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Abstract
Background Endoscopy is an important form of clinical gastroenterology education because it gives students the 
opportunity to learn about diagnosis procedures and even treatment. During the COVID-19 pandemic, medical 
students were observed from outside the endoscopy room due to the risk of airborne infection. In this study, we 
investigated the efficacy of combining endoscopy education with doctor’s-eye-view videos of the procedure 
obtained using live-action cameras (GoPro®).

Methods From February to May 2021, endoscopists wore GoPro Hero8 cameras on their heads to display a doctor’s-
eye view video outside the room. The efficacy of the GoPro videos in combination with endoscopic monitoring was 
evaluated by 15 participating medical students. The participants rated the efficacy on a 5-point scale and commented 
on the positive and negative points.

Results A total of 78.6% of participants evaluated the GoPro as good; 57.2% answered that it increased their 
understanding, with 71.4% stating that it increased their understanding of procedures in particular. A total of 85.7% 
of the students answered that their interest in endoscopy had increased, and 85.7% evaluated the benefit of the 
GoPro videos as good. In addition, 64.3% answered that the method was effective in preventing COVID-19 infection. 
Education using GoPro videos enabled students to feel as if they were conducting the endoscopy themselves and 
enabled them to concentrate on learning.

Conclusions Practical endoscopic education using a GoPro is an effective educational tool that not only increases 
understanding of endoscopic practice but also stimulates students’ interest and awareness of their future as doctors.
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Background
In clinical medical education, hospital training is a valu-
able opportunity for students to learn not only the 
medical practices of clinicians but also how to interact 
with patients and cooperate with healthcare profession-
als [1, 2]. Medical students are trained in clinical skills, 
including medical examination techniques, and in spe-
cific clinical skills through patient care under the guid-
ance of a supervisor [3]. However, medical student can 
only perform a limited number of medical interventions 
themselves, as many medical interventions can only be 
performed after practitioners have passed the national 
medical examination and have a specialty. Although 
some clinical procedures can be learned from simulated 
patients and practice equipment, the variety is limited, 
and it is difficult to study many medical procedures 
performed in the hospital setting. While training in the 
department of gastroenterology, medical students study 
abdominal examinations and patient management in hos-
pital units. They also study abdominal ultrasonography 
and esophagogastroduodenoscopy (EGD). Non-invasive 
examinations, such as ultrasonography, can be performed 
by medical students, and students can practice on one 
another as well as on simulation devices. However, EGD 
is an invasive procedure that cannot be performed by 
students. Because medical students can only observe the 
procedure, they cannot get a real impression of it.

The novel coronavirus disease 2019 (COVID-19) 
became a rapidly spreading global pandemic in 2020 
that attracted worldwide attention. On 30 January 2020 
the International Health Regulation 2005 Emergency 
Committee declared the COVID-19 outbreak a pub-
lic health emergency of international concern (World 
Health Organization [WHO], 2020a). The Japanese gov-
ernment declared a state of emergency in April of 2020, 
which was lifted in late May [4]. During this time, many 
clinical clerkships were cancelled because young people 
could be asymptomatically infected with the virus and 
could infect patients with whom they came into contact 
during their clinical clerkships [5–7]. All lectures, except 
for clinical practice, were provided online. Students were 
kept out of hospitals, and non-essential outings were 
restricted to prevent COVID-19 infection [8]. Endoscopy 
is an essential part of gastroenterological clinical train-
ing. In this training, students learn not only endoscopic 
techniques and findings but also how doctors care for 
their patients. However, EGD observation during clini-
cal training was also cancelled to prevent infection [9, 
10], so students had to learn through virtual devices and 
videos [11]. The COVID-19 outbreak led to the develop-
ment of various virtual devices and online educational 
systems [11], but this educational environment with-
out face-to-face patient contact is thought to have taken 
away the opportunity for medical students to become 

aware of themselves as doctors. As measures to pre-
vent COVID-19 infection became clearer, clinical prac-
tice in hospitals has now reopened. However, to prevent 
spread, social distancing is still required, and contact 
time between students and patients remains restricted 
[12]. Before COVID-19, medical students entered the 
endoscope room and observed alongside the endosco-
pist; after COVID-19, the practice changed to viewing 
the EGD monitor from outside the examination room. 
This prevents infection, but using the monitor makes it 
difficult to learn about patient care during the examina-
tion. Moreover, students cannot observe the cooperation 
between the endoscopist and the EGD assistants. A head-
mounted ultra-high-definition video (GoPro®) has been 
reported to be useful as an educational device for observ-
ing surgical techniques and narrow-field-of-view medical 
procedures from the doctor’s point of view [13, 14].

