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Abstract—This paper presents a literature review on
competence management for organizations. It aims to find
competence modelling research trends, reveal the difference
between the terms «individual competence» and «core
competence», examine competence management systems, identify
the most common features and highlight main requirements for
design and development of these systems.

[. INTRODUCTION

The paper presents a literature review on competence
management for organizations. Nowadays competence
management is becoming a crucial process for organizations in
economic instability, which allows recruiters, chief executives
and other heads to manage human resources effectively. This
review aims to identify competence modelling research trends
(the first research question), analyze existing competence
management systems for organizations, and find common use
cases & requirements to this class of information systems (the
second research question). This development would be useful
for strategic partnership between industry and universities and
providing chance for students to realize scientific, R&D, and
career ambitions at the university through direct academia-to-
industry cooperation [1], [2].

In this work the systematic literature review method, which
is presented in [3] was used partly: the research questions,
search process and including and excluding criteria have been
identified without deep statistical analysis. The research
questions are defined above. The search process was a manual
search of specific journal papers over the past 15 years by
following keywords: competence management, competence
management system, competence modelling, and core
competence. Each found papers were reviewed thoroughly and
divided into groups in accordance with the main issue: paper,
which considers working competence management system;
paper, which considers competence model or system
architecture; paper, which considers competence identification
and assessment; and paper, which includes another
information about competences (for example literature
review). Inclusion and exclusion criteria were based on the
research questions. The papers, which consider working
management systems, competence model and system
architecture have been chosen for analysis. The result of
analysis allows answering to the first research question
(identification of competence modelling research trends).

In the paper the competence management systems for the
different kind of organizations have been analyzed (for private

enterprise and for educational establishment). Each of them
was designed to meet various users’ needs: develop
competences, find employee for task or find investors. This
selection allows to answer the second research question and to
find common use cases and requirements to competence
management systems.

The paper consists of several parts: Section II is devoted to
term competence and competence modelling. Section III
covers the related works in the competence management field.
In Section IV, the most common use cases of competence
management systems are represented. Section V focuses on
requirements for competence management system design.
Conclusion summarizes the paper.

II. COMPETENCE MODELLING

Researchers distinguish between two types of competences:
a competence of a person and a competence of an organization
[4]. In this paper the competence of a person is called as an
individual competence and the competence of an organization
is a core competence. It should be noticed that there are
several work [5], [6] where concepts of competence (pl.
competences) and competency (pl. competencies) are different.
The authors of the paper [5] consider the competency as a part
of competence, while competence is an aggregation of
competencies, proficiency level and context. In this work, we
use these terms with the same meaning: competence is a set of
competencies.

A.  Individual competence
There are a lot of various definitions of the term individual
competence:

e synergy, integration and interplay between technology,
people, organizational systems, and culture [7];

e ability to apply knowledge during the process [7], [8];

e cffective performance within a domain/context at
different levels of proficiency [5];

e measurable human capabilities that are required for
effective work performance demands [10];

e any form of knowledge, skill, attitude, ability, or
learning objective that can be described in a context of
learning, education or training [5];

o cffective performance of an actor in a well defined
domain [11];
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a combination of tacit and explicit knowledge,
behavior, and skills, that gives someone the potential
for effectiveness in task performance [10];

a specific, identifiable, definable, and measurable
knowledge, skill, ability, and/or other deployment
related characteristic (e.g., attitude, behavior, physical
ability), which a human resource may possess and
which is necessary for, or material to, the performance
of an activity within a specific business context [5],
[10];

the skills, knowledge, abilities, and other characteristics
that someone needs to perform a job effectively [10];

the effect of combining and implementing resources in
a specific context (including physical, social,
organizational, cultural, and/or economical aspects) for
reaching an objective (or fulfilling a mission) [12];

the ability of an actor to do actions for a situation in an
effective and efficient way; it cannot be directly
measurable, but estimated from the performance [6];

it is an ability (or skill) at a certain level that is required
to perform a task [13].

