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Аннотация. The monitoring problem the student’s views of educational video posted on 
YouTube is considered. Monitoring of comments posted by students when viewing is pro-
posed for this problem solution. The functionality of the video viewing monitoring subsystem 
based on the collection and analysis of student comments as part of the university educa-
tional system is discussed. The structure of the relational database for the accumulation of 
information about video views is considered. An example of an analytical report on video 
views is given. Situational-oriented database (SODB) is used both to populate the relational 
data warehouse (ETL process) and to generate analytical reports on video views. The capa-
bilities of SODB in organizing web microservices are demonstrated by the example of man-
aging heterogeneous data that is retrieved from the YouTube API and the educational data-
base, and then placed into a relational database. The concept of virtual documents mapped 
on heterogeneous data sources used in SODB. The implementation of this concept when 
mapped on web services such as the YouTube API is explained. A set of RESTful web services 
developed based on the SODB to solve the reviewed problem. The versatility and simplicity 
of the hierarchical situational model, both when defining and managing web services, is 
noted. The practical implementation of the subsystem monitoring views of educational vid-
eos on the PHP platform is described. Examples of analytical reports generated by the sub-
system for practical use in the educational process are discussed. 

Ключевые слова: educational video; monitoring video views; YouTube API; ETL-process; 
analytical reports; heterogeneous data integration; situational-oriented database; hierar-
chical situational model; web services; RESTful services; microservices. 

 
12ВВЕДЕНИЕ 

 

Video and other multimedia educational 
content [1] is actively used to improve student 
learning. Videos posted on the web enable stu-
dents to master academic disciplines at a con-
venient pace at a convenient time. The most 
popular platform for hosting educational content 
[2] is the YouTube video hosting site, which 
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gives anyone the opportunity to freely (free of 
charge) post their videos from various areas, as 
well as view, rate, comment [3], add to favorites 
and share these or other videos [4]. This oppor-
tunity is actively used by teachers in organizing 
the educational process and students in studying 
academic disciplines. Independent development 
of educational material [5] through the Internet 
raises the problem of monitoring this process by 
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teachers. The first step here is to monitor the fact 
of the student watching a video. The pedagogi-
cal experience of the authors shows that in a 
tense educational process, quite many students 
try to evade it by performing tasks and final tests 
without previewing the video [6]. Therefore, it 
is natural for a teacher’s desire to first ensure 
that the training video content was viewed by a 
student [7]. Thus, the problem of monitoring by 
teachers of the views recommended educational 
videos take place. For obvious reasons YouTube 
does not provide information about specific 
views of specific individuals, so the solution to 
this problem is not trivial.  

This article has a twofold purpose: 
1. show how you can monitor YouTube 

video views based on information technology, 
which provides for the collection of comments 
to videos posted by students and their accumu-
lation in a database in the university educational 
environment for the subsequent generation of 
analytical reports for teachers and students [8]; 

2. demonstrate the capabilities of situational-
oriented databases for information technology 
support of this process based on service-oriented 
architecture and RESTful web services [9, 10]. 

 
MONITORING VIEWS BASED ON 

COMMENTS 
 

The idea of monitoring video views is to col-
lect and analyze comments on videos posted by 
students. To this end a subsystem for monitoring 
the viewing of educational videos is created 
within the educational environment of the edu-
cational institution. The student is required to 

pre-create his channel on YouTube, through 
which comments will be posted. Next, the stu-
dent must register with the monitoring subsys-
tem and give her the ID of his channel. When 
viewing a video that is in the list of mandatory 
the student must leave a comment at the begin-
ning and at the end of the viewing. Comments 
are uploaded from YouTube to the monitoring 
subsystem's database where the student’s dura-
tion of the video is rated. 

