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A pilot study of Practice While Watch based 50 min school
quality cardiopulmonary resuscitation classroom training: a
cluster randomized control trial
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Aim: Cardiopulmonary resuscitation (CPR) training in schools can increase the rate of bystander CPR. We assessed whether a “Qual-
ity CPR (QCPR) Classroom” can support CPR performance by students trained by a teacher who is not a CPR instructor.

Methods: A cluster randomized trial was undertaken to assess the effectiveness of a 50-min Practice While Watch CPR training pro-
gram enhanced by QCPR Classroom, which used 42 manikins connected by Bluetooth to real-time feedback monitoring. Fifty-seven
students were divided into Group 1, taught by a non-CPR-instructor, and Group 2, taught by a CPR instructor. Psychomotor and cogni-
tive tests were administered before and after training. Primary outcomes were post-training compression depth and rate and percent
of improvement in adequate depth, recoil, and overall score. The secondary outcome was risk improvement.

Results: Post-training, Group 1 achieved 62.1 � 7.7 mm and 118.0 � 3.6 compressions/min whereas Group 2 achieved
57.4 � 9.8 mm and 119.8 � 5.4 compressions/min. The overall score improvement in percentage points was 36.4 � 25.9% and
27.0 � 27.7%, respectively (P ≤ 0.001 for both). The adequate depth improvement in percentage points was 22.4 � 35.4% and
32.5 � 40.0%, respectively (P = 0.33). Teaching by a non-CPR instructor improved student cognitive knowledge.

Conclusions: Using a QCPR Classroom to enhance CPR teaching by a non-CPR-instructor results in similar or better outcomes com-
pared to using a CPR instructor. Use of a Practice While Watch QCPR Classroom will provide adequate quality in preparing students
for CPR.
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BACKGROUND

THE NECESSITY OF bystander cardiopulmonary resus-
citation (CPR) has been emphasized in the last decade.1

Performing bystander CPR increases the out-of-hospital car-
diac arrest (OHCA) survival rate.2–7 After cardiac arrest, a
person is two to four times more likely to survive when
bystander CPR is provided.8 To improve the rate of bystan-
der CPR, CPR training is key, and various types of CPR
training have been implemented, including in-school CPR,
community CPR, and mass CPR training.9

In 2011, the American Heart Association published a rec-
ommendation that school CPR training be made manda-
tory.10 Greater resuscitation rates by laypersons have been
seen in regions where school CPR training is mandatory.3,11

This meets the goal of conducting school CPR training,
which increases the bystander CPR rate and survival rate
after OHCA.12 School CPR training has been led by people
of various occupations: physicians, fire fighters, medical stu-
dents, and paramedics.13 However, the most appropriate per-
sonnel to deliver this information has yet to be
determined.12 In a Japanese study, Tanaka et al.13 suggested
that school teachers lead CPR training primarily because
they know their students’ characteristics, learning habits,
and environment, but they do so in only approximately 20%
of the schools. Lukas et al.14 reported that teachers are as
effective as physicians in teaching CPR to school children.
Over 90% of school teachers who led the training had confi-
dence in teaching their students.15 However, studies indicate
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that 50% of teachers were not willing to teach CPR because
they lacked the knowledge16 and lacked CPR teaching
skills.13 The Japan Resuscitation Council (JRC) recom-
mends using a feedback device during CPR training because
it gives objective skill assessments.17 To ensure quality CPR
training, the ultimate goal is that school teachers use feed-
back devices throughout training. The “Quality CPR
(QCPR) Classroom,” a CPR feedback solution for classroom
training, together with Practice While Watch (PWW)-based
videos, could enable teachers who are not CPR instructors
to deliver good-quality training that will eventually increase
survival rates. Kanstad et al.18 indicated that the first chain
of survival will be stronger when school CPR training is of
high quality.