Based on the analysis of the described definition the term
individual competence was defined in this work as an ability
of a person to apply knowledge, skills and experience to
performing tasks effectively.

B.  Core competence

The most popular definitions of the term core competence
include the following:

e a collective asset, resulting from the synergy of human

resources [14];

knowledge of the whole company that consists of
procedural and technological skills used either
singularly or in various combinations [10];

it provides potential access to a wide variety of
markets; make a significant contribution to the
perceived customer benefits of the end product,
difficult to be imitated by competitors [15].

Here the term core competence is defined as a combination
of skills, proficiency levels and context in which they are
applies.

The competence management system, designed for
Technopark of ITMO University works mainly with core
competences of residents. However, the term individual
competence would be helpful in recruiting employees for
residents.

III. RELATED WORKS IN THE AREA OF COMPETENCE

MANAGEMENT
In this section the systems DeCom [7], IMPAKT [14], [16],
[17], KnoMe [18], [19], TENCompetence Personal

Competence Manager [11], [20] and Competence management
system of Technopark of ITMO University [13], [21] have
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been reviewed, their main features and principles of
development have been identified.

A. DeCom

DeCom is a competence management system for

organizations. It also supports learning activities within a
company. The model of DeCom system is organized in three
modules: profile, competence, and context. Profile module
keeps general information about a user, interface, and personal
security settings, acquired competences and projects in which
the user is engaged. Competence module contains competence
model, which has a competence tree structure and based on
IEEE RCD (Reusable Competency Definitions) entities.
Competence model was extended by proficiency level (the
minimum level, which required for completing a task or joining
in a project) and competence weight (weight defines a certain
competence as more important for task or job). Competence
model also has a description of a positions and projects within
an organization linked with the required competences. Context
module keeps information about the user’s location, devices,
which a user applies and details of available resources. It helps
users to find people, resources, and future educational events,
which can be useful for users to fill their competence gaps.

The model of DeCom has three agents and one
administration site. Agents support users by showing messages
with recommendations and notions to update their profile,
delivering messages among another agents or modules, and
searching opportunities for their personal development.

DeCom system can be used for different scenarios. The first
scenario is an evaluation of the current competence
proficiency level and competence gaps. A user can find
information about competences, which should be evolved. The
application sorts competences over: the top competence is
with the minimum competence gap. The second one is to get a
promotion. The application compares the list of user’s
competences and the list of required competences for the
chosen position and shows the results of the evaluated
competence gaps. The last scenario is a change in a job
position. The application demonstrates the acquired
competences of a user and the company positions rating
according to the evaluated gaps between them in ascending
order. Using this rating and information about the position a
person is able to choose a new interesting professional sphere
and develop their own competence.

The requirements to the system are:

1) user profile management (for example contacts,
preferences in the system interface and security
settings);

competence management (for example determination
the required competences for a position or the
company’s projects);

competence gap identification;

proficiency level identification;

identification of a competence weight;

search for users (for example the user, who have the
maximum levels of a certain competence);

mapping company’s facilities (rooms, offices and even
larger spaces, covering an entire branch. )

2)
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DeCom is written in C#. It runs on desktop and mobile
devices as an ASP.NET web application, which allows the
system to be independent from the operation systems.
Interface adaptation to devices is provided by HTML and
CSS.

B. IMPAKT

IMPAKT is an integrated human resources management
system. It supports three business processes of a company:
retrieval of the ranked referral lists, task and team composing,
and core competence identification.

It is worth noting that IMPAKT provides graphical user’s
interface for the users’ competence and curriculum vitae
presentation; divides job requirements into mandatory and
optional ones; searches information about users, company,
competence etc. and range it; explains the ranged results.
IMPAKT system stores curriculum vitae.