Therefore, the aim of this study was to evaluate the 
efficacy of using both EGD monitor screens and doc-
tors’-point-of-view images from GoPro cameras in EGD 
training.

Methods
Study Design and materials
The study was conducted with students on clinical train-
ing in the Gastroenterology unit of Juntendo University 
Hospital between February and May 2021. Participat-
ing students were all students who rotated during that 
period.

The endoscopist used a GoPro® Hero8 and HEAD-
STRAP (San Mateo, CA, USA) to send a doctors’-point-
of-view video to a 12-inch tablet device (Apple iPad Pro®, 
Apple Inc., Cupertino, USA), using a wireless connection 
(Fig. 1A). The endoscopists in this study were specialists 
and supervisors with at least 15 years of experience in 
endoscopic procedures.

First, medical students studied routine and thera-
peutic endoscopy from outside the endoscope room by 
observing an endoscopic video (Fig. 1B) narrated by the 
physician. The endoscopist’s voice is heard outside the 
endoscopy room via speakers and directly in this study. 
Especially during biopsies and treatment of varicose 
veins, the endoscopist explained why the biopsy was 
being performed and during endoscopic variceal ligation 
(EVL) procedures, the endoscopist showed images via a 
GoPro screen on the EVL device (Fig. 1D). Next, a GoPro 
live video was added for endoscopic education (Fig. 1 C 
and 1D), after which medical students were asked to fill 
out questionnaires on the experience.

Evaluation of GoPro-combined education
To evaluate the efficacy of the GoPro in teaching about 
endoscopy practice, students were asked to complete 
questionnaires after the procedure The questionnaire 
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covered six topics: (1) comprehension of EGD, (2) doc-
tor’s point of view, (3) comprehension of EGD tech-
niques, (4) interest in EGD, (5) protection against 
infection, and (6) practical learning with GoPro. These 
were evaluated on a 5-point scale (unacceptable, poor, 
fair, very good, and excellent). In addition, we collected 

student’s opinions on the good and bad points of GoPro 
dual-use education.

Fig. 1 GoPro-images as the doctor’s point of view
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Results
Evaluation of endoscopy education with GoPro in medical 
education
This study evaluated the efficacy of GoPro videos of EGD 
practice for 15 medical students. When asked about the 
co-use of the GoPro video from the doctor’s point of 
view, 50% of the students answered ‘Excellent’, and 28.6% 
answered ‘Very Good.’ Regarding their comprehension 
of EGD techniques, 72.4% of the students answered 
‘Excellent’, and none of the students evaluated it poorly. 
Regarding their comprehension of EGD, 42.9% of the 
students answered ‘Excellent’, and 14.3% answered ‘Very 
Good’. On the question regarding students’ interest in 
EGD, 78.6% of answered ‘Excellent,’ and 7.1% answered 
‘Very Good’, while 14.3% answered ‘Fair’ (Fig.  2A). 
Regarding prevention of infection through the GoPro 
combination practice, 28.6% of the students answered, 
‘Excellent’, 35.7% answered ‘Very Good’, 21.4% answered 
‘Fair’, 14.3% answered ‘Poor’. In terms of overall evalua-
tion of the hands-on training with the GoPro. 42.6% rated 
it as ‘Excellent’ and 42.6% stated ‘Very Good’ (Fig. 2B).

Comments on GoPro combination education
In addition to the questionnaire, the students noted the 
good and bad points of the GoPro procedure. On the 

positive side, students answered that it was better to use 
the GoPro video in addition to the endoscopy monitor-
only training, so that they could learn not only about 
endoscopic findings but also experience the overall 
examination and activity around the physician. Students 
also stated that the GoPro video made it feel as if they 
were performing the procedure themselves, and it made 
it possible for them to concentrate on the learning pro-
cess. They were also able to learn how to work with medi-
cal assistants during EGD.

