequently breathes
into the mouth of the manikin, giving two breaths at a time. In this step, the trainee must
ensure that the chest inflates noticeably. Finally, the trainee attaches the two magnetic
adhesive pads of a self-designed AED each to the right side of the chest and the left side
of the abdomen of the manikin. Figure 13 shows the flowchart of the instruction mode.
Figure 14 shows the user interface of the instruction mode.

Installed in different positions on the body of the manikin, LED indicator bars are
activated when the trainee pats the shoulders to assess responsiveness, applies compression
on the center of the chest between the nipples, and attaches the pads of the AED each to
the right side of the chest and the left side of the abdomen.
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Start —> Check Airway
Tap the
shoulder 2 N Open the
i airway.
times.
Call 911 Breathing
Rescue
Call for help. N breathing 2
times.

Y Y

Circulation Defibrillation
Give 30
gentle chest N Apply AED. YH End

compressions

Y

Figure 13. The flowchart of the instruction mode.

Interactive CPR tutoring software

Open the airway .
using the head-tilt, [RallllClE

chin-lift maneuver. Open the airway

using a head tilt lifting of chin.

Information —

5->2550018 48
55255001

Figure 14. The user interface of the instruction mode.
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Start —_—> Choose step <

Do step

Finished the
step.

!

End 2 l\ | Continue to Y_

practice.

Figure 15. The flowchart of the practice mode.

2. The practice mode

The practice mode allows the trainee to practice any of the six CPR steps until he or
she exits the mode or chooses a different step. The user interface of the practice mode
difference from the instruction mode is that the upper left menu is changed to the CPR
step options. Similar to the instruction mode, LED indicator bars are activated when the
trainee pats the shoulders of the manikin, compresses the chest, and attaches AED pads to
the right side of its chest and the left side of its abdomen. Figure 15 shows the flowchart of
the instruction mode.

3.  The assessment mode

The assessment mode displays the CPR step being initiated and a graph of the real-time
results. The user interface of the assessment mode difference from the practice mode is that
the video Instruction is turned off. It also presents the number of movements performed
for a given CPR step and whether the step is performed correctly or incorrectly. By contrast,
the instruction and practice modes only show the number of correctly performed steps.
Once a CPR test is completed, the mode generates a score of the test and indicates whether
the trainee has passed the test. The user’s score of the test is saved in the database of
the software. Previous test scores, coupled with the number of errors made in each CPR
step, can be accessed through the interface of the assessment mode. The score sheet of the
assessment mode is shown as Table 1. Moreover, the test results can be retrieved for one or
multiple test-takers. The results of a given test-taker can be searched by the name alone or
by both the name and test date. The results of multiple test-takers can be searched by date
or without any particular date, whereby results on all test dates are provided.

2.3. Interactive Teaching Aid Kit for CPR

The interactive teaching aid kit for CPR consists of not only a manikin equipped with
a range of sensors but also a thin-film keyboard and a self-designed AED (Figure 16).
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Table 1. The score sheet of the assessment mode.

Step Action Deduct Score
Check Operation time exceeds 10 s 10
Call 911 Operation time exceeds 10 s 10

Compression depth less than 5 cm 2
Not reaching the compression at the rate of 100-120/minute 16
C The chest does not return to its original position 2
The interruption time exceeds 10 s 32
Incorrect position of the chest compression 32
A Operation time exceeds 15 s 16
B Blow time less than 1s 8
Blowing too much or too little 8
D Incorrect position of the AED patch 10

Figure 16. The interactive teaching aid kit for CPR.

To increase their brightness, all the LED indicator bars are fastened with Velcro to
the shoulders (corresponding to the step of assessing responsiveness before the CABD
sequence of CPR is initiated), the center of the chest between the nipples (corresponding
to the “C” step in the CABD sequence of CPR), and the right side of the chest and the left
side of the abdomen (corresponding to the “D” step in the CABD sequence of CPR). The
indicator bars for the defibrillation step can be attached using magnetic AED pads to the
correct positions on the manikin, because the Real-time Graph section in the interactive
tutoring software indicates the positions of the pads. Figure 17 depicts all LED indicator
bars in action.