We hypothesized that CPR training by experienced and
inexperienced school teachers, both supported by a QCPR
Classroom and PWW videos, will be equally effective. We
aimed to compare the two based on improvements in the dif-
ferences in psychomotor skills and knowledge between pre-
training tests and post-training tests.

METHODS

A CLUSTER RANDOMIZED trial was used to assess
the effects of using the QCPR Classroom when train-

ing was delivered by a teacher who was not a CPR instruc-
tor. The Institutional Review Board at Kokushikan
University (Tokyo, Japan) approved this study. Written
informed consent was obtained from parents, and verbal
informed consent was obtained from participants prior to
CPR training and study enrollment.

Participants

Two high school classes were recruited, and students were
assigned by class: 30 in Group 1 and 27 in Group 2 (Fig. 1).
Two teachers from the same high school were selected to par-
ticipate in this study as CPR instructors. Group 1 was led by a
physical education teacher with no background as a health-
care professional and no experience teaching CPR. Group 2
was led by a physical education teacher with a paramedic
license and more than 10 years of experience teaching CPR.

Measurements

Psychomotor and cognitive tests were undertaken. Primary
outcomes were post-training compression depth (in mm)
and rate (in compressions/min [cpm]) and percent improve-
ments in adequate depth, recoil, and overall score. Adequate
depth is the percentage of all compressions exceeding 5 cm.
Overall compression score was calculated based on

compression depth, rate, and recoil. Knowledge level was
evaluated using a cognitive test. The secondary outcome
was risk difference based on the cognitive test.

Psychomotor and cognitive tests were administered before
and after training. The pretraining tests were administered
before the class. The post-training psychomotor test was
administered immediately after the class, and the post-train-
ing cognitive test was administered 2 weeks later. Both psy-
chomotor tests were administered without real-time
feedback.

Procedure

Fifty minutes of PWW-based QCPR-Classroom-enhanced
training was given to both groups. Training flow is shown in
Figure 1. The PWW session consisted of a 17.5-min basic
life support training video followed by skills practice for the
remainder of the session (Fig. 2). To promote hands-on
practice,19,20 this QCPR training intended to allow each stu-
dent 1,000 compressions. Teachers were instructed to pro-
vide feedback based on the feedback icon displayed on an
iPad (China), if necessary. The QCPR Classroom monitor
was positioned at the front of the classroom so that all stu-
dents could visualize the feedback. Before beginning train-
ing, each student identified the specific icon representing
their own feedback. Throughout the training, a metronome
set at 110 b.p.m. was audible.

Instrumentation

The QCPR Classroom concept was launched by Laerdal
Medical (Stavanger, Norway) to provide real-time feedback
on CPR performance to instructors. A maximum of 42 mani-
kins is used.

The QCPR Classroom uses Laerdal “Little Anne” QCPR
manikins (Laerdal Medical) that collect chest compression
data for the psychomotor tests throughout the training. An
optical compression sensor and microcontroller within each
manikin communicate to the instructor’s iPad by Bluetooth,
allowing visualization of the real-time CPR performances
from all manikins simultaneously. The Reflector 2 applica-
tion (North Canton, Squirrels, OH, USA) allows the iPad
screen to also be displayed at the front of the classroom.

Using the compression sensor, the microcontroller calcu-
lates compression rate and depth, incomplete release, and
number of compressions. This “instrumented” Little Anne is
calibrated to the 2015 guidelines, and when a student devi-
ates from those guidelines, a yellow icon appears, indicating
that compressions are too fast, too slow, too shallow, or
incompletely released (Fig. 2). A green icon indicates that
compressions meet guidelines.
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Two classes were randomized (n = 57)

Group 1 (n = 30) Group 2  (n = 27)
Pre-training knowledge test (n = 30) Pre-training knowledge test (n = 27)

Pre-training skill test (n = 30) Pre-training skill test (n = 27)

excluded due to incomplete data (n = 3)

50 min PWW-based QCPR Classroom training 50 min PWW-based QCPR Classroom training 