 

VIDEO VIEWING MONITORING 
SUBSYSTEM 

 
The process of monitoring views on the pro-

posed scheme is illustrated in Fig. 1. Educa-
tional content in the form of a collection of vid-
eos posted on YouTube and available to stu-
dents for viewing and commenting through the 
website YouTube. It is also available to regular 
Internet users in case of posting educational 
content with open access (which makes it neces-
sary to filter comments). YouTube provides pro-
grammatic access to data [11] in the form of an 
API (Application Program Interface). Using the 
YouTube API, the viewing monitoring subsys-
tem within the university educational environ-
ment can read comments that were left by stu-
dents on educational videos. This process (ETL 
– Extract, Transform, Load) provides for the se-
lection of comments that meet certain require-

Fig. 1. Monitoring video views in the educational process 
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ments. In particular, the comments should be-
long to students who have been previously reg-
istered in the monitoring subsystem. Students' 
comments should be paired, that is, indicate 
both the beginning and the end of viewing. 
Thus, the student must at least twice make com-
ments while watching a video. The following 
trick is proposed to reduce the number of com-
ments posted on YouTube. The fact is used that 
for each comment YouTube records two points 
in time: the moment of posting and the moment 
of last change. Therefore, upon completion of 
the review, instead of leaving a new comment, 
the student can simply change the comment that 
corresponds to the beginning of the review. As 
a result, each viewing will correspond to one 
comment on YouTube. 

Another feature is related to the permissibil-
ity of viewing a single video after several at-
tempts. Videos can be time consuming and it 
will be difficult for a student to master it in one 
view. In this case, the possibility of several at-
tempts is provided, with a separate comment for 
each attempt. By analyzing the attempts, you 
can estimate the total viewing time of the video.  

The results of the ETL process are recorded 
in the monitoring subsystem database [12] in the 
form of viewing facts. Each fact corresponds to 
one attempt to view a video by a certain student. 
The fact is identified by the three attributes: 
video identifier; user channel identifier; time 
identifier [13]. These attributes can be obtained 
from the YouTube API as part of the comment 
information. The set of numerical indicators as-
sociated with the fact identifier includes the mo-
ments when the comment was published and its 

changes, as well as the duration of viewing as a 
percentage of the total length of the video. The 
first two indicators are provided by the 
YouTube API, and the third indicator is calcu-
lated when the fact is entered into the database. 

 

RELATIONAL DATABASE FOR 
MONITORING VIDEO VIEWS 

 
The relational database [13] is intended for 

information support for monitoring video views 
(Fig. 2). It includes 7 tables, rows of which are 
populated from various data sources [14] 
(squares mark attributes, which are components 
of the primary key, unique attributes are marked 
with a diamond). 

1. The videos table contains video infor-
mation. The data source for this table is the 
YouTube Video API web service [15]. The vid-
eoId attribute is an identifier that YouTube as-
signs to each posted video. For ease of use, a nu-
meric durSec attribute has been added to the ta-
ble, which corresponds to the symbolic attribute 
duration. 

2. The playlists table contains information 
about playlists containing thematic video sets. 
The playlistId attribute is an identifier that 
YouTube assigns to each created playlist, and 
the title attribute is the name of the playlist. 
Thus, this table is a directory of playlist names. 
The data source for this table is the YouTube 
API web service Playlists. 

3. The playlist_video table contains infor-
mation about the videos included in the playlist. 
This table contains attribute pairs (playlistId, 

Fig. 2. Relational database for monitoring video views 
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videoId). The data source for this table is the 
YouTube API web service [16] Playlist Items. 

4. The table tries contains information about 
attempts to view videos by a student. As already 
noted, each attempt corresponds to a comment. 
The data source [17] for this table is the 
YouTube API Content Threads web service, 
which provides information about video com-
ments. Table rows are identified by a triple of 
attributes: videoId, channelId and timeId. The 
videoId attribute is a video identifier, as in the 
videos table. The channelId attribute is the chan-
nel ID of the user who posted this comment. 
When filling in the table, only comments be-
longing to a student registered in the system, 
that is, a user whose channel ID is in the students 
table, are considered. The timeId attribute is a 
timestamp that identifies various attempts by the 
same student to the same video. 

