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Abstract: At the first stage, an applied scientific research 

developed a procedure for collecting data on the parameters of 
user interaction with the user interface. This input procedure 
receives many heterogeneous messages about the actions of a 
particular user in the interface, while the output represents a 
vector that describes the user in aggregated form. The set of 
vectors for different users, in turn, was then used as input for the 
k-means clustering algorithm, the result of which is the user's 
attitude to one of the k clusters that distinguish the user by the type 
of behavior. 

User interface interaction data is available to 67.8% of 
GlobalLab platform users. There is no such data for the Diary.ru 
electronic diary. Considering that not all users of the GlobalLab 
platform took measures to create a project, ideas, work with 
questionnaires and educational materials, the total number of 
students for whom the value of all 4 variables differs from the 
neutral one was 9.7 thousand. 

 
Keywords: education, learning trajectory, student, educational 

process, mathematical model. 

I. INTRODUCTION 

Adaptive Learning Technology uses a “non-linear 
approach to learning and debugging, adapting to student 
engagement and demonstrated level of performance, and 
then predicting what types of content and resources students 
need at some point to succeed”. Then a kind of automated 
teacher. The exciting thing is how quickly major textbook 
publishers have embraced this technology: 
- Pearson teamed up with Knewton, which allowed Pearson 

to offer its MyLab and Mastering adaptation tools for a 
wide range of subjects, mainly in the sciences. 

- McGraw-Hill introduced ALEKS and Smartbooks, the 
newest adaptive LearnSmart technology. 

- New Ventures Macmillan has partnered with Knewton and 
has access to PrepU technology. 

- Wiley has partnered with Snapwiz to create a new product 
offering called WileyPlus [1, 5, 9, 14]. 

There are other companies and even universities here: 
- Companies include Smart Sparrow, CCKF and ScootPad. 
- Brightspace from D2L has acquired the launch of 

Knowillage and adaptive LeaP learning technology. 
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In Europe, about a dozen institutions have formed 
INTUITEL to “improve the content of the e-Learning and 
Learning Management System (LMS) with features that so 
far have only been provided by human educators”. 

The University of Phoenix has invested heavily in its 
adaptive learning technology. 

Ohio State University professors have created an adaptive 
learning module (called MOOCulus) that they have 
embedded into the Coursera platform for their MOOC 
calculation. 

Adaptive technology has established the beach in higher 
education. Significant early projects are the use of MyLab 
Pearson by Arizona State University and the use of ELEXF 
ALEKS. The reports on these projects are ambiguous, as 
might be expected when young technologies are just 
beginning to develop, but the set of significant interests and 
investments promise to make this key technology a viable 
future. 

II. METHODOLOGY 

Education Data Education (EDM) is an interdisciplinary 
research area that is concerned with developing research 
methods for data that emerge in a learning context. EDM uses 
computational approaches to analyze educational data to 
explore educational issues [21].  

The method of electronic educational systems to obtain 
additional information on the user's behavior has been 
developed. This approach is part of a pattern of behavior, 
typology, algorithm, the session was characterized by a set of 
variables in the course of pupils’ behavior Sx in Section 3 of 

the introduction of plants and was cleared by the fact that the 
session is stored in the warehouse. 

The main objective of the algorithm in any level of 
physical activity is a set of measures (storage PhisEvent 
entity) session is part of a document (ESO session, VI, and 
CM) length of a Session of variables, including the value of 
Sx [7, 13]. Watching the events on stage at the 1st session of 
command and used as a type of input. Nestled in a 
hierarchical structure, and the session of the Session, that 
person can be. In the algorithm of the session variables that 
reflect the user's behavior pattern Sx, is a Tuple. for all users, 
for example, Tuples sources on the internal variable is used to 
determine the UbehPrj, k-means clustering algorithm is used 
to learning UbehData, UbehStd, Ustyle [6, 7, 9]. Thus, the 
algorithm for the introduction of a certain degree of 
time-ordered set of events during one session. If a line in the 
direction of (tuple) is a representative example of the code of 
conduct and style of learning. 
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Fig. 1. The algorithm of the session variables that reflect 

the user's behavior [1] 

III. RESULT AND DISCUSSION 

To illustrate how the algorithm works, we give the 
following example of processing PhisEvent physical events 
that occurred during a document-level session. 

After opening the webpage page, the user has performed 
the (PhisEvent) actions corresponding to those listed in Table 
4 of Section 9 of the PNI Report for the first stage [1]: 

All events were handled by a private user model algorithm 
that found the appropriate rule for this session type. 

As a result of applying this rule, the following snippet of 
session record will be obtained: 

{ 
     SscrollVector: 0.15, 
     SscrollLength: 0.24, 
     SscrollCoverage: 0.87 
} 

The example above is much simplified: it is assumed that a 
user only performed scroll actions during a session. In 
real-life, sessions are mouse clicks, text selection and 
on-screen dragging [8, 11, 18]. For each of these events, the 
rules for converting and calculating the corresponding 
values of the Sx variables are searched. 

As already shown in Section 1, the clustering of session 
type records is performed by the k-means algorithm. 
Updating the Housing for User Behavior in Electronic 
Educational Systems 

In step 1, a body of user behavior data is generated that 
includes all the information that can serve as input and 
predictions during a xMANN recurrent architecture training 
network [17, 19].  