Assessment directly after training Assessment directly after training 
Post-training skill test (n = 30) Post-training skill test (n = 24) 

Survey (n = 30) Survey (n = 24)

Assessment after two weeks Assessment after two weeks
Post-training knowledge test (n = 30) Post-trainig knowledge test (n = 24)

Analysed (n = 30) Analysed (n = 24) 

Fig. 1. Flow chart on randomization and inclusion of students who participated in school-based cardiopulmonary resuscitation (CPR)

training. PWW, Practice While Watch; QCPR, Quality CPR

Fig. 2. Photograph of a class participating in school-based cardiopulmonary resuscitation (CPR) training and Quality CPR icons
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Statistical analysis

Mean and standard deviation were used to describe continu-
ous data. The v2-test and a non-paired t-test were used to
examine background and psychomotor skills. The v2-test
and McNemar’s test were used to assess the amount of
knowledge acquired based on the pre- and post-training
written exams. Ordinal data are described using median and
interquartile range. When P < 0.05, significance was recog-
nized. Data analyses were carried out using JMP software
version 11.0.3 (SAS Institute, Cary, NC, USA).

RESULTS

Demographic characteristics

THREE STUDENTS WERE excluded because incom-
plete data were obtained; therefore, 30 students com-

prised Group 1, and 24 students comprised Group 2 in the
analysis (Fig. 1). As shown in Table 1, significant differ-
ences were not seen in background characteristics. However,
63.3% of Group 1 had CPR training experience compared to
37.5% of Group 2 (Table 1; P = 0.06).

Primary outcomes

The psychomotor test is shown in Table 2. After training,
Group 1 achieved a compression depth of 62.1 � 7.7 mm
and a rate of 118.0 � 3.6 cpm. Group 2 achieved
57.4 � 9.8 mm and 119.8 � 5.4 cpm, respectively. Overall
scores significantly improved between pre- and post-training
tests in both groups. In Group 1, the overall scores improve-
ment in percentage points was 36.4 � 25.9% (from
57.9 � 27.2% to 94.3 � 12.8%, P ≤ 0.001). In Group 2,
the overall scores improvement in percentage points was

27.0 � 27.7% (from 54.6 � 31.1% to 81.5 � 22.5%,
P ≤ 0.001; Table 2). These values were not different
between the groups (P = 0.21). In adequate depth, the
improvement in percentage points was 22.4 � 35.4% in
Group 1 and 32.5 � 40.0% in Group 2 (P = 0.33).
Improvement in percentage points in recoil was similar
(21.1 � 38.5% and 13.1 � 28.9%, respectively; P = 0.40).

Secondary outcome

Based on the cognitive tests, both groups improved in CRP
knowledge (Table 3). Frequencies of correct answers in the
pre- and post-training tests are shown in Table 3. For exam-
ple, Group 1 correctly answered the question, “What would
you do next immediately after you deliver shock through
automated external defibrillator” 90.0% of the time after
training as opposed to 43.3% of the time before training, an
improvement of 47% (P = 0.001). By comparison, Group 2
answered correctly 79.2% of the time after training, com-
pared to 41.7% before training, an improvement of 38%
(P = 0.013). Both groups significantly improved their
knowledge using the same PWW-based training.

DISCUSSION

THE TWO GROUPS showed similar improvements in
CPR skills, suggesting that school teachers who have

never taught CPR can provide the same quality of psy-
chomotor skills and cognitive knowledge through CPR
training as those with CPR teaching experience.

