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Abstract

The paper gives a ground for the relevance of the development of the system of preparing electronic reports on the scientific
research carried out at Orel state University. The specific features of the system are analyzed in the context of the organization
of university research activities. To design a system, various information technologies should be used to create the software
product that is in line with the modern trends of using web technologies in applications. As a result, the structure of the
information and analytical system for the preparation of individual forms of electronic reporting was developed in the context of
the organization of university research activities and the software was implemented in a modern programming language. After
the testing of applications the system is recommended for introduction at all departments of Orel state University. At the next
step it is planned to simulate and implement the system components for preparation of integrated forms of electronic reporting
on scientific activity of the university departments, as well as for the preparation of consolidated forms of electronic reporting of
scientific research activities of the university on the whole.
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1. Introduction

Collecting comprehensive information on the scientific research carried out at the university is one of the pressing
problems in the wide range of university activities. The scientific research ranges high in the methodology of calculation
of indicators for monitoring the effectiveness of educational institutions of higher education. This entails the increase of
requirements for the university academic staff in terms of revitalization of scientific activity (Puzankova et. al., 2014).

The scientific research is carried out in accordance with the plans for scientific research projects (SRP) completed
within the programmes and grants of the Ministry of Education and Science of the Russian Federation (Minobrnauki of
Russia), Russian Science Foundation (RSF), Russian Foundation of Fundamental Research (RFFR), Russian
Foundation for Humanities (RFH), Federal Target Programmes (FTP) and the plans of Research and Development
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(R&D) completed according to economic contracts with agricultural and scientific institutions.

The structure of the University scientific research sector includes the department of scientific research and
innovations; department of innovation activity; department of intellectual property, patents and inventions; the department
for training of highly qualified academic staff; the Scientific and Technical Council; research institutes; scientific research
centers; laboratories; museums and other scientific departments. Each major research department has its own hierarchy
(Belousov et. al., 2014).

Each scientific research department drafts plans of research activities for an upcoming calendar year. At the end of
the year it reports on its progress and performance. Apart from that, each academic staff member fills out an individual
research plan and later reports on its implementation orally or in writing at the department meeting.

This article presents the results of a single phase of the analysis of the scientific research carried out at Orel state
university and the development of the information analytical system which is planned to be used at Orel State University.

The main goal of this practical work is to elaborate a system that will be an effective tool for the administrative and
management personnel and to help evaluate the scientific research sector of the university as a whole and in each of its
structural unit in particular. Such analysis is the basis for making effective management decisions at all levels (Egghe,
2012; Gléanzel, 2012, Hirsch, 2010; Nederhof et. al., 2009, Mauleén and Bordons, 2009).

By the time we began to design the plan, all the planned and reporting activities were performed on paper and
various forms and tables developed by the Scientific and Technical Council were still in use. This caused considerable
inconvenience, since modern information technology which enables processing of large amounts of information was
almost never used (Mauledn et. al. 2012; Bordons et. al., 1999; Rinia et. al., 2002; Van Leeuwen, 2008).

The main reason for developing the system was to create a tool that would help to efficiently collect and analyze
data, both personal and generalized across individual research teams and organizations, in order to obtain reliable
indicators of performance and focus of the scientific research (Tijssen and Leeuwen, 2006; Starodubov et. al., 2012;
Kotsemir, 2012).

Major outcomes of the scientific research conducted by any organization generally take the form of publications,
results of patent research, participation in conferences, supervising students writing course papers, degree works and
theses, etc. In this case, only academic staff members' annual reports presented with varying degrees of detail can serve
as a source of such information. This means that indeed there is a pressing need for automation of the analysis of this
activity results due to the significant increase in the number of participants. On the other hand, without a well-organized
system for preparing an electronic reporting framework for the results of scientific research, it will obviously be impossible
to process the accumulated amount of information.

It is suggested that the results of the work carried out by individual staff members as well as each department on
the whole should be used as the source data. The latter include information about scientific findings, publications,
textbooks and manuals, certificates and patents, conference papers, diplomas and dissertations supervision, and other
types of scientific activity. Management of this information involves its collection, registration and systematization,
storage, analysis and delivery on request.

Thus, we have identified the main objectives of the system which include providing an academic staff of each
university department with an opportunity to plan and register the results of their scientific research in an automatic mode
and enabling the heads of individual departments and the whole organization to carry out a quantitative and qualitative
analysis of the research activities of each staff member, individual department and the entire organization (Puzankova et.
al., 2014).

In order to achieve these objectives, at the first stage of the system development it was decided to perform an
automated filling out of individual reporting forms. Due to the increased number of indicators characterizing research
activities, there was a significant complication of individual plans and reports (Dorofeeva et. al., 2014).