5.  The students table contains information 
about students. The table is updated during the 
online registration of students at the initial stage 
of the development of the academic discipline. 
The userId attribute is a common student identi-
fier. It is used to identify table rows. The 
groupId attribute is the ID of the student group 
to which the student is attached. The channelId 
attribute is an identifier for a student’s YouTube 
channel through which the student will post 
comments on the video. This attribute must be 
unique, i.e., there cannot be two students with 
the same channel ID. 

6. The groups table contains information 
about student groups. The data source for this 
table is the dean's database. The groupId attrib-
ute is a group identifier, and the progId attribute 
is a group program of study identifier.  

7. The prog_playlists table contains infor-
mation about playlists that students studying in 
a certain program within a certain academic dis-
cipline should review. The data source for this 
table is a work program that establishes the re-
quirements for mastering the discipline. The at-
tribute progId is the identifier of the program of 
study, the attribute discId is the identifier of the 
academic discipline, and the attribute playlistId 
is the identifier of the playlist. 

 
 
 

Thus, database tables are filled/replenished 
at different times from different data sources 
[18, 19]. Different combinations of tables are 
used to generate various reports provided by 
teachers and students.  

For example, to generate a report (with all 
attributes) about videos that students should 
view when they master academic disciplines, it 
is necessary to join tables of students, groups, 
prog_playlists, playlist_video, videos, playlists. 
The model of the corresponding virtual table 
mustView is presented on Fig. 3, a.  

Here the symbol "butterfly" means the rela-
tional operation of the inner equi-join of tables. 
The rows of this virtual table are identified by 
four identifier attributes. (userId, playlistId, dis-
cId, videoId).  

The data relating to a program of study, to a 
particular discipline, to a separate student group, 
etc., are obtained from the mustView virtual ta-
ble by filtering rows by the values of the corre-
sponding attributes. In Fig. 3, b shows a model 
illustrating the filtering of a table for a student 
name = "Миронов В. В.". 

To get information for a view report, you 
must join the mustView virtual table with the 
tries table. (the virtual table views, Fig. 3, c). 
Note that the relational operation of the left 
outer join is used to form the virtual table views. 
This allows you to reflect the required views that 
have not yet been completed by the student (in 
this case, the attributes of the views are assigned 
null values). The views virtual table contains the 
lowest granularity information. To obtain aggre-
gated (summary) indicators, you need to expose 
this table relational grouping operation accord-
ing to the corresponding criteria. In Fig. 3, d il-
lustrates the acquisition of a composite indicator 
qty (number of views) at the level of student 
groups. For this, the virtual table views is 
grouped by a pair of attributes (progId, 
groupId). As a result, the set of source lines of 
the views table is divided into subsets corre-
sponding to one student group. The aggregate 
function COUNT (*) (counting the number of 
lines in a group) is applied to each subset, which 
results in the total number of view attempts for 
each student group. 
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ANALYTICAL REPORTS  
ON VIDEO VIEWS 

 
Analytical reports on the views are based on 

the facts stored in the database, as well as other 
background information collected [20] during 
the registration of students in the educational 
system. Reports [21] are intended for both 
teachers and students. The reports contain both 
indicators of facts, and derivatives of indicators 
calculated based on indicators of facts (attempts, 
credits, time credits, time remaining, etc.). Indi-
cators are formed with varying degrees of inte-
gration (video, playlist, discipline, etc.). An ex-
ample of such a report is illustrated in Fig. 4. 
This report is a summary table and is aimed at 
students, that is, it contains information about 
video views that are required for students when 
they master an academic discipline. Videos are 
grouped into themed playlists. For playlists, rel-
evant summary indicators are provided. The ta-
ble also shows the overall results for this student 
in this discipline.  The indicators presented in 
the report reflect the read (completed) and re-
maining (indebted) views in quantitative, tem-
poral and percentage terms with varying degrees 
of aggregation. So, from the report it is clear  

 
 

that, in general, the student "Миронов 
В.В." viewed 4 videos of the total duration of 
0.8  

hours on the "ИМД" discord, and it re-
mained to view 17 videos with a total duration 
of 9 for this discipline 2 hours, i.e., 13% of the 
required volume. These totals are detailed in a 
report at the level of playlists and at the level of 
individual videos. So, the report shows that the 
playlist "I. ДАС" viewed by 76%.  