As a bad point, they pointed out the narrow field of 
view of the GoPro, and the endoscopist had to move the 
face over to widen the field of view. On the other hand, 
some said that if the GoPro is moved too much to widen 
the field of view, the image on the iPad moves so rapidly 
that it causes screen sickness. The narrow field of view of 
the GoPro makes it impossible to operate the endoscope, 
especially to observe the air delivery and inhalation but-
tons and the angle section. Depending on the Wi-Fi envi-
ronment, GoPro images were sometimes difficult to view 
on the iPad. (Table 1)

Fig. 2 Evaluation of GoPro-combined education
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Discussion
COVID-19 is highly contagious, and the pandemic 
required facilities to develop infection control strategies 
[15]. In education, classroom group lectures were can-
celled and switched to online training and assignments 
[16]. As the infection control strategy against COVID-19 
was gradually established [12], all medical students in our 
hospital resumed clinical clerkship after their tempera-
tures and physical conditions were checked, following 
the infection control strategy. However, younger people, 
including medical students, could be asymptomatically 
infected with COVID-19, and in clinical clerkship, they 
had to be careful to avoid contact with immunocompro-
mised patients, patients with respiratory diseases, and 
intensive care patients [7].

EGD can cause patients to cough, and there is a risk 
of airborne infection in the endoscopy room. Infection 
can be caused not only by droplets and contact but also 
by aerosolised COVID-19 [17]. Of the 623 asymptom-
atic patients scheduled for endoscopy, six tested positive 
for COVID-19 [18]. Patients remove their masks for the 
EGD, so patients, physicians, and medical assistants in 
the endoscopy room are increasingly at risk of infection. 
We have reported the effectiveness of endoscopic shields 

in preventing aerosol droplets during EGD examinations 
[19]. However, shielding alone does not completely pre-
vent infection. In brief, EGD is a high-risk examination 
in terms of infection, and the room must be completely 
infection controlled [20].

Before COVID-19, endoscopy was a highly special-
ised technique and a popular lecture for students. After 
COVID-19, medical students were only able to observe 
the procedure through endoscopic monitors from out-
side the endoscopy room, making it difficult to provide 
adequate education. The purpose of this hands-on train-
ing with GoPro was to provide students with a better 
understanding of the endoscopic procedure while also 
controlling infection (Fig. 2A and B). In EGD education 
from outside the endoscopy room, only the endoscopic 
video and the doctor’s voice during the examination can 
be observed. During insertion, only the mouth is visible. 
However, with a GoPro video, students can observe the 
patient’s facial expression and the timing of the endo-
scope insertion (Fig.  1C). In addition to checking the 
endoscopic monitor, endoscopists check the electro-
cardiogram and oxygen monitors as needed before and 
during the examination, and they collaborate with the 
medical assistants in the room (Fig.  1D). GoPro makes 
it possible to observe this as well, and it is considered to 
be a great educational tool for medical students. Of the 
participating students, 78.6% evaluated the GoPro video 
with high scores. In addition, 71.4% of the medical stu-
dents answered that it was possible to observe the opera-
tions at hand on the GoPro screen, and 71.4% of medical 
students evaluated it highly in terms of their education 
on endoscopic procedures (Table  1; Fig.  2A). In fact, it 
is difficult to observe the patient’s facial expression and 
the atmosphere during endoscopy from the physician’s 
standing position using only an endoscope monitor.

In this endoscopic education with GoPro, the students 
observed the scene where the biopsy forceps are being 
given by the caregiver during the biopsy and the physi-
cian’s view after the biopsy was performed. In particular, 
during the treatment of varicose veins (endoscopic vari-
ceal ligation: EVL), in addition to the usual endoscopic 
observation, the students were able to observe the phy-
sician preparing for EVL, attaching the EVL device, 
inserting the overtube into the patient, and removing the 
overtube after EVL. The use of realistic video images had 
the effect of making it seem as if the students were per-
forming the examination (Table  1). Among the medical 
students, 56.9% answered that their comprehension of 
endoscopy increased, and 85.7% of students answered 
that they were interested in endoscopy (Fig. 2A). Further-
more, students could use both the endoscopic video and 
GoPro video while monitoring the endoscopist’s explana-
tions, which was an effective result. Regarding the endos-
copy time, it was no different from the usual endoscopy 

