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ABSTRACT

In this paper are considered questions which connected with building of the hybrid user model in scientifi c recommender systems. Offered model is 
consistent with conceptual model of the presentation scientifi c Common European Research Information Format data. The authors propose an approach 
using semantic networks. The model considers the main entities of a physical data model, received from generally available sources. During creation 
of model approaches from area of marketing were used, in particular psychographic approach. Quantitative experiment for profi les of the users of the 
“International congress conference ‘Information technologies in education’” portal. Results of experiment have confi rmed adequacy of the offered 
models. The offered detail level of model and methods of its representation are directed to further improving of a pertinent of all personalisation 
algorithms. This study was fi nancially supported according to Federal Target Program “Research and development on priority directions of scientifi c-
technological complex of Russia for 2014-2020” (grant No. RFMEFI57614X0068).

Keywords: Recommender System, Formal Conceptual Common European Research Information Format Model, Hybrid User Profi le
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1. INTRODUCTION

Recommender systems (RS) is a software and methods for 
forecasting of the user behaviour relative of the information 
searching object and recommendation forming for objects which 
not seen before (Ricci et al., 2011). Formed recommendations 
help users in different decision making process such as choice of 
the scientifi c article, choice of discipline for study, etc. Similar 
recommendations are built on the grounds of features these object 
and (or) of the user profi le.

Development of the RSs possible on base discipline approach only, 
when is used together intellectual analysis data (Data Mining), 

decision theory, statistical methods of data processing, marketing, 
theory of consumer behavior, expert systems, etc. Formation of 
recommendations made on the basis of the data. Data used by RS 
belong to three types of objects: Elements, users and transactions 
(ratio between the users and items).

In scientifi c RSs the scientifi c article, the book and the patent can be 
elements (or objects of information search). The element can consist 
of primary terms, i.e., information units such as word, author, name 
of style, etc. Elements can be described by its complexity, value or 
usefulness. The value of the element can be positive, if the item is 
useful for the user and negative if the element is not necessary, and 
the user has taken a negative decision in choosing it.
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The system user can have their own tastes and preferences. 
Information about users can be collected in different ways. There 
is always a user profi le, explicit or implicit at the user model. The 
explicit profi le is created by means of fi lling of questionnaires, 
inquiries, etc. In this case the user is personalized. The implicit 
user profi le is created by means of the analysis of its actions on 
the website.

Transaction is understood as the recorded interaction between the 
user and RS. For example, the transaction log may contain the 
link to the element which selected by the user and the description 
of a context (for example, user query) for formation of the 
recommendation. Such transaction can also refl ect existence of 
explicit back communication which the user provided, in the form 
of an assessment of the selected element.

Actually, estimates which are collected by RS are the most 
popular form of transaction data. These estimates can be collected 
explicitly or implicitly. In an explicit set of estimates of the user 
ask to provide her judgement on an element on a rating scale. In 
the transactions which collect implicit estimates the system aims 
to output judgement of the user on the basis of its actions. The 
dialogue system support interactive process. In such systems 
more advanced transaction models. In this case the user can 
request the recommendation and the system can make the list of a 
sentence. Thus RS reports to the user the best results on the basis 
of additional user preferences.

One of the relevancy problems is creation of adequate model of 
the user of system for increase of accuracy in case of demand 
personalization. This situation arises by development of RSs. 
This model must take into account the advisory system specifi cs, 
i.e., content and behavior of the real human interaction with that 
content.

In this paper it’s offered to construct model of a user profi le of 
scientifi c systems for pertinent increase of recommendations of 
responses in the fi eld of scientifi c and educational information.

2. THE PRINCIPLES OF RS CREATION

RSs are classifi ed as content, collaborative and hybrid. In case 
of content fi ltering user profi les and objects are created. User 
profi les can include demographic information or responses to a 
certain set of questions. depending on an object type profi les of 
objects can include names of monographs and articles, names 
of authors, etc.