At the same time, videos 1–4 are viewed 
completely, and video 5 is only 45%; video 2 
was viewed in two attempts, the rest were 
viewed in one attempt.  

The interactive features of the report are that 
the title of the video is simultaneously a hyper-
link to this video on the web.  

By clicking on the title, the student goes to 
the appropriate page on YouTube to watch the 
video. Teacher-oriented reports additionally 
contain levels of greater integration: the level of 
the student group, the level of the field of study, 
the level of the academic discipline, etc. 

 

Fig. 3. Connection of tables when generating reports for monitoring video views:              
a – information about the videos that students should view when mastering academic  
disciplines; b – filter strings by attribute value; c – information about the mandatory 

videos; d – getting aggregates by grouping a table 
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SITUATION-ORIENTED DATABASE 
SOLUTIONS 

 

The above concepts can be considered as a 
technical specification (development specifica-
tion) for the creation of a subsystem for moni-
toring views. Based on them, it is possible to de-
velop a monitoring [22] subsystem using well-
known traditional methods and approaches of 
web designing. Our goal, as already noted 
above, is to demonstrate the capabilities and ad-
vantages of solving this problem based on situ-
ation-oriented databases [8]. Namely, to show 
that in this way the task is solved faster and eas-
ier. 

 

SITUATIONALLY-ORIENTED DATABASES 
 

A Situation-Oriented Database (SODB) [9] 
is an integrator of heterogeneous data driven by 
an integrated situational model. The key fea-
tures of SODB that are relevant to the viewing 
monitoring task in question are: 

– built-in situational model that sets possible 
states of the monitoring process and possible 
transitions between states; 

– virtual documents associated with the 
states of the situational model, which are dis-
played on heterogeneous sources of real data;  

– an interpreter that processes virtual docu-
ments during the processing of a situational 
model. SODB [11] architecture in general is 
shown in Fig. 5. 

The situational model is a hierarchy of sub-
models, each of which, in turn, is a finite state 
model. The submodel consists of elements: pos-
sible states and possible transitions between 
states. The hierarchy of submodels is formed 
due to the nesting of submodels. Each submodel 
(except for one root submodel) is a child of some 
state of its parent submodel. Thus, the non-root 
submodel sets the sub-states for its parent state. 

Virtual documents are HSM state elements 
that define the mapping to external data. Thus, 
virtual documents allow for uniform processing 
of heterogeneous (heterogeneous) real data lo-
cated in physical data stores [23]. SODB can 
currently map virtual documents to the follow-
ing types of real data [24]: 

– to local or remote files in XML or JSON 
format; 

– to web services on the Internet; 
– to local ZIP archives; 
– to relational databases.  

Fig. 4. Fragment of the report on student-oriented video views (in Russian): a – re-
port header; b – student name; c – student code; d – student group code; e – disci-

pline code; f – the amount credited video; g – number of remaining videos; h – cred-
ited  

duration, hours; i – remaining duration, hours; j – number of attempts; k – percent 
complete by time; l – video lines; m – playlist strings; n – student total for discipline 
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Situation Model Interpreter (HSMI) is a doc-
ument-processing program that complies with 
the built-in situational model. The interpreter 
cyclically or by request bypasses the hierarchy 
of submodels, performing two main functions: 

– monitors the current state of the situational 
model; 

– processes virtual documents associated 
with current states. 

Having processed the situational model on 
some interpretation cycle, the interpreter stores 
information about the current states of submod-
els in external memory in the form of a current 
state model (CSM). The interpreter uses this in-
formation to continue processing correctly in the 
next interpretation cycle. 

The processing of virtual documents is spec-
ified in the situational model using DPO-ele-
ments (data processing objects). During the in-
terpretation, the interpreter creates the corre-
sponding processing objects based on DPO-ele-
ments. Real documents are loaded into 

processing objects based on the corresponding 
virtual documents [13]. The processing results 
of downloaded documents are saved in an exter-
nal environment. 