Figure 17. The LED indicator bars for CPR.
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Figure 18 shows the sensors installed inside the CPR manikin. The magnetic sensors
and LED indicator bars are attached beneath the skin of the manikin because of the limited
detection ranges and LED brightness (Figure 19). A self-designed AED with two magnetic
pads (Figure 20) that match the magnetic sensors inside the manikin is also included in the
teaching aid kit. Attached with a powerful magnet, the pads can be easily matched to the
sensors, which are installed on the standard positions for defibrillation.

Figure 19. The magnetic sensors and LED indicator bars installed beneath the skin of the manikin.
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Figure 20. The self-designed AED and the sensor positions of the CPR manikin.

3. Experimental Results
3.1. User Testing

The proposed interactive teaching aid kit for CPR allows an individual to learn CPR
without an instructor. We invite the visitors to try this system in the public demonstration
shown as Figure 21. Visitors who tested the kit completed a questionnaire indicating their
satisfaction with the system and their perceived usability of it.

Figure 21. The example pictures of the public demonstration.
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3.2. Questionnaire Design

A questionnaire was designed based on the System Usability Scale [39]. According
to the results of the questionnaire (Table 2), participants provided responses that ranged
between strongly agreeing and agreeing that the proposed teaching aid kit improves the
motivation to learn CPR, and all respondents strongly favor the innovative design of the
kit and were highly willing to use it again. The mean score of all responses is 43, as shown
in Figure 22.

Table 2. The results of the questionnaire.

System Usability Scale Questionnaire of the Proposed Strongly . Strongly
Interactive Teaching Aid Kit for CPR Disagree Disagree  Neutral Agree Agree
1.  Iwould like to use this system often. 0 2 6 24 11
2. Ithink this system is not too complicated. 0 4 6 17 16
3. Ithink this system is easy to use. 0 1 8 16 18
4. Idon’t need technical assistance to use this system. 3 5 17 11 7
5. Ithink the system functions are integrated very well. 0 3 7 22 11
6.  Ithink this system doesn’t have many inconsistencies. 0 3 7 22 11
7. Ithink most people can learn to use this system very quickly. 1 0 3 22 17
8. Ithink this system is not hard to use. 0 0 4 20 19
9.  Iam very confident that I can use this system 1 1 5 25 11
10. Idon’t have to learn something before using this system. 1 5 19 12 6
GENDER AGES
Below 18
14%
Female
37%
Male
63% 19~22
23~26 42%
7%
EXPERIENCE WITH EDUCATION
SIMILAR SYSTEMS Above Below
Above 10 Bachelor Bachelor
7% 21% 16%
1~10
35% None
53% Bachelor
63%
LEARNED CPR BEFORE QUESTIONNAIRE SCORE
N: Below 70 70 and Above
28% 23% 77%
Yes
72%

Figure 22. The analysis results of the questionnaire.
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We assign scores from 1 to 5 between strongly disagree and strongly agree, and
calculate the score of the average, standard deviation and standard error of each question,
as shown in Table 3. From the average score of each question, it can be seen that the scores
of question 4 and question 10 are significantly lower. In question 4, because the survey of
the questionnaire is conducted in the public demonstration and most users operate through
instructions, it is impossible to clearly answer whether technical assistance is required to
use the system. This question is more suitable for answering in an environment that can be
operated multiple times. However, we can see that the results of questions 7 and 8 differ
from the results of question 4. Most users agree that the system is quick to learn and easy
to use. In the question 10, most users think that it is better to have the basic knowledge
of CPR before operating the system. Although this system also has a teaching mode, it
requires user to have more time to operate to improve this problem.

Table 3. The analysis of the questionnaire.

