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1.  INTRODUCTION

The current epidemiological situation forced a transition of a 
higher education to distance learning in an online mode [1]. While 
a main pedagogical emphasis moved to information technologies 
applications for educational process, including computer programs 
and artificial intelligence [2,3], specifics of Medical Information 
Systems (MIS) do not allow all students to master them inde-
pendently. A preliminary training of medical students, whose 
major is far away from IT and computer science, that could allow 
a smooth work with MIS used in practical health care has become 
acute.

The COVID-19 pandemic, which by the time of writing this paper 
has infected over 135 million people around the world and took 
over 3 million lives, has been a contributing factor in this process 
as it changed a traditional doctor-patient relationship and replaced 
face-to-face communication with a remote monitoring of patients 
[4,5]. In local polyclinics, computer programs create Electronic 
Medical Records (EMR) [6] of patients, draw up sick lists, moni-
tor laboratory tests, and ensure preservation of information about 
patients’ treatment. Moreover, while in the previous decades almost 
every local polyclinic had its own MIS structure, recently there 
is a clear trend toward unification of various MISs under a state 
umbrella, in a top-down fashion. In turn, medical universities are 
interested in preparing students for the future active work with 

MIS in the outpatient. In literature sources, the authors had found 
only isolated reports about special training of students to work with 
EMRs and MIS [7]. In this paper, we present an architecture and an 
interface of a training program, which repeats the main elements 
of an EMR.

2.  RELATED WORK

In medical universities of Russia, a special training of graduate stu-
dents to work with EMRs of a regional polyclinic is still experimen-
tal. Programs that are used in multi-specialty hospitals for inpatient 
patients might be used as educational materials in universities, e.g., 
EMR created in MIS “Aurora” for multi-specialty hospitals [8] pro-
vides a training interface “UMS University” for individual tasks, 
with a separate entrance for students and teachers, and an access to 
a server via the Internet.

In regional polyclinics of Kazan city EMRs vary within commer-
cial MISs -BARS.MED, ERP-system, 1C: Medicine (Registry), 
and VITACORE. These systems have centralized databases with a 
secure access for each user through standard operating environ-
ments (Microsoft, Linux) and a Web browser. A number of short 
pilot projects of using a demo version of EMRs by BARS.MIS in the 
educational process in numerous cities of Russia was reported [9].

An example for using an educational EMR in a sub-internship 
was reported by Indiana University School of Medicine, USA [7]. 
It involved 16,602 graduated medical students in the period from  
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Figure 1 | Creating of personal electronic medical card.

Figure 2 | The lists of available laboratory and instrumental tests.

2012 to 2016. The students reported a positive influence of this 
training on their knowledge expansion and future work. Some 
participants pointed out on having difficulties in a communication 
part with a patient. In turn, the authors of the program considered 
as one of the main difficulties a necessity of database updating with 
regard to decease treatment recommendations and guidelines. A 
positive effect of using EMR in training of higher medical schools’ 
students was demonstrated in [10–12] as an important part of an 
education, while students, in turn, reported that mastering EMR 
had a positive role in preparing them for a future profession [13,14].

Today, there are no explicit references in literature about any uni-
fied pedagogical approach of teaching medical students to work 
with EMR in Russia. We believe, the reasons are related to a com-
mercial nature of such products, which prevents their free distri-
bution, as well as an absence of a single EMR/MIS that is required 
for an obligatory use by a local government. Therefore, to facilitate 
medical education, local teams of educators create unique training 
computer programs that simulate real MIS behavior to support the 
necessary training. Main characteristics of such training programs 
(to provide an acceptable level of simulation) are their similarity 
to existing commercial products, a capability to evaluate student’s 
actions and to help him/her during a task execution. This work, 
being an extension of our previous conference paper [15], presents 
an architecture and interfaces for the MIS training program for 
students of higher medical schools.

3. � PROGRAM ARCHITECTURE  
AND INTERFACES

3.1.  Situation Modeling

One of the goals of the program is to combine disparate informa-
tion (patient data, proposed treatment and additional literature) 
within a single block to allow transforming theoretical knowledge 
into practical skills [15]. Collecting information from a patient and 
conducting an objective examination of the patient comprise a pre-
liminary stage of work.

We model a typical real world situation as follows. Patient Ivanov 
Kirill, 51 years old, came with complaints of a fever, a cough, and 
a general weakness. The student’s task is to create an EMR for the 
patient and determine a medical treatment plan. A student manu-
ally enters his name, date and time of a consultation, and a patient’s 
name to open active fields, which consist of complaints at the time 
of examination, medical history, patient’s life history, and examina-
tion data (Figure 1).

The stage ends with establishing a preliminary diagnosis and enter-
ing it in the corresponding field. The patient information is stored 
in the database and can be reused later by the student at the next 
stages.