A 2008 study reported that in Seattle, USA, 79.3% of
1,001 people had CPR training, and 46.5% of them had the
training within the previous 5 years,21 contributing to high
resuscitation and survival rates.22 In 2017, the bystander CPR
rate was 70% and the rate for survival to hospital discharge

Table 1. Background characteristics of students who participated in school-based cardiopulmonary resuscitation (CPR) training

Group 1: School teacher

without CPR teaching

experience (n = 30)

Group 2: School teacher with

CPR teaching

experience (n = 24)

P-value

Male, n (%) 22 (73.3) 18 (75.0) 0.89

Age, years 17.7 � 0.7 17.5 � 0.5 0.25

Height, cm 167.0 � 7.8 167.5 � 8.2 0.85

Weight, kg 60.1 � 9.5 59.3 � 8.5 0.76

CPR training experience, n (%) 19 (63.3) 9 (37.5) 0.06

Data are shown as mean � standard deviation; v2-test and non-paired t-test.
P > 0.05.
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for witnessed ventricular fibrillation (VF) was 56% in Seattle
and the surrounding King County.22 Comparatively, the
bystander CPR rate was 43.0% and the rate for survival to
hospital discharge was 2.2% in Japan in 2015.23 Increasing
the number of people who can provide high-quality CPR can
increase the OHCA resuscitation rate; survival rates report-
edly increase as bystander rates increase.2 Other contributing
factors are the use of an automated external defibrillator
before ambulance arrival and ambulance response time. How-
ever, time to the first chest compression could have a great
role in the outcome.9 Immediate initiation of bystander CPR
is necessary to increase the chance of survival.2,3

According to the Pan-Asian Resuscitation Outcomes
Study, OHCA occurs in those aged between 49.7 and
71.7 years and in men 57.9–82.7% of the time,24 primarily

at the home or a private residence.13,25–27 A family member
should be prepared to perform CPR; therefore, children have
potentially important roles in saving the life of a person in
cardiac arrest in the home. If a child can initiate high-quality
chest compressions, the chance of survival increases. In
Denmark, once school CPR training was mandated, the rate
of bystander CPR increased.3,15,28 Tanigawa et al.29 indi-
cated that people with basic life support training tended to
perform bystander CPR more often than those not trained. In
Japan, CPR training is part of obtaining a driver’s license,
and school CPR training has begun. School CPR training
aims to ensure that students graduate with certain knowledge
about recognizing cardiac arrest and the skills to save lives.
In other words, school CPR training directly influences the
early phase of the chain of survival.

Table 2. Comparison in cardiopulmonary resuscitation (CPR) psychomotor skills between groups of students who participated in

school-based CPR training, and between pre- and post-trainings

Group1: School teacher

without CPR teaching

experience (n = 30)

Group 2: School teacher

with CPR teaching

experience (n = 24)

P-value (compared

between groups)

Depth, mm

Improvement in percentage points 6.0 � 9.8 8.6 � 9.6 0.330

Pretraining 56.1 � 12.3 48.8 � 12.8 0.040*
Post-training 62.1 � 7.7 57.4 � 9.8 0.050

P-value (pre- versus post-training) 0.002* <0.001*
Rate, cpm

Improvement in percentage points 1.0 � 20.0 7.3 � 12.8 0.180

Pretraining 117.0 � 19.0 112.4 � 15.5 0.340

Post-training 118.0 � 3.6 119.8 � 5.4 0.170

P-value (pre- versus post-training) 0.79 0.01*
Adequate depth, %

Improvement in percentage points 22.4 � 35.4 32.5 � 40.0 0.330

Pretraining 70.9 � 39.6 42.3 � 39.7 0.010*
Post-training 93.3 � 10.6 74.8 � 35.0 0.008*
P-value (pre- versus post-training) 0.002* <0.001*

Recoil, %

Improvement in percentage points 21.1 � 38.5 13.1 � 28.9 0.400

Pretraining 58.9 � 6.2 68.9 � 6.9 0.280

Post-training 79.9 � 26.9 82.0 � 23.6 0.770

P-value (pre- versus post-training) 0.006* 0.04*
Overall, %

Improvement in percentage points 36.4 � 25.9 27.0 � 27.7 0.210

Pretraining 57.9 � 27.2 54.6 � 31.1 0.670

Post-training 94.3 � 12.8 81.5 � 22.5 0.010*
P-value (pre- versus post-training) <0.001* <0.001*

Data are shown as mean � standard deviation; v2-test and non-paired t-test for comparison in CPR skills between groups. Paired t-test for

comparison in CPR skills between pre- and post-training.
*P > 0.05
cpm, compressions/min.