The system receives information about competence from a
specifically developed modular ontology [17]. Ontology
includes about 5000 technical and complementary user’s
skills. Technical skills mean knowledge about a certain
technology or a tool, while complementary skills are
understood here as communicative and collaborative ones.

IMPAKT is implemented as a JAVA application. The
system uses JENA API to access the ontology, a Pellet
reasoner to classify ontologies in the pre-processing phase and
PostgreSQL to store the intermediate results, procedures and
b-tree indexes on proper attributes to reduce retrieval times. It
is worth noting, that if a query does not include implicit
axioms, user can disable a reasoner to improve application
performance.

This system allows a personnel officer to search for
employees taking into account mandatory and optional
requirements (matchmaking [17]). It is carried out in two
steps: search for profiles fully satisfying mandatory
requirements (strict match) and a choice of the profiles from
the set returned by strict match, which approximately match
optional requirements (soft match).

The requirements to the system are:

)
2)

storage of information about the user’s competences;
search for applicants to the position or employees
considering mandatory and optional requirements;
search for applicants and ranking them by best match to
the query;

browse the user’s CV;

explanation of the ranging result;

team composing, which allow to allocate a set of tasks
to group of users (many to many skill matching);
identification of the core competences.

3)

4
5)
6)

7)

There are three entities for task description: knowledge for
tasks perfomance, set of temporal limits and number of team
participants. The process of team composing process considers
all alternatives to team creation as equivalent ones. In case it is
impossible to build a team, which fully corresponds to
personnel officer’s requirements, the system shows the best
result matching a query.
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C. KnoMe

Competence management system KnoMe [18] is an easy
scalable system, which has both mobile and web versions that
can be helpful in customer demands and current or future
employee competences matching. KnoMe is based on
hedgehog concept [18], [19], which includes the following
ideas: it is important to concentrate on the strength of a
company, it is important to maximize profit and it is important
to take into account interests of the company staff. The
hedgehog concept was implemented in the system as:

Strength of a company (competences) — storage of profiles
with information about employees and customers: personal
data, courses completed, procedural and technological skills.

Maximization of profit (customer’s demand) — storage of
information about clients and related internal projects. Data
includes description of completed projects: participants, their
duties, required technological skills for tasks execution.

Company staff interests (enthusiasm) — report creation and
data visualization as a skill cloud on either employee groups
(tribes) or company levels. Every employee is able to rate
his/her skills using «skill level» and «interest to use it» scales.

The requirements to the system are:

1) data editing (personal details, certificates, training
and methodology, and technological skills);

2) staff or competence search;

3) competence or tribes report creation;

4) authentication for external users (for example via
LinkedlIn);

5) search for information about business partners.

The system uses CoachDB and ElasticSearch search engine
for the database layer, Node.js and REST for the application
layer, and Angular.js for the user interface [19].

D. TENCompetence personal competence manager

The aim of the TENCompetence project is creation of
competence management system, which would be useful for
an individual user along with groups of users or the whole
organization. This system is mostly oriented to lifelong
competence development.

The conceptual model of this system includes four
concepts: actor performance, learning networks (or community
of practice as a container for the rest concepts), competence
model, and learning materials.

Actors perform actions to reach their goals: to keep up-to-
date information in professional sphere, develop actor
competences, and compare them with the competences of
other actors. The last objective encourages users to help and
stimulate each other during training session. The actions are
performed in the community of practice, represented by
learning networks. Competence model concept is a collection
of competences, required proficiency levels to perform a task
or solve a problem and competence maps (the set of
competences of certain learning network). Learning materials
are represented as knowledge resources, activities (assessment,
learning, and support activities), units of learning, and
competence development programs (plans).
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The requirements to the system are:

1) definition of a target competence profile (users are able
to create a profile, evolve it, and use for competence
development programs);

mapping the acquired user’s competences to a target
competence profile (users are able to assess the
acquired competences and map them onto the set of
competences, which they want to develop);
identification of competence development opportunity
(users can find or create resources, which could be
useful in the competence development process);
creation of a competence profile (users are able to
collect information about the acquired competences
from different sources);

sharing development plans with other users. (users are
able to improve competence via experience of other
users);

feedback in a form of questions and comments (users
can share opinions and find the answers to questions).

