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This paper proposes a technological approach to university scientific knowledge management which
integrates the ontology based knowledge model and the methods of university scientific resource intellectual
processing. The process-oriented On-To-Knowledge methodology is used as the basis for university
scientific knowledge management. Some models and methods of university scientific knowledge
management have been studied. The developed model of a specialist that reflects the level of scientific
activity productivity and overall assessment of the employee's scientific activity has been described. A
specialist’s competence in knowledge areas is based on the processing of information resources. The
approach to the university scientific school identification based on the clustering of university academic

community common interests has been described.

1 INTRODUCTION

A large amount of accumulated information
resources and the high speed of new information
arrival impose increasingly high requirements to
modern systems designed to provide information
support to university scientific processes.

The intellectual capital or intangible assets of the
university are the source of new scientific
knowledge. At the level of organization scientific
knowledge or intellectual resources is a complex
category which combines intellectual capital, people,
and various forms of intangible assets which
concentrate knowledge and professional skills
(Klimov, 2002).

Russell Akkof, one of the classics of Operational
Research, proposed the following hierarchy of
knowledge: data - information - knowledge -
understanding - wisdom (Ackoff, 1989). There are
different approaches to the classification of
knowledge in organizations. The most common is
the division of knowledge into explicit and tacit
knowledge. The transformation of knowledge in an
organization occurs through explicit and tacit
knowledge interaction. The knowledge conversion
or transformation results in its qualitative and
quantitative increase.
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The notion of knowledge management in an
organization is determined by the authors in (Zaim,
2007) as the strategy and the transformation of
knowledge.

The main focus in knowledge-intensive
organizations is on the creation, transfer and
development of knowledge, so effective knowledge
management is the matter of survival for such
organizations ( Miles, 2005; Scarso et al, 2010).
There arises a need in processes, infrastructure and
organizational procedures at a higher education
institution that would allow its employees to use its
corporate knowledge base.

This paper considers the problem of monitoring
the development of university scientific schools,
which is one of functional components of univertity
SKMS. The paper discusses some models and
methods of university scientific knowledge life cycle
support.

Section 2 describes the "University Scientific
Knowledge Management ". Section 3 describes "The
Monitoring of University Scientific ~ School
Development."  Section 4  describes "The
Development of a University Researcher Model",
section 5 presents "The Approach to the University
Scientific School Identification", Section 6 is the
conclusion.
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2 THE STRUCTURE OF
UNIVERSITY SCIENTIFIC
KNOWLEDGE MANAGEMENT
SYSTEM

In this paper the university’s scientific knowledge
management system (SKMS) is considered as an
aggregate of information, software, technical means,
and organizational solutions aimed at efficient
management of the university's available intellectual
resources and training specialists who meet the
modern requirements.

According to the above definition, university
scientific knowledge management (SKM) can be
understood as:

= the aggregate of processes associated with the
creation, distribution, processing and use of
university scientific knowledge;

= | an established systematic process of working
with information resources and knowledge,
scientists and specialists in certain areas in
order to facilitate access to knowledge and re-
use them with modern information technology
at the university.

The purpose of university SKMS is the
formation of a unique ontology-based integrated
intellectual ~ environment to  improve  the
competitiveness of the university's science and
education. The university SKMS is the technological
component of the university SKM, which provides
the creation, organization and dissemination of
scientific knowledge among the university staff.

There are following approaches to knowledge
management: organizational and technological
(Tuzovskiy, 2007). The technological approach puts
the application of IT-technologies in line with the
organizational measures. The model of technological
approach to knowledge management is shown in
Figure 1.

The process-oriented On-To-Knowledge
methodology is used as the basis for university
scientific knowledge management (Sveiby,1989;
Staab et al, 2001). The methodology of KMS
development and support is based on the process and
metaprocess of  working with  knowledge
(KnowledgeMetaProcess and KnowledgeProcess).
The basis of the metaprocess of working with
knowledge  (KnowledgeMetaProcess) is  the
development of an ontology, which consists of the
following steps: a feasibility study, the beginning,
clarification, evaluation, support and evolution.

The ontology is the link/(linking element) of
knowledge objects and a connecting bridge between

different steps of knowledge transformation
processes (KnowledgeProcesses). The development
of the ontology is the important aspect of knowledge
management solution support. The development and
deployment of applications of knowledge
management takes into account the requirements of
"KnowledgeProcess" and considers such processes /
issues as:
= metaprocess of working with knowledge
(KnowledgeMetaProcess);
= software engineering (software development
and design— Software engineering);
= the corporate culture of the organization.