© 2019 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

Acute Medicine & Surgery 2020;7:e455 QCPR Classroom training 5 of 9



Table 3. Comparison of correct answers between groups of students who participated in school-based cardiopulmonary resusci-

tation (CPR) training, and between pre- and post-training regarding basic life support knowledge

Written exam Group 1: School teacher

without CPR teaching

experience (n = 30)

Group 2: School

teacher with CPR

teaching

experience (n = 24)

Risk difference

(95% CI)

P-value

(compared between

groups)

1. What is the correct number you would dial to activate an ambulance?

Pretraining, n (%) 25 (83.3) 20 (83.3) 0% (�20 to 21%) 0.99

Post-training, n (%) 27 (90.0) 22 (91.7) �2% (�18 to 16%) 0.83

Risk difference (95% CI) 7% (�11 to 24%) 8% (�10 to 27%)

P-value (pre- versus post-training) 0.32 0.32

2. What would you do first when you find someone who has collapsed?

Pretraining, n (%) 22 (73.3) 12 (50.0) 23% (�3 to 47%) 0.78

Post-training, n (%) 25 (83.3) 14 (58.3) 25% (0.2 to 47%) 0.04

Risk difference (95% CI) 10% (�11 to 31%) 8% (�20 to 36%)

P-value (pre- versus post-training) 0.18 0.48

3. What would you do next after you confirm no movement of chest or stomach?

Pretraining, n (%) 4 (13.3) 5 (20.8) �8% (�28 to 13%) 0.46

Post-training, n (%) 10 (33.3) 9 (37.5) �4% (�29 to 21%) 0.75

Risk difference (95% CI) 20% (�1 to 41%) 17% (�9 to 42%)

P-value (pre- versus post-training) 0.03* 0.21

4. Where would you place your hands when you perform chest compressions?

Pretraining, n (%) 5 (16.7) 8 (33.3) �17% (�39 to 7%) 0.15

Post-training, n (%) 14 (46.7) 6 (25.0) 22% (�4 to 44%) 0.10

Risk difference (95% CI) 30% (8 to 52%) �8% (�34 to 17%)

P-value (pre- versus post-training) 0.003* 0.530

5. What is the correct rate for chest compressions on an adult patient?

Pretraining, n (%) 12 (40.0) 9 (37.5) 3% (�23 to 27%) 0.85

Post-training, n (%) 24 (80.0) 15 (62.5) 18% (�7 to 40%) 0.15

Risk difference (95% CI) 40% (17 to 63%) 25% (�3 to 52%)

P-value (pre- versus post-training) 0.001* 0.060

6. What is the correct depth for chest compressions on an adult patient?

Pretraining, n (%) 2 (6.7) 3 (12.5) �6% (�23 to 11%) 0.46

Post-training, n (%) 6 (20.0) 8 (33.3) �13% (�36% to 10%) 0.27

Risk difference (95% CI) 13% (�4 to 30%) 21% (�2 to 44%)

P-value (pre- versus post-training) 0.046* 0.100

7. What is the correct method for adequate recoil?

Pretraining, n (%) 17 (56.7) 11 (45.8) 11% (�16 to 36%) 0.43

Post-training, n (%) 25 (83.3) 16 (66.7) 17% (�7 to 39%) 0.15

Risk difference (95% CI) 27% (5 to 49%) 21% (�7 to 48%)

P-value (pre- versus post-training) 0.011* 0.130

8. What would you do immediately after you deliver shock through an AED?

Pretraining, n (%) 13 (43.3) 10 (41.7) 2% (�24 to 27%) 0.90

Post-training, n (%) 27 (90.0) 19 (79.2) 11% (�9 to 30%) 0.27

Risk difference (95% CI) 47% (26 to 67%) 38% (12 to 63%)

