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Abstract: With development of information technology, and in connec-
tion with the threat of pandemics, the requirements for medical person-
nel training are changing substantially as well. For theoretical and practi-
cal training, assessment of professional skills, simulation technologies

based on realistic modeling of clinical situations have great potential [1].
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Introduction

The new generation training systems are in high demand within the
framework of implementing Russian Federal educational standards
of the third generation. In 2012, the Russian Society for Simulation
Training in Medicine (RSSTMED) was established to coordinate med-
ical personnel training via using innovative technologies [2].

In 2013, the Committee on Continuing Medical Education was orga-
nized at the Russian Federation Ministry of Healthcare. International
standards for simulation training were developed, as well as classi-
fications of necessary equipment and of simulation and certification
centers [3,4,5]. The creation of a pan-European space for higher ed-
ucation and science after the signing of the Bologna Declaration by
Russia was aimed at improving education quality. Organization of
simulation training was carried out at specialized centers [6,7], which
provided methodological and technological support. The effectiveness
and practical importance of simulation training has been confirmed by
many studies [8,9,10]. As a result, simulation training methods have
been officially approved by the National Board of Medical Examiners
for use in medical training courses.

Such training system has been an integral part of the Federal licensing
program in the United States since 2004. At present, the requirements
for distance learning technologies of simulation training have changed
significantly, their importance has increased due to socio-economic
reasons and epidemiological restrictions. The most significant advan-
tage is the possibility of using the remote learning system of simulation
training and electronic educational technologies in distance learning. It
is the use of novel technologies that ensures the availability of educa-
tion, creating the opportunity for a trainee to maintain and improve his
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or her professional level and improve professional
skills at convenient time, regardless of location. As
an outcome result of our research, the concept was
developed for remote use of simulation training in
ophthalmology by means of computer appliance.

In accordance with the requirements applied to all
medical specialists with higher education, advanced
training in ophthalmology must be attended by spe-
cialists with a higher medical education in pedi-
atrics or medical practice, as well as by those who
have been trained in the residency in ophthalmolo-
gy. The need to create distance learning methods in
ophthalmology is caused by increasing need for the
continuous nature of education, as well as epidemi-
ological and economic factors [5,11,12].

In accordance with regulatory documents, programs
of simulation training courses should consist of
training modules that include several practical exer-
cises. Duration of training ranges from 6—-24 hours,
depending on the official credit-hours requirements
of training specialists in a particular field of study. For
each practical session of a simulation training course,
we developed the teaching methodology aimed at
the effective advance of practical skills and abilities,
bringing them to automatism, and at the formation
of clinical thinking and professional competences
among the students. A standard simulation module is
a unit of the educational process of a training course,
equal to three academic hours of student working
time with teaching aids, accompanied by pedagogical
control. This is necessary to organize the educational
process and structure the list of novel practical skills.

Materials and Methods

Training on computer appliance simulators consists
of several stages. Theoretical training (20 % of the
training time) has traditional forms of lectures and
presentations, including a description and instruc-
tions for working with computer appliance training
simulators. Practical training takes up to 70 % of the
training time, it is designed for acquiring manipu-
lation skills on computer appliance simulators and
computational human phantoms with a possibility
of remote monitoring by a professor. This can be
done both through video surveillance and by means
of viewing recorded videos, which are sent to a pro-
fessor by email. A professor can give an evaluation
and recommendations, watching videos at a conve-
nient time for him(her)self. Video recording of ac-
quired skills is standardized by technical conditions.

The final analysis of acquired knowledge takes 10 %
of the training time. It is carried out under the su-
pervision of a professor in the form of completing
control tasks on computer appliance simulators.
These tasks are also recorded as a video of per-
formed practical skills.

An analysis of recorded practical skills is archived; it
can be used in the future as an indicator of the cor-
rectness of the manipulations and confirmation of
the employee’s qualification level. Thus, a training
procedure is comprised of the following blocks:

1. Entrance control of the preparedness level, in-
structions, setting goals and objectives of the train-
ing (up to 20 % of the time);

2. Direct execution of the training task:

m Debriefing, discussion of implementation (at least
70 % of the training time is allocated);

m Exit control of knowledge and skills (up to 10 % of
the training time).

Tasks for Remote Use of Computer Appliances
for Simulation Training in Ophthalmology

The main goal is to provide an independent solu-
tion of professional problems in practical activ-
ities on the basis of maximum approximation of
teaching methods to practical activities and per-
formed manipulations. Whether a student per-
forms manipulations and exercises skills correctly
is controlled remotely by a professor both at the
training stage and at final examination stage. The
hardware and software of training simulator sin
ophthalmology provides options for situational
tasks and approaches actual activities of a prac-
ticing physician.