The case included: 
- data already available in the GlobalLab database; 
- data on user interaction with the user interface; 

- data on academic success. 
In addition, the corps includes student achievement data 

obtained from Diary.ru's electronic diary, which was 
integrated within the GlobalLab platform. 

In the second phase of the PNI, the body of collected user 
behavior data in eLearning systems was updated and 
modified as follows: 

1. Data already available in GlobalLab has been reduced to 
a format compatible with Model 1 of the input repository for 
an algorithm for predicting the optimal learning trajectory [1, 
16]. 

2. Training performance data has been reduced to a format 
compatible with Model 2 of the Input Repository. 

3. The order of integration with Diary.ru's electronic diary 
has been revised to provide additional information about 
students, educational institutions and grades. 

4. Software implementation of procedures for converting 
the output data from sections 1 and 2 of the repositories into 
xAPI format (section 3 for storing the input data) has been 
developed. 

5. Software has been developed to convert user-specific 
information during a session (a PhisEvent entity) into a 
session record [1, 2]. 

6. Software implementation of vectorization of event 
components describing the stage of the educational trajectory 
and methods of reducing the dimension of the vectors 
obtained (see Sections 4, 5 of this PNI report). 

The method described above, based on empirical rules, on 
the one hand, is flexible enough to create a large number of 
simulated user models, and on the other hand, ensures the 
realism of the obtained models by observing general patterns 
in user behavior. in GlobalLab EOS. It seems obvious that, 
due to the low knowledge of the laws of user behavior in 
EOS, a more reliable method for obtaining simulated data is 
not yet possible. 

In step 2, the PNI test method generated trial generation of 
a set of simulated data. For generation purposes, the method 
developed in Stage 1 was programmatically implemented as 
a utility, which in Stage 3 will be included in the 
experimental sample [3, 4, 10, 12] 
Ensuring Deployment, Configuration, and System 
Administration of Cloud Infrastructure that Updates the 
Housing of User Behavior in Electronic Educational 
Systems 

In Phase 1, PNI, using the resources of an industrial 
partner, deployed, configured, and systematically 
administered the cloud infrastructure to generate an array of 
user behavior data in eLearning systems (see Infrastructure 
Description in Section 12 of the PNI Report for Phase 1, 
Phase 2 [1], in the deployment, configuration, and 
administration of the system has been continued due to an 
update of the database of user behavior in e-learning 
environments. 

The total number of services providing work to update the 
user behavior data set in e-learning systems in Phase 2 has 
been expanded to 160 [15, 20]. 
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The services were implemented programmatically, which 
ensured closer integration with Diary.ru's electronic diary 
through calls to Diary.ru API methods. These services 
implement steps 1.1 - 1.9 of the input algorithm for the 
optimal learning path prediction algorithm [1, 20]. 

In Step 2, we transitioned from using the Google 
Geocoding API service to using the OpenStreetMaps 
Nominatim open source system, which required the 
deployment of this service on a separate leased server. The 
move to the use of the open source OpenStreetMap 
Nominatim system deployed on your own industrial server 
servers also allowed for a sophisticated version of the 
UgeoAdmLvl, Ulat, Uurb variable calculation method. 
Implementation of the methods was made possible by the 
fact that the number of requests for direct and reverse 
geocoding is now unlimited.  

In the future, the use of the OpenStreetMap Nominatim 
service opens up additional opportunities for modeling the 
students' living environment as it allows: 

- determine the number and distance of different objects 
of educational and cultural infrastructure from the 
student; 

- population in the settlement where the student resides; 
- natural features of the student's place of residence 

(altitude, type of landscape, average annual air 
temperature, etc.). 

Deployment, configuration, and system administration of 
the cloud infrastructure was performed on dedicated 
dedicated FastVPS EXV-10 and EX-4 servers. 

In the framework of the patent research, a search for a 
patent, an analysis of the current patent situation, 
development trends and development prospects in the field 
of computer programs for the formation, analysis and 
vectorization of the student's educational path, etc. were 
carried out. including information about his behavior as part 
of machine learning to automatically determine the various 
properties of a student's learning trajectory. 

The inventions, utility models and samples adjacent to the 
business object were taken for the study. 

As a result of the scientific and technical literature search, 
14 abstracts of computer program registration certificates 
and 5 patents were selected [1]. 

An analysis of patent documents and computer registration 
certificates shows that there are no inventions to date that use 
specific machine learning methods to model the properties of 
learning pathways. Often, the object of protection is not a 
specific model, but a method of applying it to a more general 
utility model. Methods based on the use of specific inputs in 
models of learning trajectories and students are also 
protected. 

IV. CONCLUSION 

The method of extracting additional user behavior data 
developed in Step 1, developed an algorithm for generating a 
user behavior data array that is intended to automatically 
transform the User's specific physical activity data into one 
aggregate EOS session his type of behavior and teaching 
style. 

Applied scientific research completed all necessary 
deployment, configuration, and system administration work 

for the cloud infrastructure to update the corpus of user 
behavior data in electronic education systems. 

The body of the user behavior data was updated, both 
related to updating the database with new data and 
converting the data to a format compatible with the model 
for storing the input of the optimal learning trajectory 
algorithm. 

The simulated data about the users used to train the RNS 
was generated using the software implementation of the 
method developed in step 1 of the applied scientific research. 
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