2)

3)

4)

5)

6)

TENCompetence is a desktop client-server application. The
client application is designed with Eclipse Rich Client
Platform, which allows it to be run on different platforms. The
server is deployed on a Tomcat application server. The
application uses MySQL database server.

E. Competence management system of ITMO University
Technopark

Technopark of ITMO University is a community of
separate companies, which supports young scientists,
entrepreneurs, and students to develop their own projects and
ideas. These companies are called as residents [21].

The competence management system of ITMO University
Technopark system was designed for competence
representation to investors and customers. This system allows
residents to store general information about them and create
the residents’ competence profile. Residents are able to
describe the acquired skills, their proficiency level, and
evidence of the acquired qualification. Skill lexicon is
represented by a skill tree. Customers are able to define a task
via the required skills and proficiency level and search for an
appropriate resident to perform it.

The requirements to the system are:

1) competence search by task, which returns appropriate
residents’ profiles based on the list of competencies
determined for a task;

aggregation of possibilities, which finds the list of the
tasks a resident can perform;

comparison of a resident profile with a task or with an
another resident profile;

resident profiles’ ranging based on matching with a
customer task.

2)
3)

4)

The system is a client server application. The server layer is
based on JAVA and Spring Framework. The database server
layer uses MySQL. Application layer was designed using
Spring Data JPA and Hibernate for data extracting and Spring
MVC for the user interface.
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IV. USE CASES AND REQUIREMENTS FOR COMPETENCE
MANAGEMENT SYSTEM DESIGN

Based on the analysis of related works (section III) the
common use cases, which could be found in almost all
competence management systems have been identified. There
are several use cases, which are unique to certain systems (for
example competence gap identification in the focused on
personal competence development systems, such as DeCom or
TENCompetence). The defined use cases are the basis for
identification of the requirements to competence management
systems. The use cases and requirements are given below in
details.

A. Common use cases and requirements

The list below describes common use cases, which are
typical for this type of systems:

e competence and user/organization profile management
(creation and edition general information. For example,
a description and proficiency level for competences and
name, contacts, linking to competences for user etc. [7],

(131, [22], [23]);

search for appropriate users/organizations for certain
tasks and projects [11], [23];

creation of the ranged lists of users/organizations that
best match a query result [13], [23];

comparison of a user/organization profile with a task or
with other profiles [21].

Common requirements to competence-based systems were
revealed based on the use cases. The requirements are
specified below.

Storage of information about users/organizations and
competences [24], [25]: general information (first and last
name, position and contacts), competences (proficiency level,
behavioral traits, communication skills etc.), completed
training programs and data about finished projects. Depending
on the purpose the system is designed, the listed set of entities
could be expanded or contracted. For example, if the main aim
is to create competence management learning system, the
information about competences might be extended by
competence gaps and completed training program data. If
developers want to create a system, which helps to define core
competences and strategical choices, it would be better to add
information about knowledge classes (a set of typical
knowledge, which is used in certain business area).

Support for the search of users/organizations and tasks by
competences [17], [23]. This requirement is a crucial one,
because the most common use case is a search for an
appropriate staff for an organization. Here search engine deals
with competences, users, tasks or projects.

Support user profile management [7], [16], [17], [23].
Users should be able to create and edit general information
such the first or last name, link to competences and etc.

Provide access rights [18]. Information in a user profile
should be protected: users can restrict access to their personal
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data. It is also essential to provide a privacy policy in order to
prevent the system failures and unauthorized access to data.