In practical training on computer appliance simu-
lators, students develop manual skills necessary for
further implementation of manipulations. First of
all, such training provides correct setting of hands
for performing manipulations, and ensures correct
use of tools and equipment. An essential require-
ment is the use of standard medical instruments
and equipment in the learning process. In accor-
dance with requirements to the course in ophthal-
mology, it is necessary to have various types of
computer appliances.
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Figure 1. Computer appliance for teaching the methods of lacrimal apparatus examination

Methodological Tasks of Simulation Training

For effective use of remote simulation training, it
is necessary to observe some basic methodological
and organizational principles. Among these princi-
ples, we should mention the presence of computer
appliance simulators for teaching practical skills
in accordance with the requirements for the oph-
thalmology course. The appliances should be able to
simulate various clinical conditions and diagnosis.
Finally, the list of compulsory competences is de-
termined both by the total time allocated to teaching
ophthalmology (i.e., residency courses), and by con-
tinuing professional education courses. Simulation
training includes the development of practical skills.

The most optimal form is the use of training mod-
ules. The module has a specific volume of theoretical
and practical skills that are fully mastered. When
working on simulators, the execution of manipula-
tions is brought to automatism. The main require-
ment for training is the approximation of simula-
tion training to actual work conditions with a high
degree of reliability.

The modular training system defines the require-
ments to simulators. In addition to realism, they
should have an optimal number of various clinical
cases occurring in the practice of a physician. This

adds clinical thinking and medical decision making
to a learning process. Thus, the interpretation of
clinical results and the acquisition of medical de-
cision-making skills constitute the priority com-
petences.

In accordance with the levels of realism, simulators
can be represented by specialized computer pro-
grams. In this case, solely visual simulation training
is used. Such programs are employed at the stage
of theoretical and illustrative training; there are no
practical training sessions in this case.

The authors developed the manual: “Computer atlas
of ophthalmic diseases”. It is intended for individual
distance learning and has eight main sections. They
correspond to a standard training course and have a
large number of illustrations in the form of animat-
ed and graphic material. An addendum to the atlas
of ophthalmic diseases is the video film “Practical
skills in ophthalmology”.

Tactile simulators are designed for practical skills
and have high realism. These are primarily the skills
of various medical examination techniques and sur-
gical methods. It is the acquisition of practical skills
on the simulators that provides a sufficient level of
professional training with the possibility of a re-
mote video monitoring, both for the student and the
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teacher. Am on such simulators, we should men-
tion the simulator of skills necessary for examining
and washing the lacrimal passages in children and
adults, developed by the authors.

Results

Computer Appliance for Teaching the Techniques
of Examining the Lacrimal Apparatus

of the Human Eye

Examination of lacrimal apparatus is among com-
pulsory practical skills for ophthalmologists.
Evaluation of the condition of the lacrimal gland
and its secretory ducts is conducted by medical ex-
amination and use of specific techniques: tubular
and nasolacrimal tests, and irrigation of tear ducts.
Probing of lacrimal ducts is often done by manip-
ulation. The computer appliance for teaching the
methods of examining the lacrimal apparatus of the
eye is designed to develop practical skills with the
possibility of video recording and subsequent anal-
ysis by a professor and a student.

There are two options: simulators for examin-
ing adults and children. To master research skills,
standard tools are used. There is the possibility of
modeling various clinical situations and options.
The computer program provides an opportunity for
video recording of the learning process. At the same
time, it is possible to save a video file directly on the
hard drive, or to send it by e-mail for archiving. In
this mode, distance learning via the Internet is fea-
sible. A professor can monitor the learning process
remotely, giving recommendations in the chat mode
with a student.

Equipment

The required equipment includes:

m Aluminum case for transportation and storage;
m Set of tools;

m Training apparatus;

m Digital video recorder;

m Tablet PC [13].

The reactive type of simulators allows controlling a
student’s actions and notifying about his/her errors

or incorrect actions. To control the performed ac-
tions, special sensors and controllers are used. This
is a variant of interactive simulators that record all
manipulations that are performed, which can be re-
peatedly viewed in the video.

The most complex computer appliances for sim-
ulation training reproduce various clinical condi-
tions and the use of standard medical instruments.
These are highly realistic computerized simulation
complexes. They improve clinical decision-mak-
ing in trainees rather than their psychomotor skills,
sensorimotor skills, and technical skills alone. In
this case, it is possible to simulate clinical situations
using a multifunctional computerized simulator.

The computer appliance simulator for teaching
ophthalmoscopy in infants was developed by the
authors of this publication. The software part for
teaching ophthalmoscopy consists of the following
components:

m User’s personal account;

m Databases on eye diseases;

m Test files related to the educational process;
m Test tasks with the possibility of self-control,
m Systems of working with the interface;

m Possibility of on-going updates of the training
image database; including via the Internet;

m Software for making medical decisions in accor-
dance with the standards of diagnostic and treat-
ment;

m Possibility of mid-term and final acquired knowl-
edge level control.