The process of working with knowledge
(Knowledge Process) focuses on the use of KM-
solutions, i.e. after KM-application are fully realized
and implemented in the organization, the cycle of
knowledge transformation is performed. The
knowledge transformation cycle consists of the
following steps: creation, storage, search and access,
use.

The developed model of technological approach
to  knowledge management based on the
methodology described above is shown in Figure 1.

Knowledge transformation processes

|| || ¢

The technology of knowledge support

F

Functional componen ﬁ

* Ensuring accessibility, search
and navigation
* Monitoring of university

* Structuring / classification of
information resources

* Saving knowledge in the base
* Saving/ formation of a
scientist's or a specialist's profile

scientific schools development.
¢ The evaluation of integration of
university research activity results

in educational process

Knowledge management tools

The ontological model of
university scientific knowledge

Semantic queries

The procedure of processing
university information resources

The semantic portal of scientific
kmowledge

Figure 1: Technological approach to university scientific
knowledge management.

The proposed technological approach integrates a
functional component and knowledge management
tools. The functional component includes:
= classification of information resources,
= a scientist’s/a specialist’s scientific profile
formation and saving;
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= identification of university scientific schools
and research directions;
= ensuring the availability,
navigation.
Knowledge management tools are:
= the ontology based university
knowledge model,
= the procedure of university information
resources processing,
= semantic queries,
* semantic Portal
knowledge.
The  following  sections  describe  the
implementation of the task of monitoring scientific
school development in university knowledge
management.

search  and

scientific

of university scientific

3 MONITORING THE
DEVELOPMENT OF
UNIVERSITY SCIENTIFIC
SCHOOLS

The priority task of integrating research and
education is the development of scientific schools
which must be the main result of fundamental
science and education interaction. Introduction to the
research undertaken by scientists of scientific
schools is the best school for young people.

Scientific schools provide constant growth of
qualification of their participants; the presence of
several generations in bundles of "teacher-student"
ensures the continuity of generations (NC STI RK).
The development of scientific schools and scientific
and pedagogical teams 1is the basis for the
development of fundamental scientific research and
training quality improvement of research and
educational personnel.

Scientific schools form that dynamic unit of
science which ensures the continuity of scientific
knowledge and creates optimal conditions for its
development. Scientific school is the key element of
collective preservation and multiplication of
knowledge, one of the conditions to maintain the
quality of research, and hence the quality of training
scientific personnel. Scientific school is a clearly
defined direction of scientific research carried out in
the framework of specific scientific specialties
(Trubina and Zabelina, 2011).

Identification of scientific schools is becoming
increasingly important in recent years in connection
with the development of mechanisms for
organization effectiveness assessment in tenders for
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financing  projects, their  certification and
accreditation. The availability of scientific schools is
one of the most important criteria for foreign
scientific funds which conclude contracts on joint
research and grants as well as the criteria taken into
account in establishing the rating of organizations.

One of the qualitative characteristics of a
particular scientific direction’s overall development
and potential is the state of scientific schools. The
creation, reorganization and coordination of
scientific schools are regulated by universities.
Monitoring the development of scientific schools
remains a major issue in university scientific and
innovation activity management. Thus,
identification, . recording,  development, and
monitoring the development of scientific schools is
one of the priorities of science and education.

We have studied and developed a model of
scientific community and the method of its
intelligent processing to implement the functions of
monitoring. The overall structure of monitoring the
development of university scientific schools is
presented in Figure 2.

Monitoring the development of university
scientific schools
[

v v

2 Identification of
scientific schools and
directions

1 Determining the
scientific activity level
of a researcher

Figure 2: The main functions of monitoring the
development of university scientific schools.

The scheme of monitoring shows the following
functions: determining the researcher's competence
level, identification of scientific schools and
research directions.

The following sections describe the model of a
specialist which reflects the level of scientific
activity productivity based on the calculation of
entropy and overall scientific activity evaluation; as
well as the approach to the university scientific
school identification based on clustering the
university scientific community for common
interests (university scientific schools).
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4 THE DEVELOPMENT OF A
UNIVERSITY RESEARCHER
MODEL

One approach to human capital management is to
develop a model of a university researcher (the
model of a specialist).