 

SITUATIONAL MODEL 
 OF MONITORING VIEWS 

 

A fragment of one of the HSM submodels 
in graphical representation is shown in Fig. 6. 
The sub:videos submodel acts as the RESTful 
service [25] videos, which receives video infor-
mation from YouTube and uploads the required 
data to the videos table of the viewing monitor-
ing subsystem database. A submodel contains 
several states corresponding to various function-
ing situations: 

– sta: begin – this is the initial processing 
state, in which the virtual documents used by the 
service are declared, and the situation is selected 
to continue processing; 

  

 
Fig. 5. SODB Architecture: HSM – hierarchical situational model; CSM – current 

state model; sub –submodel element; sta – state element; doc –virtual document             
element; dpo – document processing object element 
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– sta: POST, sta:GET, sta:PUT, и sta:DE-
LETE – these are states that specify the contin-
uation of processing in accordance with the 
HTTP Request Method (only the first of these 
states is shown in Fig. 6 so as not to clutter up 
the model);  

– sta: MySQLiErr, sta:requestParamsErr, и 
sta:notFoundErr — these are conditions for 
completing processing in exceptional situations 
when a particular error is detected. 

Virtual documents used by the service [26] 
determine the mapping to external data: 

– doc: request – this is a mapping to the 
HTTP-request that this service requested. The 
request method and the parameters passed with 
the request become available in JSON format 
using this virtual document loaded into the dpo-
object arr:http; 

– doc: YTVideos – this is a mapping to the 
YouTube API Videos service, which provides 
JSON information about a specific video by a 
given identifier; 

– doc: DB – this is a mapping to the rela-
tional database MySQL subsystem for monitor-
ing views. The display establishes a connection 
to the database (in the event of an error, a tran-
sition to the state sta: MySQLiErr). Entry-ele-
ment ent: videosAll points to the video table in 
the connected database; 

The choice of further processing is deter-
mined by the jmp: further transition element,  

which provides a transition to the state cor-
responding to the HTTP-request method. So, if 
the method is POST, then the transition to the 
state sta: POST. Processing in fig. 6 disclosed 
only for the case of the POST method. 

Fig. 6. Fragment of a situational model of microservice 
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   This method is commonly used in RESTful 
services [24] to perform web resource update 
operations. The table videos is updated by this 
method in the microservice in question. To do 
this, an associative array arr:videoDetails is cre-
ated and the virtual JSON document doc: 
YTVideos is loaded into it. Data of interest is 
extracted from the loaded array using the rcv: 
extract element, formatted and transferred to the 
doc: DB.videosAll virtual document for upload-
ing to the database videos table. Loading into 
the table is performed by the INSERT IGNORE 
SQL statement, which ensures that only infor-
mation about new videos is inserted using the 
POST method. 

 

RESTFUL SERVICES  
FOR MONITORING VIEWS 

 

The implementation of the working version 
of the viewing monitoring subsystem is based 
on a service-oriented architecture [22], namely, 
based on RESTful microservices [26]. This ar-
chitecture provides high independence and 
modifiability of the components of the subsys-
tem, which is important in the conditions of het-
erogeneity and variability of the used data 
sources. As part of the implementation of this 
approach, a set of microservices in a situation-
oriented database environment has been devel-
oped. Microservices [23] of the lower level are 
focused on servicing individual tables in the da-
tabase of the viewing monitoring subsystem. 
These microservices allow to add, retrieve, up-
date, and delete data: 

– The videos microservice processes the vid-
eos table, including the information received 
from the YouTube API Video web service;  

– The playlists microservice processes the 
playlists table based on information received 
from the YouTube Playlists API web service;  

– The playlist_video microservice processes 
the playlist_video table based on data from the 
YouTube service API Playlist Items; 

– The tries microservice processes the table 
tries, including recording information about 
comments from the YouTube API Web service 
Comment Threads;  

– The students microservice processes the 
students table, including entering information 

about students during the online registration of 
students at the initial stage of mastering the dis-
cipline;  

– The groups microservice processes the 
groups table based on the dean’s database; 

 – The prog_playlist microservice processes 
the prog_playlist table containing information 
about playlists that students should view. 