For a more effective solution we carried out a comparative analysis of the information systems presented on the
Internet which are used to tackle such problems. At present there is a large number of automated accounting systems
which were created to efficiently analyze research, innovation and education activities and became widely used with the
development of the Internet and web-based data processing.

One class of such systems is represented by Major Web services that are being developed in the framework of
projects such as Web of Science, Scopus, Google Scholar, the Russian portal eLibrary.ru and the like. Basically, these
systems are hibliographic and abstract databases. In varying degrees they combine such functions as indexing and
retrieval of scientific papers. Foreign projects that use semantic technologies belong to the second class of the systems
of scientific information analysis. It is important to mention such systems as Bibster, JeromeDL, Flink, AIR, as well as the
semantic database of general purpose, such as Cyc, YAGO, True Knowledge, Freebase, DBpedia and Wikitology. The
third group includes Russian projects, for example, the Integrated System of Information Resources (ISIR) developed by
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the Russian Academy of Sciences, the complex designed by the Institute of Informatics Systems of the Siberian Branch
of the Russian Academy of Sciences (IIS SB RAS), the “Istina” system which is being implemented at Moscow State
University named after M. V. Lomonosov, as well as the system “Pure” by Elsevier (Afonin et al., 2014).

In most situations these systems have obvious advantages, however, it was concluded that they could not be used
in this particular case. Primarily, this is due to the way a scientific research is carried out in various scientific organizations
and the complex long-term adaptation to the particular situation (the complexity of data input, the difficulty of searching for
information, the use of “hard” classification schemes and data circuits, etc.), as well the high cost of information systems
on the market.

In order to design and develop a suitable electronic reporting system a special research team consisting of
professors of physics and mathematics and the scientific department staff was created at Orel State University. We had
to design a system that would ensure the collection of reliable information from each staff member engaged in research
and that would at the same time allow us to process this information in order to produce a variety of reports both at
individual departments and at the university on the whole.

The following technical system requirements can be used: completeness of data; the dynamics of the knowledge
base structure; minimization of the time for data processing; data integrity (which lies in the authenticity and accuracy of
information, its security against possible unintended or malicious distortion); confidentiality (access to the applications of
the system should be allowed only to people entitled to it); security (which is based on a developed system of usernames
and passwords); multi-user access with differentiation of access rights; a user-friendly and intuitive interface designed for
users with varying degrees of training; integration into a single information space of the university (Antopol'skii, 2015;
Moskovkin, 2013; Vasilenko et al., 2014).

2. Objective, Methodology and Research Design

Current research corresponds to high priority scientific areas, technology and engineering in the Russian Federation
(information and telecommunication systems), as well as priority areas of modernization and technological development
of the Russian economy (strategic information technologies, including the development of supercomputers and software)
and critical technologies (technologies of processing, storage, transmission and protection of information).

The methodological basis of the research was made up of the systemic approach elements which contribute to the
development of an effective research strategy of information systems in their interconnection and interdependence and of
the Information Security Doctrine of the Russian Federation.

To achieve the stated objectives we used a set of research methods varying:

- according to the degree of the design automation - the method of computer-aided design that carries out

generation or configuration (setting) of design solutions on the basis of the use of special software tools;

- according to the degree of the use of standard design solutions - the method of original (individual) design in
which any design solutions are developed “from scratch” in accordance with the requirements of the
information system;

- according to the degree of adaptability of the design decisions - the parameterization method in which design
decisions are adjusted in accordance with variable parameters.

To design a system, various information technologies should be used to create a software product that is in line
with the modern trends of using web technologies in applications and that corresponds to the state and prospects of
developing a scientific and technical complex in the country. This will help to make available the service that is provided
by an application developed in any place that has the Internet connection.

Among major challenges that the team of the system developers faces are the following: the analysis of the forms
and types of reporting on the scientific research carried out at the university; the development and modeling of the
database and the interconnections between its objects for the information system; the development of screen forms with
ergonomic interface requirements; the development of the software code of form handlers; the development of the server-
side code of the information system. A designed software application should take into account all the modern
requirements to software products of this class and should be created on the basis of modern technology.

While discussing the objectives of the project, we decided to create a system with a client-server architecture
based on web technologies (Graph 1). The development of the Web applications is carried out on the basis of the Django
framework in Python. Django is a third generation Web framework and is designed to create dynamic sites quickly
(Kaplan-Moss and Holovaty, 2014) The Gunicorn server is used as a primary web server. The project database
management system MySQL is chosen for handling the database of the project. The Web application functions on a
special server operated by the Linux system. A customer response generated by the server is generally a HTML-
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document. To create the user interface of web application the framework of Semantic Ul is applied. The behavior of the
elements from the client-side is defined using the JavaScript-library jQuery. The applied software is free and highly
reliable.