Currently, there are two ways to create and
support the model of a researcher: by a survey
(qualification audit in an organization) and by
monitoring their work in the knowledge
management system (scientific papers, projects)
(Tuzovskiy, 2007). The paper supports the definition
given in Tuzovskiy , 2007), where the model of a
researcher refers to a sound set of interrelated
properties of a specialist, which can be formally
described and used to support the efficient work
with implicit knowledge.

In the scientific knowledge ontology the model
of a specialist has the following formal description
which includes a set of contextual and content
metadata:

M = {Mcontext» Mcontent } (1
where: Mgonrext — 18 contextual metadata of a
specialist description; Mcontent — 1S content

metadata, which  describe the
competence.
Contextual metadata M onext Of @ specialist
include such parameters as:
= identification (a name, a photo, the date of
birth, the place of birth, a login, a password);
= contact information (postal and email
addresses, a personal web page, phone
numbers;

= education (diplomas, certificates, etc.);

specialist’s

= professional  achievements  (prizes in
competitions, awards, medals, etc.).
Content metadata  Mcoprent  provide the

description of the specialist's competence as a set of
his competence characteristics:

Mcontent = {Csa' Ces) Coe} 2

where: C;, — the competence of a specialist in
fields of knowledge relevant to rubrics which are
described as classes in the scientific knowledge
ontology Ogg.

C.s — a measure of specialist’s scientific activity
efficiency (the level of the specialist's competence
dispersion);

C,. - the overall assessment of scientific work.

The model of an individual researcher's scientific
activity is determined by the factors of scientific

activity (Figure 3).

In ontological information model these factors
are grouped into the following classes: Event,
Project, Publication.

V@ Thing

V-0 Activity

v @ Project
DevelopmentProject

ResearchProject

V@ EventsUniversity

: Conference

Seminar

¥ InformationResources

Book
Report
Thesis

- @ PhdThesis
Lo Organization
> @ Person

Figure 3: Classes of the information model used to
simulate a university researcher’s activities.

4.1 A Specialist's Competence in Areas
of Knowledge based on the
Classifications of Information
Resources

Automatic processing of scientific electronic
resources by the methods of TekstMining text
processing are required to implement the described
above model.

A specialist's competence in areas of knowledge
Cs, is formed on the basis of the specialist’s
scientific profile. The specialist’s scientific profile is
based on the classification factors of his scientific
activity  (publications) by  scientific  areas
(Zhomartkyzy, 2014).

The specialist’s scientific profile is determined
as the profile of all his publications: the profiles of
documents are formed by processing the university
scientific resources. The profile of a document is
determined as the vector of all its relevant classes:

PD = (R¢_RY) 3)

where: R — are relevant classes PD.

Accordingly, the specialist's competence in areas
of knowledge C,,, relevant to the specialist’s
scientific profile is determined as the profile of all
his publications.
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Csa = (PDl ’ 'PDL) (4)

where PD; are all the author's documents.

The final step of text classification is the
formation of the document's semantic profile by
creating the class of "Information Resources"
individuals of scientific activity ontology.

4.2 The Calculation of the University
Specialist’s Scientific Activity
Efficiency

To assess the university specialist’s scientific
activities efficiency we suggest using the level of
dispersion of his competence.

The model of an individual researcher’s
scientific activities is determined by the factors of
scientific activities. These factors are grouped into
ontology classes in the model of ontology.

The connection between the Person class and the
class factor of scientific activities is shown below:

P, = P n JPersonHasIR.IR
IR; = IR N VpublHasDivis. FC;

where, P — is persons, IR — wmis information
resources, FC; is the field of knowledge..

Each researcher works in at least one field of
knowledge (VINITI rubricator, VINITI - All-
Russian Institute of Scientific and Technical
Information). Therefore, the classification of
scientific activity factors is carried out by means of
the VINITI rubricator of fields of knowledge up to
level 3.

Cybernetics  —Aurtificial
Knowledge engineering

Cybernetics — Artificial Intelligence — Expert
systems

Cybernetics—  Theory
Mathematic modeling

This paper proposes the method for calculating
the efficiency index of a specialist’s scientific
activities C.s  to analyze the competence of
employees in a particular field. A specialist’s
scientific activity efficiency C.s is calculated using
the entropy.