Storage of the competence standard [25]. The system
should keep information about a minimum competence set,
required for a certain position, tasks or a working group. This
kind of information could support such processes as a search
for an appropriate applicant for a position/task or creation a
development plan.

Storage of the required competences to complete a task and
competence description in the same ontology [26]. It is
necessary to avoid mess in terminology. The usage of the same
vocabulary during human resource allocation processes
guarantees that employees and a personnel officer mean the
same thing.

B. Unique use cases and requirements

Unique or nonstandard use cases to this kind of systems
have been identified. These use cases vary from system to
system. The system, which was developed to help user to get a
promotion would have a set of use cases and requirements,
which are focused on personal development. Nevertheless, if
the system is designed or meant for the whole company in
order to help top-managers to make strategical choices, the
system would have another set of use cases and requirements,
which serve to reveal core competences, make the short-term
or long-term plans, etc. The list below describes unique use
cases for this kind of systems:

e periodic proficiency level review of a particular user

[27], [28];
tracking personal user’s development [22], [28];

project management in organization (addition, edition,
removal, link with competences) [23];

identification of competence gaps [7], [11], [20];

creation of personal development plan for employee
[14], [22], [23];

search for information for promotion or changing a job
[7]. Employees are able to find a new interesting sphere
of activity or just broad his/her mind due to it;

online training, which grant access to learning material
(books, online magazines, audio files, video courses,
webinars, professional advices etc.) and to online tests
[22];

search for an employee, taking into account mandatory
and optional requirements [17], [29];

search for similar competences if relevant resources
(experts or learning objects) for personal development
are not found [23];

personnel allocation depending on tasks. There are
several types of human resource allocation. The first
one is the most common: the assignment of one
individual to one task (single task assignment). The
second one is the contemporary choice of more than
one single assignments (multiple task single
assignment); it is necessary in case, then the output of
one task is input for another one. And the third
allocation is the creation of an ad-hoc team (team
creation) [14];
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reorganization of the personnel structure considering
recourse limitations [28], [30];

long-term personnel structure planning, which allows
personnel officer to determine the number of
employees and the required proficiency level in future
[28], [30];

short-term planning. It could be useful in case when an
employee has certain responsibilities, but they should
be engaged in another future project [28], [30];

personnel behavioral modelling. Modelling is necessary
in order to determine the impact of different external
factors on employee reliability during work. Factors
could be measured on a different scales as a monotony,
task diversity, fatigue or time stress [30];

core competence determination and assortment by
knowledge clusters (a set of typical knowledge, which
is used in certain business area). Organization would be
able to make right strategical choices due to it [16].

Unique requirement to competence management systems
were revealed based on use cases and are specified below.

Competence gap identification based on competence
standard [7], [22], [25]. Due to this function user would be
able to evaluate and get information about his/her knowledge
and their skills gaps. The result of this evaluation is the input
data for generating development plan process.

Creation of personal development plan for each user [10],
[25]. 1t would help to eliminate competence gaps of an
employee applying an individual approach to him/her.

Reassessment of individual competences and monitoring
user’s progress in the personal development [22], [27], [28].
Information about competences needs to be reviewed
regularly, because employee could acquire or lose skills during
work. The employee progress report would be created based
on this information. Report could be useful in human resource
allocation processes (for example, there are two interns in a
company, who lay claim to a position. The first intern shows
rapid progress, while another one demonstrates modest
success. Personnel officer or immediate supervisor would be
able to use this information and make decision who is more
suitable for this position).

Search for external users (potential employees) [5]. This
feature would facilitate searching candidates for a position, if
the competence management system is interoperable with the
systems such as LinkedIn.

Competence model, which is complied with IEEE RCD
standard [6]. It would guarantee a high level of
interoperability with other information systems (for example
HRM system).