P-value (pre- versus post-training) 0.001* 0.013*

The table presents the number of students who answered correctly on pre-tests and post-tests. McNemar’s test for comparison between

pre- and post-training. v2-Test for comparison between groups.
*P > 0.05.
AED, automated external defibrillator; CI, confidence interval.
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Implementing school CPR training is a key factor in
increasing bystander intervention.9,10,30–33 This has been
accomplished in many ways. In most schools around the
world, students are gathered on a specific date to participate
in CPR training. A short CPR training course is introduced
in the chapter “EIT: Education, Implementation, and Teams”
in the 2015 JRC Guidelines.17 One manikin per student is
preferable. However, many manikins are needed, and this
becomes a challenge as the number of students increases.
Approximately 40 manikins are needed per classroom. The
ratio of manikins and students should be 1:1 and a maximum
of 42 manikins can be used due to the upper limit of the
QCPR Classroom system. At present, either the Mini Anne
or the Little Anne (Laerdal Medical) is used for CPR train-
ing. A CPR instructor who is also a school teacher teaches
with their subjective perspective when feedback devices are
unavailable. Without feedback devices to measure the qual-
ity of chest compressions, quality assurance is questionable.
In fact, the number of feedback devices available for use
during CPR training is limited. Thus far, training has been
accomplished by trial and error, but the recent launch of the
QCPR Classroom concept by Laerdal Medical effectively
achieves training a great number of students. In our opinion,
school teachers are professionals in teaching school-aged
children and know their students better than CPR instructors
from outside of the school environment. However, they do
not perform resuscitation skills in daily life. School teachers
are concerned about teaching CPR because they lack the
knowledge and performance skills. However, high school
teachers, even without CPR training experience, can teach
CPR well with “QCPR Classroom” method and their routine
teaching method at school.

In this study, we introduced this new school CPR training
model wherein school teachers without CPR teaching expe-
rience can deliver the same quality of training when videos
are used to increase knowledge, and feedback devices are
used to assess skills. The QCPR Classroom training
improves the quality of CPR performance during training.
Teachers who have been educated on this can teach CPR,
and they can do so as well as, and as effectively as, health-
care professionals. As long as students obtain a certain level
of knowledge and skills, the method used for CPR training
does not matter, for example, they can be trained by the
standard, PWW-based, or e-learning adapted methods.
Recently, a self-learning style has been adopted and proven
effective;34 students watched a video before class, and they
focus only on practicing skills during class time. The lack of
hands-on practice presents challenges; therefore, spending
hands-on practice during most of the in-class training time
will be very efficient. No other research has reported provid-
ing each learner with approximately 1,000 practice

compressions within a 50-min period. We suggest that this
model be used for high-quality CPR training.

Limitations

This study has several limitations. The long-term retention
of CPR skills was not assessed because of the academic
schedule in Japan. Measurements were taken all together in
the same classroom, as Figure 2 shows. The rate measure-
ments could have been influenced by neighboring students
because the motion of others could have been felt. However,
QCPR Classroom training remains advantageous over con-
ventional training. The number of students who answered
questions 3, 4, and 6 correctly was low, but these topics
were covered in a video. We were unable to specify the rea-
son.

CONCLUSIONS

SCHOOL TEACHERS WITHOUT experience in CPR
teaching can deliver high-quality CPR training that is

equivalent to that taught by school teachers experienced in
teaching CPR. Using the QCPR Classroom device, teachers
can provide real-time feedback according to the recommen-
dations of the JRC 2015 Guidelines. This PWW-based,
QCPR Classroom-enhanced training will aid school teachers
who are not CPR instructors in providing high-quality CPR
training in a short amount of time. The QCPR Classroom
concept should be incorporated into school CPR training
programs.
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