The more papers of a specialist (researcher) are
grouped by a certain category, the lower entropy and
the higher the specialist’s scientific activity
efficiency are (Adamic et al, 2008), (Baesso et al,
2014). A specialist who has a high entropy works, as
a rule, in several fields of knowledge, i.c., the
specialist has a lower scientific activity efficiency
(scientific competence):

Intelligence  —

of modeling —
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N
Ces = — Z P, x log, (F.) &)
i
P;
P. = Fl (6)

P; — is the number of the researcher's papers by
heading i = 1,N;

P - the total number of the researcher's papers.

An example of calculations using formula 3 is
shown in Table 1.

Table 1: A Specialist’s Scientific Activity Efficiency
Calculation.

The
efficiency
. The index of a
A Fields of nm‘nbe‘r of specialist’
researcher knowledge scientific s scientific
T activities
Ces )
Physics of
Atom and 1
Molecule
General Physics 3
Solid State
Physics (nano-
. sized  objects,
specialist; the structure of 5 1,68
solids, general
issues of Solid
State Physics)
Physics of
Gases and 1
Liquids
- Solid State
specialist, Physics 5 0
specialist; General Physics 6 0
L Nuclear Physics 1
specialisty General Physics 2 0.1
General Physics 7
specialists }é};}slzlscs alf; 1 0,54
Liquids

Threshold values of the specialist’s scientific
activity efficiency C.; were determined empirically:

0 < €., <1-ahighlevel;

1 < (€. < 2-amedium level;

C.s = 2-alow level

The analysis of results of personal calculation
C.s for leading university scientists by knowledge
areas "General Physics", "Physics of Solids",
"Physics of Atoms and Molecules," "Physics of
Gases and Liquids" and "Nuclear Physics" confirms
the applicability of the formula for calculating the
entropy of the researcher’s scientific competence.
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4.3 The Calculation of Total
Assessment of the University's
Specialist’s Scientific Activity

The specialist's scientific activity efficiency is a
quantitative indicator of knowledge, skills and
abilities in a scientific field of a corresponding
specialty.

The qualitative analysis, i.e. the definition of a
specialist’s professional competence, is also needed
for making management decisions in the context of
the university’s different departments.

Each researcher has a trajectory of educational
and scientific activities (Figure 4): scientific
activities, educational activities, participation in
competitions and grant projects, international
mobility.

This scheme allows us to calculate the qualitative
characteristics of the overall assessment of the
specialist’s scientific activity.

A specialist publishes scientific
articles, monographs, books

A specialist develops
— educational resources (lecture
notes, tutorials, guidelines)

university’s specialist
(directions of activities at the university)

Educational and scientific activity of the

L | A specialist participates in
projects

L International mobility of a
specialist

Figure 4: Directions of scientific activities at the
university.

The calculation of a specialist’s overall scientific
activity  evaluation — C,, can be shown
schematically as follows (Figure 5).

A university specialist with a high overall
assessment of scientific activity:

=  Works in all areas of scientific activities;
= Has a high index of scientific competence Cg.

A university specialist with a medium overall

assessment of scientific activity:
= Only develops educational courses or is only
involved in projects;

= Has a medium index of scientific competence
Ces-
A university specialist with a low overall
assessment of scientific activity:
= Only develops educational courses;
= Has alow index of scientific competence Cs.

Index C,, Index C,, Index €,
high/medium medium low
The researcher has | | The researcher creates The Tnternational
scientific articles, educational resources researcher is mobility

monographs, (lecture notes, involved in
books futorials, methodical projects
guidlines yxazaHms)

Figure 5: The scheme of the calculation of a specialist’s
overall scientific activity evaluation.

5 THE APPROACH TO THE
UNIVERSITY SCIENTIFIC
SCHOOL IDENTIFICATION
BASED ON THE UNIVERSITY
COMMUNITY
CLUSTERIZATION BY
COMMON INTERESTS

Each scientific school or scientific direction forms a
scientific community by interests and develops in
accordance with some specific rubrics of knowledge
areas (Cantador and Castells, 2011). The VINITI
rubricator of knowledge areas is used as the
rubricator. In the proposed approach, a model of the
scientific community is described as follows:

Mge = {r4, 1.2, 23} @)

where r; are rubrics corresponding to specific
areas of science and technology (one subrubric may
be in several scientific fields).

The model of a scientific community is shown in
Figure 6.