It is possible to use both standard and individual
programs in accordance with the level of a student-
knowledge. The difficulty level of the tasks is deter-
mined by a professor. The medical decision-mak-
ing program is based on comparing patient data
with similar data in the archive and selecting the
closest analogies. To develop the software part,
we selected the data on actual patients with de-
scriptions of the clinical picture and high-quality
images of the fund us.
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Figure 2. Allocation of zones with the most diagnostically significant changes

We implemented the technique of identifying patho-
logical zones for subsequent analysis and use in the
learning process, monitoring of student knowledge,
and making medical decisions. This allowed high-
lighting the areas that were most important for di-
agnostic, and optimizing the data processing. The
allocation of zones with the most significant chang-
es for making a diagnosis is presented in Figure 2.

Besides analysis of digital images, a standard de-
scription of the patient’s condition (used routinely in
medical histories) was introduced. This was neces-
sary to match the graphic and descriptive parts of the
program with each other (Figure 2). Management of
all actions of the simulator, as well as monitoring
and analysis of the actions of trainee physicians was
carried out using an external computer.

A computerized simulator is used to objectively eval -
uate the performance of physician’s clinical actions,
since the outcome of treatment completely depends
on the chosen tactics of action. To control training,
the monitoring is carried out with archiving in us-
er’s account. The program controls both the time of
studying each section and the duration of training.
Both trainees and professors are shown what was
learned, how much time was spent, and what were
the mid-term test results. Training and control of
acquired knowledge takes place after each section of
the course, as well as at the end of each daily or final
class. The variant of knowledge control in actual
clinical conditions is presented in Figure 3.

In each section, there are options for clini-
cal cases that are selected according to the

principle of random generation. There are several
operating modes: “Training”, “Examination”, and
“Reporting”. Actual images fund us of various clini-
cal cases are reproduced with the possibility of mas-
tering the skills of direct and indirect ophthalmos-
copy. In the “Training” mode, are as of the fund us
with pathological changes are shown. In accordance
with national guidelines, there are eight sections
for teaching ophthalmoscopy in adult patients. Real
clinical cases are used, which permits mastering all
basic teaching methods and stages of diagnosing
diseases. Additionally, images are displayed on a
monitor for professor’s control and demonstration
to other students [14].

Discussion

Analysis of a trainee’s actions and discussion of his/
her experience after the simulation training is called
debriefing. In medical practice, this routine has been
used for a long time, since the process of making
medical decisions occurs after discussion, that is, af-
ter professional consultation, and takes into account
opinions of various specialists. In this regard, debrief-
ing is of great importance in medicine. We offer a
wider use of this technique in the simulation training
of ophthalmologists. In this process, several stages
can be distinguished. The initial phase is acquired
knowledge self-assessment by students. This can be
defined as the initial level of professional training. An
interview with a professor at this stage determines
the needs of a trainee. They include required knowl-
edge, which must be mastered based on the number
of course credit hours, as well as individual requests
focused on a specific practical activity. Evaluation
of the outcome at the initial level stage would allow
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O Chorioretinitis
O High degenerative myopia
Anterior ischemic neuropathy

O Age-related macular degeneration

O Stargardt macular dystrophy
O Glaucoma
O Best vitelliform macular dystrophy

O Retinitis pigmentosa

Question 1of 3

Figure 3. Variant of knowledge control via testing in actual clinical conditions

Figure 4. Mannequin polymer material resembling human skin in appearance

Complete
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developing an individual training plan depending on
existing knowledge and practical activities.

The system of continuing professional education
involves consistent learning process in the form of
separate specialized courses. As a result, debrief-
ing, as a form of discussion with a professor, can be
used to draw up a continuing education plan on an
individual basis for each particular student. Course
volume is determined based on professional stan-
dards and clinical recommendations. The learning
process is objectified by use of certain methods,
such as knowledge testing and video recording of
the process of acquired skill application. Control of
acquired practical skills includes a quantitative in-
dicator—time spent on the simulator—as evaluation
of the results. An intermediate learning outcome
involves identification of errors and their elimina-
tion. The final result includes correctness of ma-
nipulations, self-evaluation, and use in the medical
diagnostic process. In the relationship between a
professor and a student, an additional information
exchange in the form of mid-term tests is offered.
The objectives of the learning process are to identify
the level of acquired knowledge, to find errors and
to eliminate them.

Debriefing is seen as a feedback process between a
professor and a student. The socio-economic scope
of specialist training is of significant interest to an
employer. The choice of a specialist, as well as an
employment contract with him/her are influenced
by the level of qualification and quality of practical
training. In this case, the conclusion of independent
experts and the analysis of the outcomes of spe-
cialist training are of decisive importance [15,16].
Video recordings of practical skills should largely
determine objective data on the training quality of
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