System Usability Scale Questionnaire of the Proposed

Interactive Teaching Aid Kit for CPR Average Standard Deviation Standard Error

1. Iwould like to use this system often. 4.02 0.77 0.12

2. Ithink this system is not too complicated. 4.05 0.95 0.14

3. Ithink this system is easy to use. 4.19 0.82 0.13

4. Idon’tneed technical assistance to use this system. 3.33 1.11 0.17

5. Ithink the system functions are integrated very well. 3.95 0.84 0.13

6.  Ithink this system doesn’t have many inconsistencies. 3.95 0.84 0.13

7. Ithink most people can learn to use this system very quickly. 4.26 0.79 0.12

8. Ithink this system is not hard to use. 4.35 0.65 0.10

9. Iam very confident that I can use this system 4.02 0.83 0.13

10. Idon’thave to learn something before using this system. 3.40 0.95 0.15

Average 3.95 0.86 0.13

In the analysis of user groups, since the users age and the users who have learned
CPR before are more obvious for the analysis results, we conduct user group analysis and
discussion for these two groups, as shown in Tables 4 and 5. In Table 4, we combine the
four ages in the questionnaire into two types, and use the age of college graduation as
a distinction to analyze the differences in the satisfaction of young people with the use
of the system. We can find that young people have a high degree of Information system
acceptance, and they are also quick to learn the operation of equipment and software. In
all questions, young people are more satisfied with the system than adults. On the other
hand, due to the older age of some users also reflects the unfamiliarity and rejection of the
information system, thus lowering the scores of adult groups. In Table 5, we can see that
users who have learned CPR before have higher system satisfaction than those who never
learned, except for question 1. The result of question 1 shows that the groups who have
not learned CPR before think that this system can effectively help them to learn CPR. On
the other hand, the results of questions 4, 5, 7, 8, and 9 were significantly different, which
highlighted the difference in the system satisfaction of users who have learned CPR or
not. It is also because they have learned CPR before, so they can better understand the
contribution and substantial assistance of this system to users.
Table 4. The analysis of the questionnaire in users’ age.
System Usability Scale Questionnaire of the Proposed Average
Y Interact)ilve Teagling Aid Kit for CPR ’ Below 22 Years Old  Above 23 Years Old Deviat?on

1. Iwould like to use this system often. 4.04 4.00 0.04

2. Ithink this system is not too complicated. 4.17 3.89 0.27

3. Ithink this system is easy to use. 4.29 4.05 0.24

4. Idon’tneed technical assistance to use this system. 3.46 3.16 0.30
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Table 4. Cont.
System Usability Scale Questionnaire of the Proposed Average
Interactive Teaching Aid Kit for CPR Below 22 Years Old  Above 23 Years Old Deviation
5. Ithink the system functions are integrated very well. 4.04 3.84 0.20
6.  Ithink this system doesn’t have many inconsistencies. 4.08 3.79 0.29
7. Ithink most people can learn to use this system very quickly. 4.33 4.16 0.18
8.  Ithink this system is not hard to use. 4.50 4.16 0.34
9.  Tamvery confident that I can use this system 417 3.84 0.32
10. Idon’t have to learn something before using this system. 3.42 3.37 0.05
Average 4.05 3.83 0.22
Table 5. The analysis of the questionnaire in users who have learned CPR before.
System Usability Scale Questionnaire of the Proposed Average
Interactive Teaching Aid Kit for CPR Learned CPR Before  Never Learned CPR Deviation
1.  Iwould like to use this system often. 4.00 4.08 —0.08
2. Ithink this system is not too complicated. 4.13 3.83 0.30
3. Ithink this system is easy to use. 4.26 4.00 0.26
4. Idon’t need technical assistance to use this system. 3.45 3.00 0.45
5. Ithink the system functions are integrated very well. 4.10 3.58 0.51
6.  Ithink this system doesn’t have many inconsistencies. 4.03 3.75 0.28
7. Ithink most people can learn to use this system very quickly. 4.42 3.83 0.59
8. Ithink this system is not hard to use. 4.48 4.00 0.48
9.  Tamvery confident that I can use this system. 4.19 3.58 0.61
10. Idon’t have to learn something before using this system. 3.45 3.25 0.20
Average 4.05 3.69 0.36

3.3. System Analysis

On the problem of CPR step determination, the analysis methods of sensor values are
divided into three types, namely threshold trigger method, waveform analysis method,
and thin-film keyboard input, as shown in Table 6. The waveform analysis method requires
continuous waveform processing. Taking the circulation of the CPR steps as an example,
since the data returned by the sensor are real-time continuous data, the data in this CPR
step will be a continuous waveform, as shown in Figure 23a. According to the gentle
chest compression requirement of the depth of at least 5 cm in this CPR step, we set the
threshold to 5 cm and the processed result of the original data as shown in Figure 23b.
Then we use the edge trigger method to calculate the number of gentle chest compressions.
Through the calculation of the total time, we can get the overall frequency of the gentle
chest compression in this CPR step. The frequency is required to be 100 to 120 times
per minute shown in Figure 12. In this system, edge triggering can be either positive or
negative edge triggering. Because compression and blowing will automatically return to
the state, there will be no situation where the state cannot be restored (unless external force
is continuously applied). On the other hand, we can also calculate scores for the details of
the CPR operation, as shown in Table 1.