The proposed approach requires to carry out the
university scientific community clustering based on
its memebers’ common interests to identify
scientific schools and research directions.

To identify scientific schools and research
directions DBSCAN clustering method is used in the
scientific community model.

The principal advantages of this method served
as the basis of the choice of DBSCAN density
clustering method:
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= Identification of the number of clusters (based
on the notion of point density);
= The clustering algorithm is able to detect
clusters of different shapes;
= Resistance to noise objects.
The idea underlying the algorithm is that within each
cluster there is a typical dot density (of objects),
which is significantly higher than the density outside
the cluster (Figure 7). The density in the areas with
noise is lower than the density of any of the clusters.
For each dot of the cluster its neighborhood of a
given radius must be at least a certain number of
points, this number of dots is specified by a
threshold value. (Bolshakova et al, 2011),
(Marmanis et al, 2011).

i
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VINTTI rubricator The scientific community

of the university

Figure 6: A university scientific community by interests.

Figure 7: Example of a cluster of arbitrary shape.

In Fig.7 A is a core point. B, C are border
points.Cluster C; is not the empty subset of objects
satisfying the following conditions, at given Eps and
MinPt, where Eps is the maximum distance
between adjacent points, MinPt is the minimum
number of neighboring points:

* Vpq: ifpeCjand qis density-connected
from p, then qeC;, at given Eps and MinPt,
*  Vp,qeCj:pis density — connected with g, at
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given Eps u MinPt.

Figure 8 is given below for detailed description
of the points.

Thus, a cluster is a set of closely-related points.
Each cluster contains at least MinPt of documents.
To perform clustering the model of a scientific
community is translated into a binary matrix (Figure
9). The values of matrix elements correspond to the
presence or absence of work on the appropriate
rubric.

b) density-reachable points
a) density-reachable points and density-connected
points of the class

Figure 8: Types of points that form classes in DBSCAN
algorithm.

Rubrics

community

Members of the scientific

(= Rl Nerl Nl el K]

— o= ===
(=Rl il s =2 =0 K
(=3 Nl ol el Rl el k=)
(=3 =) Fel ol Fal Rl K=
[ [ RN e e e =
(=3}l il S E=2 =0 K
(=N Rl N k=2 K= Nl Ke)
el N

0

Figure 9: The matrix of the scientific community model
description.

The clustering algorithm based on the density of
points is described below (Bolshakova et al, 2011).

Input: a set of objects Q, parameters - Eps
(the distance between the objects of the
class), MinPt.

1. Determination of directly density-
reachable points:

P € Neps (@), |Neps(p)| = MinPt
where, q is a core point, p is a border point.
Point p is directly density-reachable from
point g,

2. Determination of all density-reachable,
density-connected points of the current class:

D < D+ € Pi <4

p € Neps(pk)' |Neps(pk)| = MinPt
Output: a set of clusters
Noise is a subset of objects that do not belong
to any cluster,

pEQIVj€C,j=1]C|
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The value of Eps is determined as the distance
between the researchers’ profiles. A researcher's
profile consists of all its relevant rubrics and is
presented as a vector. VINITI rubricator of
knowledge areas is used as a rubricator. The set of
vectors forms a matrix of researchers's profiles . To
calculate the distance a cosine measure of adjacency
is used. The value MinPt is the minimum number of
the subjects of scientific school, i.e. the subjects of
"the communities of interest" in the model of a
scientific community.

For approbation of the proposed approach we
chose scientific communities of D. Serikbayev
EKSTU and loffe Physical-Technical Institute of the
Russian Academy of Science (Ioffe Institute). Papers
and research adirections of their scientifc
communities were examined. The results of
numerical experiments confirmed the efficiency of
the clustering algorithm used.

6 CONCLUSIONS

This paper describes the realization of monitoring
the development of university scientific schools,
which is one of functional components of the
technological approach to university scientific
knowledge management. Some models, methods,
and technologies of university scientific knowledge
life cycle support processes are considered.

The paper describes the developed model of a
specialist which reflects the level of scientific
activity productivity based on the calculation of
entropy and overall scientific activity evaluation.

The approach to identification of university
scientific schools based on the clustering of
university ~scientific community by common
interests is proposed.

The next stage of this work is to address the
problem of assessment of university scientific
activities and the degree of its integration with
educational process.

The work was performed under grant "The

development of an e-university's ontological
knowledge base”, state registration number
0213RK00305
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