Top-level microservices process data from 
several tables using lower level microservices 
[24]. So, the reports microservice generates data 
for analytical [15, 21] reports for both teachers 
and students. An example of one of these reports 
was considered above (see Fig. 4).  

 

CONCLUSION 
 

Thus, an analysis of student comments is 
proposed to solve the problem of monitoring 
student views of educational videos posted on 
YouTube. For this, a viewing monitoring sub-
system is provided as part of the university edu-
cational system. Student comments are retrieved 
using the YouTube API and entered into the re-
lational database of the monitoring subsystem. 
Based on this and other information, analytical 
reports on views are generated for both teachers 
and students. The monitoring subsystem is im-
plemented based on situation-oriented data-
bases, which are used both to populate the data-
base and to generate analytical reports on video 
views. The monitoring subsystem has a service-
oriented architecture based on the principles of 
RESTful organization and microservices. The 
universality and simplicity of the hierarchical 
situational model is achieved both when defin-
ing web services and when managing them, 
when using situation-oriented databases to solve 
this problem.  
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Аннотация. Рассмотрена проблема мониторинга просмот-
ров обучающимися обучающими видеороликами, раз-
мещенными на YouTube. Для решения этой проблемы 
предлагается мониторинг комментариев, оставляемых 
студентами при просмотре. Обсуждается функционал 
подсистемы видеонаблюдения на основе сбора и ана-
лиза отзывов студентов в рамках образовательной си-
стемы вуза. Рассмотрена структура реляционной базы 
данных для накопления информации о просмотрах ви-
део. Приведен пример аналитического отчета по ви-
деопросмотрам. Ситуационно-ориентированная база 
данных (SODB) используется как для заполнения реля-
ционного хранилища данных (процесс ETL), так и для со-
здания аналитических отчетов по просмотрам видео. 
Возможности SODB в организации веб-микросервисов 
демонстрируются на примере управления разнород-
ными данными, которые извлекаются из API YouTube и 
образовательной базы данных, а затем помещаются в 
реляционную базу данных. Концепция виртуальных до-
кументов, отображаемых на разнородные источники 

данных, используемые в SODB. Объясняется реализа-
ция этой концепции при отображении на веб-сервисах, 
таких как YouTube API. Набор веб-сервисов RESTful, раз-
работанный на основе SODB для решения рассматрива-
емой проблемы. Отмечается универсальность и про-
стота иерархической ситуационной модели как при 
определении веб-сервисов, так и при управлении ими. 
Описана практическая реализация подсистемы монито-
ринга просмотров учебных видеороликов на платформе 
PHP. Обсуждаются примеры аналитических отчетов, 
формируемых подсистемой для практического исполь-
зования в учебном процессе. 

Ключевые слова: обучающее видео; мониторинг просмот-
ров видео; YouTube API; ETL-процесс; аналитические от-
четы; интеграция разнородных данных; ситуационно-
ориентированная база данных; иерархическая ситуаци-
онная модель; веб-сервисы; RESTful сервисы; микросер-
висы. 

 
ОБ АВТОРАХ 

 
МИРОНОВ Валерий Викторович, проф. деп. Система авто-

матизации управления. Дипл. радиофизик (Воронеж-
ский государственный университет, 1975). Д-р техн. 
наук об управлении в Тех. системы (УГАТУ, 1995). Иссл. 
в области иерархических моделей и управления ситуа-
цией. 

ГУСАРЕНКО Артем Сергеевич, доц. зам. Система автомати-
зации управления. Дипл. информатик-экономист 
(УГАТУ, 2010). Канд. наук. В области компьютерных наук 
по математике и программному обеспечению компью-
теров, комплексов и компьютерных сетей (УГАТУ, 2013). 
Исследование иерархических моделей и управления 
ситуацией. 

ЮСУПОВА Нафиса Исламовна, проф. деп. вычислительная 
математика и кибернетика. Д-р техн. наук. Иссл. в обл. 
иерархических моделей и управления ситуацией, искус-
ственный интеллект. 

 
 

 