Content fi ltering is focused on a clear classifi cation of users and 
objects that appear in the information offer. In this case direct 
compliance between users and objects on the basis of their 
characteristics is set direct compliance between users and objects 
on the basis of their characteristics is set. In general strategy 
well works in areas with fi nite and rather small amount of the 
evaluation criteria following from the nature of things in case 
of big information streams. And also allows a large number of 
criteria in case of a small information fl ow. The main problems 
are a classifi cation and creation of new information sentences.

In case of collaborative fi ltering information on behavior of 
users in the past is used. For example, information on its orders 
or estimates. In this case doesn’t matter with what object types 
operation is carried, but at the same time implicit characteristics 
which would be difficult to be considered during creation 
of a profi le can be considered. Main problem of this type of 
recommendatory systems is “cold start.” It’s mean absence of data 
on the users who recently appeared in system or objects.

Collaborative fi ltering is guided by the analysis of a path of the 
user to a large extent, i.e., it is considered according to what links 
he transferred as evaluated on what he delivered a tab where used 
social buttons that looked for, and also implicit actions-where the 
analysis of cumulative actions and behavior, the analysis of habits 
was delayed longer where it is less. The considered strategy is 
considered the most perspective for today, including competitions 
among scientifi c groups for search of the best algorithms are 
regularly held.

Hybrid RSs use both types of fi ltering.

The assessment of result of operation of recommendatory 
systems can be carried out from the point of view of relevant and 
pertinent (Kireev et al. 2015). As a rule, relevant is understood as 
compliance of the acquired information to a query. Pertinent is 
understood as compliance of the documents found the information 
retrieval system to information needs of the user irrespective of 
the fact how fully and precisely this need is expressed in the form 
of request. Pertinent is defi ned by subjective perception of the 
person. Because of subjectivity of pertinent it is impossible to 
achieve exact coincidence. Any search engine is customized for 
information needs of the average, but not specifi c user. Insuffi cient 
pertinent of searches is caused by the following basic reasons: 
Excessive decomposition of requests and service on excessively 
broad requests, without personal properties of the user.

Excessive decomposition of requests is that information need of 
the user revealed in the form of a series from 7 to 10 very specifi c 
requests. In case of service on excessively broad requests for one 
request the subscriber receives from hundreds of thousands to 
hundreds of millions of documents, web pages. Though directly 
there corresponds to request only the small part of information.

Scientifi c RSs have the features. Object of information search 
in them is the scientifi c result (SR): Theses of reports, articles, 
monographs and textbooks, preprints, the defended dissertations 
and results of intellectual activities. Scientifi c networks, electronic 
libraries and databases can be a source of such information. 
The behavior of users of such systems is almost not studied. 
Thus, question of improvement of quality of information search 
(pertinent) at the expense of the accounting of features of behavior 
of users of scientifi c systems is especially actual (relevancy).

3. THE QUESTION STATUS

Scientifi c operations are carried out by the organizations, research 
teams and certain scientists. One of approaches which is used in 
scientifi c recommendatory systems relies on properties of scientifi c 
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documents. One of the most known is formal conceptual model of 
scientifi c data Common European Research Information Format 
(CERIF), which is constructed on entities such as Publication, 
Project, Person, Organization, Event (“CERIF 2008-1.2 Full Data 
Model. Introduction and Specifi cation,” 2008; “CERIF 2008-1.2 
Semantics,” 2008; “CERIF 2008-1.2 XML Data Exchange Format 
Specifi cation,” 2008). The basis of the CERIF model is the 
publication and its attributes, type of users in it aren’t considered.