Table 6. The analysis method of the CPR steps.

CPR Steps Related Sensor Analysis Method

Check Analog piezoelectric ceramic shock sensor Threshold trigger method
Call 911 Thin-film keyboard Thin-film keyboard input
Circulation Ultrasonic sensor Waveform analysis method
Airway Gyro sensor Threshold trigger method
Breathing Barometric pressure sensor Waveform analysis method

Defibrillation Hall magnetic sensors Threshold trigger method
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(b)
Figure 23. The waveform analysis of the circulation step: (a) original data; (b) processed data.

In this system, the sensors are independent and only their related sensors are read
for each CPR step. Therefore, even if the value of other sensors changes, it will not affect
the determination result. Regarding the durability of this system, the sensors used in this
system are the generally standard and common sensors in the market, which can withstand
a large number of and high-frequency use. Therefore, the durability of the system depends
on the hardware and the same as the general CPR model in the market.

4. Conclusions

In this paper, we proposed an interactive teaching aid kit for CPR. This proposed
teaching aid kit includes an Arduino as the CPU and many sensors to detect the user
actions. The Arduino collects data from all the sensors and sends the data to interactive
tutoring software through Bluetooth. The software provides video and textual instructions
for beginners to help them comprehend each CPR step. The interactive interface of the
software offers a graph that presents real-time data about the CPR step being performed.
These feedback data allow the trainee to improve their CPR movements.

The teaching aid kit was exhibited at many fairs and received many considerable
suggestions. The system helps improve public awareness of CPR and allows people
to repetitively learn to check the responsiveness of a patient in cardiac arrest, call for
help, and operate the CABD sequence of CPR. Therefore, users will be able to develop
practical knowledge regarding CPR but not merely knowledge limited to textbooks or CPR
promotion videos.

Some visitors at the fairs were invited to test the teaching aid kit. They recommended
increasing the number of LED indicators and the AED and introducing the system for
CPR certification and the evaluation of nurses’ clinical performance. Improvements to this
system will be made on the basis of such recommendations to render it more user-friendly
and enable the trainee to improve their CPR skills and knowledge. Moreover, the teaching
aid kit can be implemented in educational institutions and governmental organizations
and can be used to improve the validity and efficiency of CPR certification. In this way,
CPR can become a readily learnable skill that people can apply to save a life.

It is not easy to integrate many sensors and develop a complete set of interactive CPR
teaching aid kits. In this paper, we propose a low-cost and feasible method to design a
product that is not inferior to the expensive CPR equipment on the market. The operation
of this system is the same as the normal Resusci Anne, the difference is that this system
can send real-time operation information back to the computer. Therefore, the user can
instantly know whether the operation is correct or not, and then adjust the action of CPR
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operation. For this reason, when there is a shortage of professional CPR coaches, we can
also use this system to learn CPR operations. One can learn CPR through our proposed
interactive CPR tutoring software to achieve the purpose of self-learning CPR. On the other
hand, compared with software simulation methods, such as interactive games, serious
games, VR, and AR, although the cost of hardware equipment in this system is higher,
the hardware operation can have more practical interactive learning effects. In terms of
market assessment, as long as there are units with emergency rescue centers, such as
schools, government agencies, companies, this system can be built to assist the internal
staff of the unit to learn CPR. In terms of future work, this system can be applied to license
examinations and ambulance crews training in the future after the system is mature. By
assisting the judgment of professional CPR coaches through this system, the needs of more
professionals can be saved, so that more people can participate in CPR-related examinations
or training. Finally, we hope that through this work, we can effectively achieve the goal of
universal popularization of CPR.
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