Storage of users’ competences and information about
processes and data flows of a company in the same ontology
[26]. To carry out business processes or support dataflow of a
company employee should have a certain range of
competences (or acquire them) [27]. Description of processes
and competences in the same ontology could become a basis
for creation of competence standard and keeping it
up-to-date.
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TABLE I. COMPARATIVE STUDY OF COMPETENCE MANAGEMENT SYSTEMS

Criteria

DeCom
KnoMe
IMPAKT
TENCompete

nce
Technopark
system

Functions for individual competences

Storage of information about users and their competences

Creation of personal development plan for each user

+| |+
]+

Reassessment of individual competences and monitoring user’s progress in the personal development

same ontology

Storage of the users” competences and information about processes and data flows of a company in the

Identification of user’s competences through information about completed projects

Formation of personnel reserve using information about future needs for employees or competences

Functions for core competences

Storage of information about organizations and their competences

Revealing core competences

Common functions

Support for the search of users/organizations and tasks by competences

Support user profile management

Provide access rights

Storage of the competence standard

Storage of the required competences to complete a task and competence description in the same ontology

Competence gap identification based on competence standard

Search for external user (potential employee)

Competence model, which is complied with IEEE RCD standard

Identification of user’s competences through information
about completed projects [26]. Similarly, business processes
and dataflow information about the completed projects by user
could be described in a competence management system by
means of the used competences. It would be possible to
identify the acquired competences by user.

Formation of personnel reserve using information about
future needs for employees or competences [24]. 1t is
necessary to consider the future company needs and
development strategy, which cause personnel changes.
Company should have a candidate pool to meet these needs.

Revealing core competences [14], [16], [17]. Tt would
show the strength and weaknesses of the organization and
could be a key information for strategic development.

A comparative study of the described in Section III
competence management systems is presented in the Table 1.
The comparative study is based on revealed requirements
revealed in this paper.

VII. CONCLUSION

The term competence has many different meanings. There
are few standards, which were designed for competence
modelling: IEEE RCD and HR-XML Consortium
Competencies Schema. However, these standards do not
consider such important elements as proficiency level and
context, as it mentioned in [6], [8], [13], [29].

There are most common use cases in the competence
management: search for an appropriate employee; core
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competence revealing; assessment of the acquired individual
competences; acquired competence identification; competence
gap identification; creation of a personal development plan;
required competence identification; storage of descriptions of
employees and tasks in the same ontology (using the same
terminology). These use cases are the basis for specifying
requirements to competence management systems. This kind
of systems should store information about users/organizations,
competences and competence standards provide search for the
users/organizations, which could perform the task successfully
and use the ontology for both task and users’ description.

The competence management system design is aim-based.
Some of the systems enable users to manage their individual
competences, assess it and create personal development plan
(DeCom, KnoMe, TENCompetence). Other systems focus on
core competences and provide the functions, which help to
compose team for tasks or projects and reveal the competences
of an organization (IMPAKT, Technopark ITMO).

Competence modelling is a crucial task in the competence
management sphere, because the competence model is a core
of the competence management system, which could meet all
needs of an organization.

ACKNOWLEDGMENT

The presented results are part of the research carried out
within the project funded by grants ## 16-29-12866 and 16-
07-00462 of the Russian Foundation for Basic Research. The
work has been partially financially supported by the
Government of the Russian Federation, Grant 074-U01.




PROCEEDING OF THE 20TH CONFERENCE OF FRUCT ASSOCIATION

(2]

(3]

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

REFERENCES

S. Balandin, “Experience and Vision of Open Innovations in Russia
and Baltic Region: the FRUCT Program”, Proceedings - 2010 IEEE
Region 8 International Conference on Computational Technologies
in Electrical and Electronics Engineering, SIBIRCON-2010 2010,
Article number 5555299, Pages 5-10, Finland

S. Balandin, A. Shabaev, S. Stibe, “Enhancing ICT-Based
Multidisciplinary Collaboration in Cross-Border Context: FRUCT-
Facilitated Karelia ENPI Project Success Stories”, Conference of
Open Innovation Association, FRUCT, vol. 2014-December,
31 December 2014, Article number 7000925, Pages 9-15,
Russia, Finland