Table 1 Comments from students on endoscopy observation 
with GoPro
Good points
It was possible to observe the examination from the beginning to the 
end.
It was possible to observe preparations other than during the examina-
tion through the GoPro video.
It was possible to observe the endoscopic technique and the realistic 
feeling of inserting the endoscope into the patient at the start of the 
endoscopy.
It was possible to concentrate on the examination with a realistic 
atmosphere.
It is great to see the patient’s facial expressions during the examination.
It was good to feel like being examined by myself.
Understanding of the cooperation with medical assistants.
In addition to the endoscopy views, it was good to be able to observe 
the preparation for examinations and procedures from the doctor’s 
point of view.
Observation of the doctor’s view during biopsy forceps delivery, EVL 
preparation, and over-tube insertion.
It was possible to observe the details, such as the care for patients.
Wish the GoPro would be used to observe other examinations as well.
Bad points
GoPro video does not reflect the endoscopist’s face without moving it.
GoPro screen moves so quickly that it causes screen sickness
Sometimes the hands cannot be seen unless the endoscopist moves 
his or her face.
The narrow field of view visible in the GoPro image
The left handling of the endoscope is outside the GoPro’s field of view 
and therefore it cannot be observed.
Internet and Wi-Fi environment for GoPro connection
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and procedures, and the use of the GoPro did not affect 
the examination time.

GoPro is an effective tool for endoscopy education. As 
for infection control, 64.3% of medical students evaluated 
it highly, but some students answered that it was inferior 
to being fully online because they had to enter the endos-
copy centre, although they did not enter the endoscopy 
room (Fig. 2B). For this study, the GoPro video was sent 
to iPad screens wirelessly for observation. Some students 
commented on problems with the wireless connection 
and screen sickness. (Table 1) There were many opinions 
about the narrow field of view visible in the GoPro image 
and the Wi-Fi environment as education on the use of 
GoPro together. In particular, if the GoPro image from 
the forehead had a wide angle image, it would have been 
possible to see from the patient’s face to the operation at 
hand.

Some students did not appreciate the left-hand con-
trols of the endoscope, such as the air delivery and suc-
tion buttons and angles, because they were outside of the 
GoPro image and could not be seen. It is necessary for 
endoscopists to understand the range of viewable areas 
on the GoPro, and to improve the GoPro in the future. By 
improving these problems, multiple students can observe 
during an examination at the same time.

There have been several reports on medical educa-
tion using GoPro. COVID-19 infection prevention pre-
vented many face-to-face education opportunities, and 
the usefulness of remote education using wearable cam-
eras, including GoPro, has also been reported [21]. In 
particular, the use of GoPro in surgical procedures has 
been reported to improve understanding and technique 
[13, 14]. Endoscopic education such as hands-on semi-
nars and other endoscopic education and mainly explain 
lesions on an endoscopic monitor. However, multiple 
assistants are present during endoscopic procedures, and 
endoscopists do not only observe the endoscopic moni-
tor. This is the first report on the usefulness of the GoPro 
combination in endoscopic education. Education from 
the physician’s perspective is considered to be an impor-
tant process, especially for medical students.

In addition, although there are privacy protection 
issues, students who must stay home from clinical prac-
tice because of illness can also share their observation 
practice online.

At our hospital, the endoscopy centre performs a vari-
ety of endoscopic examinations, including EGD, colonos-
copy, device assisted enterosopy, endoscopic retrograde 
cholangiopancreatography related procedures, diagnostic 
and therapeutic endoscopic ultrasonography, and endo-
scopic submucosal dissection for malignant tumours. 
In this study, we used GoPro combined with educa-
tion on EGD, but students requested that various other 
endoscopic examinations also be performed with GoPro 

(Table  1). Furthermore, by recording endoscopic videos 
and GoPro videos of emergency cases, such as gastro-
intestinal bleeding, which are not usually encountered 
during educational programs, students will be able to 
learn endoscopic operations from the doctor’s point of 
view and observe cooperation with medical assistants in 
the endoscopy room. Endoscopic education with GoPro 
was performed while sufficient education was not pos-
sible due to the outbreak of COVID-19. Considering the 
responses from students, even after the end of COVID-
19, the GoPro combination is an excellent educational 
style and will continue to be introduced. Furthermore, 
this can be useful not only for medical students but also 
for the education of young physicians and endoscopists.

Conclusions
Practical endoscopic education using a GoPro not only 
helps prevent infection, but it also helps students learn 
from the doctor’s point of view. This is considered an 
effective educational tool that not only increases stu-
dents’ understanding of endoscopic practice but also 
stimulates interest among students and helps visualize 
themselves as future as doctors.
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