3.2.  Analysis

After making a preliminary diagnosis, in accordance with a treat-
ment process algorithm, the patient should be assigned the neces-
sary laboratory and instrumental assessment methods (Figure 2).

It is required to select an optimal (strictly regulated by current stan-
dards of the state) set of methods among proposed ones. The stu-
dent selects tests using interactive buttons on the right side of the 
screen (in Figure 2 buttons that switched their color to blue are the 
selected ones, white color are the ignored options) and completes 
the process by clicking the assign button.

The program automatically evaluates the correctness of the tests’ 
selection and informs the student with colored indicators on the 
screen: green color means a right decision, red color is for a wrong 
choice, yellow color marks a missed option. Figure 3 demonstrates 
the evaluation of the student’s selection of the tests. The selection 
of the blood test to determine a level of the troponin T was a wrong 
choice, and the program highlighted it in red. The correctly selected 
tests, including the common blood test, the urinalysis, the X-ray 
and the electrocardiogram (ECG), were highlighted in green. The 
student missed the spirometry test, which was targeted to deter-
mine the patient’s respiratory insufficiency, and this missed option 
was highlighted in yellow. Next, the student can see all results in a 
form of an actual data from a laboratory: a blood test, a computer 
tomography (CT) scan of lungs, an ECG (Figure 4).
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Figure 3 | Automatically assessment of the students’ choose.

Figure 4 | Laboratory and instrumental findings for the patient.

Figure 5 | Creating patient’s detailed clinical diagnosis.

Figure 6 | Treatment strategy.

The student should identify existing deviations from normal ranges 
and mark them. The next step is to consult the patient with a narrow 
profile specialist(s), which could be selected from a predefined list. 
The stage ends with creating a clinical diagnosis and recording it 
into a specially designated field (Figure 5).

Figure 5 demonstrates that the patient’s examination revealed an 
emphysema of lungs on a background of a chronic bronchitis and 
the type 2 diabetes mellitus. Taking into account the obtained data, 
the patient needs a complex treatment.

3.3.  Creating a Treatment Program

On the next stage the student determines the patient’s treatment 
plan. This is a creative process associated with a specialist qualifica-
tion. An interface of this page has special fields where the student 
can enter all details of the treatment. There is a field for prescribing 
medications, a recommended regimen, a diet, and other types of 
treatment (Figure 6). Therefore, given the long course of the dis-
ease, the patient needs an extension of a bed rest and an outpatient 
supervision. The student prescribes antibiotics, mucolytics, hypo-
glycemic therapy and, if necessary, hypothermic drugs.

At this stage, the student has an opportunity to refresh the patient 
information that was collected earlier and store it in the database. 
The student’s job is to select the most appropriate drugs with a 
selection of an individual dose, method and frequency of using.

After a treatment is prescribed, a full-fledged EMR is formed for 
further monitoring of the patient. According to the terms of the 
task, the student must continue to monitor the patient during 
the entire period of treatment and conduct daily monitoring 
of the patient’s condition. The program provides the student 
with questions that he/she could ask the patient. They contain 
a request about a state of the patient’s body temperature, func-
tioning of the main systems and organs etc. After selecting ques-
tions, the student receives “patient’s” answers, where AI-based 
program plays a role of the patient.

3.4.  Intellectual System as a Real Patient

At this stage of solving the case, the AI-based program acts as a 
patient. During a treatment process, the patient has a number of 
complications of his condition. For example, an allergic reaction, 
a delayed stool and gas, an increased blood pressure, etc. The stu-
dent receives daily information in the form of answers to questions, 
photos, and audio messages. The program simulates a communi-
cation of the student with the patient through typical communi-
cation channels, e.g., Telegram, WhatsApp, or Viber. According to 
our proposed scenario, patient Ivanov K. complained on a head-
ache and a dizziness in the morning on the next day after the first 
examination. The patient used a home tonometer to measure blood 
pressure, which showed 160/80 mm Hg. After that, he sent a photo 
with blood pressure indicators (Figure 7).
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Figure 7 | The list of questions for daily observation.

Figure 8 | The final result of student’s task.

4.  CONCLUSION

The paper presented a preliminary architecture and an inter-
face for the MIS training program for students of higher medical 
schools. The program simulates main stages of a polyclinic doctor 
work in monitoring and treating patients at a pre-hospital stage, 
which opens up opportunities for independent and distance 
education. It allows creating EMRs and using a database with 
regulatory documents for outpatients’ treatment. The proposed 
interface is similar to commercial software products currently 
used in polyclinics of Kazan city, Russia. The program develops 
practical skills of medical students in modern approach of EMR 
processing using artificial intelligence-based support for evalua-
tion of outpatient’s conditions, diagnosing a disease and selecting 
its treatment.
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