B. Kitchenhama, O. P. Breretona, D. Budgenb, M. Turnera, J.
Baileyb, S. Linkmana. “Systematic literature reviews in software
engineering — A systematic literature review”, Information and
Software Technology, vol. 51, Issue 1, January 2009, Pages 7—15, UK
P. Letmathe, M. Schinner, “Competence Management in the Age of
Cyber Physical Systems”, Industrial Internet of Things, Part of the
series Springer Series in Wireless Technology, October 2016, pp 595-
614, , Germany

J.L. De Coi, E. Herder, A. Koesling, C. Lofi, D. Olmedilla, O.
Papapetrou, and W. Siberski, “A Model for Competence Gap
Analysis”, Germany, Web:
https://www.researchgate.net/publication/228873702_A Model for
Competence_Gap_Analysis

S. Miranda, F. Orciuoli, V. Loia and D. Sampson, “An Ontology-
based Model for Competence Management”, Data & Knowledge
Engineering, 2016, Italy, Australia,

J. Luis V. Barbosaa, M.R. Kicha, D.N.F. Barbosab, A.Z. Kleina, S.J.
Rigo, “DeCom: A model for context-aware competence
management”, Computers in Industry, vol. 72, 2015, pp. 27-35,
Brazil

M. Harzallah, F. Vernadat, “IT-based competency modeling and
management: from theory to practice in enterprise engineering and
operations”, Computers in Industry, vol. 48, Issue 2, June 2002, pp.
157-179, France

G. Berio, M. Harzallah, “Towards an integrating architecture for
competence management”, Computers in Industry, vol. 58, Issue 2,
February 2007, pp. 199-209, Italy, France

F. Draganidis, G. Mentzas, “Competency based management: a
review of systems and approaches”, Information Management &
Computer Security, vol. 14 Nel, 2006, pp. 51-64, Greece

C. Kew, “The TENCompetence Personal Competence Manager”,
2007, Web: http://ceur-ws.org/Vol-280/p08.pdf, United Kingdom

F. Trichet, M. Leclere, “A Framework for Building Competency-
Based Systems Dedicated to Human Resource Management,
Foundations of Intelligent Systems”, Lecture Notes in Computer
Science, vol. 2871, pp 633-639, 2003, France

B.R. Gordeev, O.A. Baraniuk, A.M. Kashevnik, “Web-Based
Competency Management System for Technopark of ITMO
University”, Proceedings of the 18th Conference of Open Innovations
Association FRUCT 2016, pp. 463-466 Russia

S. Coluccia, E. Tinellib, E. Di Sciascioc, F.M. Doninia, “Automating
competence management through non-standard reasoning”,
Engineering Applications of Artificial Intelligence, vol. 24, 2011, pp.
1368-1384, Italy

CXK. Prahalad. and G. Hamel, “The core competence of the
corporation”, Harvard Business Review, vol. 68, Ne 3, pp. 79-91,
1990, United States of America

S. Colucci, T. Di Noia, E. Di Sciascio, F.M. Donini, A. Ragone,
“Measuring core competencies in a clustered network of knowledge”.
In: Stary, C., Barachini, F., Hawamdeh, S. (Eds.), Knowledge
Management: Innovation, Technology and Cultures, Innovation and
Knowledge Management, vol. 6. World Scientific, 2007, pp. 279—
291. Italy

E. Tinelli, S. Colucci, F.M. Donini, E. Di Sciascio, S. Giannini,

433

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

“Embedding semantics in human resources management automation
via SQL”, Applied Intelligence, 29 December 2016, pp 1-31, URL:
DOLI: 10.1007/s10489-016-0868-x, 2016, Italy