In other researches it is offered to use the graph of the concepts 
constructed on keywords for the recommendation scientific 
documents (De Nart and Tasso, 2014). This RS is based on 
separation of keywords for generation of meta data in documents 
which are used for provision of the useful recommendations. 
This semantic approach allows to create the user’s model. This 
approach is planned to be used for recommendations in different 
areas, such as news, patents and to legal documentary archives. The 
recommendatory Rec4LRW system is focused on three research 
tasks. The fi rst is creation of the list for reading scientifi c articles. 
The second is search of similar documents on the basis of a set of 
documents. And the third is abbreviation of the list for switching 
on in the manuscript based on article type. The system is intended 
for assistance, to researchers in search of the purposes of writing of 
research and development operations and the review of literature. 
Methods of result of recommendations in Rec4LRW are based on 
the intermediate set of criteria which capture characteristics of the 
scientifi c article (Raamkumar et al., 2015).

Opposite approach suggests to build model of the user of 
recommendatory system, transferring its characteristics from other 
systems. For the solution of the task of cold start in certain cases 
use cross-models of transfer of model of the user from scientifi c 
networks (Wongchokprasitti et al., 2015). For the solution of the 
task of cold start in certain cases use cross-models of transfer of 
model of the user from scientifi c networks. It generally is based on 
keywords on the basis of researches of relevance and on a social 
network between researchers.

Also more diffi cult approaches to establishment of communications 
are offered. For example, in (Yang et al. 2015) new measure of 
similarity at the institutional level which measures communication 
force between associated institutions of researchers is proposed. 
In other researches the hybrid model of the user which includes a 
combination of joint fi ltering and fi ltering on the basis of content 
is offered (Hao et al., 2016). This hybrid model uses estimates, 
subjects or classes of elements. In this regard, creation of hybrid 
models of the user is are very perspective.

On the other hand, there is a row of researches of behavior of 
users on social networks which still weren’t carried out for users 
of scientifi c networks.

These researches prove that all users of social networks it is 
possible to divide into several classes, i.e. patterns of behavior 
of users are selected. The quantity of classes into which 
divide Internet users is in an interval from 6 to 10 depending 
on approach to their formation. There are operations where 
types of users are selected, considering a way of life of the 

person in general (psychographic approach) or on the basis of 
communications with the professional sphere and the sphere of 
personal interests (social-demographic approach). In our case, a 
fi eld of activity and the professional sphere of our users one. It is 
science. And both approaches are the insuffi ciently informative 
for our researches.

But approaches when patterns of behavior are selected based on 
actions of users which are carried out on a network are known. 
Treat them: Social technographic approach, socio-political 
approach, empirical approach.

Certain actions of the user on the Internet are the cornerstone of 
social technographic approach. On its basis fi ve active are selected 
and one inactive class of users, and a share of inactive users who 
didn’t manage to be classifi ed makes 23% (Nechaev et al., 2014; 
Al Zamal et al. 2012). The following types belong to the classes 
of the active users.
• Creators. Their principal characteristic are the activities 

directed to creation and the publication of content: Have blogs, 
write and spread in article network, reviews

• Critics of which the activities directed to expression of the 
relation to already created and published on a network are 
characteristic. They use forums, express the opinion on web 
pages, in web blogs, on pages of a social network of other 
users; on the websites, forums of the companies, shops, fi rms 
of vendors, etc

• Collectors which classify and will organize Internet content: 
Participate in compilation of ratings of the websites, use RSS 
fl ows, etc

• Joiners, i.e., users of the websites and blogs of social networks
• Spectators, which activities are directed to consuming of 

content: Download, listen to audio and video, read forums, 
visit the sites of recommendations, etc.