Semantic UT

HTML
JQuery Gunicorn

User

W 5

Django ﬁ
Python M

The Web framework Django implements the "Model-View-Controller" design pattern, MVC. The Django toolkit includes
the object-relational mapping (ORM) which allows automatic generation of SQL-based queries on the basis of the
Python-code. The framework of Django also includes a built-in template language and supports configuration of URL-
addresses. The MVC design pattern makes it possible to split into separate components the model of the application
data, the user interface (view) and the connection between the user and the application (behavior/controller). This
separation allows to increase the code reusability and to make its modification easier. Linking the project to the Python
makes it possible to use a rich set of other language libraries that implement various functions. It should also be noted
that in the framework of Django a complete administrator Web-based interface is automatically generated on the basis of
patterns predefined by the programmer. Using it, the administrator can view, add, modify or delete any information in the
database.

Graph 1. Project architecture
Source: Own analysis, http:/nir.univ-orel.ru/

3. Research Outcomes and Discussion

The project is meant to be carried out in three annual steps. At the first stage (2014) the system components were
modeled and implemented for the preparation of individual forms of electronic reporting on scientific research. At the
second phase (2015) modeling and implementation of system components for integrated forms of electronic reporting on
the scientific activity of structural subdivisions of the university will be carried out. At the third stage (2016) system
components for the preparation of consolidated forms of electronic reporting on the scientific activities of the university on
the whole will be modeled and implemented. Each stage involves preparing a guide to using the information-analytical
system components.

The first stage of the Web application development resulted in the planning system of scientific research activities
for each structural subdivision of the university (department, research laboratory). Each staff member logs in the system
using the web interface. To do this, they fill in an electronic form which contains the following entries: Username,
Password, E-mail, Name, Patronymic name. They should also put a check mark in the checkbox box marked “I agree to
the processing of my personal data”. After this, users must confirm their registration by clicking a special link in the email
that comes to their e-mail. Then they should be authorized on the main page of the web application. After this users enter
their personal cabinet where the following services become available: Profile, Plan, Report.

The profile contains the following menu entries: Account, Personal data, Title. The Account section gives an
opportunity to change the login, password and e-mail. The Personal data entry allows one to edit the name, first name
and patronymic name. It is also important to specify one’s degree and academic rank here. Users can enter the area of
science which awarded them the academic degree and the department or specialty for which they were awarded the
academic title. In the Position section one should select out of the tree list a structural unit of the university and specify
the position of the rate at which one works. The user can have several titles, each of them has a sign of Status. This
attribute can take on two values: Confirmed or Not confirmed. If the title is confirmed, the data entered is recorded in the
respective structural unit. Titles must be confirmed by the head of the department.

Planning research activities by each academic staff member involves filling in the following forms: Scientific
research, Grant activities, Participation in events, Student research management and supervision, Results of intellectual
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activity, Scientific schools. Each form allows adding, editing and saving the data. The first two forms will now be
examined in more detail.

When filling out the form Scientific research each lecturer chooses a department, one of the project topics
registered in the database of the university and the kind of their involvement: Manager (M), Performer (P), Support staff
(S). Then they should enter the purpose and expected outcomes of the research activity. For each topic of research
activities, the following indicators should be filled in:

» Total number of papers (apart from conference abstracts), total, including articles published in foreign journals.

» Total number of papers published in indexed scientific journals, total, including articles published in:

e scientific journals included in Higher Attestation Commission database;
e Russian Science Citation Index (RSCI) database;
e Web of Science;
e Scopus;
e European Reference Index for the Humanities and Social Sciences (ERIH PLUS);
o other international information analysis systems.
> Number of monographs, total, including monographs:
e published abroad;
e co-authored by foreign writers.
» Number of course books, total, including course books:
e classified and recommended by the Academic Methdological Association (AMA);
o classified and recommended by Minobrnauki of Russia;
o other classifications.
> Number of study guides / instruction manuals, total, including study guides / instruction manuals:
e classified and recommended by the Academic Methdological Association (AMA);
e classified and recommended by Minobrnauki of Russia;
o other classifications.

All entered information is stored in the database. This allows automatic generation of plans for scientific research
activities of any structural unit of the university. Table 1 shows an example of consolidated data for one of the
departments. Table 2 shows a fragment of the research activities scheduled for department topics.