E. Niemi, S. Laine, “Competence Management as a Dynamic
Capability: A Strategic Enterprise System for a Knowledge-Intensive
Project Organization”, Conference: Hawaii International Conference
on System Sciences, At Kauai, Hawaii, USA, January 2016, Finland
E. Niemi, S. Laine, “Designing a Competence Management System
‘Knome” for a Knowledge-Intensive Project Organization”,
Conference: DESRIST 2016, At St. John's Canada, Volume: Seven,
May 2016, Finland

H. Vogten, R. Koper, H. Martens, J van Bruggen, “Using the
Personal Competence Manager as a complementary approach to IMS
Learning Design authoring”, Interactive Learning Environments, vol.
16, No. 1, April 2008, 83—-100, Open University of the Netherlands,
The Netherlands

A. Smirnov, A. Kashevnik, S. Balandin, O. Baraniuc, V. Parfenov,
“Competency Management System for Technopark Residents: Smart
Space-Based Approach”, Internet of Things, Smart Spaces, and Next
Generation Networks and Systems, vol. 9870 of the series Lecture

Notes in Computer Science pp 15-24, September 2016,
Russia

J. Judrupsa, U. Zandbergsa, I. Arhipovab, L. Vaisnorec,
“Architecture  of a Competence-Based Human Resource

Development Solution”, Procedia Computer Science, vol. 77, 2015,
pp. 184-190, Latvia

F. Draganidis, P. Chamopoulou, G. Mentzas, “An Ontology Based
Tool for Competency Management and Learning Paths”, 6th
International Conference on Knowledge Management, I-KNOW 06,
September 2006, pp. 1-10, Greece

A. Kashirin, A. Semenov, A. Ostrovskaya, T. Kokuytseva, “The
Modern Approach to Competencies Management Based on
ITSolutions”, Journal of Internet Banking and Commerce, 21:163,
2016, Russia

K. Tripathi, M. Agrawal, “Competency Based Management In
Organizational Context: A Literature Review”, Global Journal of
Finance and Management, vol. 6, Number 4, 2014, pp. 349-356,
India

F.-L. Krause, W. Hacker, U. Debitz, C. Kind, M. Strebel,
“Competence Management for the Optimisation of Product
Development Processes”, CIRP Annals - Manufacturing Technology,
vol. 55, Issue 1, 2006, pp. 135-138, Germany

S. Hintringer, M. Nemetz, “Process driven Competence Management:
A Case Study at Hilti Corporation”, Conference: 6th Conference on
Professional Knowledge Management: From Knowledge to Action,
February 21-23, 2011 in Innsbruck, Austria

G. Zilch, M. Becker, “Computer-supported competence
management: Evolution of industrial processes as life cycles of
organizations”, Computers in Industry, vol. 58, Issue 2, February
2007, pp. 143—150, Germany

E. Tinelli, A. Cascone, M. Ruta, T. Di Noia, E. Di Sciascio, F.M.
Donini, “ILLM.P.AK.T.: an innovative, semantic-based skill
management system exploiting standard SQL”, Conference: ICEIS
2009 - Proceedings of the 11th International Conference on
Enterprise Information Systems, vol. AIDSS, May 6-10, 2009, Milan,
Italy

G. Ziilch, S. Rottinger, T. Vollstedt, “A simulation approach for
planning and re-assigning of personnel in manufacturing”,
International Journal of Production Economics, vol. 90, Issue 2, 28
July 2004, pp. 265-277, Germany

P. Razewski, B. Matachowski, “Approach to Competence Modelling
for Enterprise Knowledge Management”, [FAC Proceedings
Volumes, vol. 45, Issue 6, 23-25 May 2012, pp. 1159-1164, Poland
K. Hafeez, Y. Zhang, and N. Malak, “Core Competence for
Sustainable Competitive Advantage: A Structured Methodology for
Identifying Core Competence”, I[EEE Transactions on Engineering
Management 49(1):28 — 35, March 2002, United Arab Emirates.