In paper (Ryabchenko and Gnedash, 2014) user classifi cation 
based on socio-political approach and roles which they play in 
the formation of a specifi c semantic concept in online-social 
networks and online-social communities. In this case “Opinion 
leaders,” “Sensors,” “Retailers,” “Readerships,” “Reputational 
players” were allocated. “Opinion leaders” change an information 
and news fi eld. The active authors treat them. “Sensors” collect 
signifi cant information within this or that semantic concept they 
leave a context of that information which is entered by leaders 
of judgements. “Retailers” launch a blogwave as it is conscious, 
and isn’t present. “Readerships” permanently are in an online-
social network and practically don’t generate public messages. 
However, under certain conditions these users can change the 
role on “Retailer.” “Reputational players” use a social network for 
solidifying of the image. Most often they are included into online-
network community while popularity of community is suffi cient 
is high. As “reputational” players representatives of business and 
the power appear.

In paper (Chijik, 2014) the results of studies of the behavior of 
the Russian-speaking Twitter users. It is shown that the active 
Twitter users can be divided into three types: Informers which 
disseminate information and have at least formal contact with 
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users; aggregators which publish information but don’t have 
contact with other users; and users which publish news only for 
friends. In a percentage ratio these types correspond with each 
other as 15%, 5% и 80% respectively. As informers in Twitter 
there are politicians and their assistants, representatives of fi rms 
which are engaged in advance and are interested in feedback 
with the information readers, etc. Aggregators members of 
the media most often appear and mass-media persons. Their 
only purpose is to alert the audience. The remaining 80% are 
regular users who, after registering on Twitter, and install the 
application on a smartphone, can quickly read news from their 
interest accounts.

Thus, summarizing the above results, it can be concluded that 
the types of users scientifi c networks in a certain way must be 
correlated with the internet users types. Naturally, at the same 
time it is necessary to consider specifi cs of scientifi c networks.

4. THE OFFERED APPROACH

Considering the scientist as the user of scientifi c system, the 
main actions of the user with system were selected: Search, read, 
download, discuss (reviewing), publication or establishment of 
authorship, quote. Generalizing the considered earlier different 
approaches it is possible to select categories (types) of users of 
scientifi c networks and systems:
• C1 - The active users who are publishing SRs and actively 

using scientifi c systems for involvement in life of community
• C2 - The critics who are actively discussing foreign SRs 

tracking the communications popularizing SRs, etc
• C3 - Pragmatists which study others materials, correctly 

publish the materials, without allowing any discussions
• C4 - The collectors of content tracking the communications 

using quotes, etc
• C5 - Readers, the beginning scientists (undergraduates, post-

graduate students) who collect and download the necessary 
materials.

The model of interaction of the user with scientifi c system is 
provided in Figure 1.

It’s possible to provide (to set) the user’s types considered earlier 
through a set of actions taking into account specifi cs of scientifi c 
systems (Table 1).

Introduction of similar types allows to construct model of a user 
profi le of scientifi c systems more precisely. It leads to increase of 
the information sentence pertinent.

5. DISCUSSION OF THE RESULTS

The RS work with two data sources-database of user preferences 
и database of SRs. The main sources of data for the user can 
be considered his personal data which he indicates in the 
questionnaire for registration on the website. Also the activity 
log which is automatically recorded by the system, based on what 
actions the user performed in the scientifi c system.

The process of the reception recommendation by fi nal user 
consists of several steps. Personal data from a user profi le, logs 
of actions of the user which he makes by operation with system 
will be basic data. Recommendations are given based on user 
based on the user belongs to some group of users with similar 
interests. The defi nition of such classes can help to create user 
demand more accurately, i.e., to increase it’s pertinent. This 
operation is called clustering. Reference of the new user to 
the most suitable class is executed by means of classifi cation 
operation. As a result the recommendation is issued to the user 
in the form of information sentence if it’s known what class the 
user treats and what other participants with similar interests are 
interested in.

For scientifi c RSs as main features of the user follows to select-age 
(date of birth), received education, degree and rank (if present). 
Also here possible refer an affi liation with the organization (name) 
and its location (country + city/town).

The SR can have a different type (for example, article, monograph, 
patent, thesis, etc.), can contain different keywords, pertain to 
concrete UDK, have a ISDN-number, ISBN-number, can be 
published to certain date in concrete journal (journal, number, 
publishing). Except this SR has such features as name, abstract 
and reference.