Table 1. Consolidated data for department scientific research activities

of Russia

tal

auki of Russia

on Index

ended by AMA

Full name

Table row
Monographs, total
/ instruction 1

other clas:

1. | Ivanov L1 2(0j2(0]2]0]0 0|02 ]0oJOojO0 (OO fO]JO|O]O]O
2, |PettovP.P, |3 |0 |2 |1 |20 |1 [0 /00O |OJO OO0 |O]JO |2 |1 ]|O]O
3. | SidorovSS. |3 (0|2 (22|00 [0 |0[O0[O[O|2]|0]|0O]|0O]O]O]O]O
Total 8§06 (3|6 |01 0[O fT1]O0 |01 (0jO0 0|1 |1]O0]0O
Source: Own analysis
[ N
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Table 2. Scientific research activities on one of department topics

Topic 1. Analysis of...

AMA

nobrnauki of Russia

nd zecomiended journals

Role
ERIH

Full name

-
5
Q@
g
g
8
g
]
2

Table row
Scopus
Course books, total

guides / instruction manuals, total

olassified and recommended by AMA

classified and recommended
Study

classified and recommen

1. | Ivanov LI M|2 |0 [2]0]|2]|0|0|0|O0|1]0 00 0j0f0]0
2. |PetrovPP. P30 |21 ]2]/0|1[0f0f0|0]|0[0|0O|0OJOfT]|1]0]0
Total 5/0(4(1]|4 (0|1 ]0]0]|1]0 00 1]1]0]0

Source: Own analysis

The grant activity form contains two sections: 1) intended applications; 2) ongoing projects. In the planned projects
section a staff member chooses the department and indicates the number of applications (Z) in the following areas:
Russian Research Fund;

Russian Foundation for Basic Research;

Russian Humanitarian Science Foundation;

The Federal target program;

Government order, Minobrnauki of Russia (basic part);

Government order, Minobrnauki of Russia (project part);

Economic agreement.

The number of applications where a staff member acts as a manager (M) is also indicated here. This allows to
control a total number of applications from each structural unit. If one plans to apply for grants in other areas, one can
mention it a special text box.

In the ongoing projects section staff members select a project registered in the University database and specifies
the form of their participation (manager, performer, support staff). Table 3 shows a summary of the planned applications
for one of the departments.

Other forms were filled out in a similar way. The described system allows one to generate automatically a research
plan for a structural unit of the university and monitor the effectiveness of the corresponding subdivision. In the future, the
developed web-based application will solve the problem of automating the preparation of electronic reporting on the
scientific research carried out at the university and optimize the process of obtaining and processing information.

VVVVVYYVY

Table 3. Intended applications for grants

5 Government | Government Fe N
H RSF RFBR RHSF FIP order (basic | order (project | o noME
K] Full name part) part) agreement
£ I IM|ZM|ZM|Z|M|Z M z M|X|M
1. | Ivanov LL 01012 1 1 1 010 0 0 0 0 0 0
2. | Petrov P.D. 1 1/]0]JO0]JO0o]JO0o]oO]1 1 1 0 0 0 0
3. | Sidorov SS. 0 0 0 0 1 0 1 0 0 0 1 1 0 0

Total 112 11,211 1 1 1 1 0|0

Source: Own analysis

The developed system components have been tested at a number of Orel State University departments (Physics and
Mathematics, Philosophy, Documentation and Teacher education, Medical Institute). The work of the Web application in a
test mode has identified some deficiencies of the system related primarily to the different levels of teachers’ experience of
working with modern information technologies. This made it necessary to provide the academic staff with assistance and
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organize workshops focused on the stages of work with individual research plans. The testing results of the system were
discussed at the meetings of the Scientific Council at OSU, the Scientific and Technical Council and approved by OSU.
The system is recommended for introduction at all departments of the University. It should be noted that certain elements
of the system can be used in the educational process within the disciplines taught at Faculty of Mathematics and Physics,
Faculty of Documentation and Teacher Education.

4. Conclusion

As part of the research work the following objectives were achieved:

* a model of the components of the system for the preparation of individual forms of reporting on scientific

activity was created;

+ the software implementation of the system components designed for the preparation of individual forms of

reporting on research was completed.

The following scientific and technical results were obtained:

+ the structure of the information and analytical system for the preparation of individual forms of electronic

reporting was developed in the context of the organization of university research activities;

+ the software was implemented in a modern programming language;

+ the testing of the applications was performed.

Thus, the new preparation system of the individual forms of electronic reporting on the scientific research carried
out by the members of Orel State University staff was created. The system meets the modern trends of using web
technologies in applications. At the next step it is planned to simulate and implement the system components for
preparation of integrated forms of electronic reporting on scientific activity of the university departments, as well as for the
preparation of consolidated forms of electronic reporting of scientific research activities of the university on the whole.
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