For example, key importance are brought for different action 
of the authorized user in system-a publications and reading 
(Table 2).

As quantitative restrictions for published material was taken 20 
works that at the average satisfi es majority scientifi c employee. 
Aside from this, names and keywords of the published material 
must be processed and kept in separate fi elds that will allow 
hereinafter more exactly to execute categorization. Also keywords 
on which cites the author of the work will be taken into account. 
For user which reads scientific papers was taken 30 papers 
monthly.

The user interacts with SR or its properties, making different 
actions which are fi xed in a system log (create, read, assign 
evaluation, download, etc.). Each action also has the spatial and 
temporal characteristics when and where the action is made). 
Except actions which are fi xed in system the user can also be 
the author or the coauthor of SR. It must be recorded by means 
of separate type of the relations. In general, it makes sense to 
present such model in the form of a semantic network (graph) 
which provides a possibility of existence of heterogeneous 

Table 1: Types of the user profi les
Process C1 C2 C3 C4 C5
Search 1 1 1 1 1
Read 1 1 1 1 1
Download 1 1 1 1 1
Discuss 1 1
Publish 1 1
Quote 1 1 1 1
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communications. Then it is possible to select entities (vertices) 
people, Science result, actions and organizations which are 
connected among themselves, form the full-meshed graph.

Such full-meshed graph is offered to present in the form of a 
semantic network, i.e., information model of the data domain 
having an appearance of the oriented graph which vertices 

correspond to objects of data domain and arcs (edges) set the 
relations in between (Figure 2).

As a result of data preparation for creation of recommendations the 
relational database is used. It represents a projection of a semantic 
network, taking into account restrictions for the volume of the 
communications characterizing quantity of information units (SRs) 

Figure 1: The model of user interaction with scientifi c system

Table 2: Information about the man’s scientifi c activity
What man has done in the system

Field Comment Field Comment Type
СВ_author=publishes Publishes 20 articles per an num СВ_act=read Reads 30 articles at month Number
ID_Scient Res ID_Scient Res Number
Name 5 words Name 5 words Text
Abctract Abctract Text
Keywords 10 keywords Keywords 10 keywords Text
Type Type Number
UDC UDC Number
Date Date Number
Refers to 5 additional key words Refers to 5 additional key words Number
НР_organization Text
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with which the user of system interacts (Figure 3). Quantitative 
experiment for profi les of the users of the “International congress 
conference ‘Information technologies in education’” portal was 
carried out (http://ito.evnts.pw). The total quantity of attributes 

in the database of users preferences in the made experiment was 
1279 where 9 attributes describe a person, 520 attributes describe 
scientifi c activity of this person и 750 attributes describe activity 
in the system of this person. Results of clustering by the users 

Figure 2: The user profi le of the model scientifi c system in the semantic network form

Figure 3: The relational profi le user model of scientifi c system
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actions of the portal the hypothesis proposed allocation has led 
to the allocation of the fi ve classes.

6. CONCLUSION

Offered in this paper hybrid user model in scientifi c RS will with 
conceptual model of the presentation scientifi c CERIF data. When 
making the models were used not only characteristic scientifi c 
publication and main essence to physical model data, which got 
from available (for all) sources, but approaches from area of 
marketing, in particular psychographic approach. Presentation to 
models is realized with use the semantic networks.

Quantitative experiment for profiles of the users of the 
“International congress conference ‘Information technologies 
in education’” portal have confi rmed adequacy of the offered 
models. The offered detail level of model and methods of its 
representation are directed to further improving of a pertinent of 
all personalisation algorithms.

Thus, the received results of a clustering can be used for framing 
of personal recommendations to the user on the most often made 
actions. Further development of approach is presented in the form 
of extension of a feature set at the expense of the accounting of 
properties of scientifi c publications.
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